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It was proposed in TSGR1#8(99)g77 that compressed mode by higher layer scheduling should be allowed. This was
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: 1N 25.211 Nyaa1 and Nggep are defined per slot. Hence, Ngata= 15Ngata1+ 15Ngataz-
There was an error in the definition of U. The correct relation is U=Ngaa-NraL

Figure 18: After adiscussion on the reflector there seemed to be agreement on moving the TFCI field to after the TPC
field. This change isreflected 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

Inrevision 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 Ntg. 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 Nqyg,.

- 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 (DTX) 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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88 RM,, N, i
Z, :éT—XNdata,j@ forali=1.1 (6h)
ga RM,, >N, u
m=1 H
DNy, =Z; - Z.,; - N; forali=1..1
4.2.7.1 Determination of rate matching parameters in uplink
42.7.1.1 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 factorsis given in [2]. Denote these values by Npsg, Nizg, Nea, N3z, Nig, Ng, and N4, where the index refers to
the Spreadl ng factor. The pOSSI ble values of Ndata then arE{ N256, ngg, N64, N32, Nlﬁ, Ng, N4' 2Ny, 3Na, 4Ng4, 5N,

6N} .Depending on the UE capabilities, the supported set of Nyga , denoted SETO, can be a subset of { Nosg, N12g, Nea,
N3z, Nig, Ng, Ng, 2Na, 3N, 4N4, SNa, 6N4}. Nyaa, j fOr the transport format combination j is determined by executing the
following algorithm:

' RM
. o} X . .
SET1={ Ngaa in SETO such that N - —{—} —XN_ . isnon negative }
data data xa—.l imMRM , X,)

1EyEI
If SET1 is not empty and the smallest element of SET1 requires just one PhCH then
Ndata,j =min SET1

ese

' RM
SET2 = { Nyga in SETO such that Ny, - PLXQ ———5—1 XN, ; isnon negative}
S mi ﬁ{ RM, F

T IEVEl
Sort SET2 in ascending order
Ngata = Min SET2
While Ngata 1S Not the max of SET2 and the follower of Ngqa requires no additional PhCH do
Ngata = follower of Ngaa in SET2
End while

Noataj = Naata

End if

4.2.7.1.2 Determination of parameters needed for calculating the rate matching pattern
The number of bits to be repeated or punctured, DN;, within one radio frame for each TrCH i is calculated with
equation 1 for all possible transport format combinations j and selected every radio frame. Ny iS given from
section 4.2.7.1.1. In compressed mode N isreplaced by NG . in Equation 1. N5 . isgiven from the

data, j data, j data, j
following relations:

NS — 2Nl N cm e
"Ndata, = N "NTGL Ndata,j =2N

2N, , wherefor compressed mode by spreading factor reduction

data,j ~
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Ngata,; = Ngataj - NyoL . for compressed mode by higher layer scheduling

data, j

( TGL,y  TGL
15 data, j 15 data,j ?

if Nirg + TGL £ 15

N = < 15- N o, 15- Nyiq N

15 2N 15 data,j » 1N first frame if Neiry + TGL > 15

TGL - (15- Nfirst),-,,\, TGL- (15- Nfirst)
\ 15 LNdata,j 15 data, j ’

in second frame if Ns,¢ + TGL > 15

Nsir and TGL are defined in section 4.4.

If DN;; = 0 then the output data of the rate matching is the same as the input data and the rate matching agorithm of
section 4.2.7.4 does not need to be executed.

Otherwise, for determining €y, Epius, Eminus, @Nd N the following parameters are needed (regardless if the radio frame
is compressed or not):

For convolutional codes,
g= é\;; /(6 DN;;6)0
if giseven
then q' = g —gcd(q, F)/F -- where ged (g, F;) means greatest common divisor of g and F

-- note that ' is not an integer, but a multiple of 1/8

else
q=q
endif
forx=0toF-1
S(IF (é*q'umod F)) = (&*qudiv F)
end for
DN = DN;;
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 = (@8(n)¥DN| + N) mod &N, if g, = 0then g, = aN.
€oius = N
Eminus = 84DN|
puncturing for DN<O, repeating otherwise.

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

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

a=1for Y sequence.
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4.29.1 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 afixed number of bitsisreserved for each TrCH in the radio frame.

The bits from rate matching are denoted by g;;, i, 9is:- - -1 Gig, » Where G is the number of bitsin one TTI of TrCH

i. Denote the number of bits reserved-fer-inone radio frame of TrCH i by H;+-e—themaximum-humber-of- bitsHia
radio-framefor-any-transpert-format-of T+CH-i. In 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

7 ~

_ex,u

TrCH i for the allowed TFs is denoted by X;. H; is then calculated as H, e?“ where F; is Fthe number of radio
eriu

framesinaTTI of TrCH i-isdeneted-by-F;. The bits output from the DTX insertion are denoted

by Ny, 05,0, e ) - Note that these bits are three valued. They are defined by the following relations:

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

where DTX indication bits are denoted by d. Here Qi 1 {0, 1} andd T {0, 1}.

4.2.9.2 2" finsertion of DTX indication bits-with-flexiblepesitions

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

The DTX mdlcatlon blts mserted in thls step shall be placed at the end of the radlo frame. Note that the DTX WI|| be
distributed over al slots after 2™ interleaving.

The bitsinput to the DTX insertion block are denoted by S;,S, S;,...,Sq Sisthe number of bits from TrCH
PhCHs s denoted by P

indication bits, for each PhCH by . The number of available bits on the isdenotedby N _and

N =15 g4aar 15N 5, where  gaa Ngata _are defined in [25.211]. In normal mode =N . In compressed mode

N ischanged from the value in normal node Naata TGL

time reduction method, which are signalled from higher layers. inthe

transmission gap is denoted 1, _and defined as:

[ TGL
15

——N ,if g+ TGLE15

_ 15- N.
Nrg = < = WN

15 data 1N first frame if Ny + TGL > 15

TGL - (15- Nfirst)
\ Ndata’
15

in second frameif Ngrg + TGL > 15

Niirs. and TGL are defined in Section 4.4.

In compressed mode U=Ngata-NrcL.

The bits output from the DTX insertion block are denoted by W, W, , W, ... Wipy) - Note that these bits are
threevalued. They are defined by the following relations:
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W, =S k=1,23,..,S
W, =d k=S+1, 52,543, ..., PU

where DTX indication bits are denoted by d.- Here S T {0,1}and d T {0,1}.

4.2.10 Physical channel segmentation

NOTE: Beow, itisassumed that all 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 Upgs UposUpsse e Uy where p is PhCH number and U is

Y
the number of bitsin one radio frame for each PhCH, i.e. U = o The relation between Xx and Uy is given below.

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

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

Bits on the P" PhCH after physical channel segmentation:

U = Xpopoguy k=12, ..,U

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

The bits input to the physical segmentation are denoted by S}, S,,S;,...,Sg. Hence, X« = Scand Y= S

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

H-flexible positions-of-the TrCHs in-aradio-frame-are-used-thentThe bits input to the physical segmentation are
denoted by W, Wy, W, Wiy - Hence, Xk = Wk 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 U ;,U ,,U Uy, » where pis PhCH number and U is the number of bitsin one radio frame for one

p]_! pZ! p3!"'!
PhCH.

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

3GPP



3G TS 25.212 version 3.0.0 34 3G TS 25 212 Vv3.0.0 (1999-10)

3GPP



3G TS 25.212 version 3.0.0 43 3G TS 25 212 Vv3.0.0 (1999-10)

4.4 Compressed mode

In compressed mode, slots Ny t0 Njog 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 is
increased 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, asillustrated in figure 16, or requested on demand. The rate and type of compressed framesis variable
and depends on the environment and the measurement requirements.

N e e | e e s e s s B e B

\
“ Oneframe \
(20 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.

slot # (N - 1) transmission gap slot # (N - 1)

r > << >
Data [ ] L] L] [ ] L] L] Data
Pilot TFCI| FBI [TPC|® ©® ©® ©® © ¢ 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—\mq!eh maX| mises the transmlsson gap Iength and- Itype B—whreh is mere-optimised for power control.;

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

fTransmission is turned off during the rest of the transmission gapfrem-the beginning-ef FFCHfield-in-slot-Nyig;
untH-the-end-of Data2 field-n-slot-N (figure 18(a)).

- With frame structure of type B, the TPC field of thefirst slot in the transmission gap and the pilot field of the
last slot in the transmission gap is transmitted. BFStTransmission is turned off during the rest of the

wﬂem%hebe&mmge#%&ﬁd&m%mm—m%em&eﬁmmmw (figure
18(b)). ARy d- Ad-D N oo BFS-and-MS-do-net-use the
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Slot # (Nfirg - 1 transmission Slot#(Njag + 1
< (Nfirst - 1) > < gap > < (Njag + 1) >
L e Tirr
Datal EC' Data2 PL e ® o o o o p |Daal EC' Data2 PL
ot # (Ngrg - 1 slot# (N + 1
< (Niirs - 1) > < (Niag +1) >
TF T - T
c) |Data1 E Data? PL ¢ o o o o o p ||Datal E Data? PL
(a) Frame structure type A
Slot # (Nfirg - 1 transmission Slot#(Njag + 1
< (Nfirst - 1) > < gap > < (Njag + 1) >
T TF T T TF
Datal EC' Data2 PL E ® e o o p |Daal EC' Data2 PL
dot # (Ngrg - 1 slot# (N + 1
< (Niirs - 1) > < (Nig +1) >
T T T
TF TF TF
c) |Data1 E Data? PL |c|Datal E ¢ o o o p ||Daal E Data? PL

(b) Frame structure type B

Figure 18: Frame structure types in downlink compressed transmission

4.4.3 Transmission time reduction method

When in compressed mode, the information normally transmltted duri ng al0 msframeis compre&ed intime. The
mechanisms provided for achieving this arei ' ! RS puncturing-Ha
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 notenhy-methed-B-is used
in the uplink. The maximum idle length is defined to be 7 dots per one 10 ms frame._The slot 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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symbels

tksps) DPDCH |[DRccH| ToT Noatat | Noataz | Nrecr | Nype | Npioe | F0FBTX
15 75 |s12| 46 66 110 | 20 2 2 0 2 4 4
30 15 |[256| 260 44 220 | 20 2 14 0 2 2 16
30 15 [256| 140 74 220 | 20 o |24t 2% 2 2 6
30 15 [256| 240 66 220 | 20 2 12 0 2 4 14
30 15 |[256| 420 96 220 | 20 o [ 22" 2° 2 4 4
30 15 [256| 200 110 | 220 | 20 2 8 0 2 8 10
30 15 [256| 8o 140 220 | 20 3} g 2 2 8 3}
60 30 [228] 340 66 440 | 40 6 28 0 2 4 34
60 30 [128] 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 87 | 8 16 256
960 480 8 | 6080 384 | 7040 | 640 [232" | 496 | 87 | 8 16 576
1920 960 4 | 12480 | 384 | 140801280 240" [2008| 8 | 8 16 1216

Channel| Channel | Sk Bits/Frame Bits{ PPRDCH PRCCH Extra
tkbps) | Rate symbels
tksps) DPDBCH | BRCCH | FOoF Nopatat | Noataz| Nrrcr | Nrpc | Neior | FOFBFX
15 75 |52 40 72 120 | 10 2 2 0 2 4 8
30 15 [256| 1e0 48 240 | 20 2 4 | o 2 2 32
30 15 |[256( 140 78 240 | 20 o |14 ] 2 2 2 22
30 15 [256| 140 72 240 | 20 2 12 | o 2 4 28
30 15 [256| 220 102 240 | 20 o | 12| 2 2 4 18
30 15 [256| 200 120 240 | 20 2 8 0 2 8 20
30 15 [256| 80 150 240 | 20 3} gt [ 2° 2 8 10
60 30 [228] 340 72 480 | 40 6 28 | © 2 4 68
60 30 [228] 320 102 480 | 40 | 4* | 28 | 2° 2 4 58
60 30 [228] 300 120 480 | 40 6 24 | o 2 8 60
60 30 [228] =280 150 480 | 40 | 4F | 24 | 2° 2 8 50
120 60 64 | 600 264 960 | 80 | 4" [ 56 |87 | 4 8 96
240 120 | 32| 2400 264 1920 [1260]| 20" [ 120 8 | 4 8 256
480 240 | 16| 2880 408 3840 [ 320 ] 48" [ 240 8 | 8 16 552
960 480 8 | 6080 408 7680 | 640 | 222" | 496 | 8 | 8 16 1192
1920 960 4 | 12480 408 15360 | 1280 | 240" [1008] 8™ | 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 aso 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 Bitst Bits! | Npiot | Nypc | Nirar | Nesr | Fransmitte
Atmber Rate-tkbps) SymbelRate Frame Stat d-slots-per
tksps) radto-frame
9 15 15 256 150 10 6 2 2 o] 15
BA 15 15 256 150 10 5 2 3 o] 10-14
0B 15 15 256 150 10 4 2 4 o] 8-9
1 15 15 256 150 10 8 2 o] o] 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 o] 1 8-15
4 15 15 256 150 10 6 2 o] 2 8-15
5 15 15 256 150 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 dlowed TFCs are used in compressed mode. The maximum number of bits that will be delivered to the physica
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 is located within the compressed frame depending on the transmission gap length (TGL) as shown in figure 19
(2). 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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(2) Double-frame method

Figure 19: Fixed transmission gap position
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Transmission gap Radio frame
—> < >
S S -
#0 #Ngirg-1 #Njagt1 #14
(1) Single-frame method
Transmission g
First radio frame < , LiY Second radio frame
S i -
i
i
\—Y—J
#Ngirg-1 #Njast1 #14

Table 14: Parameters for fixed transmission gap position

Single-frame method Double-frame method
TGL (slot) Nfirst Niast Nfirst Niast
3 7 9 14 in first frame 1 in second frame
4 6 9 13 in first frame 1 in second frame
7 6 12 12 in first frame | 3in 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

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

Adjustable transmission gap position

TGL isthe number of consecutive idle dots during compressed mode,
TGL =3,4,7,10, 14
Nfirg SPecifies the starting slot of the consecutive idle slots,
Nrirg = 0,1,2,3,...,14.
Nias shows the number of the final idle slot and is calculated as follows;
If Nsirg + TGL £ 15, then Nja¢ = Nfirg + TGL =1 ( in the same frame),
If Nfirg + TGL > 15, then Njo¢ = (Nfirg + TGL — 1) mod 15 ( in the next frame).

When the transmission gap spans two consecutive radio frames, Ny and TGL must be chosen so that at least 8 slots
in each radio frame are transmitted.
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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-er-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 rzdi”ﬁgf?abgrz ©S)
B 256- 4 2.27-2.53 _Hchedu”nq (D) =(1,3),(2,2),3.2)
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,
2),(6,1)
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: bDBetailsfortheuse-of-theCompressed mode by spreading factor reduction methed-is not supported

whenwith SF=4 is used in normal modeareFFS.
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