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DOWNLINK COMMUNICATION IN THE UPLINK FDD CHANNEL

Cross-Reference to Related Applications

{00811 Thiv application claims priotity from Inrgell patent application No. 222597,
entitied “Improved Utilisation of the Uplink FDD Chamel,” filed on Ootober 21, 2012, and
US provisional pstent application Neo. 61/882792, entitled "Dual Clonnectivity and Carrier
Aggrexation Based on Traffic Asyrometry,” lfied on September 26, 2013, which we

incorporated hersin by refercnce in their sativety.

Field of the invention

{G802] The prosent invention relstes geverally o digital communication angd more

specitivally to cellelar commuuications,

1 Background

{88031 Moat of the spectmun used for gellular speration Is allocated in a paired way, 6.
two FDD (frequency division doplex) sgual-size frequency channsels, one used for
downlivk (D3L) wransmission from a BS (Bage Station} to wireless User Eguipments (UE),
and the other used for uplink (UL) wansmission from the UE 1o the BS, Due to seoart phone
wse, user traffic has become more and more asyimmetiieal, o, most of e gallic i
downlink-centric, due to applications such as video sireaming, file sharing and internet
browsing.

{GBB4]  The average satio between the DL and UL waffic can reach, scomding o au
Ertesson Mobiliy Report, November 2012, up to 90 (10% overall). This agymmetry
means, considering that the DL speciral sfficiency is 1.5 times higher than the UL speciral
efficiency, that enly about 15% of the uplink chanuel spectrum is scnually vsed. Even with
a less aggressive ssymmetty factor, such as 411, Jeex than 40% of the available uplink
channel s wed. The total available time-frequency resources in the wplink channel
spectrum may thus be 60-85% of the uplink chanuel bandwidth, A number of solutions
combining PDD with tdme-domain duplesing (0D} have begn proposed. For example,

US apphcation no. 13386209 “FDD and TDD carcler aggregation” relates 1o the cacvier



aggregation of FRD and TDD component carriers, where each carrier occupies its own
frequency channels for operation.

{0005} US application no. 13/208213 “Backward compatible L'TE system design for
asymunetric uplink/downlink spectrum” considers a system which operates with multipie
DL spectrum blocks and one up-link spectrum block.

{0006] US patent no. 685965582 “TDD FDD Air interface” relates to the adaptation of
two TDD systems such to operate on a FDD {paired) allocation.

{0007] US patent application 12/777945 “Dual mode radio for frequency division
duplexing and time division duplexing communication modes” describes a FDD-TDD
multiplexed frame structure,

{B008] US patent no. 7929468, “Method for improving coexistence between

adjacent TDD and FDD wireless networks” by the same inventor, refers to FDD and TDD
use by equipment operating in separate adjacent frequency channels or adjacent frequency

bands. 2 BRIEF SUMMARY

[0008] Some embodiments of the present invention that are described hereinbelow provide
a cost-effective method for increasing uplink frequency channel use and thus increasing its
spectral etficiency.

{00407 There is therefore provided, in accordance with an embodiment of the present
invention, a method for communication, which includes communicating over the air with
user equipment (UE) in a frequency domain duplexing (FDD) mode, which defines a
downlink chanuve! including a first set of time-frequency resources in a first frequency range
and an uplink channel including a second set of time-frequency resources in a second
frequency range, which is disjoint from the first frequency range. An excess capacity is
identified in the uplink channel. At least a portion of the excess capacity is allocated for
downlink communication by assigning a subset of the time-frequency resources in the
second frequency range to the downbnk communication. The method includes
communicating over the air with at least one UE by transmitting downlink information
using the assigned subset of the time-frequency resources in the second frequency range.
{0011} Allocating the excess capacity may include allocating a sub-range of the second
frequency range for the downlink communication and/or allocating first time periods for
FDD uplink communication and second time periods for the downlink communication

within the second frequency range.



B0 uplink communication and second time periods for the downlink commanication

within the second firequency range,

(60121 Ip some embodiments, a first base station communicates over the air with the

UE i the PDD mode, and alfocating at least a portion of the excess capacity includes

assigning the subset of the dme-frequency resources 1o a second bage stafion, i a vicinity

of the first base station. In one embodiment, the first base stadton i3 o macro base station,

and the second base station is a small base station operating within 8 coverage area of the

macro base station. Typically, allocuting at least a portion of the excess cupacity includes

exchanging communications betwepn the first and second base siationy or between esch

base station and a provisioning entity i order o define an assignment of the tive-

freguaicy resources in the second frequensy range,

(88131  Tn some embodiments, communivating over the air Includes comnunicating
with the at least one UE in a time domain duplesing (TDD) mode using the assigned subset
of thy time-drequency resources, fn a disclosed embodiment, communicating in the TDD

mode inchudes detecting an overlap between o first sublisme that is assigned for the FDD
uptink communication with & first baae station and a second subfrarse that iy avsigned for
TDD uplink communivation with a sscond base station, and inhibiting uplink transmission
within at least one of the firnst and second subframes,

[B614]  Additionally or altersatively, assigning the subset of the time-freguency
resources includes selecting respective time<dreguency resource blocks for wse in FDD
uphink communication and in the TDD commenication so as to munimize an interference
between the FOD oplink comumunieation and the TDD comymunication.  Seleeting the
respeetive tme-frequency resource blocks may include scheduling downlink transmissions

=

i the TDD mode 50 84 to minimize the interference dee o uplink acknowledgments
gransmitted by the at least one UE af o predetermined time delay following the dowslink
trangmissions.

{B615] In one emboditient, conmnunicating with the ar least one UE inclodes

‘communivating with 4 given UE concurrently in both the FDD mode and by tansmitting
the downlink information using the assigned subset of the time-froguency sesources in the
second frequency ranges.

#8186}  There t¢ also provided, in accordance with an cmbodiment of the present
invention, communication appavatus, including at least one radio, which is vonfigured to
communicate over the air with user equipment (JE) in a frequency damain duplexing

(FDD) mode, which defines o downlink channel including 3 first set of time-froguency



revourees iy a first frequency range and an uplink channel including o second set of time
frequency resoures it & second frequency range, which is disjoint from the fisst freqoeney
range. A eontrol block is vonfigured to identify an sxcess capacity in the uplink chaniel
and to allocate o least a portion of the excess capacity for downlink conwnunication by
aesigning o cubset of the tme-frequency resources in the second fivquency range to the
downlink communication, so as to enable the downlisk communication to be carvied out
over the air with at least one UE by transmitting downlink information using the agsigned
subset of the time-fraguensy resources i the second freguency range.

[B817]  There is sdditionally provided, in aceordunce with an eimbodiment of the present
invention, conmmication apparatus, which includos at least one radio, which is configured
te compmunicate over the alr with user squipment (UE) in g time domain deplexing (TDD)
mode in a frst frequeney range and to receive uplink comnumications from the Ul in o
freguency domain duplexing (FDBI) mode v a seeond freguency range, which is disjoint
from the first frequeney range. A conirol block is configured to combine uplink signals
received by the at least one radio in the TDD and FBD modes so as o reesive aggregated
information travsmitted by the UE,

{B018]  Sull asother smbodiment provides communication apparatus, including at least
one radio, which is configured to communicate over the alr with at least one base station
using o frequency channel initially detined fw a frequency domain duplexing (FIN3) mode,
which defines 2 downlink channel invluding a fiost set of tme-frequency resources in a fuist
frequency range and an wplink channel comprising a second set of time-freguency resources
in a second fisquency ranpe, which iy disjoint from the first freguency rangs.
Communivating with the base station includes 2 reception operation using a subset of the
second set of time-frequency resources identified as excess capacity. A signal procesuing
block ts confignred to acquire synchironization with the at feast one base station o & time
domain duplexing (VD) mode, in which the at {east ope base station transmits downlink
information using the subset of the second set of time-frequency yesources dentified ag
excess capacity, A control block s configured o read systom inforpiation teansmitted by
the at least one bhase station in the TDD mode 0 as o enable downlink communication t
be carried out over the gir with the at least one base yation ia the TDD mode.

{8619  Additienally, the commupication apparatus can be configured (0 receive both
the downlink communication in the first fvquency range in the FDD wode and downlink
information transmitted vsing the assigned subser of the time-frequency resmuces in the

second freguency range.



3 BRIEF DESCRIPTION OF THE DRAWINGS

[G02B]  For a better underxtanding of embodiments of the invention and for showing
how the different smbodiments may be carried imto effecs, reference will now be made,
purely by way of sxample, to the accompanying drawings in which like numerals designate
corresponding elerments.

[0021]  In the accompanying drawings:

Rigure | - Represents an example of LTE uplink physieal channsl allocation,

Figure 2 - Represents another example of LTE aplink physical channed allocation.

Bigure 3 - Represents a deployinent example of 2 heterogensous network,

Figure 4 ~ Repressits an examiple of time-resowrce ablovation for twi TDD systems within
an uplink FOD frane.

Figure 3 ~ Represents another ciampie of time~-mesouree allocation for two TDD systams
within an uplink FDD frame.

Figure 6 - Represents an allocation example for ong Dl-only system and two TDD systons
within an uphink FDD frame.

Figure 7 — Represents the UE internal archiecture,

Figure 8§ - Represents an example of LTE uplink multiplexed physical channely in
conjunction with the DL TDE frame structure;

HFigure 9 ~ Reprosents g medified TDD base station;

Figure 10 - Represents g deployment example of a heterogensous FDD and THD netwonk;
Figure 11 - Repressnts an cxample of time-resourcs allocation in a downlink frame of an
FDD base station for avoiding FDN operation i specific subframes:

Fioure 12 - Hluswates multiplexed uplink subframes with ditferent Time Advance Groups:
and

Figurs 13 - Reprosenty an allocation example for two base stations multiplexed in the

frequency dormain.

4 DETAILED DESCRIPTION

D822  For the sake of simplicily and clavity, the following description uses a
weeiiology thay will be familiar © those skilled in wireless netwinks and n pacticular in
LTE and WiMAX technologies, This wrminology should not be considered as a limitation

tor the genera! applicability of the inventipn, as the extension of the principles embodied in

]



the deseription w other types of networks will be apparent to those skilled in the art and iy

congidersd o be within the scope of the present invention.

[6623] The term “User Equipment” indicwies a deviee either connected over the air to a
Base Station (B3) or able to communicate with apother deviue of the same type. The UE
may be used by a person or involved in machive-type spplicadons, such gs sensors, TV
sapveillance, ste.

1868241 The term ‘incumbent BS” is used to indigste n coll deployed m FOD maode
which, i embodiments of this invention, makes voum for the operation of other new cells
on its uplink fegquency channel(s),

[G6258] Although the embodiments deseribed below refer, for simplicity, only to centralized

ar point-re-multipoint wireless systems, the principles of the invention mey also be applied

to mesh or paultipoint to multipoint wirveless sysiems.

{§036] Some embodiments of the present nvention consider the fact that a UE (User
Equipment) that is compatible with LTE Release 8 could transmit within all available
subframes of the UL frequency channel, in order to provide ACK/NACK feedback on the
PUCCH (Physioal Uplink Comrol Channel) related to the reception of the DL nansmited
data. ACK/NACK wangmigsion in LTE v desenibed for example in 3GPR TS 36213
Release 11, section 7%

[G37} Embodiments of the present mvention are designed to piovide backward
computibitity with UEs compatible with LTE Rel 8. but the peinciples of these
embodiments ave applicable (o all FDD wireless systents, using technologies such ay
HEPA, WIMAX (IEEE &02.16), microwave P-P {pointto-point) and P-MP (point to
multipoint} and evolutions of these technologies,

{6428] As well knows to those skilled in the art, the LTE FBD UL frame iy composed
of ten subframes, on which are mapped the physical channels, The PUCCH (Physical
Uplink Clontrol Channel} and the comresponding DM-RS (demodulation seference signals),
considered herein av part of the PUCCH, are mapped on the gquivalent Physical Resource
Blocks (180LH/PRB) at the chamel edge. The PUCCH contains the UCT (Uplink Control
information} and its hansmission comprises the ACK/NACK, scheduling reguest, and
peviodic COI feedback. Uplink data is transmitted within the PUSCH (Bhysical Uplink
Shared Channsel}, expanding over a continuous frequeney allovation equivalent to an integer
manbor of PREBs. PUSCH may also inchude uplink control information,

{0291 Figure 1 shows an example of the wxage of an uplink FDD altocation by ap LB

system. Figure { and the following Figures show the PUCCH and PUSCH (Physical Uplink

(1



Shared Channely as time-equeney resource allocations as sgen by an eNB (LTE base

station). The PUCCH {101 and 102) is mapped to the rosouree Bocks at the channel edge.

while in this example the allocation 103 of the PUSCH expands serass the frequency
domuin, being present in all the available time resourees.

68381 Por examnple, if we consider a 10MH2 frequency channel composed of 30 PRBg,
the exttame two PRBs on each side could be reserved for PUCCH, while 143 of the
remaining ongs, Lo, 13 PRBs could be reserved for PDSCH, Such an sllocation is suitable
for an aversge traffic aaymmewry of L4 (ULDL).

EEIRES The vest of the 31 PRHs across the channel bandwidth are iy fact a “ree time
frequency resouree”. Beserving the PUSCH near one of the PUCCH allocations, as shown
in the Hzure, niakes continusus yoom for the other vsage of the avatlable tme-frequency
rescwees, suchas TDD.

(38331 It should be noted that a specific FDD LTE UE will send the PUCTH with UCT
containing ACK/NACK in the subframe i+4 wlative o the DL subframe /. in which the
eNB (base station) has sent DL data to the speeific UE, UCKL nclnding ACKNACK, can
also be sent on e PUSCH. A UE compatible with LTE Release 8 and Redeuse 9 cannot
send the PUSCH and the PUCCH in the same subframe,

[B)I33] A good scheduling practice is the allocation of the PUSTH resources towards
the center of the band, where the high power UE transmissions should be scheduled in
order to reduce the OOB (out of band) vmissions into e adjacent channels,

[0034]  Figure 2 depicts an uplivk frame whewe the user taffie (FUSCH-203) is
scheduled in the frequency and tine domaing in & way that makes rescurces available for
TR The PUCCH, however - 101 and 102 - hag still to be reserved at the channel edge.
[B335]  The FDD UL fequeney chaanel i only partialiy used, as the UL uffic is
toking place only in the latest sabframes in the frame (203). Given the operation of half
duplex terminals, which cannot receive and transmit at the same time, and also due to the
mnportance of the DL subframes 0 and § corvying synchronization and congrol channels
{Physical Broudeast Channel carrying the Master Information Block (MIB), i is preferable
1o altocate the PUSCH in the last subframes of the frame.

{0361  However, due to the fact that legacy UEs use the PUCUH for transmiiting
control information, including ACKINACK feedback for the DL information tansmitted
four subframes previously, it is imporiant to implement this vention so a3 to avoid

interferenve with these PRBs.



(66371 Note thut for ase of the free time-frequency resomree as shows in Figure 2 by
wireless entities not belonging to the mailn FDD cell, there s a2 nved for thme
synchronization between such entities and the frames of the incumbent FDI base station,
[BO38]  Of course the allocation of the used resource block could be more flexible, for
sxample by using son-contiguous subframes or by using purtial chansel occupancy in
COnIgUoNS O noN-Lontiguony subtrames.

{60397 Embaodiments relating o usage of the aveilable time-frequency resowesy within the

uplink channed ave deseribed further eretubelow,
FRD-TDD operution in the same VDD upelink ehannel

{80481  The fust application at hand is TDD operation within the available time-
frequency resources of one of meare FDD systemis. The intaforencs created by TDD
systems 0 FDD systanie and vice versa is problematic and typicaily reguires at feast o
reduction of the transmission powers and assessment of the out-of-band emissions. The
reduced power ransmission is suitable for small cells, such as pico-cells or femio-cells,
wherein both base station (eNB) operation and UE operation are at lower powers due to the
reduced osll size.

0417 Let’s consider the deplovment scenario in Figure 35 in the coverage ares of a
macro BS 301 (MeNB1) ae deployed small base stations SeNB1Y - 302 and 3eNB2 - 303,
A usey device 303 (LB communicatex with MeNBIL, while UB2-304 communicates with
the SeNBI-303, Each MeNB operates on thrve directional sweetors, Each sector may use the
entire bandwidth of the concatenated three sectors {cither Reuse § or Carvier Aggregation)
or may apply u poelicy of baviag cach sector use dif¥erent frequency channels, When the
entire spectrum I8 used by sach sector, based on FPR (Fractional Frequency Reuse), JCIC
(nter-Cell Interforence Coordination) or elCIC Evalved fner Cell Interferznce
oordination). Interference mitigation procedures may still be applied to avaid high
transmission powers within the same frequency resource by adjacent seciors {eNB) in the
same BS or by ntegfering eNBs, The eifect of this pohicy will be that the scheduling of the
occupied thine-frequency rssources by the interfering trananittess will be diffevent between
difforant eNBs.

(0643 n e embodiment of this invention, the up-tink free time-fregueney resounce iy
used by the small eNBs. An example of such usage, devived from Figore 1, is chown in
Figure 4. The ineurabent FDD systers has the reserved fregquency allocations 104 and 102
for FUCCH and 103 for the PUSCH. TDD hase station SsNB! uses the ficquency



resonrger within the chunnel indicated by 404, and SeNB2 uses the frequency resources
within the chanael indicated by 4035, The TDD downlink subframes wre those noted 37,
the TDD uplink subframes are noted “U)7 and the THD special subirame is noted 57,
PUCCH allocations for UEs served by SeNB1 are indicated by 406 and 407, while PUCCH
allocations for UEs served by BeNB2 wre indicated by 408 and 409

[0B431  Figure 5 presents an allocation for the TDD systoms derived from the free time-
frequeney resowrce presented in Figure |, bur with the PUSCH of the FDD system placed in
the center of the bund. The incumbent FRUD system has the reserved frequency aliocations
(01 and 102 for PUCCH and 304 for PUSCH. Each TOD systern uses the frequency
resources indicated by 563 and respectively 345,

{68441  Tigure & presents an allocation derived from Figure 2 for one Dl-only system-
606 and two TR aystems, cccupying the available fiequency resources 804 and 605 for a
number of subfranes not scoupied by the incumbent FDD PUSCH allecation 263,

(08451 An example of the design of the PRB allocations for each of the FDD and THD

systemn in Figure 4 iy shown in Table Ik

Table |
. TMeNB | SeNBI | BeNB2 |
DD {TED L TOD

Channel BW(MHz) T T £
Resensee blocks 54 I8 15
T T B g T :: —
RBs for PUSCH T R T R B T
S;}d;ePRRs To b wsed for g;umd~bands A
PRE®Slots for UL VTS 45 43
PRE%sots for DL (TDD “§7 subframe way | $00 {105 | s
considered as DL : '

3



Di-band FDDCTDD buer!

{8844} Striet coondination of the svheduling of transmit and receive operations in the

UL frequency band can coniribute to mitigation of interference,

{0471  Such coordination is based on identification of the interfiring FDD UEs into the
TDD receive operation and the ccheduling of the respeciive transmissions and/or receprons
0 85 to avold interference.

{O048]  The scheduling may involve using different subframes for transmission and
reveption. .

[04%]  Another interference mitigation technigue, including for EDD-TDD PRB meuse
iy both TR and FDD hase stations, can be based on the knowledge regarding the UE
position in each of the FDD and TDD cells,

[B088]  In the case of interference created by UL teansmission of a UE cerved by the
B oNE to a second UE receiving the DL signal from a TDD base station, the welevant
paranieter is the distance between the interfving UE and the interfered UE. The distanes
can be obtained by agssesing the UE position using techniques as GPS, Galileo, Baidua or
similar satefiitc-based positioning, or by radio-based position assessmuent, as specified in
standards and using positioning reference signals,

{0451} In the case of interference created by 2 TDD base stotion, transmitting on the
UL FDD frequency channed, 0 a FDD base station recsiving the sigeal from a served UE,
as fong as the quality of the received signal from the served UE at the FDD base station
allows sultable recaption of the UE signals, U is poysible to reuse the PRBs in both base
stations,

{6652 Bt the cane of interforence created by o UE served by the FDD base station to the
TOD baxe statton seceiving g signal from a second UE, again it is possible to identify the
UE and schedule it ip another subframe so g to aveid interference.

{053} in some sitnations the scheduling will affect the DL trangmissions rather than
the UL transmissions. For example, for avolding intwrfemace created by the uplink
operation of a UE on PUCCH, the scheduling of the downlink tansmiseions, causing UL
transoaisaion of that UE four sulifiames later, shoold be modifisd,

REIRE ] Such modified DL scheduling may involve the scheduling of the DL
transmmissions in another subframe or the fnsertion of ABS (muted) DL subframes; there is
noe need for ACK, becawse po DL dota was transmitted, so that pe UE will send

ACKNACK four subframics later or when extablished by the standards n case of TDD,

ig



speeifie.il

[BOSS] Apnother possibility & Interference  alignment or CSICB  (Coodinated
Schedeling/Beamformingy: Data Is avatiable only at the serving csil {data transmission
from that point), but user scheduling/beamforming decisions are made with coordnation
arpong cells eotresponding to the CoMP {coordinaied multi-point) cooperating set,

18686] N the TDD and the FIID small cells ave part of a UL CoMP set, implersenting
joint recepting andfor coordinated scheduling. for example by using Remaote Badio Heads
confrolled by the macro eNB as center of the small cell, some overlap may be possible
hetween the PRBg used by the FDD maere cell and the TDD small cells for UL

LransIisSIons,

Intra-chynnel interference

{00871 In the section below we will first analyze, with respect to interfirence vreated to
an adjacent channel, the possibility of openttion of two TDD additional celly within the free
UL FBD channel resmave,

(58]  Instead of a full coexistence study, considering the path foss between the
nterferer and the victim, we will just analyze the difforence betwesn the out-of band
(O3B} emissions of 8 regular FDD UE und the QOB emissions of the TDD BSs and TDD
UEs. By this analysiz 8 will b possible to assoss whether the emissions of the TDD
systems o the FDD systers are at the sane level with the emissions of UEs deployed on
an adiacent FDD channel.

[B05%] The emissions of the FDD system into the TDD systeny are considhered as PUCCH
emissions, which cannot be higher than the UE emissions operating over the entire FDD
band, or PUSCH emissions, which eannot be higher than the wangmissions of an UE within

F siniar ransnission bandwidth,

[B860T We will assesy the imra-gystern interference based on the maxks for 38z systerms,
fn fact, our twa TDD gystems and the PUSCH of the FDER system belpwe as three systems
with a 3MHz channel bandwidth, If we divide the 3MHz by the PRB width (180kHz}), we
obtain 16.6 RBs, while the occupicd BW is only I13PRBa. This means that at each edgeof
the channel there I8 an unused frequency of DEPRBs, while in our design the spare

frequency is a full PRB.

10851] Bosed on the UE nyusks in 30PP T8 36,101 and 3GPP TS 36,104, Table 2 presents

the transenitted power density at the edgs of 1he channel.
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Table 2 Intra-chanvel emissions

TDD Local arog
B8, SMHx

Aloon(ME2l UR-ToMEz .1 URAME:

- FDD PUCCH only (YD UE, FDD PUSCH

on 3hH2)
{used as reference

0] L 1%dBW 0k, 1 25dBm/ 100K =
»30dBm/30kHy
33T ibdBnvMBz | CibdBm/MHz | -10dBr/MHz
Za«w; """ e “IdBmIMAr Z 35dBnyMIHz
CHIVTEE P
j:;:E;".o.nciusibii:' U TDD interference = OOB fransmissions | SeND unterference
; refervnce higher only for equal or |

0-1MHz QOB offset significanily lower
than the FDDUE |

tefurence

[BO62]  The conclusion of Table Zix that the small power eNB will create imerference
simtilar or signiftcantly Iower relative o that created by a vegular UE.
{663} From Table 2 it can be concluded that the co-channel problematic situations are:
1. GOB emissions created by the TDD UE to the PUSCH of the FDD channel.
2. QOB emissions ceeated by the PUCCH to the adjacent TDD system.,
G064} Possible solutions to these cases may be;
(651 A Migher guard bands between the TDD UL transmissions and the PUSCTH,
eventually onfy in the subframes in which there are bigh power UL transmissions,
[0066] B. Plucement of the high-power TDD transmissions in the center of the occupisd
band.
[B67] C. Reducing the activity anor the powes over the PUCCH of the BRI system. The
power teduction can be achieved by appropriste scheduling of the DL hansmissions
towards the remote UEs, such that the ACK/MNACK will be transmitted when PUSCH s
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active and not within PUCCH, or by mapping the PRBs ased for PUCCH without
freguency hopping.

{8068} Such scheduling tokes into consideration that remote UEs will wansmit the
ACK/NACK with higher power, in response to DU teansmissions that occurred four
subframes cardier. So at least for one UL FDID subframe overdapping the TDD DL and
anether Ul FDD subfiame overlapping the TDD UL, the FDD oNB scheduling of DL
tansmissions taking place four subframes in advance should target Jower-power
conmunicetion with near-placed UEs. This approach enables the FDD BS to control the
transmitted power by the respective UE o be significantly Jower and thes will reduce the
interfarence of the FDD PUCCH in the TDD subframes. Such low-powey tansmission is
sirnilar {o the definition of the power transmission in the ABS (Almost Blank Subframes),

where the transmiticd power can be also reduced 16 2600,

Tuterfevence outside the UL EDD channel

{38691  Adjaceni-channel intexfnence in the FDI uplink specirum s exeated by UE
transmissions. Some smbodiments of the present invention provide for DL ransmission by
4 TDD base station or an additional Dl-only tansmitter, Operators nsing the adjscent UL
FDD channel conld experionce interferonce created by such downlink pansmissions in the
UL FDD chamsel at a level similar to thay coused by the inierfercnce cveated by UE
fransmiissions.

(G870  The adjncent channe! intafinence is also reflected by the LTE ACLK (Adjaceni
Chansel Leakage Rutio), with values of 30dB for regular UE and 4548 for eNB (see 30PP
T8 101 and 3GPP TS 104),

[0071] The 13dB difference in ACLR can accommodate the TDD low-power eNB higher
antenna gain sad ity higher activity factor, such that the interference expericnced due to DL

sansmissions will be at the samye fevel as that experienced from UL transmissions,

Ul-Dmtensive spplications

EASERSNRNI

[0872] the UlL-intensive applications that coukd be accommodated within the free UL
spectium are, for example, video surveillance and sensor networks, having a pronounced
aplink activity factor, For such applentions TDD smalt cells can b2 wsed. (LTE franw type
2, eonfigmration 0, has four DL subframes and six UL subframes, because the S-subframe {5
mostly a DL subframe.)

{8731 The FDD small cell will nocupy for s uplink oporation the free part of the UL

channel (Figure | or Figure 2 or their combination}. Additional considerations are;
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A, I DL channel should be placed such that the duplex spucing is preserved;

8. Itx chanpel size may be lower than the tncwnybent FRES chanpel;

€, Por svoiding inmer-coll imierference, the right ICIC (ntercedl  bntuference
coordination) or el fevolved KK, using ABY - almost-blank subframes)

should be implementsd.
Additionsl DLoavaffic

[6074]  With the cartier-aggregation (UA) concept it is possible to use the free UL
spectrum ag addivonal DL frequency resources. When the additional DL cell s collocnted
with the main czdl, the DU wansmissions of the secondiy cell should be separated i the
time domain frovn the uplink tranwnissions of the primary fncumbest BDD celf, for
avoiding n-device comuistence problems. In other words, it is possible to use an
arrsngeiient sunilae to that in figure 2, with the additional resteiction that for o specific UE
that ave ne tansmissions on PUCCH during the DL transmixsions of the secondary cell
Such a condition can be achieved with accumulated ACK/MNACK S scheduled only in the
non-tnicrfering sabframes or by using subframes in which no ACK/NACK is expeeted.
{06781  The downlink-only traffic can be unicast or broadeast,

(0076]  Figuie 6 represents an addittonal DL channel 606, which uses the UL free
spectrum together with two TDD systonms.

{6077}  Additional intesforence mitigation factors can be one or more of the following:
[GG78] A Larger guard-bands bepween PUCTH and the DL trqminissions, such that the
interference will be caused by the second adjacent channel,

[BO74%] B, Usage. for the additional DL tonsmizsion, of an antenna well isolated from
the FOD primary transmission. For axample, if the primary transrsission is in Sector t of &4
tri-sector BS, the additionsl DL for Sector T can be mapped within the frequency changad
tansmittesd by Scotor 1 and vice-verse. Based on the QOB tramnission Himits for macro
eNBas, 2 -05dB antenna isolation reduces the interforence of the additional DL into the UL
weeption to -94dBm,

(00801 O Interferonce cancellation gt the BS, by substacting the interforence cveated hy
the transmitted signal, known gt the BS, from the received signal.

[0081]  D. Scheduling the DL transmissions in the main FDD cell and controlfing the
PDCCH powsr go that the PUCCH will be received during the secondary DL sabframes ot

selatively high power.
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Speciram resopree Hexibitity

[00BZ]  There are multiple reasons for having a fexible spectium sllocation policy for
all the interacting systeya: the FDD system, one or mors TDD systemns, and ong or wwne
addidonal DL resource. Such reasons may include variations of traffie, radiv channel
conditions, interfarences, efe,

[BB83]  In LTE, the channel width of the system is fransmitted on the downlink ax patt
of the MIB (Master Information Block) information. Howewser, not all the DL resomees
have to be used, making possible a number of means for interference mitigation, such as the
wapsmission of PRBs with no data or reduced power data, MBSFN (Multimedia Broadeast
Single Frequency Network) subframes with no data, ABS {Almeat Blank Subfinmes)
without data, snd ABS subframes with low-power data.

{084} These variations allow the actual tine-frequency mesources occupiad by the DL
transiuissions of the cells and the powes of these transmissions to vary in time, contributing
to similar variations in the UL direction,

(851 Interforence measurements combined with messages between the eNBs sharing
the uplink chansel may coniribute to the coordination of speotrum use and trnsmitted
powers in diffarent subfracees and resourcs blocks of the uplink frame,

[B0R8]  The size of the UL free timedrequency resowce may vary in time also
depending on the variable UL tratfic amount, chaonel conditions, etc,

{6871 Also in uplink #t is possible 1o modulate (in o similar mode with the DL} the
acoupied tune-frequency resource, by making avnilsble time-frequency resources of the
TR and/or of the downliok only andior of the uplink-lntensive transmissions for the
speraticn of the incumbent FDID UE data teanamdissiong in certain subframes,

L avehitecture for sewe UL chapnel FRDCTDD Crerier Apsregation. and Doyl

AR

Lonnectivity ,
[OORR]  Sowme embodiments of the present invention provide Carrier Aggregation (CA)
betwesn the FDD caenier, operating ov the FDD DL channel and FDD UL channel, and the
TDD carrier, operating on the FDD UL channel.

8% A UE implementing such operation has 3 cost advantage over using CA for
channel frequencies in ditferont radio bands, such as 2.6GHz and 2.5GHz, as both FRD and
TDD uplivk in the same band can he supported with 5o need for a separate radio filter ur a

separate radio amplifier,



[B696]  When TDD operation ix added 1o the repulay FOD operation on the uplink ¥DD
channel for the same UE, an additional receiver radio chain i needed within the UE, as in
FOR-TDD cander aggregation or Dual Connectivity,

(9911 Figure 7 shows the resulting UE architecture. The central radio control,
chuding the functions related to the User Plane and Contiot Plane ag described in 3GPP
TS 36,300 and radio aotvitics, is located within 8 contral processing unit 702, which may
also perform other high-layes user services, inchuding running applications,

[BB93]  The user interfaces, such as the display, speaker, and microphone, are located in
a user interface block 701,

(88931 A memory block 708, containing RAM and non-volatile memory {(FLASH or
ROM) is used by the ceniral processing unit 702 and depending on the aeiual UE
implenventation, may be used alswy by the user interfaces 701

[08%4]  Digital signal processing i3 performed by a signal processing block 703 and can
give services to the radios using FDD for communication, Hke radios 706 and 707, using
licensed bamds, which are highly relevant for thix investion, and slve to other radios - 709,
such ay Wikl and Bluetowth, operating generally in leense-exempt bands. & common
antenna 708 can be used for reseive (RX) and transmit (TX), while using diplexers oy
switchex to copnect {6 If the recsive and transmit radio frequencies are far from each other,
however, difforent antennas may be used.

[60898]  The presented radio architvctuye, excepting the RX chain 706, & similar to
conventional UEs, The additional receive vadio 706 may take advuntage of the existing
radio frequency synthesizers in radio 707, <o as aot to duplicate the entire sadiv chain,
{961 Eynbodiments of this invention are well suited for dual conneetivity, also known
a6 multi-sticarn aggrepation. A pogaible embodiment is the uge of the incumbent FDD base
sfation as Master eNB and the TDD base station, operating within the available channel
pesources, as Secondary eNR,

FDRD-TDD Caerler Agpregation with s¢

)

sarate FBD and THD radio bands

;j(?(}?}’?} In the following section we consider that the Opesator vses 3 frequency band
either in FED or TOD mode, deploying a different base statton for cach frequency band,
The base stations can be collocuied or can use Remote Radio Heads (Scenarios L4 in
Aouncx § of 3GPP TS 36.300 V11.7.0 (2013-0931) or cap be non-collocated, as in the Small
Celi Scenarios in 3GPP TR 36.934.
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{8008} In these scenarios, TDD and FDD operations take place in a spucific fiequency
band for each doplex mode, and the UE transmissions are sent nsing different radio
channels for each FDD or TDD band, or by fast switching of the UE transmitter between
thege bands.

(098] Por example, TDD operation may takie place in the 3.30Hz2 band while the FDD
apevation takes place in the 2.5GH?2 band, wherein 2.5-2.837CGHz is used for uphnk,

{00180] These embodiments ave compatible with the following carrier aggregation
concepts provided by 3GPE TS 36,300 Release 1 “In Carrier Aggregation (CA), two wr
more Component Carriers (COY) ave aggregsted v order (o support wider transmission
bandwidehe up to 100MHz. A UE may sinmltansously receive o transmit on ong or
multiple CCs depending on its capabilitiex

- A U with single timing advance capability for CA can simultancously veceive
and/or transmit on multiple CCs comvesponding to multiple serving celly shaviog the same
timing advence (multiple serving vells svouped in one TAGY;

A LE with multiple fiming advanee capability for CA can simultaneousty receive
andfor transmit op multiple CCx copesponding to multiple serving cells with differene
timing advances multiple serving cells grouped in nultiple TAGSs). E-UTRAN ensures that
each TAL contains at tleast one serving eelly
- A non-CA capable UE can recelve onn a single O and tansmit on a single €O
corpesponding o one serving cell only (one serving cell in one TAG).

(00181 CA is supported for both contiguss and non-contiguous CCs with sach CC
fimited to o maxirnum of 110 Resowee Blocks in the frequency domain using the Rel-8/9
nurnerology.”

[8182]  The phrase “slmultancousty receive or transimit” dees not necessartly reqube the
usage of the same subframe for CA operation,

[O6103]  In the case of FDE-TDD CA (Casrier Aggregation) or Dasl Connectivity for
copununication systems cnjoying maxbnun scheduling flexibility, two Ry {eeeive) radic
chains and fwo tansmt {(Tx) radic chaing are needed for euch UE (user cquipment)
implermentation. The reason is that in CA and Dual Connectivity, FDD and TDD operations
take place in different radio bands,

(681841 Civen that 2 legacy UE typically supports only one Tx radio chain, o suitable
method is needed for multiplexing tansnissions towards two eNBs, each eNB operating in

its own frequency channel and possibly using a different duplex mwde.
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[B0I0S)  Forclurification, i FDD-TDD CA the operational frequency chamnels fur FDD
and THD belong w different vasdio bands, whils the UE communicates with collocated FDD
or T cells or with non-collocated FDRD or TDD celis ¢reated by RRH (Remote Radio
Heads) linked to the same base station. In Dual Conneetivity these wye at least two hase
stations fnvolved, and the MeREB Master oNE) or the SeNB Secondary eNB)Y may use
different radio chanuels, belonging to the same or to different cadic bands.

{00186] A possible solution for ucing only onc Tx chain in uplink for cach UE is fast
switching of the radio channels, bot this switching oy resolt in long cetling thines and
high spurions signals. Embodiments of the present invention provide a cost-affvetive
wethod for overcoming these bmitations, by exploiting the downlink-centric waffic
asymametry and the resulting low ocgupancy of the uplink channel.

[001071  In the section below we deseribe a solution for avoiding the swilching of the UE
uptink radic transmitter, This solution takes into account the free time-frequency resourees
on the uplink FIRD chanwel.

[60188]  The solution makes use of multiplexing of the transmissions to the different base
stationy while exploiting the fiee time-frequeney resowrees of the FOD uplink ehannel.
{3109  Figure § presents a TDD type 2 frame stcture based on Configuration 1 in
TRIG211 Release 11, nperating on the frequency chaneel £3. The DL transmission of the
F base iation takes place on frequency channel 2. Multiplesed operstion in the time
domain of DD and TDD uplink chavvels takes place on the FDDy uplink frequency £1.
{66118  The main physical channels shown in Pigure 8 are as follows:

- PUSC - 803 {physical uplink shared chanvel - refeaved o as PUSCH in LTE standards);

- PUCCH {physical aplink control channel) for FDD (101 and 132%

- PUCCH (811 and 813) for TDD;

-PUSCH (812), indicated as PUSC for TDD,

{B8131]  The time-frequency resources we allocated such to avold conteations at
receiver, fa. the allocations should be oithogonal,

[G0112]  The exset usage of the subframss can be dynamically established based on the
uplink teaffic charsoteristics in each hase station: however, a simpler provisioning approach
¢an be also used.

[60113] Based on LTE SCIODMA technology, a UE with a sisgle RF Tx cannot
vansmit two different signals ar the same time.  Thus, Figure § shows the aggregated
channel usage as seen by the base station where the tapspossions arrjve frorm multiple

Pis,



(801147  In order to achieve the multiplexing that is illustrated here, the TDD bage station
should be able to receive signals on the radio channel allocated for the FDD uplink
transmission, When the FDD and TID base statings are collneated, this condition can be
achieved easily, ot no additional cost; whey the FDD base stabion 15 8 macen hase station,
and the TR bage station 18 a swiall celly there will be a vost inerease in the TDD base
station, as an additional Rx RF chaunel 35 added, This channel moy include diversity or
MEMO support, such that in practice it may use more than one radio chain.

IBOLI5]  The modified TR Base Station radio architecture is shown in Figuee 9,

Sy this figure the base stntion modules include a Network Interfsee - 901, providing the data
connection and 5 Base Station Contral Block 902, inchuding the LTE Control Plane and the
LTE User Plane, which also wanstors user dats between the Network interface - 901 and a
Signal Processing andt - 903, which i tum recelves and {ransmits the baseband signals to
the radios, In addition 0 a regular TDD radio 906 using an antenna 904, there i an FOD
receive channed 807, which may use the TDD antennn 904 av a separste antenna 9035, if the
TOD antenna does not cover the frequency band of the UL FDD channel,

[0Q116]  Both TDD aad the FDD base stations weesive the multiplexed siguals of the
physival channels for FDD and TDID operation and seleet the relevant physical channels for
processing.

BOLLIT] A Memory block 908, containing RAM and uoo-volatile memory (FLASH o
ROM), is wsed by the eNB Comrol Unit 902 and depending on the sctual oNB

tmplementation, may be used also by the Network Interface 901,

[08138] In the case of dual conneativity, an UE can receive signals from two different
base stations,

[G8118] A deployment example is shown in Figuie 18, The FDI bage station 30] s a
macry buse station baving theee sectors. Within the coverage area of g sector 1002 s
deployed 3 small TDD base station 303, UE 304 is connected only to the TDD base station
33, while the UE 303 is counected to hoth base stations and is able to communicate with
hoth in the same franse,

{60821 The multiplexing approach explaised for CA is aiso suitable for Dual
Connectivity, sach that everything reloted to the multiplexing approsch explained in the

context of CA should be understond as also valid for doat connectivity,
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Avolding FOD PUCCH in TDD subiramey

[B8121)  Some relaxstion of the coordiration of the PRBs (Physical Resource Block)
altocated for FOII and TDD operation in the uplink FDD chasnel can be obtained with
suitable allocation of ABS (almost blank subframes) or even PRB muting.

The ABS allocation should be such that there will be no need for FBD HARQ (Mybsid
Automatic Repeat Reguest) of simply ACK/NACK in those subframes in which TDD
operation takes place,

[88122]  An exomple of AHS allocation, suitable for Type 2 LTE frame stravane
“configuration 1,7 is shown in Figare 11

[O01231 As it can be observed, an FDD DL ABS tor o mnted or MBSEFRY subframe 1103
is placed four subframes in advance redative to o TRD UL subframe 1102, Given the fame
repetition in time, an FDI2 DL ABS {or « muted or MBSEFN} subbame 1104 is also four
subftames in advancs eelative to a TRD UL subframe 1101,

[68124]  Tf in sublrames 1103 and 1104 is transmitted no data requiring ACKMNACK,
there i no ultimate weed fo schedule the FDD PUCCH within the subframes 1101 and
HOL,

(881251  Due to the vesulting Jack of contention hetween FDD PUCCH and the TDD UL

subframe, the TDD UL subframe can oconpy all the PRB resourcss of the subframe,

Thme advance

{81267 In some deployment cases, for example noncollocated TDD sod FDID base
stattons or large difference between FDD and TDD frequency bands, the FDD and TDI
wanspuasions may use different vatues of ULl time advance. As a consequence, the UE
could wperate with time advasces belonging o different Thme Advanee Groups (TAQGs)
and there may be so some overlapping between the UL subliames belonging o different
TAGs.

[BGE27] A solution to this problem i shown in Figuee 12,

[00128] In the pictwred scenario, the FDID frequency har a higher delay as compared
with the TDD frequency, such thit o time advance TA - 1203 for FDD is higher than a TA-
1205 for TDD. This difference creates o potential overlapping bebween the UL subfames
1201 aud 1202, which can be resolved if no data is tmsmisted in the UL BDD sgbfitame
1202, The sume situstion oceurs in an PDD cobframe 1207, and the same solution can be

applied.
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[80129]  IF the overlapping duration is low enough not to affect the receive operation at
the Base station, no cortective action is needed.

[03136] I the overlapping duration i too high, the UE transmissions that can create
reesption probloms should be avoided.

{88331} 1o ovder to avord ondesitable transnvissions, including PUCCH, mare floxible
teansmission of the information elements included in the UCT is desivable, i.e. teansmission
of the UCH information elements (1E) should be flexible and programmable, instead of
being restricted to the standayd four-sublrame delay,

[BO132]  The flexible seheduling of the Frames in which the UCH IEs could be tunsmitied
require a new provisioning or ¢lse betler coordination from the higher layers wsing the
Contved Plane on the Us (sNB o UE) inteclice,

[B8I33] Uven i the TDD channel avendy supports mow flexible ACKINACE
assignment and bundling, it is reconunended (o provide fnther flexibility in ACKINACK
scheduling.

{81341 In the scenario in which the TRD delay is higher than the FDD delay, the
overiapping will ke place in the subframes involving transition frons FDD © TDD.
[B0138]  To avold ransmission during one of the overlapping subframes, n new message
can be used o indicate in which UL subframe the ACK/NACK for a given downlink
suliframe should be wansmitted.

[B8136]  In any case, it is desivable that the PDD and TDD base stations coovdinate UL
atloeation of the dme-frequency resouress to FDD or TDD PUSCH, PUCCH and PRACH
{physical rondomm sccess channet), such that each base station will be able independently to
schedule iy paffic,

[GOI37]  The inter-oNB coordination can take place on the intereNB X2 or Xn intesface
{the second s nsed ouly for dual cowneptivity), which may be enhanced with the

information elements deseribed sbove

Bifferent chansel width for FDD and TOD

{BOI38]  fn genesal the chansels used in TDE operation me wider than those used for
B, This difference in the channel width implies that uplink transmissions should use
difterend channe! widths when they are multiplexed on an FDBD UL choannel, and it myy be
necesywry o switch the channel filters within the UE Tx radio moduly as function of the

channe! width per subtrame,



LB o FDM3 corvier sppregation in uplink

(BB139]  For the aggregation of the uplink FOD-only or TDD-only carrters, a UE should

use only the relevant subfiames, as assigned to each UE for each duplex mode,
[68148]  The Peell iprimary coll, carrying control and eventually data information) and
Seell (secondary cell, canvying data and eventually conttrod information} can be assigied ot

anty of the segregated carriers.

Variable DL:UL traffic asvmmetrs on different romponent eariers

[B0141]  Each component carvier can wse a difforent teaffic ssymumetry. fn TDED thig
asymimetry may he reflected in different Frame configurations for DL and UL subfiames.
In both FDBD and TDD, the number of subframes sctually used for the vplink traffic may
diffor between the component camiers.

[(01427 The PDD base station, based on the DL-UL configuration information provided
by the TDND base station, will allocate i3 UL subframes so as to allow the multiplexing of

the TR subfrarnes within its UL frequency chanpel,

UE teangidgsion power

[00143]  Due to the different propagation paths between some component carviers o due

st on each

o other scheduling consideratinns, the UE transmission power may be ditl

romponent canier, alating potential interferenee problem between the component carriess,
[00144] When such o problem appears, it is poasible to mitigate it by scheduling UBs
6p§€xf{1ting on difterent component careiers but using shuiler transmilting powers in the same
subframe.

{00145] To support the above scheduling method, base stationy should exchange
information regarding powear altocation per PRB or per subband in g speeific UL subframe
and eventually include in the exchanged infermation the specific UE 1D,

[0148] A base station knowwing the power allocation of the other base station will be

able to corvectly schedulz the UER in order to mintmize the intercarrier iierioagnes,

Resorree split in frequency domain

(081471 The resource $plit between the two base stations can take place i the thne
domain, ay illustrated above,  This appreach requirss synchronization between buse

stations,
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{O0148]  Another possible approaeh s 1o make the resource split in the freguoncy
domain, with each buse stution using orthoganal PRBg or subbands, This approach will not
require synchronizafion, but may be prone o reviprocal interfemence in case of dual
comIBCUvity.

[GOE49]  This cort of opemation i illusivated in Figure 13, assuming that both buse stations
use the same channel width,

[B0150] I this figure the PUCCHs of eNB I and eNB2 are represented respectively by
affocations 1301, 1302 and 1303 and 1304 within the sape fiequency channel, while the
BUSCH s represeuted by the resource blocks £303 and 13086,

(BBI51]  Alematively vepsrate frequency channeis gan be veed for cach eNB,

(88521 When the channel widehs are different. a more complicated resource
multiplesing desien is typically needed.

[BBI53] A in the other cases, the time-fieguency resources for FUCCHs and PUSCHs

should be exchangad betwesn base stations,

UEs not supporting Hedble ACKINACK

[B81541 A legacy UE may conmmunicate with the FDD or TDD base stations in the
legacy mode, with the condition that both DL and UL traffic scheduling by the respective
eNB will provide nperational conditions that will not reqeire new UE capabilities.

{B8155]  For example, if the DL data wansrission to these UEs ccours only in subframes
in which the UL FOD ACK/NACK can be transmited hased on the four-subframe-delay
rule for FDD or based on the ACK/NACK rules Hine TDD, there will be full complinnce
with the legacy FBD o TDD system.

LE-UE communication

(G156 VUE-UE communication will be probably carvied out on the UL frequeney
channed of either the FDD or the TDD system. For this purposs, one of the UEs will have to
quit its serving cell for the doration of the UE-UE communication,

[B0ES87] By using features of the present Invention, 8 UE served by an FDIY base station
can conunutictle with - a UE served by 2 TDD base station while each UE remains

connected to its own serving base station,

Tratfic asymmetey by FDD and TOD edlls.

[66158] Traffic asymmetry can be differst in FDD and TDD cells; for example the

FDD cell can be configured for downlink-centric asymmetry, while the TDD celf can he



ased for rells wansmitting machine-type communication or different events (sports events,
shows, ¢te.)

It i required that the TDD frame UL-DL configuration on sach camer will be exchanged
with the FDD base station.

Mult-BAT {(Radie Access Technology)

(68159] BEmbodiments of invention can use different technologies in the FOD and TDD
base stations, For example the FDD base stadon can use HSDPA, while the TDD base
station uses LTE,

[00368]  The condition for such combined operation is that the TDD base station frame
structure allows talerleaving into the subframes made available by the FDD system or, even
batter, that the FDYD bage station, based on the DL-UL configuration information provided
by the TIMY base station, will allocate ity UL subframes so a5 o allow the moltiplexing of

subframes transmitted in acoordancs with the othey techuvlogy.

LE behayios
[B8161]  To communicate with 2 TDD cell operating in an UL FDD freguency channel,

the UE should be able, as 3 first slep, to excoute a c2ll search in that frequancy channel, 1.,
o acquire thne and frequency synchronization with the TDD cedll In LTE this process uses
the priomary and secondary synclwonization signals, The next steps are decoding of the
systemy information contained in the Master Information Block and a number of System
Information Blocks and connection to g seyving cell,

[B0162]  For performing Camler Aggregation, the UE should be able to change its
behavior i the same radio frame, so as to support, depending on the operation mmode:
(831631 A Downlink reception in a TDD colf and uplink transmission in o FRD cell in
the same radio frame and on the same radio channgl,

(68154} B, Downlink mception and uplink tansmission i a FDD canler-agawegated
nsode.

[B01658] . Mudtiplexed uplink transmissions to diffoscnt colls, which may be essentially
FOD cells or 2 mix of FOD and TDD cells.

(831661 i the cells in the above description ave not collocated, the same operation modes

apply for dual Connectivity.



381671  In order o coordinate intercell TDDAFDD interference for smixed-channet
usage, it is dusirable to enhance the UTE X2 messages (eNB-eNB) and/or the management
messages andfor over-the-alr eNB communications, by introdaucing information elemenis
sucd a5 |

{G6168] A Request from g aow eNB to the incumbent eNB o accept s cell aperation
within the UL fregoency: possible parametors: cach «NB ientifier, requested bandwidih,
requesied number of subframes, DLoUL split, max. power, synchronization capabilitics,
pathiloss information based on the DL reception.

[B8169)  B. Acceptance of the above request by the incumbent eNB, while indicating the
allowed BW, max. power, allowed number of subftames, alHowed DL sphit, selection of
synchronization maode,

[@8178] . Confinuation by the new eNB of the start of activity based on the prexent
time or a specified future time, while indicating the eNB identifier, type of confirmation
{Yes, Noj, start time informating,

7 D Request from an fncumbent oNB 1o the new oNB @ cease operation within
s UL frequency or to change parameters of its operation, such as max, power, oig,;
possible information: eNB identifiers, type of reguest, list of parameters snd possibly
preferred values.

{6G172] E. Time offset betwesn the start of the FDD frame of the incunbent eNB and
the start of the TDD frame of the new eNB; possible information: oNE identificrs, thae
offset, how the time offset was determined,

(61731 P Allocated UL sebframe for D20 operation; possible infornation: entifier of
the eNB making avatlable such subframe, subframe pumber within the eNB frame,

[06174] O TDD configurgtion used by the TDD eNB operaling in the UL FDD band,
Possible information: TDD oNB identifier, DLUL configuration index, transmission
power, frequeney channgl identifier,

[B0175] H Reguest from an eNB @ the other ¢NB in CA or to the MeNB in dual
congectivity 1o aceept iy partial or full operation within the UL frequency; possible
parameters arer ¢NB identificr, bandwidth, regpested number of subframes, synchronization
capabilities, flexible PUCCH assignment support, preferred subfiames indivators.

[00176] 1 Aceeptance of the above request by the incumbsit eNB, while indicating s
eNB identifier, the allowed BW, allowed number of subframes, acceptable subframe

assignment, the PRES assigned to the PUCCH in each subframe,

o
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81771 1 Confirmation by the new eNB of the start of activity at the present time or g
specified futurs time,

(681781 K. Reguest from an incumbent eNB {0 the new eNB o vease operation within
ity UL frequency or to change paamsters of {6 operation, such g5 subfyame or PRB
assignmag,

[B8179] L. Scheduling information per subfiame and component carrier, including oNB
identifier, subframe number, PRBS or subframes, wed UE power, possibly UE identifier,
[8188] M. Scheduling mformation for flexible UCH IE, 10 be exchanged with UE over
the Un interface (@NB to .UE'}, especially ACK/NACK scheduling and over the eNB-eNB
X2 or Xn interfaces.

[BE8L] N, DL-UL subfiame allocation in the TDD base stativg, inchuding eNB
identifier and TDIY franse configuration indeg.

{88182 O, UE could fndicate so each base station the diffevunt time advances or the
sublrames in which overlapping may ogour,

[BRI8Y  The renource allocation per subframe is not needed when the two base stations
share the resources in frequency domain,

[8184]  When the traffic characteristics change, the TDE base station may changs the
Configuration, as hudicated in 3CPP TS 36.211 Release 1 for frame type 2. In sueh a case
the T base station may request a change of vesowee allocation. The same configuiation
change may occur due o the changing percestage of UL traftic in the FDD or TDD base
station. As resull, the entire resource allocaton in the UL frame may be resnegotined.

It will be appreciated that the erobodiments described above ase cited by way of example,
and that the pregent invention i oot limited o what has been pantioularly showwn and
desceibed hereinabove,  Rather, the seope of the present invention includes both
cornhinations and subcombinations of the various features described herelnabove, as well
as variations and modifications thereof which would occur to persons skilled in the avt upon

reading the foregoing deseription and which are not disclosed in the prior art,
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i A method for communication, comprising:

configuring at least one first base station or at least one first radio head for
communicating over the air with at least one first user equipment (UE) in a frequency
domain duplexing (FDD) mode, which defines at least one downlink channel
comprising a first set of time resources in a first frequency range and at lcast one
uplink channel comprising a second set of time resources in a second ﬁ'equenéy range,
which is disjoint from the first frequency range;

assigning at least one first time resource of the at least one uplink channel for
uplink communications of the at least one first UE and at least one second time
resource of the at least one uplink channel, which is different from the at least one first
time resource, (o downlink communications of at least one second UE in the second
frequency range;

communicating over the air with the at least one first UE in the FDD mode, by
using the assigned at least one first time resource for transmitting information from the
at least one first UE to the at least one of the first base station or the first radio head;
and

communicating over the air with the at least one second UE by transmitting,
from at least one second base station or at least one second radio head, downlink
information using the assigned at least one second time resource in the second

tfrequency range.

2. The method according to claim 1, wherein communicating over the air with the
at least one second UE comprises transmitting to the at least one second UE downlink
information from the at least one first base station or at least one first radio head and
from the at least one second base station or at least one second radio head by using
concurrently at least one third time resource in the first set of time resources in the first
frequency range and the at least one second time resource of the at least one uplink
channel in the sccond frequency range, wherein the at least one third time resource is
used by the at least one first base station or by the at least one first radio head and the
at least one second time resource is used by the at least one second base station or by

the at least one second radio head.

)
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3. The method according to claim 2, wherein the second base station is included
within the first base station and communicating over the air with the at least one
second UE comprises transmitting the downlink information from at least two radios or
two radio heads of the first base station by using concurrently the at least one third
time resource in the first set of time resources in the first frequency range and the at
least one second titme resource of the at least one uplink channel in the second

frequency range.

4. The method according to claim 2, wherein communicating over the air
comprises communicating with the at least one second UE concurrently in both time

domain duplexing (TDD} mode and FP2D mode.

5 The method according to claim 4, wherein communicating in the TDD mode
comprises detecting an overlap between the at least one first time resource that is
assigned for the FDD uplink communication and the at least one second fime resource
that is assigned for TDD downlink communication, and inhibiting uplink or downlink

fransmissions within at least one of the first and second time resources.

6. The method according to claim 1, wherein assigning the at lcast one second
time resource of the at least one uplink channel to the downlink communication
comprises exchanging communications between the at least one first base station and
the at least one second base station or between a provisioning entity and at least one of
the: at least one first base station, at least one second base station, at least one first
radio head, and at least one second radio head in order to define an assignment to the
downlink communications of the at least one second time resource,

7. The method according to claim 6, wherein assigning the at least one second
{ime resource comprises selecting the at least one first time resource for use in FRD
uplink communication and the at least one second time resource for downlink
communication so as to minimize a co-channel or adjacent channel interference
between the FDD uplink communication and the downlink communication on at least

one channel in the second frequency range.
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8. The method according to claim 1, wherein the transmitied power within at least
one second time resource of the at least one uplink channel in the second frequency

range is reduced {o zero,

9. The method according to claim 1, including transmitting by the at least one first
UE of an acknowledgment {ACK} or NACK as feedback information relating to a
reception of user information transmitted in the at least one downlink channel in a way

that avoids using the at least one second time resource.

10.  The method according to claim 9, wherein avoiding the use of the at least one
second time resource is achieved by receiving in the at least one first time resource of
the at least one uplink channel of at least two accumulated ACKs or NACKSs as
feedback information transmitted by the at least one first UE and relating to
transmissions of user information in at least two time resources of the first set of time

resources of the downlink channel.

11, The method according to claim 9, wherein avoiding the use of the at least one
second time resource ie achieved by appropriate scheduling of transmissions of user

information to the first UE in the at least one downlink channel.

12.  Communication apparatus, comprising:

at least one radio, which is configured to communicate over the air with at least
one first user equipment (UE) in a frequency domain duplexing (FDBD) mode, which
defines at least one downlink channel comprising a first set of time resources in a first
frequency range and at Icast onc uplink channel comprising a second set of time
resources in a second frequency range, which is disjoint from the first frequency range;
and

a control block, which is contigured to cnable the communication over the air
with the at least one first UE to be carried out in the FDD mode by using at least one
first time resource, in the at least one channel in the second frequency range, for
receiving information from the at least one first UE, wherein the first time resource is
different from at least one second time resource used for downlink comnwnication of a
second UE with a second apparatus in the at least one channel in the second frequency

range and wherein the control block is further configured to enable reception over the
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air in the at least one first time resource of at least two acknowledgments (ACKs) or
NACKs as feedback information transmitted by the first UE and relating to downlink
information transmitted over the air by the apparatus in at least two time resources in

the first freguency range.

13, The apparatus according to claim 12, wherein the control block is configured to
allocate or to receive from a base station or a provisioning entity an assignment of the
at least one second time resource in the at least one channel in the second frequency

range for downlink communication with at least one second UE.

14.  The apparatus according to claim 13, wherein the control block is configured to
communicate with the UE for transmitting downlink information at least one second
time resource in the at least one channel in the second frequency range concurrently
with at least one third time resource in the first set of time resources in the first

frequency range.

15, The apparatus according to claim 12, wherein the control block is configured to
schedule the downlink traffic in a way that avoids using the at least one second time

resource.

16. The apparatus according to claim 12, wherein the conirol block is configured to
receive at least two accumulated acknowledgments (ACKs) or NACKS as feedback
information transmitted by the at least one first UE and relating to transmissions of
user information in at least two time resources of the first set of time resources of the at

least one downlink channel.

17. Communication apparatus, comprising:

at least one radio, which is configured to communicate over the air with at least
one base station or at least one radio head using frequency channels imtially defined
for a frequency domain duplexing (FDD) mode, which defines at least one downlink
channel comprising a first set of time resources in a first frequency range and at least
one uplink channel comprising a second set of time rescurces in a second frequency
range, which is disjoint from the first frequency range, wherein communicating with

the at least one base station or at least one radio head includes a transmission operation
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using at least one first time resource of the at least one uplink channel and a reception
operation using at least one second time resource assigned for downlink
communication in the at least one uplink channel wherein the second time resource is
different from the at least one first tme resource;

a signal processing block, configured to acquire synchronization with the at
least one base station or at least one radio head in the FDD mode; and

a contro! block, which is configured to read system information transmitted by
the at least one base station in the FDXD mode and to enable downlink communication
to be carried out over the air with the at least one base station using the assigned at

least one second time resource in the second frequency range.

18 The apparatus according to claim 17, wherein the control block is configured to
transmit to the base station at least two accumulated acknowledgments (ACKs) or
NACKs as feedback information relating to transmissions of user information in at
feast two time resources belonging to the first set of time resources of the downlink

channel.

9. Communication apparatus, comprising:

at least one radio, which is configured to communicate over the air with at least
one second user equipment (UE) in a time domain duplexing (TDD) mode using st
least one uplink frequency channel initially defined for a frequency domain duplexing
(FDD) mode, which defines at least one downlink channel comprising a first set of
time resources in a first frequency range and at least one uplink channel comprising a
second set of time resources in a second frequency range, which is disjoint from the
first frequency range, and wherein the second set of time resources comprises at least
one first time resource assigned for uplink FDD communication of at least one first UE
and at least one second time resource assigned for dewnlink communication in the at
least one uplink frequency channel, wherein the second time resource is different from
the at least one first time resource; and

a control block, which is configured to enable communication over the air in
the TDD mode of the apparatus with the at least one second UE in the at least one
uplink frequency channel while using the at least one second time resource for the

downlink TDD communication.
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20. Jommunication apparatus comprising:

at least one radio, which is configured to communicate over the air with at least
one base station or at least one radio head in a time domain duplexing (TDD) mode,
using at least one uplink frequency channel initially defined for a frequency domain
duplexing (FDI3) mode, which defines at least one downlink channel comprigsing a first
set of time rescurces in a first frequency range and at least one uplink channel
comprising a second set of time resources in a second frequency range, which is
disjoint from the first frequency range, and wherein the second set of time resources
comprises at least one first time resource assigned for uplink FDD communication and
at least one second time resource assigned for downlink communication in the at least
one uphnk frequency channel, wherein the second time resource is different from the at
least one tirst time resource;

a signal processing block, configured to acquire synchronization with the at
least one base station in the TDD mode; and

a control block, which is configured to read system information transmiited by
the at least one base station or at least one radio head in the TDD mode and to enable
downlink communication to be carried out over the air by the at least one base station
or at least one radio head using the assigned at least one second time resource in the

second frequency range.

21, A system for communication, comprising:

at least first and second user equipment (UE);

at least one first base station or at least one first radio head, which is configured
to communicate over the air with at least the first user equipment (UE} in a frequency
domain duplexing (FDD) mode, which defines at least one downlink channel
comprising a first set of time resources in a first frequency range and at least one
uplink channel comprising a second set of time resources in a second freguency range,
which is digjoint from the first frequency range, including at least one first time
resource of the at least ong uplink channel for uplink communication of the at least one
first UE in the second freguency range; and

at least one second base station or at least one second radio head, which is
configured to communicate over the air with the second user equipment (UE) in a time
domain duplexing (TDI) mode, and to allocate at least one second time resource of the

at least one uplink chanunel, which is different from the at least one first time resource,
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to downlink communication of the second UE for receiving downlink information from
the at least one first base station or at least one first radio head and the at least one
second base station or the at least one second radio head by using concurrently at least
one third time resource of the first sef of time resources in the first frequency range and

the at least one second time resource in the second frequency range.

22.  The system according to claim 21, wherein the at least one first base station or
the at least one first radio head is further configured to receive at least two accumulated
acknowledgments (ACK<) or NACKs ag feedback information transmitted by the at
least one first UE and relating to transmissions of user information in at least two time

resources of the first set of time resources of the downlink channel.
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