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Annex B (informative):
Compressed mode idle lengths

The tables 9-11 show the resulting idle lengths for different transmission gap lengths, UL/DL modes and DL frame
types. The idle lengths given are calculated purely from the slot and frame structures and the UL/DL offset. They do not
contain margins for e.g. synthesizer switching.

B.1 Idle lengths for DL, UL and DL+UL compressed mode

Table 9: Parameters for DL compressed mode

TGL DL Spreading Idle length Transmission time Idle frame
Frame Factor [ms] Reduction method Combining
Type
3 A 1.73-1.99 (S)
B 512 -4 1.60—1.86 Puncturing, (D) =(1,2) or (2,1)
4 A 2.40 — 2.66 Spreading factor S)
B 2.27 —2.53 division by 2 or (D) =(1,3), (2.2) or (3.1)
5 A 3.07 — 3.33 Higher layer (S)
B 2.93-3.19 scheduling (D) = (1,4), (2.3), (3, 2) or
(4,1)
7 A 4.40 — 4.66 (8)
B 4.27 —4.53 (D)=(1,6), (2.5), (3.4). (4.3).
(5,2) or (6,1)
10 A 6.40 — 6.66 (D)=(3.7), (4,6), (5,5), (6.4) or
B 6.27 — 6.53 (7,3)
14 A 9.07 —9.33 D) =(7.7)
B 8.93-9.19
Table 10: Parameters for UL compressed mode
TGL Spreading Idle length Transmission time Idle frame
Factor [ms] Reduction method Combining
3 2.00 (S)
256 — 4 Spreading factor (D) =(1,2) or (2,1)
4 2.67 division by 2 or (S)
Higher layer (D) =(1.3), (2,2) or (3.1)
5 3.33 scheduling (S)
(D)=(1,4),(2,3),(3,2) or
(4,1)
7 4.67 S
(D)=(1.,6), (2.5). (3.4). (4.3).
(5,2) or (6,1)
10 6.67 (D)=(3.7), (4.6). (5.5). (6.4) or
(7,3)
14 9.33 (D) =(7.7)
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Table 11: Parameters for combined UL/DL compressed mode

TGL DL Spreading Idle length Transmission time Idle frame
Frame Factor ms] Reduction method Combining
Type
3 1.47-1.73 (S)
AorB DL: DL: (D) =(1.2) or (2,1)
4 512-4 2.13-2.39 Puncturing, (S)
Spreading factor (D) =(1,3), (2,2) or (3,1)
5 UL: 2.80 — 3.06 division by 2 or (S)
256 -4 Higher layer (D) = (1,4), (2,3), (3, 2) or
scheduling (4,1)
7 4.13 -4.39 (S)
UL: (D)=(1,6), (2,5), (3.4). (4.3).
Spreading factor (5.2) or (6.1)
10 6.13-6.39 | dvisionby2or [})=(37) (4,6), (5.5).(6.4) or
Higher layer (7.3)
14 8.80—0.06 scheduling (D) =(7.7)

(S):  Single-frame method as shown in figure 14 (1).

(D): Double-frame method as shown in figure 14 (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: Compressed mode by spreading factor reduction is not supported when SF=4 is used in normal mode

Annex B-C (informative):
Change history
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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 subclause 4.2.1);
- transport block concatenation and code block segmentation (see subclause 4.2.2);
- channel coding (see subclause 4.2.3);
- rate matching (see subclause 4.2.7);
- insertion of discontinuous transmission (DTX) indication bits (see subclause 4.2.9);
- interleaving (two steps, see subclauses 4.2.4 and 4.2.11);
- radio frame segmentation (see subclause 4.2.6);
- multiplexing of transport channels (see subclause 4.2.8);
- physical channel segmentation (see subclause 4.2.10);
- mapping to physical channels (see subclause 4.2.12).

The coding/multiplexing steps for uplink and downlink are shown in figure 1 and figure 2 respectively.

3GPP
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Figure 1: Transport channel multiplexing structure for uplink

3GPP



3G TS 25.212 V 3.2.0 (2000-03)

CRC attachment

b

iml1?

b

im2 7 ~im3

o

B ¥

TrBk concatenation /
Code block segmentation

0|r1’0|r2’0|r3’

G1:G2:Ga- -

gil’ gi2’ giS"

hil’ hi2

G1:Gi2,Giss- - -

O, ¥

10

Channel coding

Ce ¥

Rate matching

Rate
matching

e ¥

1% insertion of DTX
indication

Nip

1¥ interleaving

1 Ui, +

Radio frame segmentation

W

Up

Vo1iVpo,V

NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN EEEEEEEEEEEEEEEEEEEEEEEEEEEE

TrCH Multiplexing

o Sg ¢

2" insertion o

indication

f DTX

T W, Wa, ..

A Wog ¢

CCTrCH

Physical channel
segmentation

pUpz U Uy L

2" interleaving cee

e Vou w ]

p2?

Physical channel mapping| .

%3

T#HOU
¢#HOY

3GPP



3G TS 25.212 V 3.2.0 (2000-03) 11

AEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE, FESEEEEEEEEEEEEEEEEE.

aiml’aimZ’aimBa""’aimA

CRC attachment

|m3""’b|m3 +

TrBk concatenation /
Code block segmentation

er’oer’()lrS""’oirKi +

b

iml1?

b

im2?

o

Channel coding

C1:Ci2sCiar-- G v

Rate
matching

Rate matching

Ui1:9i2: Gizs---1 Ui, +

1% insertion of DTX
indication

hl’hZ’hs""’h(F,H‘) +

1* interleaving

qil’in’qiS""’qui +

Radio frame segmentation

fil’fiZ’fiB""’fiV‘ ¢
TrCH Multiplexing

S5 8 Ss v

2" insertion of DTX
indication

\N_l’WZ’WS""’WpR ¢ CCTrCH

Physical channel
segmentation

Upp UpzoUpzs- - Upy L oo

2" interleaving cee

H--------T----------

V.,V 5,V

Vo2 Vo Voo W L te

Physical channel mapping| e

T#HOU
¢H#HOU

Figure 2: Transport channel multiplexing structure for downlink

The single output data stream from the TrCH multiplexing, including DTX indication bits in downlink, is denoted
Coded Composite Transport Channel (CCTrCMN)ICCTrCH can be mapped to one or several physical channels.

3GPP
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425  1%interleaving

In Compressed Mode by puncturing, bits marked with a fourth value on top ofdQadd noted p, are introduced in

the radio frames to be compressed, in positions corresponding to the first bits of the radio frames. They will be removed

in a later stage of the multiplexing chain to create the actual gap. Additional puncturing has been performed in the rate

matching step, over the TTI containing the compressed radio frame, to create room for these p-bits. The following

subclause describes this feature.

4251 Insertion of marked bits in the sequence to be input in first interleaver

In normal mode, compressed mode by higher layer scheduling, and compressed mode by spreading factor reduction:
Xik = Zk and X = Z,

In case of compressed mode by puncturing and fixed positions, sequgmdgch will be input to first interleaver for
TrChi and TTIm within largest TTI, is built from bits z,, k=1, ..Z, plusNp ™™ ™; 1. bits marked p and
Xi = Z+ Np™™ ™ v as is described thereafter.

Np "™ ™ naxis defined in the Rate Matching subclause 4.2.7.

Pri[x] defines the inter column permutation function for a TTI of length Fi *10ms, as defined in Table 3 gjgles P
the Bit Reversal function of x on lg(gFi) bits.

NOTE 1: C[x], x= 0 to Fi — 1the number of bits p which have to be inserted in each of the Fi segments of the TTI,
i.e. in each column of the first interleaver. C[x] is equalipd'; nax for x equal 0 to Fi —1 for fixed
positions . It is notetlp*; in the following initialisation step.

NOTE 2: cbi[x], x=0 to Fi — 1, the counter of the number of bits p inserted in each of the Fi segments of the TTI,
i.e. in each column of the first interleaver.

col=0

while col <F; do

C[col] =Np°*", -- initialisation of number of bits p to be inserted in each of the Fi segments of the TTI
cbi[col] =0 -- initialisation of counter of number of bits p inserted in each of the Fi segments of the TTI
end do
nN=0,m=0

while n < X do
col=nmod k

if cbi[col] < C[Ps(col)] do

Xin=P -- insert one p bit
chi[col] = cbi[col]+1 -- update counter of number of bits p inserted
else -- no more p bit to insert in this segment
Xin = Zim
m = m+1
endif
n=n+l
enddo

3GPP
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4.25.2 1% interleaver operation

The Tinterleaving is a block interleaver with inter-column permutations. The input bit sequenceYantieeldaver is
denoted byX;, X, X3,..., Xy, , wherei is TrCH number ani; the number of bits (at this stajeis assumed and

guaranteed to be an integer multiple of TTI). The output bit sequence is derived as follows:
(1) Select the number of colum@gfrom table 3.
(2) Determine the number of rou’& defined as:
R, = X/C,
(3) Write the input bit sequence into tReX C; rectangular matrix row by row starting with by, in the first

column of the first row and ending with b ¢ , in columnC, of rowR;:

O X X2 X3 e X, U
il il
0 X+ Xi(c,+2) Xi(c +3) - Xi2e) [
0 s : L0

] O]
Hraoc+w  XRr-nc+2  Kr-nc+3) - Xre)d

(4) Perform the inter-column permutation based on the patter){Rj=0,1, ..., C-1) shown in table 3, whergjP
is the original column position of theh permuted column. After permutation of the columns, the bits are

denoted by

Ve Yirey Yier+y - Yige -orey U
O
Y2 Yir+2 Yier+d - Yicor+2[

O : : : 0
[] U
Br Yier) Yier) o0 Yicer) O
(5) Read the output bit sequeny, Y5, Yizs---» ¥i(c,r) Of the f'interleaving column by column from the inter-

column permute® * C; matrix. Bit ; , corresponds to the first row of the first column andWifz ¢
corresponds to ro®, of columnC;.

Table 3
TTI Number of columns C Inter-column permutation patterns
10 ms 1 {0}
20 ms 2 {0,1}
40 ms 4 {0,2,1,3}
80 ms 8 {0,4,2,6,1,5,3,7}
4253 Relation between input and output of 1% interleaving in uplink

The bits input to the®linterleaving are denoted by, t;,,t;5,...,t;; , wherei is the TrCH number anfl the number

of bits. Hencezk = tix andzZ>% = T,.

The bits output from the™linterleaving are denoted by, d.,, di3,...,diTi , and ¢ = Vik.

3GPP
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4254 Relation between input and output of 1% interleaving in downlink

If fixed positions of the TrCHs in a radio frame is used then the bits input t8' theedleaving are denoted by
hl,hz,hs,...,h(F‘Hi) , Wherei is the TrCH number. Hencgy = hix andz, = D, F = H,~—Np ™™ incompressed
mode-by-puncturingang—=FH, otherwise

If flexible positions of the TrCHs in a radio frame is used then the bits input td thiedleaving are denoted by
011:9i2: iz -1 Gig, - wherei is the TrCH number. Hencgk = gk andz = G;.

The bits output from the™linterleaving are denoted %¥,,0,,,05,. ..,qu‘ , Wherei is the TrCH number an@; is the

number of bits. Henc&}k = Yik, Qi = FiH; if fixed positions are used, a@ = G; if flexible positions are used.

3GPP
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4.2.7.2 Determination of rate matching parameters in downlink

For downlinkNgaj does not depend on the transport format combinfitidg. - is given by the channelization code(s)
assigned by higher layers. Denote the number of physical channels used for the CCP@igyis the number of

bits available to the CCTrCH in one radio frame and definéd 45=P(15Nyatz1+1Ngatz), WhereNgaa1 aNdNgatap are
defined in [2]. Note that contrary to the uplink, the same rate matching patterns are used in normal and compressed
mode by spreading factor reduction or higher layer scheduling.

In the following, the total amount of puncturing or repetition for the TTI is calculated.

Additional calculations for compressed mode by puncturing in case of fixed positions are performed to determine this
total amount of rate matching needed.

For compressed mode by puncturing, in TTIls where some compressed radio frames occur, the puncturing is increased
or the repetition is decreased compared to what is calculated according to the rate matching parameters provided by
higher layers. This allows to create room for later insertion of marked bits, noted p-bits, which will identify the

positions of the gaps in the compressed radio frames.

The amount of additional puncturing corresponds to the number of bits to create the gap in the TTl fomTc&se
of %ed positions, it is calculated in addition to the amount of rate matching indicated by higher layers. It is noted
Np Ymi,max-

TTl,cmm
,max
sub-stracted fromdN ™ ™i, .. (calculated based on higher layers RM parameters as for normal rate matching). This
allows to create room for thépTT'* ™ maxbits p to be inserted later. If the result is null, i.e. the amount of repetition
matches exactly the amount of additional puncturing needed, then no rate matching is necessary.

TTI, m

In fixed positions case, to obtain the total rate matc to be performed on the T, Np imax IS

In case of compressed mode by puncturing and fixed positions, for some calcuMifigndgs used for radio frames
=P(15N,,., +15N,...,). N ..,and N, are the number of bits in

the data fields of the slot format used for the current compressed mode, i.e. slot format A or B as defined in [2]
corresponding to the Spreading Factor and the number of transmitted slots in use.

whereN'

with gap instead of\ data*

data,* *

The number of bits corresponding to the gap for TrCh i, in each radio frame of its TTI is calculated using the number of
bits to remove orachall Physical ChannglNg [K], where k is the radio frame number in the TTI.

For each radio frame k of the TTI;:&[K] is given by the relation:

( .
TGLN

15 data,* * if Nirst + TGL< 15

15-N, .
I\ITGL = < Tft Ndata,* )

TGL-(15-Ngy,) .
Ndata* ’
\ 15

in first radio frame of the gap Mgy + TGL > 15

in second radio frame of the gaiNifs; + TGL > 15

Nist andTGL are defined in subclause 4.4.

Note that N [K] = O if radio frame k is not compressed.

3GPP
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4291 1% insertion of DTX indication bits

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

The bits from rate matching are denoteddy, 9;,, 9. -» O, » whereG; is the number of bits in one TTI of TrdH

Denote the number of bits in one radio frame of TiQy H;. DenoteD; the number of bits output of the first DTX
insertion block.

In normal or compressed mode by spreading factor reduétjas constant and corresponds to the maximum number
of bits from TrCHi in one radio frame for any transport format of TriCHNdD; = F; * H;.

In compressed mode by puncturing, additional puncturing is performed in the rate matching block. The empty positions
resulting from the additional puncturing are used to insert p-bits in the first interleaving block, the DTX insertion is
therefore limited to allow for later insertion of p-bits. Thus DTX hits inserted until the total number of bits is Di

whereD =F ;* H;» -Np ™™™ _+AN"" ., andH;= Nix+ AN;-.

The bits output from the DTX insertion are denotedhyhi,, his, ..., hip; Note that these bits are three valued. They
are defined by the following relations:

h.=0g,k=1,23,..G
h, =0 k=G+1,G+2,G+3,.., D

where DTX indication bits are denoted @yHeregix 0{0, 1} andd {0, 1}.

3GPP
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4.2.10 Physical channel segmentation

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 denoteq bg, X,,..., X, , whereY is the number of bits input to the
physical channel segmentation block. The number of PhCHs is dend®ed by

The bits after physical channel segmentation are denmgpmpz,u Upy wherep is PhCH number and is the

D31
number of bits in one radio frame for each PhCHU= (Y — Nig) / P for compressed mode by puncturing, and

Y
U = — otherwise. The relation betwe¥qandUpk is given below.
P

For all modes, some bits of the input flow are mapped to each code until the number of bits on théldoBeris

modes other than compressed mode by puncturing, all bits of the input flow are taken to be mapped to the codes. For
compressed mode by puncturing, only the bits of the input flow not corresponding to bits p are taken to be mapped to
the codes, each bit p is removed to ensure creation the gap required by the compressed mode, as described below.

Bits on first PhCH after physical channel segmentation:
Us, k= Xi, k) k=1,2,...,U
Bits on second PhCH after physical channel segmentation:

Up, k= Xi ey K=1,2,...,U

Bits on theP"™ PhCH after physical channel segmentation:
Up, k= X -y Kk =1,2, ...,U
wherefis such that :
- for modes other than compressed mode by punctuging, = X « , i.e. f(k) =k, for all k.

- for compressed mode by puncturing, Wit corresponds to the bit, with smallest indek when the bits p are
not counted, biti; , corresponds to the bif, with second smallest indéswhen the bits p are not counted, and
so on for bital 3 ... Uy, Uz, 1,Uz, 2, Uz vy, . Up1, Up 2, Up vy,

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

The bits input to the physical segmentation are denote§] 184, S;,...,Ss. Hence Xk = ScandY = S

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

The bits input to the physical segmentation are denoted bw,, W;,. -1 Wpy) - Hence X = Wy andY = PU.

3GPP
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4.2.12 Physical channel mapping

The PhCH for both uplink and downlink is defined in [2]. The bits input to the physical channel mapping are denoted by
Vo Vpzse- s Vou s wherep is the PhCH number ardiis the number of bits in one radio frame for one PhCH. The bits

Vpk are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending order with respect
tok.

In compressed mode, no bits are mapped to certain slots of the PhCN{g)HTGL < 15, no bits are mapped to slots
Niirst 10 Niast- If Nirst + TGL > 15, i.e. the transmission gap spans two consecutive radio frames, the mapping is as follows:

- In the first radio frame, no bits are mapped to $ats, Nirstt1, Nirst+2, ..., 14.
- In the second radio frame, no bits are mapped to the slots 0, 1 Ngast.. .,

TGL, Nyst, andNy,s are defined in section 4.4.

42.12.1 Uplink

In uplink, the PhCHs used during a radio frame are either completely filled with bits that are transmitted over the air or
not used at all. The only exception is when the UE is in compressed mode. The transmission can then be turned off
during consecutive slots of the radio frame.

42122 Downlink

In downlink, the PhCHs do not need to be completely filled with bits that are transmitted over the i Bjgs 1}
are not transmitted.

During compressed mode by reducing the spreading factor by 2, no bits are mapped to the DPDCH field as follows:
If Nsst + TGL< 15, i.e. the transmission gap spans one radio frame,
if Nirst + 7< 14
no bits are mapped to slatq;,Nerst + 1, Neirst +2,..., Nast + (7 -TGL)
no bits are mapped to the firstfN+ Npaw2/2 bit positions of slolN,s + (8 -TGL)
else
no bits are mapped to sldt;, Nirst + 1, Niirst + 2,...,14
no bits are mapped to slotis; - 1, Nirst - 2, Niirst - 3, -+ Niirst - (7 -TGL - (14 -Njasp)
no bits are mapped to the last{N+ Npaan/2 bit positions of slolNss; - (8 - TGL - (14 -Nias))
end if
If Nsst + TGL > 15, i.e. the transmission gap spans two consecutive radio frames,

In the first radio frame, no bits are mapped to lagt,tN Npaa)/2 bit positions in slot 7 as well as to slots 8, 9, 10,
., 14,

In the second radio frame, no bits are mapped to slots 0, 1, 2, ..., 6 as well as tgfisstN\BLi.)/2 bit positions in
slot 7.

Npaa@nd Noaapare defined in [2].
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4.2.3.3 Concatenation of encoded blocks

After the channel coding for each code bloclC;ifs greater than 1, the encoded blocks are serially concatenated so that
the block with lowest indexis output first from the channel coding block, otherwise the encoded block is output from

channel coding block as itis. The bits output are denoted,bg,,C;3,...,Cg , wherei is the TrCH number and
E; = CY.. The output bits are defined by the following relations:

Ck =Yk k=1,2..Y
C = Viznoyy K=Y+ 1Y +2 .,2Y,

C = Yisgeay) K=2Yi+1,20+2 .3,

Ck =VYic.k-c-nyy K=(GC-1Yi+1(C-1)¥i+2 ..., GYy

If no code blocks are input to the channel codibg=(0), no bits shall be output from the channel codingEj.e.0.

3GPP
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4.25.2 1% interleaver operation

The Tinterleaving is a block interleaver with inter-column permutations. The input bit sequenceYantieeldaver is
denoted byX;, X, X3,..., Xy, , wherei is TrCH number ani; the number of bits (at this stajeis assumed and

guaranteed to be an integer multiple of TTI). The output bit sequence is derived as follows:
(1) Select the number of colum@gfrom table 3.
(2) Determine the number of rou’& defined as:
R, = X/C,
(3) Write the input bit sequence into tReX C; rectangular matrix row by row starting with by, in the first

column of the first row and ending with b ¢ , in columnC, of rowR;:

O X X2 X3 e X, U
il il
0 X+ Xi(c,+2) Xi(c +3) - Xi2e) [
o : : C

O]
Hroc  Kr-nc+2  XKR-pc+ - Xrend

(4) Perform the inter-column permutation based on the patter){Rj=0,1, ..., C-1) shown in table 3, whergjP
is the original column position of theh permuted column. After permutation of the columns, the bits are

denoted by

Ve Yirsy Yiersy - Yige -nrey U
O
Y2 Yir+2 Yier+d - Yicor+2[

0: : : ... : 0
] ]
Br Yier) Yier) o0 Yicer) O

(5) Read the output bit sequenyg, Yz, Yizs---» ¥i(c r) Of the f'interleaving column by column from the inter-

column permute® * C; matrix. Bit ; , corresponds to the first row of the first column andWifz ¢
corresponds to ro®, of columnC;.

Table 3 Inter-column permutation patterns for 1st interleaving

TTI Number of columns C Inter-column permutation patterns
10 ms 1 {0}
20 ms 2 {0,1}
40 ms 4 {0,2,1,3}
80 ms 8 {0,4,2,6,1,5,3,7}

3GPP
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4.2.7 Rate matching

Rate matching means that bits on a transport channel are repeated or punctured. Higher layers assign a rate-matching
attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer
signalling. The rate-matching attribute is used when the number of bits to be repeated or punctured is calculated.

The number of bits on a transport channel can vary between different transmission time intervals. In the downlink the
transmission is interrupted if the number of bits is lower than maximum. When the number of bits between different
transmission time intervals in uplink is changed, bits are repeated or punctured to ensure that the total bit rate after
TrCH multiplexing is identical to the total channel bit rate of the allocated dedicated physical channels.

If no bits are input to the rate matching for all TrCHs within a CCTrCH, the rate matching shall output no bits for all
TrCHs within the CCTrCH and no uplink DPDCH will be selected in the case of uplink rate matching.

Notation used in subcaluse 4.2.7 and subclauses:

N;: For uplink: Number of bits in a radio frame before rate matching on Tr@th transport format
combination .

For downlink: An intermediate calculation variable (not an integer but a multiple of 1/8).

N,™:  Number of bits in a transmission time interval before rate matching on Tn@H transport formak
Used in downlink only.

AN". : For uplink: If positive - number of bits that should be repeated in each radio frame o WitH

transport format combinatign

If negative - number of bits that should be punctured in each radio frame on Wi@tHtransport format
combination.

For downlink : An intermediate calculation variable (not an integer but a multiple of 1/8).

AN;™:  If positive - number of bits to be repeated in each transmission time interval ori Wi@Hransport
format;j.

If negative - number of bits to be punctured in each transmission time interval on Wi@Hransport
format;j.

Used in downlink only.

NpTT" ™1, m=0to R/ F - 1 :Positive or null: number of bits to be removed in TTI nuntbevithin the largest
TTI, to create the required gaps in the compressed radio frames of this TTI, in case of compressed mode
by puncturing, for TrCh with transport formalt In case of fixed positions and compressed mode by
puncturing, this value is notedp . ™ maxSince it is calculated for all TrCh with their maximum number
of bits; thus it is the same for all TFCs

Used in downlink only.

Np"i n=0 to Fax-1:Positive or null: number of bits, in radio frame numberithin the largest TTI,
corresponding to the gap for compressed mode in this radio frame, fori itHtransport format The
value will be null for the un-compressed radio frames. In case of fixed positions and compressed mode by
puncturing, this value is notédb"; 1ax Since it is calculated for all TrChs with their maximum number of
bits; thus it is the same for all TFCs

Used in downlink only.

Nrc[K], k=0 to F; -1 : Positive or null: number of bits in each radio frame corresponding to the gap for compressed
mode for the CCTrCh.

RM: Semi-static rate matching attribute for transport chanr@gnalled from higher layers.

PL: Puncturing limit for uplink. This value limits the amount of puncturing that can be applied in order to
avoid multicode or to enable the use of a higher spreading factor. Signalled from higher layers.

3GPP
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Nyata j Total number of bits that are available for the CCTrCH in a radio frame with transport format
combination.
I: Number of TrCHs in the CCTrCH.

Intermediate calculation variable.

Number of radio frames in the transmission time interval of TrCH

m 7 N

max Maximum number of radio frames in a transmission time interval used in the CCTrCH :

Frax = MaxF,

1<i<|

n;: Radio frame number in the transmission time interval of Tr@H< n < F)).

q: Average puncturing or repetition distance (normalised to only show the remaining rate matching on top of
an integer number of repetitions). Used in uplink only.

[£(n): The inverse interleaving function of th& ihterleaver (note that the inverse interleaving function is
identical to the interleaving function itself for th@imterleaver). Used in uplink only.

S(n): The shift of the puncturing or repetition pattern for radio framesed in uplink only.
TF():  Transport format of TrCH for the transport format combinatipn
TFS(i)) The set of transport format indeXefeor TrCHii.
TFCS  The set of transport format combination indejxes
€ni Initial value of variables in the rate matching pattern determination algorithm of subclause 4.2.7.5.
€plus Increment of variable in the rate matching pattern determination algorithm of subclause4.2.7.5.
€minus Decrement of variable in the rate matching pattern determination algorithm of subclause 4.2.7.5.
b: Indicates systematic and parity bits

b=1: Systematic bit<{t)x, in subclause 4.2.3.2.1.

b=2: 1* parity bit (from the upper Turbo constituent encodéf)z, in subcaluse 4.2.3.2.1.

b=3: 2 parity bit (from the lower Turbo constituent encod&Ht)z, in subclause 4.2.3.2.1.

The * (star) notation is used to replace an indeshen the indexed variab¥, does not depend on the indexn the
left wing of an assignment the meaning is thét=Y" is equivalent tofor all x do X, =Y ". In the right wing of an
assignment, the meaning is th&t=X. " is equivalent totake anyxand doY = X,".

The following relations, defined for all THC are used when calculating the rate matching parameters:

Z,;=0
%“IZRMmENm dat: QE
7 - : “Hforalli=1..1 1)
i E I N S
= ARM N
AN; =2, =Z,; - N; forall=1..1
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4211 2" interleaving

The 2%interleaving is a block interleaver with inter-column permutations. The bits input t8"inésPleaver are

denotedupl,upz,upa,...,upU , wherep is PhCH number and is the number of bits in one radio frame for one PhCH.

(1) Set the number of colum@s = 30. The columns are numbered 0, 1, 2,C5-1 from left to right.
(2) Determine the number of rou& by finding minimum integeR, such that:
U < RC,.

(3) The bits input to the"2interleaving are written into tHe, X C, rectangular matrix row by row.

O Uy Uy, Uys e Upge O
UJ [l
D up31 up32 up33 o up60 D
o X i -
[J ]
Mo (r,-n30+1)  Up(r,-n30+2)  Up(Rr,-n30+3)  ---Up,(r,30) 0

(4) Perform the inter-column permutation based on the pat®()X (j = 0, 1, ...,C,-1) that is shown in table 6,
whereP,(j) is the original column position of ti¢h permuted column. After permutation of the columns, the

bits are denoted bypk.

|:|ypl yp,(R2 +1) yp,(ZRZ +1) tee yp,(29R2 +1) B

ez Yor+2 Ypero+2 - Yp(2or+2)[]
|:| . N . |:|

] O]
Bor, Yoery  Yoery o Yeeor,) O

(5) The output of the™ interleaving is the bit sequence read out column by column from the inter-column permuted
R, X C, matrix. The output is pruned by deleting bits that were not present in the input bit sequenceyje. bits
that corresponds to bitgk with k>U are removed from the output. The bits aft&ridterleaving are denoted by
Vo Vpzse- 1 Vou s whereVp: corresponds to the Bk with smallest indexk after pruningyVp to the bitypk
with second smallest indéeafter pruning, and so on.

Table 6 Inter-column permutation pattern for 2nd interleaving

Number of column C » Inter-column permutation pattern
30 {0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21,
6, 16, 26, 4, 14, 24,19, 9, 29,12, 2,7, 22, 27, 17}
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4.29.2 2" insertion of DTX indication bits

The DTX indication bits inserted in this step shall be placed at the end of the radio frame. Note that the DTX will be
distributed over all slots aftefQinterleaving.

The bits input to the DTX insertion block are denotedshs,, S;,. . ., Sg,whereSis the number of bits from TrCH

multiplexing. The number of PhCHs is denoted?gnd the number of bits in one radio frame, including DTX
indication bits, for each PhCH .

data,*

In normal mode R = =15N .0 T 15N 000 . WhereNga andNya are defined in [2].

sane = PBN,, . 15N »). N, and N, are the number of

bits in the data fields of the slot format used for the current compressed mode, i.e. slot format A or B as defined in [2]
corresponding to the Spreading Factor and the number of transmitted slots in use.

For compressed modi; g, - is defined asNdata*

In case of compressed mode by puncturing and fixed positions, DTX shall be insertédatibits, since the exact
room for the gap is already reserved thanks to the earlier insertion of the p-bits. Therefore R is dBfinéthas- /
PT

In compressed moder-Sk+reduction-andy higher layer scheduling, additional DWth respect to normal modshall
be inserted if théransmission-timereduction-methtsdnsmission time reduction by higher layer scheduioes not
exactly create a transmission gap of the desired TGL.

The number of bits available to the CCTrCH in one radio frame in compressed mode by SF reduction and by higher
cm
data,*

layer scheduling is denoted By g7, . andR =

:FI I PICm .

data,*

. .. . . . Cl N data,*
frem-highertayersi-or thetransmission time reduction by SF/2 method in compressed Mg:g = T 5

m

and-For othermethedsompressed mode bydfier layer scheduling the exact vaIueNﬁata* is dependent on tHEGL

which is signalled from higher layerét can be calculated Mj;:af = N:,ata* — Nyig, . For every transmission time
! —_— ! ! F II P |I . .
reduction-method Jdataﬁ I &5' Jdatal 15l JdataZ) ’ datalsmdr dataz € the-umber-of-bits-in-the-data

Holdeetosletiorsletformnt Ao Boos dopnoc s |7

NrcL is the number of bits that are located within the transmission gap and defined as:

( .
TGLN

15 data,* * if Nirst + TGL< 15

15-N,, .
NTGL: < —HN

15 data+ » IN first frame ifNgst + TGL > 15

TGL-(15-Ngy,) .
Ndata* ’
\ 15

in second frame W + TGL > 15

Nsist andTGL are defined in subclause 4.4.
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The bits output from the DTX insertion block are denotedl\QyWZ,W3,...,W(PR) . Note that these bits are four

valued in case of compressed mode by puncturing, and three valued otherwise. They are defined by the following
relations:

W, =S k=1,2,3,..,S
W, =0 k=S+1,S+2,S+3, ..., P

where DTX indication bits are denoted &yHereS, [1{0,1, p}and é [{0,1}.
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425  1%interleaving

In Compressed Mode by puncturing, bits marked with a fourth value on top ofdQadd noted p, are introduced in

the radio frames to be compressed, in positions corresponding to the first bits of the radio frames. They will be removed
in a later stage of the multiplexing chain to create the actual gap. Additional puncturing has been performed in the rate
matching step, over the TTI containing the compressed radio frame, to create room for these p-bits. The following
subclause describes this feature.

4251 Insertion of marked bits in the sequence to be input in first interleaver

In normal mode, compressed mode by higher layer scheduling, and compressed mode by spreading factor reduction:
Xk—Zk-and-X=2 Xk = ZxandX; =7,

In case of compressed mode by puncturing and fixed positions, segueqngavhich will be input to first interleaver

for TrChH i and TTIm within largest TTI, is built from bitg, xz ., k=1, ~...,7;, plus NQT;'aTNp may DItS

marked p anc = Z+ Np' 5 Np™™ ., as is described thereafter.

p,T;'aTNp " max IS defined in the Rate Matching subclause 4.2.7.

Plf(x}) defines the inter column permutation function for a TTI of lefigfh *10ms, as defined in Tablea®oven
section 4.2.5.2P1g f(x}) is the Bit Reversal function of x on lg§;~i) bits.

NOTE 1: C[x], x= 0 toFF — 1 the number of bits p which have to be inserted in each ¢ftheegments of the
TTI, where x is the column number before permutati@njn each column of the first interleaver.

C[P1x(x)] is equal toNpImEEc X Np* max fOr X equal 0 td~Fi —1 for fixed positions . It is noted

Np™ ** Np*, in the following initialisation step.

NOTE 2: cbi[x], x=0 toF;Fi — 1, the counter of the number of bits p inserted in each ¢ffheegments of the
TTI, i.e. in each column of the first interleavers the column number before permutation.

col =
while col <F; do -- here col is the column number after column permutation
C[P1 (col] = Np™F** g, _initialisation of number of bits p to be inserted in each ofthe
segments of the TTHumbem
chi[P 1 (col)] =0 — --initialisation of counter of number of bits p inserted in each oFthesegments
of the TTI
col=col +1
end do
n=0,m=0
while n <X-X;_do -- from here col is the column number before column permutation

col=nmodF;

if cbi[col] < C[Pz{coh] do

¥a Xin= P -- insert one p bit
cbi[col] = chi[col]+1 -- update counter of number of bits p inserted
else -- no more p bit to insert in this segment

3GPP



(Release 1999) 21 3G TS 25.212 v3.2.0. (2000-03)

Kip—ZimXin = Z.m
m = m+1

endif

n=n+l

enddo

4.25.2 1% interleaver operation

The Tinterleaving is a block interleaver with inter-column permutations. The input bit sequenceYdantieeldaver is
denoted byX; 1, X 5, X 3., X x XXz Xgr—¥x» Wherei is TrCH number ani; the number of bits (at this

stageX; is assumed and guaranteed to be an integer multiple of TTI). The output bit sequence is derived as follows:
(1) Select the number of columfde, from table 3.
(2) Determine the number of row&slR, defined as:
RIR =X/ CIX/C,
(3) Write the input bit sequence into théR-X C1C, rectangular matrix row by row starting with b ; in the
first column of the first row and ending with Bt ¢ 1.c1) X rey In columnCIE, of row R1R:

O X X2 Xi3 o X O
0 H
O Xi,(Cl+1) Xi,(Cl+2) Xi,(Cl+3) Xi,(2><Cl) O
0 : . : : 0
[] [
Qﬂ' ((RI-1)xC1+1) X ((RI-1)xC1+2) X ((RI-D)xC1+3) =+ X (RIXC1) E
0 X X2 X3 e %, O

[l [l

(] Xi,(C| +1) Xi,(C, +2) Xi,(CI +3) e Xi,(ZC,) (]

] : : . : 0

[]

[
B<i (R -1C, +1) Xi,((R| -1)C, +2) Xi,((R| -1)C,+3) °*° Xl (RC)) E

(4) Perform the inter-column permutation based on the pai@l'al(j)>ju{o,1,“.,c1—1} P HP-=0:1—-C-1)shown

in table 3, wher@1., P(j) is the original column position of tfi¢h permuted column. After permutation of the
columns, the bits are denoted Yay:

Dyi,1 Yiruey  Yirin "'yi,((Cl—l)xR1+1)BDyi1 yi,(R|+1) yi,(2R|+1) "'yi,((C,—l)R,+1)B

[Piz2 Yirri2)  Yixri2) "'yi,((Cl—l)xR1+2)|:| iz Yiwr+2 Yier+2 --~yi,((c|—1)R,+2)D

0 : : : : 00: : : O
0] 00 0
Birt Yiery Yiery - Yiewxny OFr 0 Yier)  Yier) o Yicr) O
(5) Read the output bit sequeny;, Yi5, Yiss---» Vi (cxry Yirr Yizr Yz Yicry Of the f'interleaving column

by column from the inter-column permutBdR, X C1C, matrix. Bit Y; ; corresponds to the first row of the first

column and bity; ry.cyy Yirey corresponds to rowlR, of columnCic,.
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Table 3
TTI Number of columns C1¢, Inter-column permutation patterns
<P1(0), ..., P1(C1-1)>

10 ms 1 <{0}>

20 ms 2 <{0,1}>

40 ms 4 <{0,2,1,3}>

80 ms 8 <{0,4,2,6,1,5,3,7}>
4.25.3 Relation between input and output of 1% interleaving in uplink

The bits input to the®linterleaving are denoted H}{l’ti,Z ’ti,3" .. ’ti,Ti bttt ,tiTi , Wherei is the TrCH

number and; the number of bits. Henc&—=-+y-Z x = txandX =T,

The bits output from the™linterleaving are denoted dX’,l’di,Z’di,S""’di,‘l'i d,.d,. di3,...,diTi , anddy—="Y d «

=VYik
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4.2.7 Rate matching

Rate matching means that bits on a transport channel are repeated or punctured. Higher layers assign a rate-matching
attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer
signalling. The rate-matching attribute is used when the number of bits to be repeated or punctured is calculated.

The number of bits on a transport channel can vary between different transmission time intervals. In the downlink the
transmission is interrupted if the number of bits is lower than maximum. When the number of bits between different
transmission time intervals in uplink is changed, bits are repeated or punctured to ensure that the total bit rate after
TrCH multiplexing is identical to the total channel bit rate of the allocated dedicated physical channels.

If no bits are input to the rate matching for all TrCHs within a CCTrCH, the rate matching shall output no bits for all
TrCHs within the CCTrCH and no uplink DPDCH will be selected in the case of uplink rate matching.

Notation used in subcaluse 4.2.7 and subclauses:

N;j: For uplink: Number of bits in a radio frame before rate matching on Tr@th transport format
combination .

For downlink: An intermediate calculation variable (not an integer but a multiple of 1/8).

NiT,|T| N Number of bits in a transmission time interval before rate matching on fn@H transport format

Used in downlink only.

ANU AI\% For uplink: If positive - number of bits that should be repeated in each radio frame on WiGH

transport format combinatign

If negative - number of bits that should be punctured in each radio frame on Wi@tHtransport format
combination.

For downlink : An intermediate calculation variable (not an integer but a multiple of 1/8).

ANiTJT' ANT™:  If positive - number of bits to be repeated in each transmission time interval ori Wi@H
transport forma.

If negative - number of bits to be punctured in each transmission time interval on Wi@Hransport
formatjl.

Used in downlink only.

TTI,m

Np|,| N, m=0 to(Fmax/ F) - 1 :Positive or null: number of bits to be removed in TTI nuntbexithin

the largest TTI, to create the required gaps in the compressed radio frames of this TTI, in case of
compressed mode by puncturing, for BirQO with transport formalt In case of fixed positions and
compressed mode by puncturing, this value is nolbénTrTn'a)T Np- " maxsince it is calculated for all

TrChH with their maximum number of bits; thus it is the same for all TFCs

Used in downlink only.

Np,rfI Np"i1 n=0 to Fnax-1:Positive or null: number of bits, in radio frame numbevithin the largest TTI,

corresponding to the gap for compressed mode in this radio frame, fori WifiHtransport formalt The
value will be null for thein-compresseradio framesiot overlapping with a transmission gém case of

fixed positions and compressed mode by puncturing, this value is hh])ﬁgaxl\lp”m since it is

calculated for all Tr@Hs with their maximum number of bits; thus it is the same for all TFCs
Used in downlink only.

Nraufk} Nrai[K], k=0 toF—% Frac1 - Positive or null: number of bits in each radio frame corresponding to the gap
for compressed mode for the CCHC
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RM: Semi-static rate matching attribute for transport chanr@gnalled from higher layers.

PL: Puncturing limit for uplink. This value limits the amount of puncturing that can be applied in order to
avoid multicode or to enable the use of a higher spreading factor. Signalled from higher layers.

Nyata,j Total number of bits that are available for the CCTrCH in a radio frame with transport format
combination.

I: Number of TrCHs in the CCTrCH.

Zij: Intermediate calculation variable.

F;: Number of radio frames in the transmission time interval of TrCH
F

max Maximum number of radio frames in a transmission time interval used in the CCTrCH :

Frax = MaxF,

1<i<|

n;: Radio frame number in the transmission time interval of Tr¢@H n < F).

q: Average puncturing or repetition distance (normalised to only show the remaining rate matching on top of
an integer number of repetitions). Used in uplink only.

1P 1e(ny): Theinverse-interleavingolumn permutatiofunction of the i‘interleaverjlﬁx) is the original position
of column with number x after permutation. P1 is defined on table 3 of section 4(@die2that thé1:

. ntarla a¥a a on dan o-tha intarla a¥a N on 0O ntarla ar) is self-

Hverse “ 9 “ ~ A A o v g ™ o S v
r rate matchindgn uplink only.

inverse).Usedfo

gn] Sty The shift of the puncturing or repetition pattern for radio framehen n = PlFi (ni ) Used in
uplink only. -

TRO)FRG: Transport format of TrCHifor the transport format combinatign
TESi)FFS{H  The set of transport format indexefer TrCH .
TFCS  The set of transport format combination indejxes
€ni Initial value of variables in the rate matching pattern determination algorithm of subclause 4.2.7.5.
€plus Increment of variable in the rate matching pattern determination algorithm of subclause4.2.7.5.
€minus Decrement of variable in the rate matching pattern determination algorithm of subclause 4.2.7.5.
b: Indicates systematic and parity bits

b=1: Systematic bitX(t) in subclause 4.2.3.2.1.

b=2: 1* parity bit (from the upper Turbo constituent encodéf)in subcaluse 4.2.3.2.1.

b=3: 2 parity bit (from the lower Turbo constituent encod#tjt) in subclause 4.2.3.2.1.

The * (star) notation is used to replace an indeshen the indexed variab}, does not depend on the indexn the
left wing of an assignment the meaning is that= Y" is equivalent tofor all x do X, =Y ". In the right wing of an
assignment, the meaning is th&t=X. " is equivalent totake anyxand doY = X,".

The following relations, defined for all THC are used when calculating the rate matching parameters:

Z,,=0
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Nm N ata,% I HD
@\RM g e - ZRM N dataJHD—foralll—l— A1 (1)

O%i 5 ' o
D 2 RM ij |:| ] z RMm[N mj 0
E m=1 E H m=1 H
AN, =2, —Z,; N, | AN =L =Z—=N; foralli=1-..4
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 applied to match the CCTrCH bit rate to the PhCH bit rate. The bit rate of the PhCH(s) is
limited by the UE capability and restrictions imposed by UTRAN, through limitations on the PhCH spreading factor.
The maximum amount of puncturing that can be applied is signalled from higher layers and deRatetheynumber

of available bits in the radio frames of one PhCH for all possible spreading factors is given in [2]. Denote these values
by Nase, Niog Nes, Nao, Nig, Ng, andN,, where the index refers to the spreading factor. The possible number of bits
available to the CCTrCH on all PNCHyate, then arg-NaseNuogNesNaor NugNgr Ny 2N45-3Ni 4N 5N BNH Nose,

Niog Nea, Nao, Nag, Ng, Ny 2XN,, 3XN,, 4%N,, 5xXN4, 6XN,} . Depending on the UE capability and the restrictions from
UTRAN, the allowed set cflya:zNaate, denoted SETO, can be a subseft Bfss, Niog, Noa, Nao, Nig, Ng, Ng 2XNy, 3XN,,

AXNg, 5XNg, 6XNa} FNossNiogrNe 5 No g Mg Ng Ny 2N 3N 4N 5NN Nyara, jfOr the transport format
combination is determined by executing the following algorithm:

SET1 = {Ndatain SETO such that
%}Iﬂ RM Nyata — Z RM, XN, y m@r{w_}’mﬁﬁmﬁ is non negative }

If SET1 is not empty and the smallest element of SET1 requires just one PhCH then

Ndata,j = min SET1
else

SET2 = {Nyaain SETO such that

%]y'ﬂ RM Ny — PLX Z RM, xN, WW%QEMM%,S non

negative }

Sort SET2 in ascending order
Nyatz= Min SET2
While Ny, is not the max of SET2 and the followerNgf,requires no additional PhCH do

Nyata= follower of Nyaia in SET2

End while
Néa&ew;NéatLNmiNm
End if
42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctuf®d;, within one radio frame for each TrGHs calculated with
equation 1 foall possible transport format combinatigrend selected every radio framg.,jis given from
subclause 4.2.7.1.1.
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cm

In compressed mod&\ data]

is replaced bfNg7y, ; in Equation 1.N is given as follows:

data, j
In compressed mode by higher layer schedulNégaj is obtained by executing the algorithm in subclause 4.2.7.1.1

N
but with the number of bits in one radio frame of one PhCH reducef‘—étoof the value in normal mode.

Ny is the number of transmitted slots in a compressed radio frame and is defined by the following relation:
15_TGL, if Nfirst +TGL< 15

N in first frame ifNg + TGL > 15

first

Z
I

30-TGL- Ny, in second frame i + TGL > 15

Niirst andTGL are defined in subclause 4.4.

In compressed mode by spreading factor reductdff;, ; = 2x (Ndat&j - NTGL) Naaar=2Nga—2Nwr
15-N 15-N
— tr N = r N
where Nqg, _Tx Nata,; Nrar = 15 daai

If AN;; = 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm of
subclause 4.2.7.5 does not need to be executed.

If AN;; # 0 the parameters listed in subclauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for deggrneininand
eninus (fegardless if the radio frame is compressed or not).

427121 Uncoded and convolutionally encoded TrCHs

R = AN;—med-N;-AN;; mod N -- note: in this contexhN;; mod N ;AN;—med-N; is in the range dd to Nj;-1 i.e. -1
mod 10 = 9.

if RZ O0and2xR< N;
then g =0ON;N; / -RRO
else
g =0NjNy/ (RR-NijNy) O
endif
-- note:g-g is a signed quantity.
if g is even
then q' = g + gcdf) FiF)/ FiF- -- where ged [@0H=_F;) means greatest common divisofgflandFF
-- note thaty' g' is not an integer, but a multiple of 1/8
else
qa=q
endif
for x = 0 toF; F-1
S[thOxx*xq'0 Omod FiF))-] = (O&*q'0 Odiv FiF)
end for

AN =AN;-AN; = AN;;
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a=2
For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where :
Xi.=Nij., and

€ni_= (axS[PI5(n)]xJAN; | +1) mod (dl;).

Epius = &N
Eminus= aX|AN|
Xi=N~-and
6 = (ASAMBN | +1) mod(aN,).
Sptus—ElB;
Erninus— AHAN;|
puncturing forANAN <O, repetition otherwise.
427122 Turbo encoded TrCHs
If repetition is to be performed on turbo encoded TrCHsSAMN;; >0, the parameters in subclause 4.2.7.1.2.1 are used.

If puncturing is to be performed, the parameters below shall be usedblrgleged to indicate systematis=(),
1% parity (0=2), and 2° parity bit p=3).

a=2 whenb=2
a=1 whenb=3

BN, /2] b=2
AN =L, 20 b=3

If AN; is calculated as 0 fdr=2 orb=3, then the following procedure and the rate matching algorithm of
subclause 4.2.7.5 don't need to be performed for the corresponding parity bit stream.

Xi = ENLJ' /3[|,
q =IX/|AN;| O
if(q < 2)

for xr=0 toF;-1
SE(3%r x+b-1) modF-F}] = %+ mod 2;
end for
else
if gis even

then g q'=gg—gcd@gq, Fi)/ F; -- wheregcd @ g, F;) means greatest common divisorgaf andF;
-- note thaty' g'is not an integer, but a multiple of 1/8

else (=q
endif
for x=0 toF; -1

r = Ox= xxq'Umod¥F, F;;
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Sl (3xr+b-1) modF; Ff] = D xxq'Odiv-F F;;
endfor
endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where:
X; is as above:
&t = (@SSP Le(n)](A)xHBN]| + X) Mod (8%xX), if ey =0 theney = &xXigy-=ad%:
Eplus = AXX;aK

€hminus= _aXmNi@@Nﬂ

4.2.7.2 Determination of rate matching parameters in downlink

For downlinkNyais j does not depend on the transport format combinftigy. - is given by the channelization code(s)
assigned by higher layers. Denote the number of physical channels used for the CCPQig,hyis the number of

bits available to the CCTrCH in one radio frame and defin@dhas=Px15%(45Ngatx+35Ngat2), WhereNgata; andNgatan

are defined in [2]. Note that contrary to the uplink, the same rate matching patterns are used in normal and compressed
mode by spreading factor reduction or higher layer scheduling.

In the following, the total amount of puncturing or repetition for the TTI is calculated.

Additional calculations for compressed mode by puncturing in case of fixed positions are performed to determine this
total amount of rate matching needed.

For compressed mode by puncturing, in TTIls where some compressed radio frames occur, the puncturing is increased
or the repetition is decreased compared to what is calculated according to the rate matching parameters provided by
higher layers. This allows to create room for later insertion of marked bits, noted p-bits, which will identify the

positions of the gaps in the compressed radio frames.

The amount of additional puncturing corresponds to the number of bits to create the gap in the THHar. Tnase
of fixed positions, it is calculated in addition to the amount of rate matching indicated by higher layers. It is noted

TTl,m T
NP max NP e

to be performed on the TT, NpITEaTNP

In fixed positions case, to obtain the total rate matc TT' oMM

imax IS substracted fromAN IT ;'a;n AN (calculated based on higher layers RM parameters as for normal rate
matching). This allows to create room for thlTrTn'a)TNp maxDItS p to be inserted later. If the result is null, i.e. the

amount of repetition matches exactly the amount of additional puncturing needed, then no rate matching is necessary.

In case of compressed mode by puncturing and fixed positions, for some calcuNijignss used for radio frames

with gap instead ofN g, . , where Ndata =P x15x (Ndéltal + Ndataz) N—tPG%N%%N—}ata’ St Tt

N;atal and N;ataz are the number of bits in the data fields of the slot format used for the current compressed mode, i.e.
slot format A or B as defined in [2] corresponding to the Spreading Factor and the number of transmitted slots in use.

The number of bits corresponding to the gapHaeh- TrCH i, in each radio frame of its TTl is calculated using the
number of bits to remove on each Physical Chanrpgl[, where k is the radio frame number in thegestTTI.

For each radio frame k of thergestTTI that is overlapping with a transmission gBlse,[K] is given by the relation:

( .
TGL, N M if Ny + TGL < 15

E data,* 15 data,*

NTGL = <
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15- Nfirst 15- Nfirst N in fi io f fth M
1—5 datar 15 N e+ » in first radio frame of the gap Myt + TGL > 15
TGL-(15- N, . TGL-(15-Njy :
(15 =) X N oo (15 i) Ngawr» in second radio frame of the gapNifs; +
TGL> 15

Niist andTGL are defined in subclause 4.4.

Note that Nrg_[K] = O if radio frame k is notempressenverlapping with a transmission gap

42721 Determination of rate matching parameters for fixed positions of TrCHs
42.7.2.1.1 Calculation of ANmax AN, maxfor normal mode and compressed mode by higher layer

scheduling and spreading factor reduction

First an intermediate calculation variatié « is calculated for all transport channetsy the following formula:

1

N. :ix max N™™ 1 T

b F, oresi) b F, 107Fs() b

In order to compute-Fheemputation-othe ANiTV,TI parameters-then-performed-ifor all TrCHi and all TH, we first

compute an intermediate paramefiéf; .., by the following formula, wheré\N, . is derived fromN,; . by the formula

given at subclause 4.2.7:

AN; oy = F X AN, . AN =F-LAN -
If AN; ;0 = 0- AN =0 then, for TrCHi, the output data of the rate matching is the same as the input data and the

rate matching algorithm of subclause 4.2.7.5 does not need to be executed. In this case we have :
OIOTFS[)ANT =0

If AN, . # 0-AN#0 the parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for

determiningeni, €us andeninus and ANiT,|TI .

42.7.2.1.2 Calculations for compressed mode by puncturing

Calculations ofAN."T"™ AN for all TTI mwithin largest TTI, for all Tr@H i

I,max

First an intermediate calculation varialM, . _is calculated for all transport channktsy the following formula:

N . :ixﬁmax NT'E
b F, orrs(i)
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Then an intermediate calculation variabﬂé\lir} is derived fromN; . by the formula given at subclause 4.2.7, for all

TrCHi and all frames in the largest TTI, from the formula given at subclause 4.2.7 hing when indexn
designates a radio frame of the largest TTI that is not overlapping with a transmission gap, aNi usiimgtead of
Nuata+_. When indexh designate a frame that is overlapping with a transmission gap

In order to compute thn‘.‘*&NTTI '™ parameters for allrCH i, all TF1 and all TTI with numbem in the largest TTI, we

first compute an intermediate paramefN." _ by the following formula ::

i,max

n=(m+1)xF -1
AN |mmax = AN in*
n=;Fi ‘

Calculations of NP, NP e and NPT Np ™77,

Let Np,'jmax Np" ax be the number of bits to eliminate on FtCi to create the gap for compressed mode, in each

radio frame k of the TTI, calculated for the Transport Format Combination ¢HTi,Gn which the number of bits of
TrChH i is at its maximum.

Np mapr .max 1S calculated for each radio frame k of the TTI in the following way.

Intermediate variable for i =1 to | are calculated using the formula (1) in 4.2.7, by replaing.; by N [kn].
Then Np" max NP imax= (Zi—Zy) fori=1tol

The total number of bit$\ QT;'aTNp T max corresponding to the gaps for compressed mode farH i@ the TTI

is calculated as:

n=(m+1)xF, -1

NPmax = > NPy
n=mxF,

NTTI ,cmm
I,max

The amount of rate matchinfy for the highesTrCH bit rate is then computed by the following formula :

TTI cmm _ m Hkm- TTI,m TTHm
ANI max ANI max “Hmax™ p| max NP ima

If AN,TrTn;imm 0.then, for TrCHi, the output data of the rate matching is the same as the input data and the rate

matching algorithm of subclause 4.2.7.5 does not need to be executed.
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If AN/ 7“™™ £ 0, then, for TrCHi, the rate matching algorithm of subclause 4.2.7.5 needs to be executed, and the

parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for detesm@ircandemins and
AN TTI,m
i

4.2.7.2.1.3 Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs

i max

AN; =AN; | AN=AN

For compressed mode by puncturiddy; is defined asAN; = ANiT’;'éim’m, instead of the previous relation.

a=2

N = maxN

TTI
max ores() !

For each transmission time interval of TrChith TF I, the rate-matching pattern is calculated with the algorithm in
subclause 4.2.7.5. The following parameters are used as input:

—_ TTI
Xi - I\Iil
Qni =1
eplus =ax Nmax eplus =al ‘Imax

Crminus = ax|AN||erW=_a_EF&N|—|»

Puncturing if AN, <O, repetition otherwise. The values AN

TTI

i1 may be computed by counting repetitions or

puncturing when the algorithm of subclause 4.2.7.5 is run. The resulting vaIMéiTaf can be represented with
following expression.

NiXXiD NmaxXXiD
AN = NP D )y an = BN
o N 0 0

max N 0 -

max

For compressed mode by puncturing, the above formula prodhlhk?g' ™ instead ofANiTylTI .

42.7.2.1.4 Determination of rate matching parameters for Turbo encoded TrCHs
If repetition is to be performed on turbo encoded TrCHsAN, .. > 0-AN.>0, the parameters in subclause
4.2.7.2.1.3 are used.

If puncturing is to beferformed, the parameters below shall be usedbliglaged to indicate systematiz=(),
1% parity (=2), and 2° parity bit (=3).

a=2 whenb=2
a=1 whenb=3

The bits indicated bip=1 shall not be punctured.
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ANP = AN, . /200 forb=2

BN, /200 forb= o, = ({20 0
! 2[] forb=3

a HﬂNmax/ZD b:3

In Compressed Mode by puncturing, the following relations are used instead of the previous ones:

i,max

I,max I,max

AN 2N = [BN]T™ [2LGANTTEM 5 1 for b=2

AN 2N, = [AN]Tom™ /2 SANTT S 2 1 for p=3

I,max I,max

N _ = max(NTT' /3)

max

For each transmission time interval of TrCtith TF 1, the rate-matching pattern is calculated with the algorithm in
subcaluse 4.2.7.5. The following parameters are used as input:

X, =N/"/3
Qni:Nmax
€ s —axN e ——=aN_-

plus max —plus

Cminus = aX‘ANib‘Wa{P&Ni—P

The values ofANiT,TI may be computed by counting puncturing when the algorithm of subclause 4.2.7.5 is run. The

resulting values oﬂNTTI can be represented with following expression.

ANP[x X, O O ANS [xX, O
AN/ = - +050-0——1—0O
E Nmax E B Nmax E
g BN 20x X 0 D| DN, . /20% X, 0
LN 1 T uu D
O N ax D D N e [

In the above equation, the first term of the right hand side represents the amount of punctbriB@fat the second
term represents the amount of puncturingofe.

For compressed mode by puncturing, the above formula prod\dgs ™ instead of AN/ .
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4292 2" insertion of DTX indication bits

The DTX indication bits inserted in this step shall be placed at the end of the radio frame. Note that the DTX will be
distributed over all slots aftefQinterleaving.

The bits input to the DTX insertion block are denotedshs,, S;,. .., Sg,whereSis the number of bits from TrCH

multiplexing. The number of PhCHs is denoted®gnd the number of bits in one radio frame, including DTX
indication bits, for each PhCH .

N N
* d *
In normal mode R = % =15x (Ndatal + Ndataz)-R%}ENWm, whereNgatz1 andNgagz

are defined in [2].

For compressed Modga « is defined asN .« = PX15X (N, + Nyao) Naamr =P ESN g +15Ngi)-

N;,atal and N('jataz are the number of bits in the data fields of the slot format used for the current compressed mode, i.e.
slot format A or B as defined in [2] corresponding to the Spreading Factor and the number of transmitted slots in use.

In case of compressed mode by puncturing and fixed positions, DTX shall be insertédqtibits, since the exact
room for the gap is already reserved thanks to the earlier insertion of the p-bits. Therefore R is dBfinéthas- /
P.

In compressed mode by SF reduction and by higher layer scheduling, additional DTX shall be inserted if the

transmission time reduction method does not exactly create a transmission gap of thé&-&ésir€d. The number of

bits available to the CCTrCH in one radio frame in compressed mode by SF reduction and by higher layer scheduling is
cm

denoted byN:" ., andR = % . The exact value oN " . is dependent on tHEGL and the transmission time

data, data,*

reduction method, which are signalled from higher layers. For transmission time reduction by SF/2 method in

data* . -
compressed modé\lggt‘a* = ——""_  and for other methods it can be calculateBl§s, . = Ngatar — Ny, - For
every transmission time reduction methblj,.,. = PX15X (N + Nyaar) Naaar = PEN gz 15N g )

whereN,'jatal and N('jataz are the number of bits in the data fields of a slot for slot format A or B as definedizd2].
is the number of bits that are located within the transmission gap and defined as:

( TGL_,.,. TGL,,.

Ex Ndata* W, if Nirst + TGL< 15
- 15-N; 15-Ngo .
Np, = < Tﬁm T et N in first frame ifNg + TGL > 15
TGL-(15-Ngg) . TGL-(15-Ng) . _
L 15 X N gaiar 15 Ngawm- in second frame s + TGL > 15

Nisirst andTGL are defined in subclause 4.4.

NOTE: In compressed mode by SF/2 method DTX is also added in physical channel mapping stage (subclause
4.2.12.2). During® DTX insertion the number of CCTrCH bits is kept the same as in normal mode.

The bits output from the DTX insertion block are denoted!\i;ywz,ws,...,W(PR) . Note that these bits are four

valued in case of compressed mode by puncturing, and three valued otherwise. They are defined by the following
relations:
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W =§ k=1,2,3,...,S
W, =0 k=S+1,S+2, S+3, .kPR
where DTX indication bits are denoted &yHereS, [1{0,1, p}and é [{0,1}.

4.2.10 Physical channel segmentation

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 denoteX] J%,, X,. .., Xy X% %5+7%, where¥-Xis the

number of bits input to the physical channel segmentation block. The number of PhCHs is deRoted by

The bits after physical channel segmentation are denmgpmpz,u Upy wherep is PhCH number and is the

D31
number of bits in one radio frame for each PhCHU=(¥-X - Nyg) / P for compressed mode by puncturing, and

X Y
U = —U=—otherwise. The relation betwedpandUp is given below.
P

For all modes, some bits of the input flow are mapped to each code until the number of bits on théldoBeris

modes other than compressed mode by puncturing, all bits of the input flow are taken to be mapped to the codes. For
compressed mode by puncturing, only the bits of the input flow not corresponding to bits p are taken to be mapped to
the codes, each bit p is removed to ensure creation the gap required by the compressed mode, as described below.

Bits on first PhCH after physical channel segmentation:
Us, k= Xi, k) k=1,2,...,U
Bits on second PhCH after physical channel segmentation:

Up, k= Xi ey K=1,2,...,U

Bits on theP"™ PhCH after physical channel segmentation:
Up, k= Xi fep-1cyy  K=1,2,...,U
wherefis such that :
- for modes other than compressed mode by punctuging, = x; « , i.e. f(k) = k, for allk k.

- for compressed mode by puncturing, Wit corresponds to the bit, with smallest indek when the bits p are
not counted, biti; , corresponds to the bif, with second smallest indéowhen the bits p are not counted, and
so on for bitaly 3 ... Wy, Uz, 1,Uz, 2, Up,vu, . Up 1, Up2,. Upu
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4211 2" interleaving

The 2%interleaving is a block interleaver with inter-column permutations. The bits input t8"inésPleaver are
denotedu pYl,upvz,up@,...,up'U U t—-, Wherep is PhCH number and is the number of bits in one

plr P p27 Hp3r  EpU,

radio frame for one PhCH.

(1) Set the number of colum@®C, = 30. The columns are numbered 0, 1, 2,C2¢.-1 from left to right.
(2) Determine the number of rod&2R; by finding minimum integeR2R; such that:
U < R2xC2R.GC..

(3) The bits input to the”?interleaving are written into the2 X C2R,%-C, rectangular matrix row by row.

O uy, Uy, U, e Upge O
UJ [l
(] up,sl up,32 up,33 te up,60 |
5 . : : g
O] 0
o r2wxzoi)  Upro-pxaor)  Uprz-nxaors) -+ -Upraxao) O
0 Uy U, U o Uy O
O U
] upSl up32 up33 ce quO U]
o . i —
] 0J
o, (rR,-n30+4)  Up(rR,-n30+2)  Up(r,-n30+3  ++-Up,r,30 0

(4) Perform the inter-column permutation based on the p&tteép} P2() {(j = 0, 1, ...,C2C,-1)) that is shown in
table 6, wheré2P,(j) is the original column position of thigh permuted column. After permutation of the

columns, the bits are denoted Y.

OYp1  Yorey Yproay - Ypeorey HOYe  Yor+n  Ypero+n -+ Ypi2or,+n U

O O
We2 Yorey Yowrez) - Ypeerz Yoz Yo(ro+2 Ypro+2 - Yp(29r,+2)[]
0 : : : 0o : : : : O
] (g ]
Hore Ypery Ypery - Ypeorg Ok, Yeir)  Yeery ot Yeesor) O

(5) The output of the™ interleaving is the bit sequence read out column by column from the inter-column permuted
R2 X _C2R,*-C, matrix. The output is pruned by deleting bits that were not present in the input bit sequence,

i.e. bitsypk that corresponds to bitgk with k>U are removed from the output. The bits aft&ridterleaving are
denoted pr,l’Vp,Z""’Vp,U VorVorr——Vou whereVp 1 corresponds to the Bip k with smallest index

after pruningVp 2 to the bitypk with second smallest indéoafter pruning, and so on.

Table 6

Number of column €, C2 Inter-column permutation pattern
< P2(0), P2(1), ...,P2(29) >
<{0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21,
6, 16, 26, 4,14, 24,19,9, 29,12, 2, 7,22, 27, 17>}

30
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4.2 Transport-channel coding/multiplexing

| Data arrives to the coding/multiplexing unit in form of transport block eets 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 subclause 4.2.1);
- transport block concatenation and code block segmentation (see subclause 4.2.2);

- channel coding (see subclause 4.2.3);

radio frame equalisation (see subclause 4.2.4),

- rate matching (see subclause 4.2.7);

- insertion of discontinuous transmission (DTX) indication bits (see subclause 4.2.9);
- interleaving (two steps, see subclauses4.and 4.2.11);

- radio frame segmentation (see subclause 4.2.6);

- multiplexing of transport channels (see subclause 4.2.8);

- physical channel segmentation (see subclause 4.2.10);

- mapping to physical channels (see subclause 4.2.12).

The coding/multiplexing steps for uplink and downlink are shown in figure 1 and figure 2 respectively.

3GPP



3GPP TSG RAN Meeting #8 pocument R1-00-0716
Dusseldorf, Germany, 21-23 June 2000 O oo et o T oo

CHANGE REQUEST  page for nawuctions on how to i i s form correcty
25 212 CR 074r2 Current Version: 3.2.0

GSM (AA.BB) or 3G (AA.BBB) specification number 1t t CR number as allocated by MCC support team
For submission to: TSG RAN #8 for approval | X strategic (for SMG
list expected approval meeting # here for information non-strategic use only)
1

Form: CR cover sheet, version 2 for 3GPP and SMG The latest version of this form is available from: ftp:/ftp.3gpp.org/Information/CR-Form-v2.doc

Proposed change affects: (U)siM |:| ME |:| UTRAN / Radio Core Network |:|
(at least one should be marked with an X)
Source: TSG RANWG1 Date: 23, May 2000
Subject: Bit separation of the Turbo encoded data
Work item: TS 25.212
Category: F Correction Release: Phase 2
A Corresponds to a correction in an earlier release Release 96
(only one category B Addition of feature Release 97
shallbe marked  C  Functional modification of feature Release 98
with an X) D Editorial modification X Release 99 | X
Release 00
Reason for The introductory description of bit separation and subsequent puncturing of Turbo
change: coded data, specifically trellis termination bits is unclear..
Clauses affected: 4.2.7.3,42.73.1,4.2.7.4,42.7.4.1
Other specs Other 3G core specifications - List of CRs: 25.222
affected: Other GSM core - List of CRs:
specifications
MS test specifications - List of CRs:
BSS test specifications - List of CRs:
O&M specifications - List of CRs:
Other
comments:
help.doc

e double-click here for help and instructions on how to create a CR.



4.2.7.3 Bit separation and collection in uplink

The systematic biteexeluding-bitsfortrelisterminatiorf turbo encoded TrCHs shall

not be punctured however, systematic bits for trellis termination may be punctured.

The systematic kst first parity bis, and second parity Bitn the bit sequence input to the

rate matching block are therefore separ&teeh-each-etheinto three sequences, one
sequence containing all of the systematic bits and some systematic, first and second
parity trellis termination bits; the second sequence containing all of the first parity bits

and some systematic, first and second parity trellis termination bits and the third sequence
containing all of the second parity bits and some systematic, first and second parity trellis

termination bitsPuncturing is only applied the-parity-bits-and-systematic bits-used for
trellistermination second and third sequences.

The bit separation function is transparent for uncoded TrCHs, convolutionally encoded
TrCHs, and for turbo encoded TrCHs with repetition. The bit separation and bit
collection are illustrated in figures 6 and 7.

Rate matching

1
E Xiik Yaik i
| |
I 1
I 1
: |
Radio frame i Bit separation Bit . | TrCH
J . . 1 . ! 1 H
segmentatioffik; leh Rate matching y2|h collection | Tik, [ Multiplexing
| algorithm .
| |
: X, Yy |
i _'k> Rate matching _3"(’ i
! algorithm |
| |
: |
......... >

Figure 5: Puncturing of turbo encoded TrCHs in uplink



Rate matching

Radio frame
segmentatio@k

Bit separatiop Bit TrCH
Xaik Vaik | collection ik b Multiplexing

Rate matching
algorithm

____________________________________________________

Figure 6: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHSs, and for turbo
encoded TrCHs with repetition in uplink.

The bit separation is dependent on tfénterleaving and offsets are used to define the
separation for different TTIS.he sequence denoted as b=1 contains all of the systematic
bits and some systematic, first and second parity trellis termination bits; the sequence
denoted as b=2 contains all of the first parity bits and some systematic, first and second
parity trellis termination bits; the sequence denoted as b=3 contains all of the second
parity bits and some systematic, first and second parity trellis terminatiof hogts.

offsetsay, for thethese sequences-systemabel)}-and-parity-bitshE{2,-3p-are listed in
table 4.

Table 4: TTI dependent offset needed for bit separation

TTI (ms) L a; as
10, 40 0 1 2
20, 80 0 2 1

The bit separation is different for different radio frames in the TTI. A second offset is
therefore needed. The radio frame number for Tr&Hlenoted bw. and the offset by

B, -

Table 5: Radio frame dependent offset needed for bit separation

TT1 (ms) Po B B B B Bs B B
10 0 NA NA NA NA NA NA NA
20 0 1 NA NA NA NA NA NA
40 0 1 2 0 NA NA NA NA
80 0 1 2 0 1 2 0 1




42.7.3.1 Bit separation

The bits input to the rate matching are denotes, by, ,€,...,€ , wherei is the TrCH

number and\; is the number of bits input to the rate matching block. Note that the
transport format combination numidor simplicity has been left out in the bit
numbering, i.eNi=N;. The bits after separation are denoteatRyx, ,, Xyis:- - -» Xpix, -

turbo encoded TrCHs with puncturlrtglndlcatesaystemaﬂeﬁpst_pamy—epseeend
parity-bit. the three sequences defined in section 4.21/h& sequence denoted as b=1

contains all of the systematic bits and some systematic, first and second parity trellis
termination bits; the sequence denoted as b=2 contains all of the first parity bits and some
systematic, first and second parity trellis termination bits; the sequence denoted as b=3
contains all of the second parity bits and some systematic, first and second parity trellis
termination bitsFor all other casdsis defined to be 1X; is the number of bits in each
separated bit sequence. The relation betvegemdxyik is given below.

For turbo encoded TrCHs with puncturing:

Xiik = € 3(k-1+1+(a,+ B, ) mod3 k=1,2,3,..X X =
N; /30

X3k = & s ramk k=1, ...,Nymod 3 Note: WhenN; mod
3) = 0 this row is not needed.

Xoik = € 3(k-1+1+(a,+B,, )mod3 k=1,2,3,..% X =[N; /30
X3ik = € 3(k-1)+1+(as+B, ymod3 k=1,2,3,..% X =[N; /30

For uncoded TrCHs, convolutionally encoded TrCHs, and turbo encoded TrCHs with
repetition:
=6, k=1,2,3,..% X = N;
4.2.7.3.2 Bit collection
The bitsxyik are input to the rate matching algorithm described in section 4.2.7.5. The bits

output from the rate matching algorithm are dengtgay,i,, Yyizs---s Yo, -

Bit collection is the inverse function of the separation. The bits after collection are
denoted byz,,,z,,,2;s,---, Zy - After bit collection, the bits indicated as punctured are

removed and the bits are then denoted p¥,,, f;,..., f;, , wherei is the TrCH number

andVi= N;+AN;. The relations betweeniy, zik, andfi are given below.
For turbo encoded TrCHs with puncturi®g=X;):

Z; 3(k-1)+1+(a+f, )mod3 — Y1ik k=1,2,3, ...

Z 3w, 3k = Yuin /3K k=1, ...,Nimod 3 Note: WhenN; mod
3) = 0 this row is not needed.

Zi 3(k-1)+1+(ay+ B, )mod3 — Y2,ik k=1,2,3, ...

4 (k-1 +1+(as+ B )mod3 — Y3,ik k=1,2,3,...Y

After the bit collection, bitg; x with valued, whered[ {0, 1}, are removed from the bit
sequence. Bif 1 corresponds to the kit with smallest indek after puncturing, bif; »
corresponds to the kit, with second smallest indécafter puncturing, and so on.



For uncoded TrCHs, convolutionally encoded TrCHs, and turbo encoded TrCHs with
repetition:
Z, =Yk k=1,2,3, ..

When repetition is usefl,=z x andY;=V..

When puncturing is useli=X; and bitsz x with valued, whered[ {0, 1}, are removed
from the bit sequence. Hi; corresponds to the kit with smallest index after
puncturing, biff , corresponds to the kit with second smallest indéeafter puncturing,
and so on.

4.2.7.4 Bit separation and collection in downlink

The systematic bits of turbo encoded TrCHs shall not be punctured, however, systematic

bits for trellis termination may be punctured. The systematic bits, first parity bits and
second parity bits in the bit sequence input to the rate matching block are therefore
separated into three sequences, one sequence containing all of the systematic bits and
some systematic, first and second parity trellis termination bits; the second sequence
containing all of the first parity bits and some systematic, first and second parity trellis
termination bits and the third sequence containing all of the second parity bits and some
systematic, first and second parity trellis termination bits. Puncturing is only applied to
the second and third sequences.

The bit separation function is transparent for uncoded TrCHs, convolutionally encoded
TrCHs, and for turbo encoded TrCHs with repetition. The bit separation and bit
collection are illustrated in figures 8 and 9.

Rate matching

| |
E Xaik ylik> E
| |
1 1
| |
Channel E Bit separation Bit i |Iinsertion of
coding |G Xzih Rate matchin yzih collection giql DTX
’ ’ algorithm 9 indication ’

algorithm

i é‘ Rate matching ﬂ i

Figure 7: Puncturing of turbo encoded TrCHs in downlink.



Rate matching

Channel Bit separatioh Bit 1% insertion
—» coding  [Ci Xqik Viik_ | collection i DTX
Rate matching P| indication
algorithm

____________________________________________________

Figure 8: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHSs, and for turbo
encoded TrCHs with repetition in downlink.

42.7.4.1 Bit separation

The bits input to the rate matching are denoted, by,,C,...,Cg , Wherei is the TrCH

number and; is the number of bits input to the rate matching block. NoteBhata

multiple of 3 for turbo encoded TrCHs and that the transport format combination number
J for simplicity has been left out in the bit numbering, EeN;. The bits after separation

are denoted b¥,;, X2, Xyias- - -» Xpix, - FOr turbo encoded TrCHs with puncturiibg,

indicatessystematic,first parity—or-second-parity thie three sequences defined in

section 4.2.7.4 For all other casdsis defined to be 1 is the number of bits in each
separated bit sequence. The relation betwegemdxx is given below.
For turbo encoded TrCHs with puncturing:

Xk = Gisk-nn k=1,2,3,..X Xi =
E /3

Xoik = Giak-n+2 k=1,2,3,..X% Xi =E /3
Xzik = Cizk-1+3 k=1,2,3,..X% Xi=E /I3

For uncoded TrCHs, convolutionally encoded TrCHSs, and turbo encoded TrCHs with
repetition:
X =Gy k=1,2,3,..X% Xi = E
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4.2.2.2 Code block segmentation

Segmentation of the bit sequence from transport block concatenation is perfokped fhe code blocks after
segmentation are of the same size. The number of code blocks on iBr@&hoted by, If the number of bits input to
the segmentatiork;, is not a multiple o€, filler bits are added to the beginning of the first bldEkurbo coding is
selected and; < 40, filler bits are added to the beginning of the code bibie& filler bits are transmitted and they are

always set to 0. The maximum code block sizes are:

- convolutional codingZ = 504;
- turbo codingZ = 5114;

- no channel codingZ = unlimited

The bits output from code block segmentation are denote®} b, 5,0, ..., 0y, , Wherei is the TrCH numberr, is

the code block number, aiglis the number of bits.
Number of code block<, = X/ Z[J
Number of bits in each code block:
if X <40 and Turbo coding is used, then
Ki =40
else
Ki= X /GO
end if

Number of filler bitsiY; = CK; - X
4X-<Z-then

O——=0—k=12

i1k A~ T i 3 "'l\F/

fork =1 toY; -- Insertion of filler bits

— 04 =0

end for

'

a) = Y k=V41 V412
Ok AR ARER i+ Yo

for k = Yi+1 toK;

B

— 05 = % (kv)
end for

endHf

HX>Z then

a) = Y k=Vi1 V12 K
Ok AR AR Yi YT 1

r=2 -- Segmentation

whiler <G

fork = 1 toK;
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Release 1999

Oinc = X (e ) K=K

0O bl V4
Sk — N(k+K,—Y) — Yirk

end for
r=r+1l
end while

fa =X k=192 K
Y3k I"v(k+2Ki_Yi) 1< Iy vy T}

k=192 K
< E T = IERLA S

0. il 4
Ock — N(k*(C DK -Y)
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4.3.3 Coding of Transport-Format-Combination Indicator (TFCI)

The TFClbits-arés encoded using a (32, 10) sub-code of the second order Reed-Muller code. The coding procedure is
as shown in figure 9.

TECI (32,10) sub-code of TFCI code
(10 bits) ———m second order — > word
a3 Reed-Muller code by...by,

Figure 9: Channel coding of TFCI information bits

If the TFCI consist of less than 10 bits, it is padded with zeros to 10 bits, by setting the most significant bits to zero. The
length of the TFCI code word is 32 bits.

The code words of the (32,10) sub-code of second order Reed-Muller code are linear combination of 10 basis
sequences. The basis sequences are as in the following table 7.

Table 7: Basis sequences for (32,10) TFCI code

i Mio Mi,1 Mi,2 Mizs Mi,4 Mis Mis | Miz Mis Mi,o
0 1 0 0 0 0 1 0 0 0 0
1 0 1 0 0 0 1 1 0 0 0
2 1 1 0 0 0 1 0 0 0 1
3 0 0 1 0 0 1 1 0 1 1
4 1 0 1 0 0 1 0 0 0 1
5 0 1 1 0 0 1 0 0 1 0
6 1 1 1 0 0 1 0 1 0 0
7 0 0 0 1 0 1 0 1 1 0
8 1 0 0 1 0 1 1 1 1 0
9 0 1 0 1 0 1 1 0 1 1
10 1 1 0 1 0 1 0 0 1 1
11 0 0 1 1 0 1 0 1 1 0
12 1 0 1 1 0 1 0 1 0 1
13 0 1 1 1 0 1 1 0 0 1
14 1 1 1 1 0 1 1 1 1 1
15 1 0 0 0 1 1 1 1 0 0
16 0 1 0 0 1 1 1 1 0 1
17 1 1 0 0 1 1 1 0 1 0
18 0 0 1 0 1 1 0 1 1 1
19 1 0 1 0 1 1 0 1 0 1
20 0 1 1 0 1 1 0 0 1 1
21 1 1 1 0 1 1 0 1 1 1
22 0 0 0 1 1 1 0 1 0 0
23 1 0 0 1 1 1 1 1 0 1
24 0 1 0 1 1 1 1 0 1 0
25 1 1 0 1 1 1 1 0 0 1
26 0 0 1 1 1 1 0 0 1 0
27 1 0 1 1 1 1 1 1 0 0
28 0 1 1 1 1 1 1 1 1 0
29 1 1 1 1 1 1 1 1 1 1
30 0 0 0 0 0 1 0 0 0 0
31 0 0 0 0 1 1 1 0 0 0

Let's define the TFCI information bits ag & , &, &, &, &, &, &, &, & (& is LSB and gis MSB). The TFCI
information bits shall correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer to
reference the TFC of the CCTrCH in the associated DPCH radio frame.

The output code word bits &re given by:

3GPP
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b=3 @xM,)moc2

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

In downlink, when the SF £28 the encoded TFCI code words are repeated yielding 8 encoded TFCI bits per slot in
normal mode and 16 encoded TFCI bits per slot in compressed mode. Mapping of repeated bits to slots is explained in
subclause 4.3.5.

4.3.4  Operation of Transport-Format-Combination Indicator (TFCI) in Split
Mode

If one of the DCH is associated with a DSCH, the TFCI code word may be split in such a way 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 TFClbits-arés encoded using a (16, 5) bi-orthogonal (or first order Reed-Muller) code. The coding procedure is as
shown in figure 10.

TFCI (16.5) TFCI code
(5 bits) » bi-orthgoﬁal code | » word
8y 00814 bg.0,.. by

TFCI (16.5) TFCI code
(5 bits) ’ bi-orthgonal code | ’ word
8)0-+874 by.0s...byy

Figure 10: Channel coding of split mode TFCI  information bits
The code words of the (16,5) bi-orthogonal code are linear combinations of 5 basis sequences as defined in table 8.

Table 8: Basis sequences for (16,5) TFCI code

i Mio Miz Mi,2 Mis Mi,4
0 1 0 0 0 1
1 0 1 0 0 1
2 1 1 0 0 1
3 0 0 1 0 1
4 1 0 1 0 1
5 0 1 1 0 1
6 1 1 1 0 1
7 0 0 0 1 1
8 1 0 0 1 1
9 0 1 0 1 1
10 1 1 0 1 1
11 0 0 1 1 1
12 1 0 1 1 1
13 0 1 1 1 1
14 1 1 1 1 1
15 0 0 0 0 1

| Let's define a first set e FCI information bits asa, &1, &2, &3, & 4(a0iS LSB and @, is MSB). This set of TFCI
information bits shall correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer to
reference the TFC of the DCH CCTrCH in the associated DPCH radio frame.
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Let's define a second set-0FCl information bits as,@, &1, &2, &3, &4(8,0is LSB and a,is MSB). This set of
TFCI information bits shall correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer
to reference the TFC of the associated DSCH CCTrCH in the corresponding PDSCH radio frame.

The output code word bits lare given by:

b2i = ;(al,n>< M i,n) mOdZ; b2i+1 = ;(azynx M i,n) m0d2

whereii =0, ..., 15-4=0;

The output bits are denoted byk =0, 1, 2, ..., 31.
4.3.5 Mapping of TFCI words

4.35.1 Mapping of TFCI word in rer-compressednormal mode

The bits of the code word are directly mapped to the slots of the radio frame. Within a slot the bit with lowés index
transmitted before the bit with higher index. The codeddjtare mapped to the transmitted TFCI bijfsaccording to
the following formula:

by = Biby mod 32
For uplink physical channels regardless of the SF and downlink physical chans#s, #28,k=0, 1, 2, ..., 29.
NOTE:-—Note that this means that bits;; andbs; are not transmitted.
For downlink physical channels whose §E28,k =0, 1, 2, ..., 119. Note that this means thatlyjt® b,; are

transmitted four times and bifs, to bs; are transmitted three times.

4.35.2 Mapping of TFCI word in compressed mode

The mapping of the TFCI bits in compressed mode is different for uplink, downlink withl3& and downlink with
SF< 128.

43521 Uplink compressed mode

For uplink compressed mode, the slot format is changed so that ncd&bits are lost. The different slot formats
in compressed mode do not match the exact number of d#@idbits for all possible TGLs. Repetition of the TFCI
bits is therefore used.

Denote the number of bits available in the TFCI fields of one compressed radio fr@antythe number of bits in

the TFCI field in a slot bjdrecN1ec. Benote-byEthe firstbit-to-be repeatelihe paramete is used to determine the
number of the first TFCI bit to be repeated.

-E = NegeeNrraNsirst N7ecy, if the start of the transmission gap is allocated to the current frame.
E = 0, if the start of the transmission gap is allocated to the previous frame and the end of the transmission gap is
allocated to the current frame.

A Ne#14 - thenk corresponds to-the number-of the first TFCHbitin-the slot directly-after thHENEG.FCI coded bits

b, are mapped to the bits in the TECI fietiisThe following relationshendefine the mappinépr each commssed
frame

ey = Bby o a2
wherek=0, 1, 2, ..., min (31PD-1).
If BD > 32, the remaining positions are filled by repetition (in reversed order):

d@-k-}QM = bé&kab(E_Jrk) mod 32
wherek =0, ...,BD-33.
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43522 Downlink compressed mode

For downlink compressed mode, the slot format is changed so that neddcbits are lost. The different slot

formats in compressed mode do not match the exact number of TFCI bits for all possible TGLs. DTX is therefore used
if the number obits available in th&FCI fieldsin one compressed franexceeds the number of TFCI bitsren from

the slot formatThe block ohits in the TECfields; where DTX is usedstarts on the firstECI field after the

transmissiorgap. If there aréewemore bitsavailable in theTFCI fieldsaftetbeforethetransmissiorgap than

DTXTECI bits,DTX is also used othe bits inthe lastTECI fields beforesf-thetransmissiorgapare-also-filled-with

o

Denote the number of bits available in the TFCI fields of one compressed radio fr@nantythe number of bits in

the TFCI field in a slot bjdreeNrrc. Benote-byE-the firstbit-to-berepeat@tie parametek is used to determine the
position of the first bit in the TECI field on which DTX is used

E=NyseNrror HNger=FGE<15¢else E=0

E = Niirst N7rc, if the start of the transmission gap is allocated to the current frame.
E = 0, if the start of the transmission gap is allocated to the previous frame and the end of the transmission gap is
allocated to the current frame.

o i Clbit in
thesie%d#eeﬂ%a#epmei@enote the total number of TFCI bits to be transmlttewm H§E>4284hemm

32 for slot formatsnA or nB, wheren=10, 1, ..., 11 (see table 11 in [2]). OtherwideeN,,;F = 128.The TFCI coded
bits b, are mapped to the bits in the TFCI fledgj_The following relationghendefine the mappinépr each

compressed frame.:

IfFE>0,
el = By mod 33
wherek=0, 1, 2, ..., minkE, Ny F)-1.-and,
1if EE < N F,
depnielipr = be@g mod 33
wherek = EE, ...,NyF -1.

DTX bits-are-seiis usedond, wherek = min EE, NgF), ..., min EE, NgF) +BD - NgF -1.
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4.2.7 Rate matching

Rate matching means that bits on a transport channel are repeated or punctured. Higher layers assign a rate-matching
attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer
signalling. The rate-matching attribute is used when the number of bits to be repeated or punctured is calculated.

The number of bits on a transport channel can vary between different transmission time intervals. In the downlink the
transmission is interrupted if the number of bits is lower than maximum. When the number of bits between different
transmission time intervals in uplink is changed, bits are repeated or punctured to ensure that the total bit rate after
TrCH multiplexing is identical to the total channel bit rate of the allocated dedicated physical channels.

If no bits are input to the rate matching for all TrCHs within a CCTrCH, the rate matching shall output no bits for all
TrCHs within the CCTrCH and no uplink DPDCH will be selected in the case of uplink rate matching.

Notation used in subcaluse 4.2.7 and subclauses:

N;: For uplink: Number of bits in a radio frame before rate matching on Tr@th transport format
combination .

For downlink: An intermediate calculation variable (not an integer but a multiple of 1/8).

N,™:  Number of bits in a transmission time interval before rate matching on Tn@H transport formak
Used in downlink only.

AN". : For uplink: If positive - number of bits that should be repeated in each radio frame o WitH

transport format combinatign

If negative - number of bits that should be punctured in each radio frame on Wi@tHtransport format
combination.

For downlink : An intermediate calculation variable (not an integer but a multiple of 1/8).

AN;™:  If positive - number of bits to be repeated in each transmission time interval ori Wi@Hransport
format;j.

If negative - number of bits to be punctured in each transmission time interval on Wi@Hransport
format;j.

Used in downlink only.

NpTT" ™1, m=0to R/ F - 1 :Positive or null: number of bits to be removed in TTI nuntbevithin the largest
TTI, to create the required gaps in the compressed radio frames of this TTI, in case of compressed mode
by puncturing, for TrCh with transport formalt In case of fixed positions and compressed mode by
puncturing, this value is notedp . ™ maxSince it is calculated for all TrCh with their maximum number
of bits; thus it is the same for all TFCs

Used in downlink only.

Np"i n=0 to Fax-1:Positive or null: number of bits, in radio frame numberithin the largest TTI,
corresponding to the gap for compressed mode in this radio frame, fori itHtransport format The
value will be null for the un-compressed radio frames. In case of fixed positions and compressed mode by
puncturing, this value is notédb"; 1ax Since it is calculated for all TrChs with their maximum number of
bits; thus it is the same for all TFCs

Used in downlink only.

Nrc[K], k=0 to F; -1 : Positive or null: number of bits in each radio frame corresponding to the gap for compressed
mode for the CCTrCh.

RM: Semi-static rate matching attribute for transport chani@natied-frenRM, is provided byhigher
layersor takes a value as indicated in section 4.2.13
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Puncturing limit for uplink. This value limits the amount of puncturing that can be applied in order to
avoid multicode or to enable the use of a higher spreading factor. Signalled from higher layers.

Total number of bits that are available for the CCTrCH in a radio frame with transport format
combination.

Number of TrCHs in the CCTrCH.
Intermediate calculation variable.
Number of radio frames in the transmission time interval of TrCH

Maximum number of radio frames in a transmission time interval used in the CCTrCH :

Frax = MaxF,

1<i<|

Radio frame number in the transmission time interval of Tr@H< n < F)).

Average puncturing or repetition distance (normalised to only show the remaining rate matching on top of
an integer number of repetitions). Used in uplink only.

The inverse interleaving function of th& ihterleaver (note that the inverse interleaving function is
identical to the interleaving function itself for thdibterleaver). Used in uplink only.

The shift of the puncturing or repetition pattern for radio framesed in uplink only.

Transport format of TrCHifor the transport format combinatipn

The set of transport format indexe®r TrCH .

The set of transport format combination indexes

Initial value of variables in the rate matching pattern determination algorithm of subclause 4.2.7.5.
Increment of variable in the rate matching pattern determination algorithm of subclause4.2.7.5.
Decrement of variable in the rate matching pattern determination algorithm of subclause 4.2.7.5.
Indicates systematic and parity bits

b=1: Systematic bitX(t) in subclause 4.2.3.2.1.

b=2: 1* parity bit (from the upper Turbo constituent encodéf)in subcaluse 4.2.3.2.1.

b=3: 2" parity bit (from the lower Turbo constituent encod¥tit) in subclause 4.2.3.2.1.

The * (star) notation is used to replace an inkleshen the indexed variab¥, does not depend on the indexn the
left wing of an assignment the meaning is th&t=Y" is equivalent tofor all x do X, =Y ". In the right wing of an
assignment, the meaning is th&t=X. " is equivalent totake anyxand doY = X,".

The following relations, defined for all THC are used when calculating the rate matching parameters:

Z,, =0

i HB
:%“;RMmENm" @i foralli = 1 .| (1)
Zij E I S
E mZ:lRMmEij E
ANy =Z, =Z,,; = N; foralli=1..1
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4.2.13 Restrictions on different types of CCTrCHs

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

4.2.13.1 Uplink Dedicated channel (DCH)

The maximum value of the number of TrCHs a CCTrCH, the maximum value of the number of transport bleicks
on each transport channel, and the maximum value of the number of DRD&EIgiven from the UE capability class.

4.2.13.2 Random Access Channel (RACH)

- There can only be one TrCH in each RACH CCTrCH |&&, & = ficandS=V,.

- The maximum value of the number of transport blddk®n the transport channel is given from the UE
capability class.

- The transmission time interval is either 10 ms or 20 ms.
- Only one PRACH is used, i.B=1, Uk =S, andU =S.

- The Static rate matching parame®v, is not provided by higher layer signalling the System information as
the other transport channel parameters. Any value may be used as there is one transport channel in the
CCTrCH, hence one transport channel per Transport Format Combination and no need to do any balancing
between multiple transport channels.

4.2.13.3 Common Packet Channel (CPCH)

- The maximum value of the number of TrCHs a CCTrCH, the maximum value of the number of transport
blocksM; on each transport channel, and the maximum value of the number of DFFD&ZEIgiven from the
UE capability class.

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

4.2.13.4 Downlink Dedicated Channel (DCH)

The maximum value of the number of TrCHs a CCTrCH, the maximum value of the number of transport bleigks
on each transport channel, and the maximum value of the number of DAFD&ZEIgiven from the UE capability class.

4.2.13.5 Downlink Shared Channel (DSCH) associated with a DCH
- The spreading factor is indicated with the TFCI or with higher layer signalling on DCH.

- The maximum value of the number of TrCHs a CCTrCH, the maximum value of the number of transport
blocks M, on the transport channel and the maximum value of the number of P& Elgiven from the UE
capability class.

4.2.13.6 Broadcast channel (BCH)

- There can only be one TrCH in the BCH CCTrCH, lid., S = fik, andS=V;,.
- There can only be one transport block in each transmission time intervel, &el.

- ~—All transport format attributes have predefined valugsch are provided in [11] apart from the rate

matchingRM,.
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- __The Static rate matching parameR, is not provided by higher layer signallingither fixed. Any value may
be used as there is one transport channel in the CCTrCH, hence one transport channel per Transport Format
Combination and no need to do any balancing between multiple transport channels.

- Only one primary CCPCH is used, iR=1.

4.2.13.7 Forward access and paging channels (FACH and PCH)

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

- The transmission time interval for TrCHs of PCH type is always 10 ms.

- Only one secondary CCPCH is used per CCTrCHP=4.

4.2.14 Multiplexing of different transport channels into one CCTrCH, and
mapping of one CCTrCH onto physical channels

The following rules shall apply to the different transport channels which are part of the same CCTrCH:

1) Transport channels multiplexed into one CCTrCh shall have co-ordinated timings. When the TFCS of a
CCTrCH is changed because one or more transport channels are added to the CCTrCH or reconfigured within
the CCTrCH, or removed from the CCTrCH, the change may only be made at the start of a radio frame with
CFN fulfilling the relation

CFN mod F,2x= 0,

where F, denotes the maximum number of radio frames within the transmission time intervals of all transport
channels which are multiplexed into the same CCTrCH, including any transport chiasmiels are added,
reconfigured or have been removed, and CFN denotes the connection frame number of the first radio frame of
the changed CCTrCH.

After addition or reconfiguration of a transport charingithin a CCTrCH, the TTI of transport chanmnehay
only start in radio frames with CFN fulfilling the relation:

CFN mod F=0.
2) Only transport channels with the same active set can be mapped onto the same CCTrCH.
3) Different CCTrCHs cannot be mapped onto the same PhCH.
4) One CCTrCH shall be mapped onto one or several PhCHs. These physical channels shall all have the same SF.
5) Dedicated Transport channels and common transport channels cannot be multiplexed into the same CCTrCH.
6) For the common transport channels, only the FACH and PCH may belong to the same CCTrCH.
There are hence two types of CCTrCH:
1) CCTrCH of dedicated type, corresponding to the result of coding and multiplexing of one or several DCHs.

2) CCTrCH of common type, corresponding to the result of the coding and multiplexing of a common channel,
RACH in the uplink, DSCH ,BCH, or FACH/PCH for the downlink.

42141 Allowed CCTrCH combinations for one UE

42.14.1.1 Allowed CCTrCH combinations on the uplink
A maximum of one CCTrCH is allowed for one UE on the uplink. It can be either:
1) one CCTrCH of dedicated type;

2) one CCTrCH of common type.
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42.14.1.2 Allowed CCTrCH combinations on the downlink

The following CCTrCH combinations for one UE are allowed:

x CCTrCH of dedicated type + y CCTrCH of common typeThe allowed combination of CCTrCHs of dedicated
and common type are given from UE radio access capabilities. There can be a maximum on one CCTrCH of
common type for DSCH and a maximum of one CCTrCH of common type for FACH. With one CCTrCH of
common type for DSCH, there shall be at least one CCTrCH of dedicated type.

NOTE 1: There is only one DPCCH in the uplink, hence one TPC bits flow on the uplink to control possibly the
different DPDCHs on the downlink, part of the same or several CCTrCHs.

NOTE 2: There is only one DPCCH in the downlink, even with multiple CCTrCHs. With multiple CCTrCHs, the
DPCCH is transmitted on one of the physical channels of that CCTrCH which has the smallest SF among
the multiple CCTrCHs. Thus there is only one TPC command flow and only one TFCI word in downlink

even with multiple CCTrCHs.
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4.3.1 Blind transport format detection

When no TFCI is available then explicit blind detection or guided detection shall be performed on all TrCHs within the
CCTrCH that have more than one transport format. The UE shall only be required to support blind transport format
detection if all of the following restrictions are fulfilled:

1. only one CCTrCH is received by the UE.

2. 2-the number of CCTrCH bits received per radio frame is 600 or less;
3. 2-the number of transport format combinations of the CCTrCH is 64 or less;

4. 3-fixed positions of the transport channels is used on the CCTrCH to be detected;

5. 4-convolutional coding is used on alkplicitelyexplicitly detected TrCHs;

6. 5-CRC is appended to all transport blocks oregfilicitelyexplicitly detected TrCHs;

7. 6-the number obxplicitelyexplicitly detected TrCHs is 3 or less;

8. #for all explicitelyexplicitly detected TrCH§ the number of code blocks in one TT|)(€hall not exceed 1;
9. 8-the sum of the transport format set sizes oéglilicitelyexplicitly detected TrCHs, is 16 or less. The

transport format set size is defined as the number of transport formats within the transport format set;

10. 9-there is at least one TrCH that can be used as the guiding transport channel for all transport channels using
guided detection.

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

3GPP



3GPP TSG RAN Meeting #8
Dusseldorf, Germany, 21-23 June 2000

Document

R1-00-0741

e.g. for 3GPP use the format TP-99xxx
or for SMG, use the format P-99-xxx

Please see embedded help file at the bottom of this
C H AN G E R EQ U EST page for instructions on how to fill in this form correctly.

25.212 CR 081 Current Version: 3.2.0
GSM (AA.BB) or 3G (AA.BBB) specification number 1 t CR number as allocated by MCC support team
For submission to: TSG RAN#8 for approval | X strategic (for SMG
list expected approval meeting # here t for information non-strateg ic use only)

Form: CR cover sheet, version 2 for 3GPP and SMG The latest version of this form is available from:

ftp://ftp.3gpp.org/Information/CR-Form-v2.doc

Proposed change affects: (U)SIM |:| ME UTRAN / Radio Core Network |:|

(at least one should be marked with an X)

Source: TSG RANWG1 Date: 19" May 200
Subject: Correction of order of checking TFC during flexible position RM parameter
determination
Work item: TS 25.212
Category: F Correction Release: Phase 2
A Corresponds to a correction in an earlier release Release 96
(only one B Addition of feature Release 97
category
shall be marked  C  Functional modification of feature Release 98
with an X) D Editorial modification Release 99 X
Release 00
Reason for The results of the parameter determination algorithm depends on the order in which the TFC are
change: considered.
Clauses affected: 427221
Other specs Other 3G core specifications - List of CRs:
affected: Other GSM core - List of CRs:
specifications
MS test specifications - List of CRs:
BSS test specifications - List of CRs:
O&M specifications - List of CRs:
Other

comments:



Release 1999 31 3GPP TS 25.212 v3.2.0 (2000-03)

42.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

427221 Calculations for normal mode, compressed mode by higher layer scheduling, and
compressed mode by spreading factor reduction

First an intermediate calculation variaHN;j is calculated for all transport channietnd all transport format
combinationg by the following formula:

_1 ™I
N;; = E (Ni 1, (5
I
Then rate matching ratid®F are calculated for each the transport chanimebrder to minimise the number of DTX
bits when the bit rate of the CCTrCH is maximum. Rigratios are defined by the following formula:

N .
R FI - data, ER M

(RMEN )

JDTFCS

The computation oﬂNiTlT' parameters is then performed in two phases. In a first phase, tentative temporary values of

ANiTlT' are computed, and in the second phase they are checked and corrected. The first phase, byRiseabibthe

ensures that the number of DTX indication bits inserted is minimum when the CCTrCH bit rate is maximum, but it does
not ensure that the maximum CCTrCH bit rate is not greateNfan. per 10ms. The latter condition is ensured
through the checking and possible corrections carried out in the second phase.

At the end of the second phase, the latest valu’éNflT' is the definitive value.

TTI

The first phase defines the tentative temporAN for all transport channéland any of its transport formiaby use

of the following formula:

g 0

TTI D TTI D
AN‘T‘TI_F‘@'SIM N F = Ndata ERM [NM D_NTITI

i k58 F ey RMAN -

The second phase is defined by the following algorithm:

for all J in TFCSin ascending order of TF@o --forall TFC

=1 NTTI +ANIT_'|I_"I: 0

D= Z i, TF; (

if D>N.. , then

-- CCTrCH bit rate (bits per 10ms) for THC

data,
fori =1 tol do -- for all TrCH
AN = F [AN; - AN ; is derived fromN, ; by the formula given at subclause 4.2.7.

i
if ANIT-lT,I: () > AN then
™m o
AN e, ) = AN
end-if

end-for
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end-if

end-for

If ANiT,T' =0 then, for TrCHi at TFI, the output data of the rate matching is the same as the input data and the rate
matching algorithm of subclause 4.2.7.5 does not need to be executed.

If ANiTJT' # 0 the parameters listed in subclauses 4.2.7.2.2.2 and 4.2.7.2.2.3 shall be used for detgfnaniggnd
€hminus
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423232 Intra-row and inter-row permutations

After the bits-input to th&X C rectangular matrix, the intra-row and inter-row permutatfonsheRX C rectangular
matrix are performed by using the following algorithm.

Q) Select a primitive root from table 2.
(2 Construct the base seques(g for intra-row permutation as:
s(i) = [v x g(i - 1)] modp, i=1,2,..., p-2)., ands(0) =
3) Letgo = 1 be the first prime integer i}, and select the consecutive minimum prime integegs(f = 1, 2, ...,R

- 1) such that:

g.c.d{g, p-1} =1, g > 6, andg > .1,
where g.c.d. is greatest common divisor.

(4) Permute ¢} to make {r;} such that
rrp=0,1=0,1, ...R-1,

: w—andl(j) (1=0,1,2, ...R-1)is the inter-row
permutation pattern defined as the one of the following four kind of patkeapsPat, Pat andPat4 depending on the
number of input bit«.

[Pat, if (40<K <159

Cpat, if (160< K < 200)

at, if (201< K < 480)

if (481< K <530

FH{T0),T@®).T@)....T(R-1} = gatl if (531< K < 2280

[hat, if (2281< K < 2480
a?atl if (2481< K < 3160
CPat, if (3161< K <3210
FPat, if (3211< K <5114

wherePat;, Pab, Pat; andPat, have the following patterns respectively.
Pat: {19, 9, 14,4,0, 2,5, 7, 12, 18, 10, 8, 13, 17, 3, 1, 16, 6, 15, 11}
Pat: {19, 9, 14,4,0, 2,5, 7, 12, 18, 16, 13, 17, 15, 3, 1, 6, 11, 8, 10}
Pat; {9, 8,7,6,5,4,3,2,1,0}
Pay: {4, 3,2, 1, 0}
(5) Perform thg-th =0, 1, 2, ...,R- 1) intra-row permutation as:
if (C =p) then
Ui(i) =s([ixrmod(p- 1)), i=0,1,2,...,0-2)., andJj(p-1)=0
whereU(i) is the input bit position dgtth output after the permutation jeth row.
end if
if (C=p+1)then
Ui() =s([ixrJmod(p - 1)), i=0,1,2,..,6-2)., Up-1) =0, andJ;(p) =p,
whereU(i) is the input bit position dtth output after the permutation jeth row, and
if (K=C X R) then
ExchangéJg.1(p) with Ug.1(0).
end if
end if



if (C=p-1)then

Uj(i) =s(lixrmod(p-1))-1, i=0,1,2,...,8-2),

whereUj(i) is the input bit position dtth output after the permutation jeth row.
end if

(6) Perform the inter-row permutation based on the patig@yryj =0, 1, 2, ...R- 1),
whereT(j) is the original row position of theth permuted row.

Table 2: Table of prime p and associated primitive root v

p v p v p v p V P v
7 3 47 5 101 2 157 5 223 3
11 2 53 2 103 5 163 2 227 2
13 2 59 2 107 2 167 5 229 6
17 3 61 2 109 6 173 2 233 3
19 2 67 2 113 3 179 2 239 7
23 5 71 7 127 3 181 2 241 7
29 2 73 5 131 2 191 19 251 6
31 3 79 3 137 3 193 5 257 3
37 2 83 2 139 2 197 2
41 6 89 3 149 2 199 3
43 3 97 5 151 6 211 2
4.2.3.2.3.3 Bits-output from rectangular matrix with pruning

After intra-row and inter-row permutations, the bits of the permuted rectangular matrix are dengted by
Ly YRy Yera) - Y(cara U
2 YR Yer) - Y(care) 0

0 O
B'r Y YR - Yer O

The output of the Turbo code internal interleaver is the bit sequence read out column by column from the intra-row and
inter-row permutedR x C matrix starting with bit/; in row 0 of column 0 and ending with lgigg in rowR - 1 of column
C-1. The output is pruned by deleting bits that were not present in the input bit sequencey'i.thdiitsorresponds to

bits xx with k > K are removed from the output. The bits output from Turbo code internal interleaver are denitet,by
..., Xk, wherex'; corresponds to the hif with smallest indek after pruningx’, to the bity', with second smallest indéx
after pruning, and so on. The number of bits output from Turbo code internal interleégwrdshe total number of pruned
bits is:

R X C-K.
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Release 1999 37 3G TS 25.212 V3.2.0 (2000-03)

42.7.4.1 Bit separation

The bits input to the rate matching are denoted f;,,C;3,...,Cg , wherei is the TrCH number anf is the
number of bits input to the rate matching block. Note Eha a multiple of 3 for turbo encoded TrCHs and that the
transport formatembination-rumbei for simplicity has been left out in the bit numbering, EeN; Ni,TTI . The bits

after separation are denotedXyy, X5, Xpizs- - -1 Xpix, - FOr turbo encoded TrCHs with puncturibgndicates

systematic, first parity, or second parity bit. For all other chseslefined to be 1IX is the number of bits in each
separated bit sequence. The relation betv@gesndXyik is given below.

For turbo encoded TrCHs with puncturing:

Xl,i,k = Ci,3(k—l)+1 k= 1, 2, 3, ,X| Xi = Ei /3
Xk = Ciaeyez k=1,2,3,...% X =E /3
Xaik = Ciakenyes k=1,23,...% X =E /3

For uncoded TrCHSs, convolutionally encoded TrCHSs, and turbo encoded TrCHs with repetition:

Xik =Gy k=1,2,3,..X% X = E

42.7.4.2 Bit collection

The bitsXyik are input to the rate matching algorithm described in section 4.2.7.5. The bits output from the rate
matching algorithm are denotdt}y, Ypio» Yoizs- -1 Yoiv -

Bit collection is the inverse function of the separation. The bits after collection are dendigd, By, Z3,..., Z;y, -
After bit collection, the bits indicated as punctured are removed and the bits are then de@pted;byJ;s, ..., Jig,

wherei is the TrCH number an@;= N; Ni,TTI +AN; AN”TTI . The relations betwe&ik, Zvik, andgik are given below.

For turbo encoded TrCHs with puncturifg=X;):

i sk-1a = Yiik k=1,2,3,..%
Z sk-+2 = Yoik k=1,2,3, ..
4 sk-1+3 = Yaik k=1,2,3, ...

After the bit collection, bit& x with valued, whered{0, 1}, are removed from the bit sequence. Gji corresponds

to the bitz x with smallest indek after puncturing, bigj 2 corresponds to the It with second smallest inddoafter
puncturing, and so on.

For uncoded TrCHSs, convolutionally encoded TrCHSs, and turbo encoded TrCHs with repetition:

Z,=Yux k=1,2,3, ..y

When repetition is used) k=7 x andY;=G;.

When puncturing is useti=X; and bitsz x with valued, whered[X0, 1}, are removed from the bit sequence. Gii

corresponds to the ik with smallest index after puncturing, bi)i > corresponds to the ik with second smallest
indexk after puncturing, and so on.
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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 applied to match the CCTrCH bit rate to the PhCH bit rate. The bit rate of the PhCH(s) is
limited by the UE capability and restrictions imposed by UTRAN, through limitations on the PhCH spreading factor.
The maximum amount of puncturing that can be applied is signalled from higher layers and deRatetheynumber

of available bits in the radio frames of one PhCH for all possible spreading factors is given in [2]. Denote these values
by Naose, Niog Nes Nao, Nig, Ng, andN,, where the index refers to the spreading factor. The possible number of bits
available to the CCTrCH on all PhCH¥y,i,, then arg Nase, Niog, Nea, Nao, Nig, Ng, Ni 2Ny, 3Ny, 4N, 5Ny, 6N}

For a RACH CCTrCH SETO represents the sé¥gf, values allowed by the UTRAN, as set by the minimum SF
provided by higher layers. SETO may be a sub-sefN3fd Nioq Nsa, N3p}. SETO does not take into account the UE’s

capability.

For other CCTrCHs, SETO denotes the seN@;,avalues allowed bv the UTRAN and supported by the UE, as part of
the UE’s capability- F

SETQ can be a Subset ONZS& leg, N64, N32, N161 Ng N4 2N4 3N4 4N4 5N4 6N4}

Nyata, jfOr the transport format combinatipis determined by executing the following algorithm:

SET1 = {Ngawin SETO such tha{?JEI{RMy}D\'data - Z RMxINy j is non negative }
-l x=1

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

SET2 = {Ngawin SETO such tha; Lnyigl{RM y}ENdata -PL Dz RMxINy j is non negative }
0T x=1

Sort SET2 in ascending order

Nyatz= Min SET2

While Ny, is not the max of SET2 and the followerNgf,,requires no additional PhCH do
Nyata= follower of Nyt in SET2

End while
Ndata,j: Naata
End if

For a RACH CCTrCH, iNga; is not part of the UE’s capability then the TE€annot be used.
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