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Abstract 

Cellular radio 1s 1n use in many European countries mainly to provide point­
to-point telephone conversation and - today to a limited degree - data 
exchange between one mobile and another terminal at (in most cases) fixed 
location. 

GSM only offers circuit switched services on the air interface. Future digital 
mobile radio systems based on TDMA (as in UMTS or TETRA) will use a 
packet access mechanism, which is known to give a better utilisation of tl1e 
transmission medium in case of bursty traffic. 

A packet access mechanism within GSM could provide several new services 
sucl1 as half duplex voice transmission as in trunked radio systems and medium 
bitrate data services. Medium variable bitrate data services are required in 
fields such as rail and road transport informatics. 

A packet access protocol (CELLPAC V&D) adapted to tl1e GSM TDMA 
structure is proposed. Simulation results for Packet Voice using voice sources 
switched by the GSM voice activity detection will be presented considering 
silence descriptors a nd ha ndover su pport (SACCH). Radio wave propagation 
and tlle resulting bit errors are taken into account by modelling the cl1annel 
according to a Rayleigh fading signal. 



Beyond the GSM horizon: 

TDMA + Packet 

based 

GSM 

CDMA 

based 
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Features of Packet Radio: 

• gives a better utilisation of the transmission medium 

(transmission only when sources are active) 

-> accommodation of more users than pure TDMA. 

• permits the integration of 

different low a nd medium bitrate services 

variable or bursty bitrate services 

m u lticast services 
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Packet Radio Services 1n GSM: 

• Packet Data 

packet radio for many X.25 DTEs via dedicated TCH 

e.g. for 

* personal data communication 

* advanced traffic control 

* dynamic raute guidance 

* fleet management 

• Packet Voice (approx. 90 ms delay) 

- trunked radio like voice service (half duplex) 

- telephony (duplex) 

- voice mail service 
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Characteristics & GSM Solution for Voice Telephony: 

• talkspurts: 

-t voice segments & SACCH data 

• silence periods: 

-t silence descriptors & SACCH data 

• small delay (few ms) 

-t about 60 to 100 ms 

• voice activity: 40 .. 60% 

13 bit PCM 
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time in scconds 

-1- discontinuous transmission: 47 .. 65% FR (54 .. 70% HR) 

Proposal: 

voice activity detection (VAD) 

currently used for discontinuous transmission 

-t ca n be used for packet voice 

---~ 
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Characteristics of 
Trunked Radio like Voice Conversation: 

• 4- 20 times 

per hour and MS 

• halfduplex speech 

• voice activity 

< 100% 

Observarions: 

Pnsh To Talk Button 

ON 
OFF ~--~-~~~~~~c~~=2~-=~~--~ 

0 5- 25 sec. 

Voicc Activity 

Channel Activity 

ON 
OFF ~--UL~~~~~-L~~~~~--~ 

• no silence descriptors and no SACCH necessary 

• delay requirements: total delay < 500 ms 
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Packet Radio Scenario: 

~ ~~~ Uplink 

~~ 
------~· 

(random access by MS) 

Trun.kino 
Control 
Center 

~ Downlink (rcpeated uplink messages 

plus fixed network 

originated messages) 
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Example: Full Rate Voice Coding 
talkspurt 

20 ms 

a b c d e 

. source and channel coding 

normal burst ' 
. according to GSM 06.10 and GSM 05.03 

H: message header (originator, service-id., etc.) 

T: trailer 
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Logical Channels: 
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Packet Control Channel (Downlink): 

• acknowledgements to successfully received access bursts 

• indication of starting downlink transmissions 

-----, 
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Packet Control Channel (Downlink): 
HR Channel 1 HR Channel 2 

~· 
' ' ' 

PCCH-Info: [1] Uplink State Indication Bit 

[8] MS-Random Number 

[6] MS-Timing Advance 

'r-------~-~·--------~~· ;:;::=::. 
[5] MS-Power Level 

I Tll I Information Tr.sininr. I 
57 Sequenl"e 

RWIHI 

:w: 
58 4 

11;"' 

[1] Paging Bit 

[21] for one HR Channel 

Packet Control Channel Burst 

(Normal Burst) 

bit is set to 1 if burst is not transmitted on the provided slot 

CELLPAC-V&D: A Voice-and-Data Packet-Access-Protocol 

Uplink Structure: 

• Uplink Normal Burst: (in reserved state) 

Packets containing data from a single MS. 

• Uplink Access Burst: (in random access state) 

Access bursts containing 

a random number (8 bit) and a priority ( 4 bit) 

FEC 

/ \ 
' ' 
I 

' CRC 

ll'r~~ Raudom 6 
4 Numl>cr S USIC 

6 

68.25 
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Uplink and Downlink Structure: 
I 2 3 4 5 6 7 N 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 Frame Nr. 
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: 
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: 

rcsc•]vc~ ()I~ idle 
: 
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r~scr,vcJ ori idlc 

: 
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r~se•ive~ 01~ idlc : 

ireserv~d or randbml ac~essi 
:rcs~m!d ~r rhndbm l actcss! 

:rcshvdd or rhnd~llll i acecss: 

!res~rved ~ .. ri111dnm! actcssj 

rcshv~d Qr rhnd~un! ad:css! 

:rcs~rv~d Ör rhnd~Hn l ac~css[ 
. . . . ' . 

ircs(:rv~d 1)r ri111d~un l ac~cssl 

'•·es~rv~d ~~· r4nd~m 1 ac~css! 

60 ms. 
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: ü : 
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r~e•ivc~ 
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id!c 
: : 
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: ... 

r\!Sc•jvc~ orj id!c : 

r~ 
: 

r~e•]vc~ orj idlc .... 
: ::.> 

r~se•jvc~ or: idie : :.J := 
i r~er,ve~ 0~ id!e -

: 

!rcscrv~d or rlmdbm i ac~ess! lir:} 
'res~rv~d ~r rhnd~un j actess! ~; 

ires(!rvdd l>r rhndbm i acecssi 
0 

"' 
[rcscrved Jr r~nd~m j ac4css! 

::.> 
~ 

:rcserved ~ .. rhndbm l acecss: 
·::: --

lrcs~rved ~~r rhnd~un j ac~css[ ~ 
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'reserved ~r r4ndbm i ac~cssj I >·. 
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Contention Phase: 
60ms. 

, ....... : " l ~ 5 fl ' s 9 10 II p 

1 2 1 2 1 2 1 2 1 2 1 2 

N N N N A N N 

A 

A 

: 
2 1 2 

'i 10 ll l' 

', 

PCCH-Inro":'-, 

HR Ch. 1: Reserved Uplink 

HR Ch. 2: Random Acccss on Uplink 

"'~: 
60ms. 

15 l(l ll IS l'l "JQ "I '2 'l "d 
; ..• :/i I 2 1 2 I 2 1 2 1 2 1 =~-~~) : 

N N N N N N 

N• N• N N N 

* Burst contains Header + Data 

r· __ ·-;· .! 
·! 1 2 1 2 1 2 1 i 

: L' )4, !5 !6 li ;:-; 19 20 

;PCCH-Info>. 

HR Ch. 1: Rcscrvcd Uplink 

HR Ch. 2: Rc.scr·vcd Uplink 

2 1 2 1 
21 22 2J 'J 

PCCH inl"onnation can also IJe carricd on idlc HR downlink TCH 

'!i 
;_I 

2 :··. j Uplink 
: .:..~j 

MS 1 

N MS2 

MSl_ 

MS4 

:' .. j Downlink 2 ·-·~'_'_j 
25 '6 

---1 
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Pring of 6~m~obile Termlinated 
E ;;. E 

Call on PCCH: 

~I 
60ms. 

....... I 1 3 J 5 6 j 8 2 10 I J !? 13 1.1 15 16 Ii 18 12 '70 11 .,.., 13 ?4 "5 ")6 

j 1 : 2 : 1 : 2 : 1 : 2 : 1 : 2 : 1 : 2 : 1 : 2 t>: 1 1 : 2 : 1 : 2 : 1 : 2 : 1 : 2 : 1 : 2 : 1 : 2 L< 

* Burst contains Header + Data 

N* N* N N N N 

tN tN tN tN tN tN tN tN tN tN tN tN 
:-:··-::,: ... ~ ·-·:. 

, ....... : 1 : 2 : 1 : 2 : 1 : 2 : 1 : 2 : 1 : 2 : 1 ! 2 p;ij 1 ! 2 : 1 : 2 : 1 : 2 : 1 : 2 : 1 : 2 : 1 : 2 : <j 
' 
' ', 

PCCH- Info:-, 

5 6 7 S 9 10 II 

HR Ch. 1: reserved Downlink 

HR Ch. 2: idle Downlink 

12 : 13 )-4,_ 15 16 17 IS 19 20 21 22 23 24 25 26 

l>ccH- Info:·. 
HR Ch. 1: reserved Downlink 

HR Ch. 2: reserved Downlink, paging bit = 1 

Uplink 

MSl 

MS2 

MS" 

Downhnk 
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Protocol Stacks for a Packet Data Service in GSM: 
IHE 

MSC/IWF 

X.25 
MT 

X.25 

La)'er 3 Laycr 3 

~2~ ~2:..------
LA P-B LAP-ß .. RU~: .. ..RLP~.. LAP-ß LA P-LI LA P-B 

Packet 
:-~,,.,:.,."" 

Packet X ..• ..._., 

X.21 X.21 GSM GSM X.21 X.21 X.21 
Laycr I Layc•· I 

Um ISIJN I PSIJN 

Layer 3 virtual circuits service 1 
connectionless datagram service (fast select) 

RLP' modified Radio Link Protocol 

(e.g. a Type-Il Hybrid ARQ/FEC protocol) 

Packet Access CELLPAC-DO or CELLPAC-V&D 

Protocol Stacks for packet voice (f.f.s) 

RYffiil _____ --. CELLPAC-V&D: A Voice-and-Data Packet-Access-Protocol 14 
------------·------ --- ---··------·--



Simulator Structure (Modules) 

random numl>cr 

gcncration 

convolutional 

coding ------------------
GSM 0503 

rate 

adaptation 
------------------GSM 04.21 

propagation 

modcls 

statistical 

cvaluation 

intcrleaving 

------------------GSM 05.03 

L2R 

protocol 
------------------GSM 07.0x 

channel 

models 

cvcnt handling 

Recd - Solomon 

coding 
------------------

RLP 

------------------GSM04.22 

mobility 

modcls 

speech coding FAX G3/G4 (ld/2d 

GSM-FR coding 
------------------ ------------------GSM06.10 ccrrr T.4/T.6 

FAX-adaptor voice activity 

-P~?!~~~~-~~! !.~-- detection 
------------------GSM 03.46/03.45 GSM06.31 

source 

modcls 
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Evaluated Protocols 

• GSM Voice Transmission 

• RLP and FAX Adapter Protocols 

• LAPDm and Radio Resource Management 

Packet Radio Protocols suitable for GSM: 

• CELLPAC-00 ----t one dedicated TCH 

• CELLPAC-V&D ----t for multiple dedicated TCHs 
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Packet Voice GSM 

Assumptions: 

• voice activity: 40% 

• silence descriptors 

(transmitted relative to 

the end of a talkspurt) 

• SACCH 

on separate channel 

• Rayleigh Fading Channel 

with BER == [0 .. 2%] 

• 16 Half Rate TCH 

2.5~--~--~--~----~--~--~ 

-
'*' 

, . ~n ~t ::.-.: 
2 ----------+--------·f··-·- ·---+---------r·---- ---1-,/~--- -

; i 1 l i/ 
, 1 • i r 

~ 1. 5 ----------t----------f--------f---------T·-·-·-·-_;:-'r ·-·--·--·-· 
0 ; . ; . . 
_, ! ! 

! 
1 --------·- .. ;----·-···------·--------f.----·------+-····-····-······ 

i j 

Packet Loss 
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Trunked Radio Applications (First Simulation Results) 

Assumptions: 

• no silence descriptors 

• no interferencejfading 

• infinite queue 

• mea n access delay 

< 500 ms 

• voice activity: 100% 

• station activity: A [m Er I] 

• call interarrival time: 

neg. exp. distributed 

nNrnH ! ___________ _ 

Number of Number of Mobile Sta-
Channels tions (HR coding) 
(HR-TCH) A=SO mErl 

2 10 
4 35 
8 105 

16 240 
~-------

• call duration: 

Erlang distributed 

mean value = lOs, 

variance = 10s2 

A=10 mErl 
50 

190 
520 

1300 
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CELLPAC-V&D: 

Pros: 

• integration of packet voice and packet data services 

without changing the GSM burst and channel structure 

• adaptivity to packet Ioad (number of assigned channels) 

• full and half rate speech coding allowed simultanuously 

• discontinuous reception possible, controlled by paging bit 

Cons: 

• additional transmission delay of approx. 90 ms 

• packet dedicated TCHs need use the same frequency (up to 

8 FR-TCH or 16 HR-TCH) 

nNJnHLI _______________________________________ C_o_n_c_lu_si_on ____ 1~9 

Current Work 

• Simulation of CELLPAC-V&D in mobile outdoor jindoor envi­

ronment at 900/1800 MHz under different traffic assumptions 

and interference seenarios 

• Improvments on the Radio Link Protocol based on hybrid 

ARQ Type-n techniques 

Future Work 

• Development of adaptive channel assignment methods de­

pendent on packet traffic 

• Optirnization of access control and logical link control 

protocols in mixed voice and data applications 

----- l 
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