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This CR contains two methods for introducing downlink compressed mode by puncturing.

25212-CRO031 is based on 25212-CR019 that was presented in the previous WG1 meeting in Dresden. This method was
described in TSGR1#09(99)L 33 and combines puncturing and rate matching over aTTI. The CR in this document
introduces a new version with some clarifications and generalizations in notation.

25212-CR032 is another way of doing compressed mode by puncturing. In this case, rate matching is not done over the
whole TTI but the TTI is segmented into frames. In this context, radio frame equalization is done also in downlink in
order to facilitate even splitting of the datainto frames. After individual rate matching steps the frames F; are again
joined into one TTI and 1% multiplexing, radio frame segmentation and the rest of the process is done asin CR031.
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by the first method, i.e. over the TTI. The other method is presented as an alternative; it does not have the problem with
QoS balance with different length TTls that was pointed out as a problem with the first method in the Dresden meeting.
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1 Scope

The present document describes the characteristics of the Layer 1 multiplexing and channel coding in the FDD mode of
UTRA.

2 References

The following documents contain provisions which, through reference in thistext, congtitute provisions of the present
document.

References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

For a specific reference, subsequent revisions do not apply.

For a non-specific reference, the latest version applies.

[1] 3G TS 25.201: "Physica layer — General Description”

[2] 3G TS 25.211: "Physical channels and mapping of transport channels onto physical channels
(FDD)"

[3] 3G TS 25.213: " Spreading and modulation (FDD)"

4] 3G TS 25.214: "Physical layer procedures (FDD)"

[5] 3G TS 25.215: "Measurements (FDD)"

[6] 3G TS 25.221: "Physical channels and mapping of transport channels onto physical channels
(TDD)"

[7] 3G TS 25.222: "Multiplexing and channel coding (TDD)"

(8] 3G TS 25.223: " Spreading and modulation (TDD)"

[9] 3G TS 25.224: "Physical layer procedures (TDD)"

[10] 3G TS 25.225: "Measurements (TDD)"

[11] 3G TS 25.302: "Services Provided by the Physical Layer"

[12] 3G TS 25.402: "Synchronisation in UTRAN, Stage 2"

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.

TG: Transmission Gap is consecutive empty slots that have been obtained with a transmission time reduction method.
The transmission gap can be contained in one or two consecutive radio frames.

TGL: Transmission Gap Length is the number of consecutive empty dots that have been obtained with atransmission
time reduction method. 0 £TGLE 14.

TrCH number: Transport channel number representsa TrCH ID assigned to L1 by L2. Transport channels are
multiplexed to the CCTrCH in the ascending order of these IDs.
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é Z, . Thesumis calculated over those z for which f belongs to a specified group C. In this specification CM is
fic™m
used to represent a set of frames with different TGLs. Within the set CM, individual members of a property z are
enumerated by f.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

éeu round towards ¥, i.e. integer such that x £ é&xu < x+1

éad round towards -¥, i.e. integer such that x-1 < &a £ x

(oo} absolute value of x

Nfirst Thefirst dot inthe TG.

Njast Thelast dotinthe TG. N« is either adot in the same radio frame as Ni,« Or aslot in theradio

frame immediately following the dot that contains Ng.

Unless otherwise is explicitly stated when the symbol is used, the meaning of the following symbolsis:

i TrCH number

j TFC number

k Bit number

| TF number

m Transport block number

n Radio frame number of TrCH i.

p PhCH number

r Code block number

| Number of TrCHsinaCCTrCH.

C Number of code blocksin one TTI of TrCH i.

Fi Number of radio framesinone TTI of TrCH i.

Fui Number of uncompressed radio frames within one TTI of TrCH i when compressed mode
by puncturing is employed.

Fi Number of compressed radio frames of type f within one TTI of TrCH i when compressed mode
by puncturing is employed.

Hi Maximum number of bitsin aradio framefor any TrCH i.

Hui Maximum number of bitsin an uncompressed radio frame withinaTTI for any TrCH i when
compressed mode by puncturing is employed.

Hi Maximum number of bitsin a compressed radio frame of typef withinaTTI for any TrCH i when
compressed mode by puncturing is employed.

M Number of transport blocksin one TTI of TrCH i.

P Number of PhCHs used for one CCTrCH.

PL Puncturing Limit for the uplink. Signalled from higher layers

RM; Rate Matching attribute for TrCH i. Signalled from higher layers.

Temporary variables, i.e. variables used in several (sub)sections with different meaning.
X, X

y, Y
z,Z

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ARQ Automatic Repeat Request

BCH Broadcast Channel

BER Bit Error Rate

BLER Block Error Rate

BS Base Station

CCPCH Common Control Physical Channel
CCTrCH Coded Composite Transport Channel
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CRC Cyclic Redundancy Code
DCH Dedicated Channel
DL Downlink (Forward link)
DPCH Dedicated Physical Channel
DPCCH Dedicated Physical Control Channel
DPDCH Dedicated Physical Data Channel
DS-CDMA Direct-Sequence Code Division Multiple Access
DSCH Downlink Shared Channel
DTX Discontinuous Transmission
FACH Forward Access Channel
FDD Frequency Division Duplex
FER Frame Error Rate
GF Galois Field
MAC Medium Access Control
Mcps Mega Chip Per Second
MS Mobile Station
OVSF Orthogona Variable Spreading Factor (codes)
PCCC Parallel Concatenated Convolutional Code
PCH Paging Channel
PRACH Physical Random Access Channel
PhCH Physical Channel
RACH Random Access Channel
RSC Recursive Systematic Convolutional Coder
RX Receive
SCH Synchronisation Channel
SF Spreading Factor
SFN System Frame Number
SIR Signal-to-Interference Ratio
SNR Signal to Noise Ratio
TF Transport Format
TFC Transport Format Combination
TFCI Transport Format Combination | ndicator
TPC Transmit Power Control
TrCH Transport Channel
TTI Transmission Time Interval
TX Transmit
UL Uplink (Reverse link)
4 Multiplexing, channel coding and interleaving

4.1 General

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

4.2 Transport-channel coding/multiplexing

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

The following coding/multiplexing steps can be identified:

- Add CRC to each transport block (see section 4.2.1)

- Transport block concatenation and code block segmentation (see section 4.2.2)

- Channel coding (see section 4.2.3)

3GPP
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Rate matching (see section 4.2.7)

Insertion of discontinuous transmission (DTX) indication bits (see section 4.2.9)
Interleaving (two steps, see sections 4.2.4 and 4.2.11)

Radio frame segmentation (see section 4.2.6)

Multiplexing of transport channels (see section 4.2.8)

Physical channel segmentation (see section 4.2.10)

Mapping to physical channels (see section 4.2.12)

TS 3G 25.212V3.1.0 (1999-12)

The coding/multiplexing steps for uplink and downlink are shown in figure 1 and figure 2 respectively.
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Figure 1: Transport channel multiplexing structure for uplink
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Table 2: Table of prime p and associated primitive root

P Jo P Jo P Jo P Jo P Jo
17 3 59 2 103 5 157 5 211 2
19 2 61 2 107 2 163 2 223 3
23 5 67 2 109 6 167 5 227 2
29 2 71 7 113 3 173 2 229 6
31 3 73 5 127 3 179 2 233 3
37 2 79 3 131 2 181 2 239 7
41 6 83 2 137 3 191 19 241 7
43 3 89 3 139 2 193 5 251 6
47 5 97 5 149 2 197 2 257 3
53 2 101 2 151 6 199 3
4.2.3.2.3.2 Definition of number of pruning bits

The output of the mother interleaver is pruned by deleting the I-bitsin order to adjust the mother interleaver to the block
length K, where the deleted bits are non-existent bits in the input sequence. The pruning bits number | is defined as:

I=R" C-K,

where R is the row number and C is the column number defined in section 4.2.3.2.3.1.

4.2.4 Radio frame size equalisation

Radio frame size equalisation is padding the input bit sequence in order to ensure that the output can be segmented in F;
data segments of same size as described in section 4.1.6. Radio frame size equalisation is only performed in the UL (DL
rate matching output block length is always an integer multiple of ;)

The input bit sequence to the radio frame size equalisation is denoted by C;, G5, G3, . .., G, , where i is TrCH number

and E; the number of bits. The output bit sequence is denoted by t;;, t;,, tj5,... , iz , where T; is the number of bits. The
output bit sequence is derived as follows:

tx=cyfork=1... E and

ti={0| 1} fork=E +1... T,,if E < T,
where

T=F*N and

N, = dEi - 1)/|:i (j+1 isthe number of bits per segment after size equalisation.

425  1%interleaving

The 1% interleaving is a block interleaver with inter-column permutations. The input bit sequence to the 1% interleaver is
denoted by X1, X2, X3, -1 X, » Wherei is TrCH number and X; the number of bits (at this stage X; is assumed and
guaranteed to be an integer multiple of TTI).

Note: When compressed mode by puncturing is used, input bit sequence length X; is not necessarily an integer
multiple of F;.

-The output bit sequenceis derived as follows:

(1) Select the number of columns C, from table 3.
(2) Determine the number of rows R, defined as

R, = &Xi/Cu
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(3) Write the input bit sequenceintothe R~ C, rectangular matrix row by row starting with bit X, inthe

first column of the first row and ending with bit Xi,(R|C|) in column C, of row R;:

X (c,+1) X (c,+2) X+ - Xic)

& X X Xs o X
e
é
€

(e ey enly en Y end

é
K (r-nc+)  X(Rr-no+ Xr-n+3) - Xire)l

(4) Perform the inter-column permutation based on the pattern { P; (j)} (j=0,1, ..., C-1) shown in table 3, where Py(j)
isthe original column position of the j-th permuted column. After permutation of the columns, the bits are

denoted by Vi
€Y1 Yir«y Yiers - Yic-nrenU
e u
g¥ie Yir+ Yier+ --Yic-or+2(
é: : : : U
e u
&r  Yier)y Yier) - Yier) 0

(5) Read the output bit sequence Y;;, ¥i5, Yizs---» ¥ic r) Of the 1% interleaving column by column from the inter-

column permuted R~ C, matrix. Bit Y, , corresponds to the first row of the first column and bit Yi(rc))

correspondsto row R, of column C,. In downlink, for TTIs using compressed mode by puncturing, the output is

pruned by deleting bits that were not present in the input bit sequence, i.e. bits Vi that corresponds to bits Xk
with k>X; are removed from the output.

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}
4251 Relation between input and output of 1%t interleaving in uplink

The bitsinput to the 1% interleaving are denoted by t;,, t;,, tis, . . ., tir , wherei isthe TrCH number and T; the number
of bits. Hence, Xk = tikand X; = T,.

The bits output from the 1% interleaving are denoted by d;;, d;,, d 3, ..., i , and dik = Yik.

4.2.5.2 Relation between input and output of 1% interleaving in downlink

If fixed positions of the TrCHsin aradio frame is used then the bits input to the 1% interleaving are denoted by
N1, N2.Ns,- . Ny ) Wherei isthe TrCH number. Hence, Xk = hikand X; = FiH;. When compressed mode by

puncturingisused, X; = F H; + é FoHqi.
ficm

If flexible positions of the TrCHs in aradio frame is used then the bits input to the 1% interleaving are denoted by
0i1:9i2:Gizr- -+ Gig, » Wherei isthe TrCH number. Hence, Xk = hikand X = G

3GPP 19
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The bits output from the 1% interleaving are denoted by G, ,, G- - - i, » Wherei isthe TrCH number and Q isthe

number of bits. Hence, Gk = Yik, Qi = FiH; if fixed positions are used, and Q; = G; if flexible positions are used. When

. . o]
compressed mode by puncturing isemployed, Q, =F,;H ., + a F;;H;; .
fTcm

4.2.6 Radio frame segmentation

When the transmission time interval is longer than 10 ms, the input bit sequence is segmented and mapped onto
consecutive radio frames. Following rate matching in the DL and radio frame size equalisation in the UL the input bit
sequence length is guaranteed to be an integer multiple of F;.

4.2.6.1 Radio frame segmentation in case that compressed mode by puncturing is not
used

Theinput bit sequenceis denoted by X;, X5, X3,..., Xx Wherei isthe TrCH number and X; isthe number bits. The Fi

output bit sequences per TTI are denoted by Y, 1, Yin2s Yinar---» ¥iny Whereniistheradio frame number in current
TTIl and Y, is the number of bits per radio frame for TrCH i. The output sequences are defined as follows:

yi,nik = Xi,((ni-l)wi)+k , =02 F-1, k=1..,

where

Y = (X / F) isthe number of bits per segment,

X, isthe kK™ bit of the input bit sequence and

Yink isthe k™ hit of the output bit sequence corresponding to the n radio frame

The n; -th segment is mapped to the n; -th radio frame of the transmission time interval.

4.2.6.2 Radio frame segmentation in compressed mode by puncturing

Note: When compressed mode by puncturing is used, input bit sequence length is not necessarily an integer multiple
of Fi. A TTI contains frames that do not have a TG and/or frames that havea TG.

In the case of compressed mode by puncturing in downlink, different numbers of bits are mapped to the frames n; of the
TTI of TrCH i depending on whether thereis a transmission gap or not in frame n;. The frames n; that do not contain a
transmission gap are mapped full of input bits X according to the calculations in section 4.2.7.2. Frames with a
transmission gap are mapped with the rest of remaining X bitsfor TrCH i. In section 4.2.7.2 it is made sure that by
completely filling the frames without a transmission gap, along enough transmission gap is left for the framesin
compressed mode.

The input bit sequence is denoted by X, ,% 5, 3,..., % x, Wherei isthe TrCH number and X; is the number of bits.

The F,; output bit sequences per TTI to be mapped into frames without a TG are denoted by
Yin1 Yin 2t Yinare- o1 Yiny,, Wheren isthe radio frame number in current TTI and Y, is the number of bits per radio

frame for TrCH i. For frames with different TGs fl CM within the TTI the Fy; output bit sequences per TTI to be
mapped into frames with a TGL z are denoted by Y; 1,1, ¥i n 21 Yinas-++» Yiny,, Wheren is the redio frame number in

current TTI and Y;; is the number of bits per radio frame for TrCH i. Thus, the output sequences are defined as follows.

i Y,=0
Yink =X g1 s : Y., =Y, ,k=L1.Y,, if radioframen =mhasnoTG
@ Iy, =Y,,,k=1.Y,, ifradioframen =mhasaTGof z, Sots
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where

Ym is the number of bits per segment,

X% isthek™ bit of the input bit sequence and

— VYinkisthe k™ bit of the output bit sequence corresponding to the n™ radio frame

The n; -th segment is mapped to the n; -th radio frame of the transmission time interval.

4.2.6.31 Relation between input and output of the radio frame segmentation block in
uplink
The input bit sequence to the radio frame segmentation is denoted by d,y,d;,,d;s, ..., iy , wherei isthe TrCH

number and T; the number of bits. Hence, Xk = dixand X = T..

The output bit sequence corresponding radio framen; is denoted by €,,6,,83,...,8y , wherei isthe TrCH number

and N; is the number of bits. Hence, € , =Y, ,, and N, = Y.

4.2.6.42 Relation between input and output of the radio frame segmentation block in
downlink

The bitsinput to the radio frame segmentation are denoted by G, Cf5, G- .., Gq , Wherei isthe TrCH number and Q
the number of bits. Hence, Xk = Qik and X; = Q..

The output bit sequence corresponding to radio frame ny isdenoted by f;, f.,, fis,..., fi\,i , wherei isthe TrCH

number and V; is the number of bits. Hence, f;, = Yinkand Vi =Y.

In downlink compressed mode by puncturing, the output bit sequence corresponding to radio frame n; that does not have
aTGisdenotedby f;, fi,, fiz,..., fiy, . wherei isthe TrCH number and V,,; is the number of bits. Hence,

fi= Yi.nk @d Vy; = Y. The output bit sequence corresponding to radio frame n; that hasaTGL of z is denoted by

fis iy figseoos fiy L wherei is the TrCH number and V;; is the number of bits. Hence, f;\ =Y, \, and Vi = Y.

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 bitsto be repeated or punctured is calculated.
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4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ngy.; does not depend on the transport format combination j. Ngaa+ iS given by the channelization code(s)
assigned by higher layers.

For compressed mode by puncturing N 4 isreplaced by Ngiy, . in determining rate matching parameters. NG, . is

given from the following relation:

Nggt]a* = Ndata,* - I\ITGL
[ TGL )
1—5 Ndata,* ,If NLQ £ 15
_ 15- N.
Ny, = < 1—5m N gaga » in first frame if Ny« + TGL > 15
TGL- (15- N first)
\ 15 data + - 1N Second frame if Ni.¢ + TGL > 15
If first frame and second frame belong to the same TTI, the TGL is combined for cal culation purposes in sections
TGL
427.21and4.2.7.2.2,i.e. NTGL = 1—5 Ndata,* .

Niir¢ @nd TGL are defined in section 4.4.

42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable Ni’* iscalculated for al transport channelsi by the following formula:

N,. =2« max N
' F irTFs(i)

The computation of the DN:’_,rI parameters is then performed in for al TrCH i and all TF | by the following formula,
where DN; . isderived from N; . by the formulagiven at section 4.2.7:

DN, = F, XON, .

When compressed mode by puncturing is employed, DN:;” is re-calculated for each transport channel. Let frames with

different TGLs make aset CM. Let y; be the number of frames with a transmission gap of z dots. Now, recalculate
DN:rI for all TrCH i by using Ngi, . for frameswith a TGL of z slotsinstead of N . . Now the amount of rate

data,*

matching for a TTI in compressed mode is written as DNn:;:(’f for frames with aTGL of z slots. Finally, the total
amount of rate matching is calculated as follows:

g

DN eiaeg‘?m NJT -+ DN/ o O = é T+ Q ’g—‘m N+ DN O yf%- max N
Fé 1TFS() % by 6 i1 om STTFS() : e o EH NTFS()

> (‘D)
-0

('m)

If DN, = O then, for TrCH i, the output data of the rate matching is the same as the input data and the rate matching
algorithm of section 4.2.7.5 does not need to be executed. In this case we have :
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"1T TFS(i)DNT' =0

If DN, 1 O the parameterslisted in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be used for determining e, €yus, and
em'nus-

427.21.1 Uncoded and convolutionally encoded TrCHs
DN; =DN, .,
a=2
N _ = max NI
max g TFaSX(i) il

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

X; =N;"

€, =1

€oius = XN
€rinus = AXDN;|

Puncturing if DN, < O, repetition otherwise. The values of DN,T,r ' may be computed by counting repetitions or
puncturing when the algorithm of section 4.2.7.5isrun.

427212 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. DN, > 0, the parametersin section 4.2.7.2.1.1 are
used.

If puncturing is to be performed, the parameters below shall be used. Index b is used to indicate systematic (b=1), 1%
parity (b=2), and 2™ parity bit (b=3).

a=2 when b=2
a=1whenb=3
The bitsindicated by b=1 shall not be punctured.
_iéDNmax/Zﬁ, b=2
. —I R
" TN, /20, b=3

N _ = max)(Ni‘,'rI /3)

max i TRs(i

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

X, =N;"/3
Qni = Nmax
epIus :ameax

3GPP
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€

minus =a %DI\II |
The values of DN,T,r ' may be computed by counting repetitions or puncturing when the algorithm of section 4.2.7.5 is
run.

42.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

First an intermediate calculation variable Nij iscalculated for al transport channelsi and all transport format
combinations| by the following formula:

N . = i N T

ij F i,TF ()

Then rate matching ratios RF; are calculated for each the transport channel i in order to minimise the number of DTX
bits when the bit rate of the CCTrCH is maximum. The RF; ratios are defined by the following formula:

RF = i=||\|dala'* RM;
[o]
max (RMi XNi'j)

jl FCs 7,

The computation of DN:’_,rI parameters is then performed in two phases. In afirst phase, tentative temporary values of

DN:’_,rI are computed, and in the second phase they are checked and corrected. The first phase, by use of the RF; ratios,

ensures that the number of DTX indication bitsinserted is minimum when the CCTrCH bit rate is maximum, but it does
not ensure that the maximum CCTrCH bit rate is not greater than Nz ». 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 value of DN,'[" is the definitive value.

The first phase defines the tentative temporary DN:’_,rI for al transport channel i and any of its transport format | by use
of the following formula:

éRF. XN U
DNi-T—I - Fi g i F il - N|T|I'|
é i a

The second phase is defined by the following algorithm:
foral j inTFCSdo -- for al TFC

-- CCTrCH bit rate (bits per 10ms) for TFC |

fori=1tol do -- for al TrCH

DN =F, >DN, -- DN; ; isderived from N, ; by the formulagiven at section 4.2.7.
if DN/t (;) > DN then
DN/, (j) = DN

end-if
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end-for
end-if
end-for

NOTE: The order in which the transport format combinations are checked does not change the final result.

When compressed mode by puncturing is employed, DN:;rI is re-calculated for each transport channel. Let frames with

different TGLs make aset C. Let v be the number of frames with a transmission gap of z slots. Now, recalculate
DN,TrI for all TrCH i by using Ngi, . for frameswitrh a TGL of z Slotsinstead of N Now the amount of rate

data,* -

matching for a TTI in compressed mode is written as DN,TT”F(f ;) for frameswith a TGL of z slots. Finally, the total

amount of rate matching is calculated as follows:

> (D>
=

DI\I'l_l'l -

iTF ())

i

d.l
gNlTF +DNI'|TI_|"|:ﬂ0fma| gF - a. yf _+ a. (NI-ITI'FII:(J) DNITI'FII::J)) yf @ NII'FII:(J)

ficm ficm

o
M

If DN:’_,r ' =0 then, for TrCH i a TF 1, the output data of the rate matching is the same as the input data and the rate
matching algorithm of section 4.2.7.5 does not need to be executed.

If DN:;rI 1 0 the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining &, €yus, and
em'nus-

427221 Uncoded and convolutionally encoded TrCHs
DN, = DNiTrI
a=2

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

X, =N™
€ =1

€ius =axN’
Eninus = A4DN|

puncturing for DN, <O, repetition otherwise.

427222 Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHs, i.e. DNi]_r ' >0, the parametersin section 4.2.7.2.2.1 are
used.

If puncturing is to be performed, the parameters below shall be used. Index b is used to indicate systematic (b=1), 1%
parity (b=2), and 2™ parity bit (b=3).

a=2 when b=2

a=1lwhenb=3
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else
e=gy -- initial error between current and desired puncturing ratio
m=1 -- index of current bit

dowhilem <= X;

€=e—Enns -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit X m

e=e+ gy -- updateerror
end do
m=m+ 1 -- next hit
end do
end if

A repeated bit is placed directly after the original one.

4.2.8 TrCH multiplexing

Every 10 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing. These radio frames are serialy
multiplexed into a coded composite transport channel (CCTrCH).

The bitsinput to the TrCH multiplexing are denoted by f,, fi,, fis,..., fiy, , wherei isthe TrCH number and V; isthe
number of bitsin the radio frame of TrCH i. The number of TrCHs s denoted by I. The bits output from TrCH
multiplexing are denoted by S, S,,S;,..., Sg, Where Sis the number of hits, i.e. S= é \/I . The TrCH multiplexing is

defined by the following relations:

s =f, k=12 ...V,
S( = fZ,(k-Vl) k= V1+ 1, V1+2, . V1+V2

S = f3,(k-(\/1+V2)) k= (Vi+Vo)+1, (Vi Vo)+2, ..., (Vi+Vo)+Vs

Se = Flgeqov, ey, K= (VikVot VL, (Vik Vot 4 V)+2, o (Vi Vot L+ Vi)+Y,

4.2.9 Insertion of discontinuous transmission (DTX) indication bits
In the downlink, DTX isused to fill up the radio frame with bits. The insertion point of DTX indication bits depends on
whether fixed or flexible positions of the TrCHs in the radio frame are used. It is up to the UTRAN to decide for each

CCTrCH whether fixed or flexible positions are used during the connection. DTX indication bits only indicate when the
transmission should be turned off, they are not transmitted.

4.29.1 1% insertion of DTX indication bits

This step of inserting DTX indication bitsis used only if the positions of the TrCHs in the radio frame are fixed. With
fixed position scheme a fixed number of bitsis reserved for each TrCH in the radio frame.
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4.2.9.1.1 Insertion of DTX in case that compressed mode by puncturing is not used

The bits from rate matching are denoted by )1, §;5, 9;5,- - -, Jig, - Where G; isthe number of bitsin one TTI of TrCH i.

Denote the number of bitsin oneradio frame of TrCH i by H;. In normal or compressed mode by spreading factor
reduction, H; is constant and corresponds to the maximum number of bits from TrCH i in one radio frame for any
transport format of TrCH i. In compressed mode by higher layer scheduling, only a subset of the TFC Set is allowed.
From this subset it is possible to derive which TFs on each TrCH that are allowed. The maximum number of bits

> (D
X

belonging to one TTI of TrCH i for the allowed TFs s denoted by X;. H; isthen calculated as H, = L, where F; is

D>
)
o e e

I
the number of radio framesinaTTI of TrCH i. The bits output from the DTX insertion are denoted

by N1, NsNase - R ) - Note that these bits are three valued. They are defined by the following relations:
h =0, k=123, ..,G
h, =d k=G+1,G+2,G+3,..,FH

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

4.2.9.1.2 Insertion of DTX during compressed mode by puncturing

When compressed mode by puncturing is employed, insertion of DTX indication bits proceeds as follows:

The bits from rate matching are denoted by )y, 95, 9i3:- - -+ Jig, . Where G is the number of bitsin one TTI of TrCH i.

Denote the number of bits reserved for one radio frame of TrCH i without a TG by H;, i.e. the maximum number of bits
in aradio frame for any transport format of TrCH i. The number of radio frameswithin a TTI of TrCH i without TGsis
denoted by F,,;. For different TGsfl CM, denote the number of bits reserved for one radio frame of TrCH i with a TGL
of z dots by Hy,, i.e. the maximum number of bitsin a compressed radio frame for any transport format of TrCH i. The
number of radio framesina TTI of TrCH i witha TGL of z dotsis denoted by Fy;. The bits output from the DTX

insertion are denoted by Y, 5 Mg by (o 3 F, H, ) —Note that these bits are three valued. They are defined
i i fillf.i

u,l’tu,l
ficm

by the following relations:

h, =0, k=123 ..G

he =d_k=G+1,G+2,G+3, ... FyH.+ @ F; H,
fic™m

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

4.2.9.2 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 after 2™ interleaving.

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

multiplexing. The number of PhCHsis denoted by P and the number of bits in one radio frame, including DTX
indication bits, for each PhCH by U. The number of available bits on the PhCH is denoted by Ny and
Nyata=15Ngata1+15Ngataz, Where Ngara1 and Nyaiaz are defined in [25.211]. In normal mode U=Ngg.. N compressed mode
Nyata 1S changed from the value in normal node. The exact value of Ngq, iS dependent on the TGL and the transmission
time reduction method, which are signalled from higher layers. The number of bits that are located within the
transmission gap is denoted Nyg_ and defined as.

[ TGL

—N if Nir¢ + TGL £ 15

data’

‘ N, = <
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15- Nfirst N

15 data 1N first frameif Nj.g + TGL > 15

TGL- (15- N first)
Ndata '
15
Nsir¢ and TGL are defined in Section 4.4.

in second frame if Ny, + TGL > 15

In compressed mode U=Ngyata-NroL .

The bits output from the DTX insertion block are denoted by W, , W, , W, ... Wipy) - Note that these bits are
threevalued. They are defined by the following relations:

W, =S k=1,23..,5S
W, =d k=S, S+2,S+3, ..., PU

where DTX indication bits are denoted by d. Here S 1 {0,1}and d T {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 denoted by X, X,, X;,..., X, , where Y is the number of bits input to the
physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted Upgs UposUpsse e Uy where p is PhCH number and U isthe

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

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

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

Bits on the P" PhCH after physical channel segmentation:

U = Xpopoguy K=1,2,...,U

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

The bitsinput to the physical ssgmentation aredenoted by S, S,,S;,...,Sg . Hence, Xk = Skand Y= 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 by W, W,, W, ..., Wy - Hence, Xk = Wi and Y = PU.

3GPP 35



TS 3G 25.212 version 3.1.0 8 TS 3G 25.212V3.1.0 (1999-12)

3GPP/SMG Meeting #10 Document R1-00015
Beijing, China, 18-21 Jan 2000 O NG, e e o B0k

C H A N G E R E Q U E ST E:gzsfeofierfs'[errsl]ctii)dndsegnhﬁtl)r\)/\/ﬂtlce) :Itl tizetht?g tftgrmnw(z:fgrr:iesctly.
25.212 CR 032 Current Version: V3.1.0

GSM (AA.BB) or 3G (AA.BBB) specification number - - CR number as allocated by MCC support team
For submission to: RAN #7 for approval | X strategic (for SMG
list expected approval meeting # here for information non-strategic 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: wsm[_ ] ME UTRAN / Radio Core Network [ |

(at least one should be marked with an X)

Source: Nokia Date: Jan 12, 2000
Subject: Further methods for compressed mode by puncturing (II)
Work item:
Cateqgory: F Correction Release: Phase 2

A Corresponds to a correction in an earlier release Release 96
(only one category B Addition of feature X Release 97
shall be marked C Functional modification of feature Release 98
with an X) D Editorial modification Release 99 | X

Release 00

Reason for Description of compressed mode Method A for downlink is not adequately described in
change: TS 25.212. This text proposal explains how multiplexing chain is modified in order to

support Method A.

Clauses affected: 3.1,3.2,4.2,42.4,425,4.26,42.7.2,49

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:

3GPP 8



TS 3G 25.212 version 3.1.0 6 TS 3G 25.212V3.1.0 (1999-12)

1 Scope

The present document describes the characteristics of the Layer 1 multiplexing and channel coding in the FDD mode of
UTRA.

2 References

The following documents contain provisions which, through reference in thistext, congtitute provisions of the present
document.

References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

For a specific reference, subsequent revisions do not apply.

For a non-specific reference, the latest version applies.

[1] 3G TS 25.201: "Physica layer — General Description”

[2] 3G TS 25.211: "Physical channels and mapping of transport channels onto physical channels
(FDD)"

[3] 3G TS 25.213: " Spreading and modulation (FDD)"

4] 3G TS 25.214: "Physical layer procedures (FDD)"

[5] 3G TS 25.215: "Measurements (FDD)"

[6] 3G TS 25.221: "Physical channels and mapping of transport channels onto physical channels
(TDD)"

[7 3G TS 25.222: "Multiplexing and channel coding (TDD)"

[8] 3G TS 25.223: " Spreading and modulation (TDD)"

[9] 3G TS 25.224: "Physical layer procedures (TDD)"

[10] 3G TS 25.225: "Measurements (TDD)"

[11] 3G TS 25.302: "Services Provided by the Physical Layer"

[12] 3G TS 25.402: "Synchronisation in UTRAN, Stage 2"

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.

TG: Transmission Gap is consecutive empty slots that have been obtained with a transmission time reduction method.
The transmission gap can be contained in one or two consecutive radio frames.

TGL: Transmission Gap Length is the number of consecutive empty dots that have been obtained with atransmission
time reduction method. 0 £TGLE 14.

TrCH number: Transport channel number representsa TrCH ID assigned to L1 by L2. Transport channels are
multiplexed to the CCTrCH in the ascending order of these IDs.
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é Z, . Thesum s calculated over those z for which f belongs to a specified group C. In this specification CM is
fic™m
used to represent a set of frames with different TGLs. Within the set CM, individual members of a property zare
enumerated by f.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

éxu round towards ¥, i.e. integer such that x £ é&u < x+1

éxa round towards -¥, i.e. integer such that x-1 < & £ X

(oo} absolute value of x

Nfirst Thefirst dot inthe TG.

Njast Thelast dotinthe TG. N« is either adot in the same radio frame as Ni,« Or aslot in theradio

frame immediately following the dot that contains Ng.

Unless otherwise is explicitly stated when the symbol is used, the meaning of the following symbolsis:

i TrCH number

j TFC number

k Bit number

| TF number

m Transport block number

n Radio frame number of TrCH i.

p PhCH number

r Code block number

| Number of TrCHsinaCCTrCH.

C Number of code blocksin one TTI of TrCH i.

Fi Number of radio framesinone TTI of TrCH i.

Fui Number of uncompressed radio frames within one TTI of TrCH i when compressed mode
by puncturing is employed.

Fi Number of compressed radio frames of type f within one TTI of TrCH i when compressed mode
by puncturing is employed.

Hi Maximum number of bitsin aradio frame for any TrCH i.

Hui Maximum number of bitsin an uncompressed radio frame within a TTI for any TrCH i when
compressed mode by puncturing is employed.

Hi Maximum number of bitsin a compressed radio frame of typef withinaTTI for any TrCH i when
compressed mode by puncturing is employed.

M Number of transport blocksin one TTI of TrCH i.

P Number of PhCHs used for one CCTrCH.

PL Puncturing Limit for the uplink. Signalled from higher layers

RM; Rate Matching attribute for TrCH i. Signalled from higher layers.

Temporary variables, i.e. variables used in several (sub)sections with different meaning.
X, X

v, Y
z,Z

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ARQ Automatic Repeat Request

BCH Broadcast Channel

BER Bit Error Rate

BLER Block Error Rate

BS Base Station

CCPCH Common Control Physical Channel
CCTrCH Coded Composite Transport Channel
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CRC
DCH
DL
DPCH
DPCCH
DPDCH
DS-CDMA
DSCH
DTX
FACH
FDD
FER
GF
MAC
Mcps
MS
OVSF
PCCC
PCH
PRACH
PhCH
RACH
RSC
RX
SCH

SF

SFN
SIR
SNR
TF
TFC
TFCI
TPC
TrCH
TTI

TX

UL

Cyclic Redundancy Code

Dedicated Channel

Downlink (Forward link)

Dedicated Physical Channel

Dedicated Physical Control Channel
Dedicated Physical Data Channel
Direct-Sequence Code Division Multiple Access
Downlink Shared Channel

Discontinuous Transmission

Forward Access Channel

Frequency Division Duplex

Frame Error Rate

Galois Field

Medium Access Control

Mega Chip Per Second

Mobile Station

Orthogonal Variable Spreading Factor (codes)
Parallel Concatenated Convolutional Code
Paging Channel

Physical Random Access Channel

Physical Channel

Random Access Channel

Recursive Systematic Convolutional Coder
Receive

Synchronisation Channel

Spreading Factor

System Frame Number
Signal-to-Interference Ratio

Signal to Noise Ratio

Transport Format

Transport Format Combination

Transport Format Combination Indicator
Transmit Power Control

Transport Channel

Transmission Time Interval

Transmit

Uplink (Reverse link)

3GPP
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Figure 1: Transport channel multiplexing structure for uplink
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Table 2: Table of prime p and associated primitive root

P Jo P Jo P Jo P Jo P Jo
17 3 59 2 103 5 157 5 211 2
19 2 61 2 107 2 163 2 223 3
23 5 67 2 109 6 167 5 227 2
29 2 71 7 113 3 173 2 229 6
31 3 73 5 127 3 179 2 233 3
37 2 79 3 131 2 181 2 239 7
41 6 83 2 137 3 191 19 241 7
43 3 89 3 139 2 193 5 251 6
47 5 97 5 149 2 197 2 257 3
53 2 101 2 151 6 199 3
4.2.3.2.3.2 Definition of number of pruning bits

The output of the mother interleaver is pruned by deleting the I-bitsin order to adjust the mother interleaver to the block
length K, where the deleted bits are non-existent bits in the input sequence. The pruning bits number | is defined as:

I=R" C-K,

where R is the row number and C is the column number defined in section 4.2.3.2.3.1.

4.2.4 Radio frame size equalisation

Radio frame size equalisation is padding the input bit sequence in order to ensure that the output can be segmented in F;
data segments of same size as described in section 4.1.6. Radio frame size equalisation is alwayserby performed in the
UL, and in DL when compressed mode with puncturing is employed (in other cases DL rate matching output block
length is akways-an integer multiple of F;).

The input bit sequence to the radio frame size equalisation is denoted by C;, G5, G3, . .., G, , where i is TrCH number

and E; the number of bits. The output bit sequence is denoted by t;y, 15, tj5,... , iz , where T; is the number of bits. The
output bit sequence is derived as follows:

tx=cyfork=1... E and

ty={0]1} fork=E +1... T;,if E<T,
where

T,=F* N and

N, = 'E(Ei - 1)/|:i (j+1 isthe number of bits per segment after size equalisation.

425  1%interleaving

The 1% interleaving is a block interleaver with inter-column permutations. The input bit sequence to the 1% interleaver is
denoted by X1, X2, X3, .1 X, » Wherei is TrCH number and X; the number of bits (at this stage X; is assumed and
guaranteed to be an integer multiple of TTI).

Note: When compressed mode by puncturing is used, input bit sequence length X; is not necessarily an integer
multiple of F;.

-The output bit sequenceis derived as follows:

(1) Select the number of columns C, from table 3.
(2) Determine the number of rows R, defined as

R, = &Xi/Cu
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(3) Write the input bit sequenceintothe R~ C, rectangular matrix row by row starting with bit X; 1 inthefirst

column of the first row and ending with bit X g ¢ ) in column C; of row R;:

X (c,+1) X (c,+2) X+ - Xic)

& X X Xs o X
e
é
€

(e ey enly en Y end

é
K (r-nc+)  X(Rr-no+ Xr-n+3) - Xire)l

(4) Perform the inter-column permutation based on the pattern { P; (j)} (j=0,1, ..., C-1) shown in table 3, where Py(j)
isthe original column position of the j-th permuted column. After permutation of the columns, the bits are

denoted by Vi
€Y1 Yir«y Yiers - Yic-nrenU
e u
g¥ie Yir+ Yier+ --Yic-or+2(
é: : : : U
e u
&r  Yier)y Yier) - Yier) 0

(5) Read the output bit sequence Y;;, ¥i5, Yizs---» ¥ic r) Of the 1% interleaving column by column from the inter-

column permuted R~ C, matrix. Bit Y, , corresponds to the first row of the first column and bit Yi(rc))

correspondsto row R, of column C,. In downlink, for TTIs using compressed mode by puncturing, the output is

pruned by deleting bits that were not present in the input bit sequence, i.e. bits Vi that corresponds to bits Xk
with k>X; are removed from the output.

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}
4251 Relation between input and output of 1% interleaving in uplink

The bitsinput to the 1% interleaving are denoted by t;,, t;,, tis, . . ., tir , wherei isthe TrCH number and T; the number
of bits. Hence, Xk = tikand X; = T,.

The bits output from the 1% interleaving are denoted by d;;, d;,, d 3, ..., i , and dik = Yik.

4.2.5.2 Relation between input and output of 1% interleaving in downlink

If fixed positions of the TrCHsin aradio frame is used then the bits input to the 1% interleaving are denoted by
N1, N2.Ns,- . Ny ) Wherei isthe TrCH number. Hence, Xk = hikand X; = FiH;. When compressed mode by

puncturingisused, X; = F H,; + é FoHqi.
fTcm

If flexible positions of the TrCHs in aradio frame is used then the bits input to the 1% interleaving are denoted by
0i1:9i2:Gizr- -+ Gig, » Wherei isthe TrCH number. Hence, Xk = hiand X = G
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The bits output from the 1% interleaving are denoted by G, ,, G- - - i, » Wherei isthe TrCH number and Q isthe
number of bits. Hence, Gk = Yik, Qi = FiH; if fixed positions are used, and Q; = G; if flexible positions are used. When

compressed mode by puncturing is employed, Q, = F,;H,; + é F:H .if fixed positions are used.
fTcm

4.2.6 Radio frame segmentation

When the transmission time interval is longer than 10 ms, the input bit sequence is segmented and mapped onto
consecutive radio frames. Following rate matching in the DL and radio frame size equalisation in the UL the input bit
sequence length is guaranteed to be an integer multiple of F;.

4.2.6.1 Radio frame segmentation in case that compressed mode by puncturing is not
used

Theinput bit sequenceis denoted by X;, X5, X3,..., Xx Wherei isthe TrCH number and X; isthe number bits. The Fi

output bit sequences per TTI aredenoted by Y, 1, Yin2s Yinar---» ¥iny Whereniistheradio frame number in current
TTIl and Y, is the number of bits per radio frame for TrCH i. The output sequences are defined as follows:

yi,nik = Xi,((ni-l)wi)+k ,n=1...F, k=1..Y,

where

Y = (X / F) isthe number of bits per segment,

X, isthe k™ bit of the input bit sequence and

Yink isthe k™ hit of the output bit sequence corresponding to the n™ radio frame

The n; -th segment is mapped to the n; -th radio frame of the transmission time interval.

4.2.6.2 Radio frame segmentation in compressed mode by puncturing

Note: When compressed mode by puncturing is used, input bit sequence length is not necessarily an integer multiple
of Fi. A TTI contains frames that do not have a TG and/or frames that havea TG.

In the case of compressed mode by puncturing in downlink, different numbers of bits are mapped to the frames n; of the
TTI of TrCH i depending on whether there is a transmission gap or not in frame n;. The frames n; that do not contain a
transmission gap are mapped input bits x_according to the calculations in section 4.2.7.2.1.1 and 4.2.7.2.2.1. Frames
with a transmission gap are mapped input bits y; according to the calculations in section 4.2.7.2.1.2 and 4.2.7.2.2.2.

The input bit sequence is denoted by X, ,% 5, 3,...,% x Wherei isthe TrCH number and X; is the number of bits.

The F,; output bit sequences per TTl to be mapped into frames without a TG are denoted by
Yin1 Yin 2t Yinare- o1 Yiny,, Wheren isthe radio frame number in current TTI and Y, is the number of bits per radio

frame for TrCH i. For frames with different TGs fl CM within the TTI the Fy; output bit sequences per TTI to be
mapped into frames with a TGL z are denoted by Y; 1,1, ¥i 2 Yinas-++» Yiny,, Wheren is the redio frame number in

current TTI and Y;; is the number of bits per radio frame for TrCH i. Thus, the output sequences are defined as follows.

! Y. =0
Yink =X g1 s % Y., =Y, ,k=1.Y,, if radioframen =mhasnoTG
i.$Q Yk T

&% s AY, =Y, k=1.Y,, ifradioframen =mhasaTGof z, slots

m

where
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Ym is the number of bits per segment,

X% istheK" bit of theinput bit sequence and

Y. isthe K" bit of the output bit sequence corresponding to the n™ radio frame
ink

Z:is the transmission gap length in aradio frame

DN, .is the amount of puncturing calculated for the n™ radio frame during rate matching

The n_-th segment is mapped to the n, -th radio frame of the transmission time interval.

4.2.6.31 Relation between input and output of the radio frame segmentation block in
uplink

The input bit sequence to the radio frame segmentation is denoted by d,y,d;,, d;s,..., iy , wherei isthe TrCH

number and T; the number of bits. Hence, Xk = dixand X = T..

The output bit sequence corresponding radio framen; is denoted by €,,6,,83,...,8y , wherei isthe TrCH number

and N; is the number of bits. Hence, € , =Y, ,, and N, = Y.

4.2.6.42 Relation between input and output of the radio frame segmentation block in
downlink

The bitsinput to the radio frame segmentation are denoted by G, 0f5, G- .., Gq , Wherei isthe TrCH number and Q
the number of bits. Hence, Xk = Qik and X; = Q..

The output bit sequence corresponding to radio frame ny isdenoted by f,;, f.,, fis,..., fi\,i , wherei isthe TrCH

number and V; is the number of bits. Hence, f;, = Yinkand Vi =Y.

In downlink compressed mode by puncturing, the output bit sequence corresponding to radio frame n; that does not have
aTGisdenoted by f;, f;,, fis,..., iy, . whereiisthe TrCH number and V,, is the number of bits. Hence,

fi= Yink @d Vy; = Y. The output bit sequence corresponding to radio frame n; that hasaTGL of z. is denoted by

fofy figr f

,wherei isthe TrCH number and V,; isthe number of bits. Hence, f;, =V, ,, and
iV, , , o

Vc,i = Yc,i E

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 bitsto be repeated or punctured is calcul ated.

The number of bits on atransport channel can vary between different transmission time intervals. In the downlink the
transmission isinterrupted if the number of bitsislower than maximum. When the number of bits between different
transmission time intervalsin uplink is changed, bits are repeated or punctured to ensure that the total bit rate after
TrCH multiplexing isidentical to the total channel bit rate of the allocated dedicated physical channels.
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4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ngy.; does not depend on the transport format combination j. Ngaa+ iS given by the channelization code(s)
assigned by higher layers.

When compressed mode by puncturing is employed, N, . isreplaced by N7y, . in determining rate matching

parameters. N g, . is given from the following relation:

cm —_
N - Ndata,* - NTGL

data,*

[ TGL .

1—5 Ndata,* ,|f NLQ £ 15
15- N,

Nrg_ = < = _™N

15 datax o N first frameiif N,y + TGL > 15

TGL- (15- Nfirst)

in second frame if Ny« + TGL > 15

\ 15 data,*
If first frame and second frame belong to the same TTI, the TGL is combined for calculation purposes in sections
TGL
42721and4.2722,ie Nig =——Ngp--
15 '

Niir¢ @nd TGL are defined in section 4.4.

4.2.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

4.2.7.2.1.1 Rate matching parameters in case that compressed mode by puncturing is not used

First an intermediate calculation variable Ni’* iscalculated for al transport channelsi by the following formula:

N; . =i><nmax N
' F 1iTrs(i)

T
il

The computation of the DN:’_,rI parameters is then performed in for al TrCH i and all TF | by the following formula,
where DN; . isderived from N; . by the formulagiven at section 4.2.7:

DN, = F, XON, .

If DN, = O then, for TrCH i, the output data of the rate matching is the same as the input data and the rate matching
algorithm of section 4.2.7.5 does not need to be executed. In this case we have :

"1T TFS(i)DNT' =0

If DN, 1 O the parameterslisted in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be used for determining e, €yus, and
em'nus-

427.21.1 Uncoded and convolutionally encoded TrCHs
DN, =DN, .,
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a=2

N, = max N
1T TFS(i)

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

X; =N;"

€, =1

€oius = XN
€rinus = AXDN;|

Puncturing if DN, <O, repetition otherwise. The values of DN,T,r ' may be computed by counting repetitions or
puncturing when the algorithm of section 4.2.7.5isrun.

427212 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. DN, >0, the parametersin section 4.2.7.2.1.1 are
used.

If puncturing is to be performed, the parameters below shall be used. Index b is used to indicate systematic (b=1), 1%
parity (b=2), and 2™ parity bit (b=3).

a=2 when b=2
a=1whenb=3
The bitsindicated by b=1 shall not be punctured.
_iéDNmax/Zﬁ, b=2
. —| N
" TN, /20, b=3

N _ = max)(Ni‘,'rI /3)

max i TRs(i

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

X, =N;"/3
&n = Nimx

€oius = XN
€rinus = AXDN;|

The values of DN,T,r ' may be computed by counting repetitions or puncturing when the algorithm of section 4.2.7.5 is
run.
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4.2.7.2.1.2 Rate matching parameters in compressed mode by puncturing

For TTlIsthat have aframe with atransmission gap in them, rate matching is done frame by frame. For this purpose, the
incoming bits Gj;,G;,Cy;. .., G, are segmented into F; groups of equal size.

First an intermediate calculation variable N, . is calculated for all transport channelsi by the following formula:

N,. =i><max N
' F iTesi)

The computation of the DN, parametersis then performed in for all TrCH i and all TF | by the following formula,
where DN; . isderived from N; . by the formulagiven at section 4.2.7.

If DNmax = 0 then, for TrCH i, the output data of the rate matching is the same as the input data and the rate matching

algorithm of section 4.2.7.5 does not need to be executed. In this case we have:

"1T TFS(i) DN =0

If DN, * O_the parameters|isted in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be used for determining e, €yus, and
gTinUS:

427211 Uncoded and convolutionally encoded TrCHs

N_ =2 max N,
F i

max TTFs(i)

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

X, =FiiNi1,'”
€ =1

s =N,
Eninus = A4DN|

Puncturing if DN; <O, repetition otherwise. The values of DN, ; may be computed by counting repetitions or

puncturing when the algorithm of section 4.2.7.5 isrun.

4.2.7.2.1.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. DN, >0, the parametersin section 4.2.7.2.1.1 are
used.
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If puncturing is to be performed, the parameters below shall be used. Index b is used to indicate systematic (b=1), 1%
parity (b=2), and 2™ parity bit (b=3).

a=2when b=2
a=1when b=3
The hitsindicated by b=1 shall not be punctured.
1 N, .. /20, b=2
T1@N,, /20, b=3

Ny = max)(Ni‘,'rI /3F)

a7 TS|

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

X, =N™ /(3F,)
€ = N

€oius :aXNmX
Enines = A4DN;|

The values of DN, may be computed by counting repetitions or puncturing when the algorithm of section 4.2.7.5 is
run.

4.2.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

4.2.7.2.2.1 Rate matching parameters in case that compressed mode by puncturing is not used

First an intermediate calculation variable Nij iscalculated for al transport channelsi and all transport format
combinations| by the following formula:

N. . :ixN.-'_rI

ij F i,TF ()

Then rate matching ratios RF; are calculated for each the transport channel i in order to minimise the number of DTX
bits when the bit rate of the CCTrCH is maximum. The RF; ratios are defined by the following formula:

RF- - . _N data,* XRM )

Coma A RMN,)

JITFCSi=1

The computation of DN:’_,rI parameters is then performed in two phases. In afirst phase, tentative temporary values of

DN:’_,rI are computed, and in the second phase they are checked and corrected. The first phase, by use of the RF; ratios,

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 greater than Ngaia». 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 value of DN,'[" is the definitive value.
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The first phase defines the tentative temporary DN:’_,rI for al transport channel i and any of its transport format | by use
of the following formula:

éRF, >N/ U
DN//" = Fog————¢- N'
e [ u

The second phase is defined by the following algorithm:

for all J in TFCSdo --foral TFC
izl N+ DN
D=3 _.Th) 1.TF (1) -- CCTYCH bit rate (bits per 10ms) for TFC|
o F
i=1 i

it D>N then

data,*

fori=1tol do -- for al TrCH

DN =F, >DN, -- DN; ; isderived from N, ; by the formulagiven at section 4.2.7.

if DN/t (;) > DN then
DN/ (j) = DN
end-if
end-for
end-if
end-for

NOTE: The order in which the transport format combinations are checked does not change the final result.

If DN:_,r ' =0 then, for TrCH i a TF 1, the output data of the rate matching is the same as the input data and the rate
matching algorithm of section 4.2.7.5 does not need to be executed.

If DN:TrI 1 0 the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining &, €yus, and
Eminus-
427221 Uncoded and convolutionally encoded TrCHs

DN, = DNF'

a=2

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

X = Ni1|_rI

Qni =1

epIus :axl\li-ll_rI
eminus :a%DNi|
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puncturing for DN, < 0O, repetition otherwise.

4.27.2.2.2 Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHSs, i.e. DNiTr '>0,the parameters in section 4.2.7.2.2.1 are
used.

If puncturing is to be performed, the parameters below shall be used. Index b is used to indicate systematic (b=1), 1%
parity (b=2), and 2" parity bit (b=3).

a=2 when b=2
a=1whenb=3
The bitsindicated by b=1 shall not be punctured.
TN, /2(, b=2
Dl\li =i ya il \
TN /20 b=3

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

X, =N;" /3N,
€, = X,

s = %X,
Eninus = A4DN|

4.2.7.2.2.2 Rate matching parameters in compressed mode by puncturing

For TTlsthat have aframe with atransmission gap in them, rate matching is done frame by frame. For this purpose, the
incoming bits G;,G,,Cg;. .., G, are segmented into F; groups of equal size.

First an intermediate calculation variable N;; _is calculated for @l transport channelsi and all transport format

combinations| by the following formula: o

1
N;,; = = xNiTT”Fi (i)

Then rate matching ratios RF;_are calculated for each the transport channel i in order to minimise the number of DTX
bits when the bit rate of the CCTrCH is maximum. The RF; ratios are defined by the following formula:

N
]

max § (RMi xNi,j)

il TRCS |2

data,* )RM )

RF =

The computation of DIN;, parametersis then performed in two phases. In afirst phase, tentative temporary values of

DN, _are computed, and in the second phase they are checked and corrected. The first phase, by use of the RF; ratios,

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 greater than Ngaa+. per 10ms. The latter condition is ensured
through the checking and possible corrections carried out in the second phase.
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At the end of the second phase, the latest value of DN, is the definitive value.

The first phase defines the tentative temporary DIN; | for all transport channel i and any of its transport format | by use
of the following formula

DN; | :éQFi xN; | U- N,

The second phase is defined by the following algorithm:

foral j_inTECSdo --foral TFC
=t N. . +DN. .
D=8 &) ALT0) -- CCTrCH bit rate (bits per 10ms) for TFC |
A F
i=1 i

i D> Ndata,* —then

fori=1tol do -- for al TrCH

DN =F DN ; -- DN; ; _isderived from N; ; by the formulagiven at section 4.2.7.

if. DN, 7z, (j) > DN then

end-for
end-if

end-for

NOTE: Theorder in which the transport format combinations are checked does not change the final result.

If DN;, =0 _then, for TrCH i at TF |, the output data of the rate matching is the same as the input data and the rate
matching algorithm of section 4.2.7.5 does not need to be executed.

1f DN;, ! 0O _the parameterslisted in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining &y, €y, ad
gTinUS:

4.2.7.22.1 Uncoded and convolutionally encoded TrCHs

DN, = DN,

a=2

For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.5. The following parameters are used as input:
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€

minus

= axDN;|

puncturing for DN, <O, repetition otherwise.

4.2.7.2.2.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. DN, > 0, the parametersin section 4.2.7.2.2.1 are used.

If puncturing is to be performed, the parameters below shall be used. Index b is used to indicate systematic (b=1), 1%
parity (b=2), and 2™ parity bit (b=3).

a=2 when b=2
a=1 when b=3
The bitsindicated by b=1 shall not be punctured.
DN :}éDN“/ZO, b=2
I TEDNn/Zu b=3

For each transmission time interva of TrCH i with TF |, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.5. The following parameters are used as input:

X, =N, /3N,
e, = X,.
epIus = a><Xi
eminus = a'>*DI\Ii|
4.2.7.3 Bit separation and collection in uplink

The systematic bits (excluding bits for trellis termination) of turbo encoded TrCHs shall not be punctured. The
systematic bit, first parity bit, and second parity bit in the bit sequence input to the rate matching block are therefore
separated from each other. Puncturing is only applied to the parity bits and systematic bits used for trellis termination.

The bit separation function is transparent for uncoded TrCHs, convolutionally encoded TrCHSs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection areillustrated in figures 6 and 7.
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else
e=gy -- initial error between current and desired puncturing ratio
m=1 -- index of current bit

dowhilem <= X;

€=e—Enns -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit X m

e=e+ gy -- updateerror
end do
m=m+ 1 -- next hit
end do
end if

A repeated bit is placed directly after the original one.

4.2.8 TrCH multiplexing

Every 10 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing. These radio frames are serialy
multiplexed into a coded composite transport channel (CCTrCH).

The bitsinput to the TrCH multiplexing are denoted by f,, fi,, fis,..., fiy, , wherei isthe TrCH number and V; isthe
number of bitsin the radio frame of TrCH i. The number of TrCHs s denoted by I. The bits output from TrCH
multiplexing are denoted by S, S,,S;,..., Sg, Where Sis the number of hits, i.e. S= é \/I . The TrCH multiplexing is

defined by the following relations:

s =f, k=12 ...V,
S( = fZ,(k-Vl) k= V1+1, V1+2, . V1+V2

S = f3,(k-(\/1+V2)) k= (Vi+Vo)+1, (Vi Vo)+2, ..., (Vi+Vo)+Vs

Se = Flgeqov,esv, K= (VikVot VL, (Vik Vot 4 V)+2, o (Vi Vot L A Vi) +Y,

4.2.9 Insertion of discontinuous transmission (DTX) indication bits
In the downlink, DTX isused to fill up the radio frame with bits. The insertion point of DTX indication bits depends on
whether fixed or flexible positions of the TrCHs in the radio frame are used. It is up to the UTRAN to decide for each

CCTrCH whether fixed or flexible positions are used during the connection. DTX indication bits only indicate when the
transmission should be turned off, they are not transmitted.

4.29.1 4.2.9.1 1% insertion of DTX indication bits

4.2.9.1.1 Insertion of DTX in case that compressed mode by puncturing is not used

This step of inserting DTX indication bitsis used only if the positions of the TrCHs in the radio frame are fixed. With
fixed position scheme a fixed number of bitsis reserved for each TrCH in the radio frame.
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The bits from rate matching are denoted by )1, §;,, 9i5,- - -, Jig, - Where G; isthe number of bitsin one TTI of TrCH i.

Denote the number of bitsin oneradio frame of TrCH i by H;. In normal or compressed mode by spreading factor
reduction, H; is constant and corresponds to the maximum number of bits from TrCH i in one radio frame for any
transport format of TrCH i. In compressed mode by higher layer scheduling, only a subset of the TFC Set is allowed.
From this subset it is possible to derive which TFs on each TrCH that are allowed. The maximum number of bits

7 ~

belonging to one TTI of TrCH i for the allowed TFs s denoted by X;. H; isthen calculated as H, = %3 where F; is
the number of radio framesinaTTI of TrCH i. The bits output from the DTX insertion are denoted ot
by N1, NsNase - R ) - Note that these bits are three valued. They are defined by the following relations:
h.=0,k=123..G
h, =d k=G+1,G+2 G+3,..,FH
where DTX indication bits are denoted by d. Here gik T {0, 1} andd 1 {0, 1}.

4.2.9.1.2 Insertion of DTX during compressed mode by puncturing

When compressed mode by puncturing is employed, insertion of DTX indication bits proceeds as follows:

The bits from rate matching are denoted by )y, 95, 9i3:- - -+ Jig, . Where G is the number of bitsin one TTI of TrCH i.

Denote the number of bits reserved for one radio frame of TrCH i without a TG by H,j, i.e. the maximum number of
bitsin aradio frame for any transport format of TrCH i. The number of radio frameswithin a TTI of TrCH i without
TGsis denoted by F,;. For different TGsfl CM, denote the number of bits reserved for one radio frame of TrCH i with
aTGL of z dots by Hy,, i.e. the maximum number of bitsin a compressed radio frame for any transport format of TrCH
i. The number of radio framesinaTTI of TrCH i witha TGL of z dotsis denoted by F;;. The bits output from the DTX

insertion are denoted by hy,hy,, g, hy | 3 F, 1, ) Where Cis the set of compressed frames within the TTI).

u,lttu,l
fECM

Note that these bits are three valued. They are defined by the following relations:

f]k = QJ“( k=1,23,....G

he=d k=G+1,G6+2,G+3,... F, H, + & F, H,,
ficm

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

4.2.9.2 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 after 2™ interleaving.

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

multiplexing. The number of PhCHsis denoted by P and the number of bits in one radio frame, including DTX
indication bits, for each PhCH by U. The number of available bits on the PhCH is denoted by N and
Nyata=15Ngata1t15Ngataz, Where Ngara1 and Nyaiaz are defined in [25.211]. In normal mode U=Ngg.. N compressed mode
Nyata 1S changed from the value in normal node. The exact value of Nyq, iS dependent on the TGL and the transmission
time reduction method, which are signalled from higher layers. The number of bits that are located within the
transmission gap is denoted Nyg. and defined as.

[ TGL _
——— N, if Nirg + TGL £ 15
15- Ny
‘ N, = < 1—5m N yaia » in first frame if Nirg + TGL > 15
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TGL- (15- N first)
Ndata '
15
Nsir¢ and TGL are defined in Section 4.4.

in second frame if Ny, + TGL > 15

In compressed mode U=Ngyata-NroL .

The bits output from the DTX insertion block are denoted by W, W, , W, ... Wipy) - Note that these bits are
threevalued. They are defined by the following relations:

W, =S k=1,23..,5S
W, =d k=St S+2, 543, ..., PU

where DTX indication bits are denoted by d. Here S 1 {0,1}and d T {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 denoted by X, X,, X;,..., X, , where Y is the number of bits input to the
physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted Upgs UposUpsse e Uy where p is PhCH number and U isthe

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

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

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

Bits on the P" PhCH after physical channel segmentation:

U = Xpopoguy K=1,2,...,U

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

The bitsinput to the physical ssgmentation aredenoted by S, S,,S;,...,Sg . Hence, Xk = Skand Y= 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 by W, W,, W, ..., Wy - Hence, Xk = Wi and Y = PU.
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