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It was proposed in TSGR1#8(99)g77 that compressed mode by higher layer scheduling should be allowed. Thiswas
agreed at TSG-RAN Working Group 1 meeting #8 and it was recommended that a CR should be generated from the text
proposal in g77.

This contribution contains a CR based on the text proposal in g77. Compared to the text proposal in g77, the following
changes have been made:

4.2.9.1: Clarified that X; is the number of bitsper TTI.

4.2.9.2:In 25.211 Nygz and Nz are defined per slot. Hence, Ngaa= 15Ngata1+ 15N gataz-
There was an error in the definition of U. The correct relation is U=Ngyga-NraL

Figure 18: After adiscussion on the reflector there seemed to be agreement on moving the TFCI field to after the TPC
field. Thischangeisreflected in Figure 18.

Table 15: Replaced FFS for compressed mode by SF reduction on SF=4 by not supported. No solution with SF=4 and
SF reduction has been presented so far and it is therefore proposed that it is not supported in release 99. This
was also stated in the agreed text proposal of g77 for 25.211 but the sentence below table 15 was not covered.

Revision information

In revision 1 of the CR, the following has changed:

- Thewording in section 4.2.9.2 has been updated: "The number of bits that the transmission is turned off is
denoted by Nrg. and defined as:" was changed into "The number of bits that are located within the transmission
gap is denoted Ny and defined as." to clarify that thisis areduction in number of available bits. With the old
wording one could get the impression that the normal DTX were included in Nyg.

- The sections dealing with TFCI mapping has been removed from the CR since they are included in another CR
dealing exclusively with the TFCI code definition, repetition and mapping.
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4 Multiplexing, channel coding and interleaving

4.1 General

Data stream from/to MAC and higher layers (Transport block / Transport block set) is encoded/decoded to offer
transport services over the radio transmission link. Channel coding scheme is a combination of error detection, error
correcting, rate matching, interleaving and transport channels mapping onto/splitting from physical channels.

4.2 Transport-channel coding/multiplexing

Data arrives to the coding/multiplexing unit in form of transport block sets once every transmission time interval. The
transmission time interval is transport-channel specific from the set { 10 ms, 20 ms, 40 ms, 80 ms}.

The following coding/multiplexing steps can be identified:
- Add CRC to each transport block (see section 4.2.1)
- Transport block concatenation and code block segmentation (see section 4.2.2)
- Channel coding (see section 4.2.3)
- Rate matching (see section 4.2.7)
- Insertion of discontinuous transmission (DT X) indication bits (see section 4.2.9)
- Interleaving (two steps, see sections 4.2.4 and 4.2.11)
- Radio frame segmentation (see section 4.2.6)
- Multiplexing of transport channels (see section 4.2.8)
- Physical channel segmentation (see section 4.2.10)
- Mapping to physical channels (see section 4.2.12)

The coding/multiplexing steps for uplink and downlink are shown in figure 1 and figure 2 respectively.
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Figure 1: Transport channel multiplexing structure for uplink
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Figure 2: Transport channel multiplexing structure for downlink

The single output data stream from the TrCH multiplexing is denoted Coded Composite Transport Channel (CCTrCH).
A CCTrCH can be mapped to one or several physical channels.
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5 I RM,, [N, B
Z, =Ny | S forali=1..1 @
:1RMm [N, T
AN, =2, =Z,; —N; forali=1..1
4.2.7.1 Determination of rate matching parameters in uplink
427.1.1 Determination of SF and number of PhCHs needed

In uplink puncturing can be used to avoid multicode or to enable the use of a higher spreading factor when thisis needed
because the UE does not support SF down to 4. The maximum amount of puncturing that can be applied is signalled
from higher layers and denoted by PL. The number of available bitsin the radio frames for all possible spreading factors
isgivenin[2]. Denote these values by Nyss, Nisg, Nea, N3z, Nig, Ng, and N4, where the index refers to the spreading factor.
The possible values of Nyaa then are { Nosg, Niog, Naa, N3z, Nig, Ng, Ng 2Ny, 3Ny, 4Ny, 5N,, 6N4}.Depending on the UE
capabilities, the supported set of Nyua , denoted SETO, can be a subset of { Nass, Nizg, Nesa, Naz, Nig, N, Ng 2N, 3Ny, 4Ny,
5Ny, 6N4}. Ngaia, ; for the transport format combination j is determined by executing the following a gorithm:

RM
SET1={ Ngxain SETOsuchthat N — —r——[N_ . isnon negative}
data data ; W X ]

" a<ysl
If SET1isnot empty and the smallest element of SET1 requiresjust one PhCH then
Ngataj = mMin SET1

else
L RM
SET2 ={ Ngaa in SETOsuchthat N, —PL DZ —r—— LN, ; isnon negative}
& ]rsnylsrlﬂ RM y}

Sort SET?2 in ascending order

Ngata= min SET2

While Ngata 1S N0t the max of SET2 and the follower of Ny, requires no additional PhCH do
Nyata = follower of Ny in SET2

End while

Noataj = Noaa

End if

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with equation

1for al possible transport format combinationsj and selected every radio frame. Ny j iS given from section 4.2.7.1.1.

In compressed mode N, ; isreplaced by N3, ; in Equation 1. Ng&. ; isgiven from the following relations:

NI, TN N om - i i
N =2Ngm—MNrar Neaa, | = 2N gaa ;| = 2Ny, , wherefor compressed mode by spreading factor reduction

NCm

data,j = Ngaa j — Nig . for compressed mode by higher layer scheduling
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15 data, j 15 data, j * if Njrg + TGL <15

- 15-N; 15-N;
NTGL = < first ZNdata'j first N

15 data,j - infirst frameif Ng,¢ + TGL > 15

TGL—(lS—Nmst)MI TGL—(lS—Nmst)
\ 15 <N gata, j 15 Ndata, i

in second frame if Ng,¢ + TGL > 15

Nisi;« and TGL are defined in section 4.4.

If AN;; = O then the output data of the rate matching is the same as the input data and the rate matching algorithm of
section 4.2.7.4 does not need to be executed.

Otherwise, for determining €, €yus, Eminus, 8Nd N the following parameters are needed (regardless if the radio frameis
compressed or not):

For convolutional codes,
g= ON;; /(OAN;O)O
if giseven
then g' = g —gcd(q, F)/F -- where ged (g, F) means greatest common divisor of g and F;

-- note that g’ is not an integer, but amultiple of 1/8

else
q=q
endif
forx=0to F-1
S(Ir (x*q'Umod F)) = (&*g'Odiv F)
end for
AN = AN;;
a=2

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.4, where :
N = N;;., and
€ni = (a3(n)JAN| + N) mod &N, if g, =0then g, = al\.
€oius = AN
Eminus = AlJAN|
puncturing for AN<O, repeating otherwise.

For turbo codes, if repetition is to be performed, such as AN ; >0, parameters for turbo codes are the same as parameter
for convolutional codes.

If puncturing is to be performed, parameters are as follows.
a=2for Y sequence, and

a=1for Y sequence.
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429.1 1* finsertion of DTX indication bits-with-fixed-pesitions

This step of inserting DTX indication bitsis used only if the positions of the TrCHs in the radio frame are fixed. With
fixed position scheme a fixed number of bitsisreserved for each TrCH in the radio frame.

The bits from rate matching are denoted by 0, 95, Ji3- - -» O, - where G; is the number of bitsinone TTI of TrCH i.

Denote the number of bits reserved-for-inone radio frame of TrCH i by H-~e-themaximum-number-of bitsina+radio
framefor-any-transpertfermat-ef FrCHH. |n normal or compressed mode by spreading factor reduction, H; is constant
and corresponds to the maximum number of bits from TrCH i in one radio frame for any transport format of TrCH i. In
compressed mode by higher layer scheduling, only a subset of the TFC Set is allowed. From this subset it is possible to
derive which TFs on each TrCH that are allowed. The maximum number of bits belonging to one TTI of TrCH i for the

X, U
alowed TFsis denoted by X;. H; is then calculated as Hi = FI [J . where F; is Fthe number of radio framesinaTTI
05 O

of TrCH i-is-denetee-by-F;. The bits output from the DTX insertion are denoted by hy;, 1y, R5,..., e, ) . Note that
these bits are three valued. They are defined by the following relations:

he =0, k=123 ..G
h, =0 k=G+1,G+2,G+3,..,FH,

where DTX indication bits are denoted by 4. Here gix {0, 1} and d ({0, 1}.

4.2.9.2 2 Hinsertion of DTX indication bits-with-flexible-pesitions

NOTE: Below, itisassumed that al physical channels belonging to the same CCTrCH use the same SF. Hence,
Up=U=constant.

DTX indication bitsinserted in this step shall be placed at the end of the radio frame. Note that the DTX will be
distributed over all slots after 2™ interleaving.

e-The

The bitsinput to the DTX insertion block are denoted by S, S,,S;,. .., Sg,where Sis the number of bits from TrCH

multiplexing. The number of PhCHsis denoted by P and the number of bitsin one radio frame, including DTX
indication bits, for each PhCH by U. The number of available bits on the PhCH is denoted by Ny, and
Nuata=15Ngzta1+15Ngatap, Where Nyaran 8nd Neaap are defined in [25.211]. In normal mode U=Ny,,. IN compressed mode
Ngata iS changed from the value in normal node. The exact value of Nyg, iS dependent on the TGL and the transmission
time reduction method, which are signalled from higher layers. The number of bits that are located within the
transmission gap is denoted Ny, and defined as:

[ TGL

N a2 if Nig + TGL < 15

data +

15— Nyq N

NTGL = < 15 data 2

infirst frameif Ngrg + TGL > 15

TGL - (15— Ny,4)
\ Ndata'
15

in second frame if Ngirg + TGL > 15

Niirg @nd TGL are defined in Section 4.4.

In compressed mode U=Ngata-Nroy .

The bits output from the DTX insertion block are denoted by W,, W, , W,.. ., Wpy) - Note that these bits are
threevalued. They are defined by the following relations:
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W, =S k=1,23,..,S
W, =0 k=S+1,S+2,5+3,...,PU

where DTX indication bits are denoted by o.- Here S, ({ 0,1}and 6 (0{ 0,1} .

4.2.10 Physical channel segmentation

NOTE: Below, itisassumed that al physical channels belonging to the same CCTrCH use the same SF. Hence,
Up=U=constant.

When more than one PhCH is used, physical channel segmentation divides the bits among the different PhCHs. The bits
input to the physical channel segmentation are denoted by X, X,,X;,..., X, , where Y is the number of bits input to the
physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted Uy, Upo, U Uy where p is PhCH number and U isthe

p31eces

Y
number of bitsin one radio frame for each PhCH, i.e. U = — . The relation between Xk and Upk is given below.
P

Bits on first PhCH after physical channel segmentation:
u, =x k=12,...,U
Bits on second PhCH after physical channel segmentation:

Uy = Xpuy k=1,2,..,U

Bits on the P" PhCH after physical channel segmentation:

Upe = Xgopopyy K= 1,2, .0, U

4.2.10.1 Relation between input and output of the physical segmentation block in
uplink

The bitsinput to the physical segmentation aredenoted by §,S,,S;,..., S - Hence, Xk = Sxand Y= S

4.2.10.2 Relation between input and output of the physical segmentation block in
downlink

H-flexible pesitions-of the TrCHs in-aradio-frame-are-used-thentThe bits input to the physical segmentation are denoted
by W, Wy, W, Wiy - Hence, Xic = Wi and Y = PU.

4211 2" interleaving

The 2™ interleaving is a block interleaver with inter-column permutations. The bits input to the 2™ interleaver are

denoted upl,upz,up3,. o upU , Where p is PhCH number and U is the number of bitsin one radio frame for one PhCH.

(1) Set the number of columns C, = 30. The columns are numbered 0, 1, 2, ..., C,-1 from left to right.
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4.4 Compressed mode

In compressed mode, slots Nii4 t0 Nja¢ are not used for transmission of data. Asillustrated in figure 16, which shows the
example of fixed transmission gap position with single frame method, the instantaneous transmit power isincreased in
the compressed frame in order to keep the quality (BER, FER, etc.) unaffected by the reduced processing gain. The
amount of power increase depends on the transmission time reduction method (see section 4.4.3). What frames are
compressed, are decided by the network. When in compressed mode, compressed frames can occur periodically, as
illustrated in figure 16, or requested on demand. The rate and type of compressed frames is variable and depends on the
environment and the measurement requirements.

S s 1 0 s e s s s | |

\
< Oneframe * \
(10 ms) Transmission gap available for

inter-frequency measurements

Figure 16: Compressed mode transmission

4.4.1 Frame structure in the uplink

The frame structure for uplink compressed mode isillustrated in figure 17.

dot # (Nfirg - 1) > < transmission gap > < ot # (N - 1) >
Data [ ) [ ] [ ] [ ] [ ) [ ) Data
Pilot TFCI| FBI [TPC|® © © ¢ o o Pilot TFCI| FBI | TPC

Figure 17: Frame structure in uplink compressed transmission

4.4.2 Frame structure types in the downlink

There are two different types of frame structures defined for downlink compressed modetransmission. Type A-isthe
baseease—wheh maX|m|sesthe transrnlsson gap Iength and- Itype B;whieh is mere-optimised for power control ;-can

- With frame structure of type A, the pilot field of the last dot in the transmission gap is transmitted. BFS

tTransmission is turned off during the rest of the transmission gapfrem-the beginning-of FFCHfield-n-slot- Ny,
unti-the-end-of Data2 field-in-slot- N (figure 18(a)).

- With frame structure of type B, the TPC field of the first slot in the transmission gap and the pilot field of the last
slot in the transmission gap is transmitted. BFS+tTransmission is turned off during the rest of the transmission
gapfromthe beginning-of Data2 field-n-slot- Ny, untH-the end-of Data2 field-in-slot- N (figure 18(b)).-Bummy
bits-are transmitted-inthe TFCHand Datal fields of slot- Ny and BT S-and-M S do-not-use the durmmy-bits-Fhus
BTSand-MSutitize-only the TRC field-of N, o
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Slot # (Nfirg - 1 transmission Slot# (Njag + 1
< (Nfirg - 1) > < gap > < (Njiagt + 1) >
e 18
Datal ga Data2 PL e e e o o o p |Daal 8C| Data? PL
slot # (Ngg - 1 SOt # (Njpg + 1
( ( firs ) ) ( ( last ) )
TF 1F; e o o o o o s -IF->
ci [Datal| Data2 PL PL |ci|Datall R Data2 PL
(a) Frame structure type A
Slot # (Nfirg - 1 transmission Slot# (Njag + 1
< (Nfirg - 1) > < gap > < (Njiagt + 1) >
e T Thr
Datal ga Data2 PL E e o ¢ o p |Daal 8C| Data? PL
slot # (Ngg - 1 Slot # (N + 1
( ( firg ) ) ( ( st ) )
T T T
TCF| Datal E Data2 PL TCF, Datal E © ° o o p TCF| Datal E Data2 PL

(b) Frame structure type B

Figure 18: Frame structure types in downlink compressed transmission

443 Transmission time reduction method

When in compressed mode, the information normally transm|tted during a 10 msframe is compreesed intime. The
mechanisms provided for achieving this are 3 NS puncturing-A
practice-or-the, reduction of the spreading factor by afactor of two émethed—B) and hlqher layer scheduling. In the
downlink, bethall methods A-and-B-are supported while compressed mode by puncturing is noterhy-method-B-is used in
the uplink. The maximum idle length is defined to be 7 slots per one 10 ms frame._The dot formats that are used in
compressed mode are listed in [25.211].

44.3.1 Method-A:Compressed mode Bby puncturing

During compressed mode, rate matching (puncturing) is applied for creating transmission gap in one frame. The
algorithm for rate matching (puncturing) as described in section 4.2.7 is used.
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GChannel| Channel | SE Bits/Frame Bits{ PPDBbCH DRPCCH Extra
BitRate| Symbeol Slet | BitsiSlet Bits/Slet PPBEH
tkbps) | Rate symbels
tksps) DPDCH [DRccH| TOT Npatat | Noaaz | Nerey | Nepe | Npior | foFBTX
15 75 |522| 40 66 110 | 20 2 2 0 2 4 4
30 15 |256| 160 44 220 | 20 2 14 0 2 2 16
30 15 [256| 240 74 220 | 20 o |4 | 2 2 2 6
30 15 |256| 140 66 220 | 20 2 12 0 2 4 14
30 15 [256| 220 96 220 | 20 o |12 | 2 2 4 4
30 15 |256| 100 110 220 | 20 2 8 0 2 8 10
30 15 [256| 8o 140 220 | 20 0 g 2" 2 8 0
60 30 [228] 340 66 440 | 40 6 28 0 2 4 34
60 30 [228] 320 96 440 | 40 | 4 | 28 | 2° 2 4 24
60 30 [228] 300 110 440 | 40 6 24 0 2 8 30
60 30 [228] 280 140 440 | 40 | 4 | 24 | 2° 2 8 20
120 60 64 600 252 880 | 80 4* 56 | 8~ 4 8 28
240 120 32 | 2400 252 | 1760 [ 160 [ 20" [ 220 | 87 | 4 8 108
480 240 16 | 2880 384 | 3520 | 320 | 48" | 240 | 8 8 16 256
960 480 8 | 6080 384 | 7040 [ 640 [122° [ 496 | 87 | 8 16 576
1920 960 4 | 12480 384 | 14080 | 1280 | 240" | 2008 | 8 8 16 1216

Channel| Channel | SE Bits/Frame Bits/ PBPDCH DRCCH Extra
BitRate| Symbel Slet | Bits/Slet Bits/Slot PPBEH
tkbps) | Rate symbels
tksps) DPbcH | brccH | FTOF Npata1 |Npataz | Nec | Nepc | Npjor | TOFBTX
15 75 |512]| 40 72 120 | 10 2 2 0 2 4 8
30 15 [256| 160 48 240 | 20 2 14 | o 2 2 32
30 15 256 140 78 240 20 o) 4 | 2 2 2 22
30 15 [256| 140 72 240 | 20 2 12| o 2 4 28
30 15 256 120 102 240 20 o) 12" | 2 2 4 18
30 15 [256| 100 120 240 | 20 2 8 0 2 8 20
30 15 256 80 150 240 20 o) g | 2 2 8 10
60 30 [228] 240 72 480 | 40 6 28 | o 2 4 68
60 30 128 320 102 480 40 4* 28 | 2° 2 4 58
60 30 [228] =200 120 480 | 40 6 24 | o 2 8 60
60 30 128 =280 150 480 40 4* 24 | 2° 2 8 50
120 60 64 | 600 264 960 [ 80 | 4 [ 56 |87 4 8 96
240 120 32 | 1400 264 1920 | 160 | 20" | 220 | 8 4 8 256
480 240 |16 | 2880 408 3840 [ 320 | 48" |20 [ 87 | 8 16 552
960 480 8 6080 408 7680 | 640 | 112" | 496 | 8 8 16 1192
1920 960 4 | 212480 408 15360 (1280 240" [1008] 87 | 8 16 2472

4.4.3.2 Method-B:Compressed mode Bby reducing the spreading factor by 2

During compressed mode, the spreading factor (SF) can be reduced by 2 during one radio frame to enable the
transmission of the information bits in the remaining time slots of a compressed frame.
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On the downlink, UTRAN can also order the UE to use a different scrambling code in compressed mode than in normal
mode. If the UE is ordered to use a different scrambling code in compressed mode, then there is a one-to-one mapping
between the scrambling code used in normal mode and the one used in compressed mode, as described in TS 25.213[3]
section 5.2.1.

Format Channel Bit Channel Sk Bits/ Bitst | Npiet | Nrec | Nercr | Nrgy | Fransmitte
number Rate{(kbps) Symbol-Rate Frame Slot d-slotsper
(ksps) radio-frame
4] 15 15 256 150 10 6 2 2 ) 15
DA 15 15 256 150 10 5 2 3 0 10-14
0B 15 15 256 150 10 4 2 4 0 8-9
1 15 15 256 150 10 8 2 0 0 8-15
2 15 15 256 150 10 5 2 2 1 15
2A 15 15 256 150 10 4 2 3 1 10-14
2B 15 15 256 150 10 3 2 4 1 8-9
3 15 15 256 150 10 7 2 0 1 8-15
4 15 15 256 150 10 6 2 4] 2 8-15
5 15 15 256 159 10 5 1 2 2 15
5A 15 15 256 150 10 4 1 3 2 10-14
5B 15 15 256 150 10 3 1 4 2 8-9

4.4.3.3 Compressed mode by higher layer scheduling

Compressed mode can be obtained by higher layer scheduling. Higher layers then set restrictions so that only a subset of
the allowed TFCs are used in compressed mode. The maximum number of bits that will be delivered to the physical
layer during the compressed radio frame is then known and a transmission gap can be generated.

4.4.4  Transmission gap position

Transmission gaps can be placed at both fixed position and adjustable position for each purpose such as interfrequency
power measurement, acquisition of control channel of other system/carrier, and actual handover operation.

44.4.1 Fixed transmission gap position

The transmission gaps can be placed onto fixed positions. When using single frame method, the fixed transmission gap
islocated within the compressed frame depending on the transmission gap length (TGL) as shown in figure 19 (1).
When using double frame method, the fixed transmission gap is located on the center of two connected frames as shown
in figure 19 (2). Table 14 shows the parameters for the fixed transmission gap position case.
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Transmission gap Radio frame
—> < >
- -
#0 #Nsirg-1 #Njgt1 #14
(1) Single-frame method
. _ _Transmission gap_ .
First radio frame < , e Second radio frame
S i L
i
i
\—Y—J
#0 #Nirg-1 #Njg+1 #14
(2) Double-frame method
Figure 19: Fixed transmission gap position
Table 14: Parameters for fixed transmission gap position
Single-frame method Double-frame method
TGL (slot) Nrirst Niast Nrirst Niast
3 7 9 14 in first frame 1in second frame
4 6 9 13 in first frame 1in second frame
7 6 12 12 in first frame 3 in second frame
10 N.A. N.A. 10 in first frame 4 in second frame
14 N.A. N.A. 8 in first frame 6 in second frame

4.4.4.2 Adjustable transmission gap position

Position of transmission gaps can be adjustabl e/rel ocatable for some purpose e.g. data acquisition on certain position as
shown in figure 20. Parameters of the adjustable transmission gap positions are calcul ated as follows:

TGL isthe number of consecutive idle slots during compressed mode,
TGL =3,4,7,10,14
Nirg SPecifies the starting slot of the consecutive idle slots,
Nfirg = 0,1,2,3,...,14.
N, shows the number of the final idle slot and is calcul ated as follows;
If Nfirg + TGL < 15, then Ny = Nfirg + TGL =1 (in the same frame),
If Nfirg + TGL > 15, then Njag = (Nfirg + TGL — 1) mod 15 (in the next frame).

When the transmission gap spans two consecutive radio frames, Ny, ahd TGL must be chosen so that at least 8 slotsin
each radio frame are transmitted.
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Transmission gap

Transmission gap

Transmission gap

< N
= Radio frame -
(1) Single-frame method
First radio frame <Transm|s'5| on ga|1p> Second radio frame
i
_Transmission gap,
N | 7
i
_Ttransmission gap,
N 7
i
& N
S Radio frame 7

(2) Double-frame method

Figure 20: Adjustable transmission gap lengths position

Table 15 shows the detailed parameters for each transmission gap length for the differentwhen transmission time
reduction methods-A-or-B-are-used.
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Table 15: Parameters for compressed mode

TGL Type |Adjustable| Spreading Idle Transmission time Idle frame
/fixed gap Factor length[ms] Reduction method Combining
position
3 A Adjustable 512 -4 1.73-1.99 Puncturing (S)
B Or 256- 4 1.60-1.86 Spreading factoer (D) =(1,2),(2,1)
4 A Fixed 512-4 2.40-2.66 reduction by 2 B)
Higher layer _
B 256- 4 2.27-2.53 scheduling (D) =(1,3).(2,2),(3.1)
7 A 512 -4 4.40-4.66 (S)
B 256- 4 4.27-4.53 (D)=(1,6).(2,5).(3.4),(4.3).(5,
10 A 512 -4 6.40-6.66 (D)=(3,7),(4,6),(5,5),(6,4).(7,
B 256- 4 6.27-6.53 3)
14 A Fixed 512 -4 9.07-9.33 (D) =(7,7)
B 256- 4 8.93-9.19
(S): Single-frame method as shown in figure 19 (1).
(D): Double-frame method as shown in figure 19 (2). (x,y) indicates x: the number of idle slots in the first

frame, y: the number of idle slots in the second frame.

NOTE: DetailsfortheuseoftheCompressed mode by spreading factor reduction methed-is not supported
whenwith SF=4 is used in normal modeareFES.
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4.2.13 Restrictions on different types of CCTrCHs

Restrictions on the different types of CCTrCHs are described in general termsin TS 25.302[11]. In this section those
restrictions are given with layer 1 notation.

4.2.13.1 Uplink Dedicated channel (DCH)

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport blocks M;
on each transport channel, and the maximum value of the number of DPDCHs P are given from the UE capability class.

4.2.13.2 Random Access Channel (RACH)

- There can only be one TrCH in each RACH CCTrCH, i.e. I=1, ¢ = fikand S=V,.

- The maximum value of the number of transport blocks M; on the transport channel is given from the UE
capability class.

- Thetransmission timeinterval isaways either 10 ms or 20 ms-e-e1=-€1-and-N,—=E,.
- Atinitial RACH transmission the rate matching attribute has a predefined value.

- Onlyone PRACH isused, i.e. P=1, Uik =S, andU =S,

4.2.13.3 Common Packet Channel (CPCH)

- The maximum value of the number of TrCHs| in a CCTrCH, the maximum value of the number of transport
blocks M; on each transport channel, and the maximum value of the number of DPDCHs P are given from the
UE capability class.

NOTE: Only the data part of the CPCH can be mapped on multiple physical channels (this noteistaken from TS
25.302).

4.2.13.4 Downlink Dedicated Channel (DCH)

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport blocks M;
on each transport channel, and the maximum value of the number of DPDCHs P are given from the UE capability class.

4.2.135 Downlink Shared Channel (DSCH) associated with a DCH
- The spreading factor isindicated with the TFCI or with higher layer signalling on DCH.
- Therecan only be one TrCH in each DSCH CCTrCH, i.e. =1, S = fikand S=V;,.

- The maximum value of the number of transport blocks M; on the transport channel and the maximum value of
the number of PDSCHSs P are given from the UE capability class.

4.2.13.6 Broadcast channel (BCH)
- Therecan only be one TrCH inthe BCH CCTrCH, i.e. I=1, § = fik, and S=V,.
- There can only be one transport block in each transmission time interval, i.e. M; = 1.
- All transport format attributes have predefined values.

- Only one primary CCPCH isused, i.e. P=1.

4.2.13.7 Forward access and paging channels (FACH and PCH)

- The maximum value of the number of TrCHs| in a CCTrCH and the maximum value of the number of transport
blocks M; on each transport channel are given from the UE capability class.

- Thetransmission timeinterval for TrCHs of PCH type is always 10 ms.
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- Only one secondary CCPCH isused per CCTrCH, i.e. P=1.
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4.3 Transport format detection

Transport format detection can be performed both with and without Transport Format Combination Indicator (TFCI). If
aTFCI istransmitted, the receiver detects the transport format combination from the TFCI. When no TFCI is
transmitted, so called blind transport format detection may beis used, i.e. the receiver side detects the transport format
combination using some information, e.g. received power ratio of DPDCH to DPCCH, CRC check results.

For uplink, the blind transport format detection is an operator option. For downlink, the blind transport format detection
can be applied with convolutional coding, the maximum number of different transport formats and maximum data rates
allowed shall be specified.

4.3.1 Blind transport format detection

Examples of blind transport format detection methods are given in Annex A.

4.3.2 Explicit transport format detection based on TFCI

The Transport Format Combination Indicator (TFCI) informs the receiver of the transport format combination of the
CCTrCHs. As soon asthe TFCI is detected, the transport format combination, and hence the individual transport
channels' transport formats are known, and decoding of the transport channels can be performed.

4.3.3 Coding of Transport-Fformat-Ceombination lindicator (TFCI)

The TFCI bits are encoded using a (320, 10) punetured-sub-code of the second order Reed-Muller code. The coding
procedure is as shown in figure 10.

—FFEH1-16-bits)—m (szh}q)nfmk\),t .?fjrteﬁ?f > Puncture to > TFCI codeword
Reed Muller code (30,10) code
TFCI (32,10) sub-code of TFCI code
(10 bits) ————m second order —> word
a8, Reed-Muller code by-..byy

Figure 10: Channel coding of TFCI bits

If the TFCI consist of I%sthan 10 blts itis padded with zerosto 10 bits, by setti ng the most S|gn|f|cant blts to zero. Fhe

deeeder—The length of the TFCI code Word is 329 blts IhustheFeaFe%bnsef—éeneeded)iFFGLme\mFy—sleLef—meMQ

i } ; ode-The code words of the (32, 10) sub-
code of second order Reed Muller code are Ilnear comb| natlon of 10 bass sequences-alt-1-s-5-OV SFcodes{Cs,

Ca027C32 47Ca2 8 +Can 16 fr-ane-4-masks(Maskd - Mask2-Mask3,- Mask4). The 4-mask-basis sequencesare asin the
following table 7.
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(32,6) Bi-orthogonal Code

3G TS 25.212 version 3.0.0

the MSB bit).

puncturing-dstand-17th-bits- T h;a

In downlink, when the SF <islowerthen-128 the encoded and-punctured-TFCI code words are repeated feur-times
yielding 8 encoded TFCI bits per slot.in normal mode and 16 encoded TFCI bits per slot in compressed mode. Mapping
of repeated bitsto slotsis explained in section 4.3.5.

4.3.4 Operation of Transport-Fformat-Ceombination lindicator (TFCI) in
Split Mode

In the case of DCH in Split Mode, the UTRAN shall operate with as follows:

- If one of the links is associated with a DSCH, the TFCI code word may be split in such away that the code word
relevant for TFCI activity indication is not transmitted from every cell. The use of such a functionality shall be
indicated by higher layer signalling.

The TFCI bits are encoded using a (16, 5) bi-orthogonal (or first order Reed-Muller) code. The coding procedure is as

shownin figure 11.

TECI
(5 bits)

8y 9:--81 4

TECI
(5 bits)

8y 0:+-824

—

(16,5)
bi-orthgonal code

—

—>

(16.,5)
bi-orthgonal code

TFCI code
word
bo'bz“-bso

TFCI code
word
bl’b3“'b31

Figure 11: Channel coding of split mode TFECI bits

The code words of the (16,5) bi-orthogonal code are linear combinations of 5 basis sequences as defined in table 8

below.

3GPP
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Table 8: Basis sequences for (16,5) TFECI code

i Mio | Mix | Miz | Miz | Mig

1 1 0 0 0
1 1 0 1 0 0
2 1 1 1 0 0
3 1 0 0 1 0
4 1 1 0 1 0
5 1 0 1 1 0
6 1 1 1 1 0
7 1 0 0 0 1
8 1 1 0 0 1
9 1 0 1 0 1
10 1 1 1 0 1
11 1 0 0 1 1
12 1 1 0 1 1
13 1 0 1 1 1
14 1 1 1 1 1
15 1 0 0 0 0

11111 C.
16,15

e —2,0 1 —,% A=,

83, &a(3oisLSB and &, is MSB), the output code word bits b0, by, ..., bs1, are given by:

b2i = ;(a-l,n>< M i,n) mOdZ;—b2i+l= ;(a&nx M i,n) m0d2

3GPP
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wherei=0...15, j=0,1.

The output bits are denoted by b, k=0,1, 2, ..., 31

lower index mere-significant-bit-is transmitted before the tess-significant-bit with higher |ndex The coded bits b<, are

mapped to the transmitted TECI bits d,, according to the following formula

Qg:_bk mod 32

For uplink physical channels regardless of the SF and downlink physical channels, if SF>128, k=0, 1, 2, ..., 29. Note
that this means that bits by and bz, are not transmitted.

MSB LSB
TFCI code |29]28]27]26] © o e [1]0]
word | I S — | E—

R |
L Z

Sloto | slot1 | e e o | Slot14 |

Radio frame 10 ms

For downlink physical channels whose SF<-istewerthan-128, k=0, 1, 2, ..., 119. Note that this means that bits by to by
are transmitted four times and bits b;A to b, are transmitted three ti mesbnsef—the—t.';@i—eedewepdsare@eatedrand

3GPP
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Mapping of TFCI in compressed mode

4.3.5.23

The mapping of the TFCI bits in compressed mode is different for uplink, downlink with SF>128 and downlink with
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Slotnumber4-+2xcontainbits C ., . | C , ¢ 1,...,C 2 = 1—WheFe-x;O+2—3—4—5
CZTGOx T D% C=Z GO
TFCI codeword | Cyo| Cos| Cor| Cos| Cos| Caa| Caa] Caz | coe [ ci] 3] cof &1 G
%{_H_}

slot 0| dot 1| slot 2| dot 3| slot 4| slot 5| slot 6| dot 7| dot 8| dot 9|s|ot 1qslot 11|slot 1qs|ot 1:13Iot 14

N -
Radio frame 10 ms

Stet—numbe%%(-eentai-n-bits%_ 3, ,CC_ 3, _1,...,CC_ 3, 3 ~wherex=0,14,2,3++9

TFCI code word |C29|C28|C27|C25|C25|C24|C23|C22|C23| L O | C5| C4| C3| C2| C]_l Col

AN Al A J
Y~ Y

Y Y~ Y~
slot 0| dot 1| slot 2| dot 3| slot 4| slot 5| slot 6| dot 7| dot 8| dot 9|s|ot 1qslot 11|slot 1qs|ot 1qslot 14

N -
Radio frame 10 ms

4,3.5.42.12 Uplink €compressed mode-method-B

For uplink compressed mode-by-methed-B-the framemode, the slot format is changed so that no TFCI bits are lost. The
different framedlot formatsin compressed mode eando not match the exact number of TFCI bits for al possible TGLs.
Repetition of the TFCI bitsis therefore used.

Denote the number of bits available in the TFCI fields of one compressed radio frame by D;-therepeated-bitsby-d,; and
the number of bitsin the TFCI field in aslot by Nrec. Denote by E the first bit to be repeated, LetE=Ny,4NrrcE=30-1-

3GPP
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N aNrecmed-30. If Njag#14, then E corresponds to the number of the first TFCI bit in the dlot directly after the TG.
The following relations then define the mappingrepetition.

Qg:_bk mod 32

wherek=0,1,2, ..., min (31, D-1).

If D > 32, the remaining positions are filled by repetition (in reversed order):

Q%:n:_b(ak) mod 32
wherek =0, ..., D-33.

4.3.5.2.2 Downlink compressed mode

tor! : led deserintion fordownlink

For downlink compressed mode, the slot format is changed so that no TFCI bits are lost. The different slot formatsin
compressed mode do not match the exact number of TFCI bitsfor all possible TGLs. DTX istherefore used if the
number of TFCI fields exceeds the number of TFCI bits. The block of fields, where DTX is used, starts on the first field
after the gap. If there are fewer TFCI fields after the gap than DTX bits, the last fields before of the gap are also filled
with DTX.

Denote the number of bits available in the TECI fields of one compressed radio frame by D and the number of bitsin the
TFECI field in aslot by Nre¢. Denote by E the first bit to be repeated, E=NsrsNrrci. If NiagZ14, then E corresponds to the
number of the first TFCI bit in the slot directly after the TG. Denote the total number of TFCI bits to be transmitted by
Niot. If SF > 128 then Ny, = 32, else Ny, = 128. The following relations then define the mapping:

Qg:_b(k mod 32)

wherek=0,1, 2, ..., min (E, Nio)-1 and, if E< Ny,

Ot D-Ntot = (k mod 32)

wherek=E, ..., Nigt -1.

DTX bits are sent on d, where k = min (E, Nigt), ..., mMin (E, Ngr) #D - Ny -1.
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