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1 Introduction

This paper proposes modifications so that the notation in [1] becomes consistent throughout the
document. The changes are of editorial nature but at a few places a short motivation for the change is
given. These explanations are marked as <Ericsson’s note> and they are of course not part of the text
proposal.

In the text proposal, the bits after each block in the multiplexing chain are assigned a lower case letter
with index. The same letter is used when the functionality of the next block is described. Using this
approach, the position of each bit, as it propagates through the chain, is clearly defined. Asfar as possible
the same notation is used for uplink and downlink. When this has not been possible due to different order
of the blocks in uplink and downlink, the letters x, y, and z have been used and the meaning of them
defined in subsections.

Ericsson has several contributions on multiplexing for TSG RAN WG1 meeting number 7. No objections
to these proposals has so far been sent on the reflector and the text proposal in this contribution therefore
assume the following:
Thereisno 1% multiplexing [2]
DTX insertion with flexible positions of the TrCHs is done before physical channel segmentation. [3]
All transport blocks on one TrCH are always coded together.[4]
If concerns are raised against these proposals on the meeting, the text proposal in this contribution will of
course have to be updated accordingly.

2 References

[1] TSG RAN WGL, “TS 25.212 Multiplexing and channel coding (FDD)".

[2] Ericsson, “ TSGR1#7(99)B31 Comments on first multiplexing”.

[3] Ericsson, “TSGR1#7(99)B30 DTX insertion in case of multicode”.

[4] Ericsson, “ TSGR1#7(99)B32 Transport block concatenation and code block segmentation”.



3 Text proposal for 25.212

3.2 Symbols

For the purposes of the present document, the following symbols apply:
<symbol> <Explanation>

&u round towards ¥, i.e. integer such that x £ é&xu < x+1
& round towards -¥ , i.e. integer such that x-1 < & £ x
cxXC absolute value of x

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

i TrCH number

i TFC number

k Bit number

I TF number

m Transport block number

n Radio frame number

p PhCH number

r Code block number

| Number of TrCHsin a CCTrCH.

G Number of code blocksin one TTI of TrCH i.

Fi Number of radio framesin one TTI of TrCH i.

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.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:
<ACRONYM> <Explanation>

ACS Add, Compare, Select
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

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
FACH Forward Access Channel
FDD Frequency Division Duplex
FER Frame Error Rate

Mcps Mega Chip Per Second




MS Mobile Station

OVSF Orthogonal Variable Spreading Factor (codes)
PCH Paging Channel

PRACH Physical Random Access Channel

PhCH Physical Channel

RACH Random Access Channel

RX Receive

SCH Synchronisation Channel

SF Spreading Factor

SIR Signal-to-Interference Ratio

TF Transport Format

TFC Transport Format Combination

TFCI Transport Format Combination Indicator
TPC Transmit Power Control

TrCH Transport Channel

TTI Transmission Time Interval

TX Transmit

UL Uplink (Reverse link)
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Figure 4-1. Transport channel multiplexing structure for uplink.
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Figure 4-2. Transport channel multiplexing structure for downlink.
4.2.1  Error detection

Error detection is provided on transport blocks through a Cyclic Redundancy Check. The CRC is 16, 8 or
0 bits and it is signalled from higher layers what CRC length that should be used for each transpert
channel TrCH.

42.1.1 CRC Calculation

The entire transport block is used to calculate the CRC parity bits for each transport block. The parity bits
are generated by one of the following cyclic generator polynomials:

Joress(D) =D+ D+ D%+ 1

Jorea(D) =D+ D'+ D*+D*+ D +1

Denote the bits in a transport block delivered to layer 1 by 8.y, &p s Bigs - - - s iy, BarBorBa——b,
and the parity bitsby Py, Pimzs PBimas- - +» Pim, PasPr—PL. NA is the length of-thea transport block of
TrCH i, mis the transport block number, and L; is 16, 8, or O depending on what is signalled from higher
layers.
The encoding is performed in a systematic form, which means that in GF(2), the polynomial

+15 +14 16 15 14 1
8D +8,D" M+, 48, D+ P D + P D+ + DD+ P
T Y 9 AP M I
yields aremainder equal to O when divided by gcreis(D). Similarly,

+7 +6 8 7 6 1
8D +8,,D% "+ 48, D°+ pyyD’ + P+ Py DT Pig
o o T Y Lo AR
yields aremainder equal to O when divided by gcres(D).

42.1.2 Relation between input and output of the Cyclic Redundancy
Check

Bits-delivered-to-layer-L-are-deneted-by; o, bar by where-N-is- the-tength-of-the-transport-bleck-The
bits after CRC attachment are denoted by b ;,0,5, 83 - - Byp WarworwWar——wiy ~where L5168,

or-0, where B=Ai+L;. The relation between bajmk and whim is:

Bk = &k K=1.2.3 ... A
hnk:pim(Li+1-(k-A1)) kK=A+1A+2A+3 ... A+l
Wic=by k=12-3—-N

WA= ey k=N+1N+2 N+3 - N+L

4.2.2 Transport block concatenation and code block
segmentation

All transport blocksin aTTI are seriadly concatenated. If the number of bitsin aTTI islarger than Z, then
code block segmentation is performed after the concatenation of the transport blocks. The maximum size
of the code blocks depend on if convolutional or turbo coding is used for the TrCH.

4.2.2.1 Concatenation of transport blocks

The bitsinput to the transport block concatenation are denoted by B0, B3 - - Bg Wherei isthe

TrCH number, m is the transport block number, and B;_is the number of bits in each block (including
CRC). The number of transport blocks on TrCH i is denoted by M;. The bits after concatenation are

denoted by X, X5, X3 .» Xk, » Where i is the TrCH number and X;=M;B;. They are defined by the




following relations:

)gk:bllk k:1,2,...,Bi
)gk:h,z,(k.al) k=B+1B+2..2B
Xk =B 3 28,) k=2B+1,2B+2,..3B

Xy = thw(k'(M.'l)B.) k=(Mi-1)B+1 (M_-1B+2,...MB

4.2.2.2 Code block segmentation

<Ericsson's note: It is proposed that filler bits are set to 0.>

Segmentation of the bit sequence from transport block concatenation is performed if X;>Z. The code
blocks after segmentation are of the same size. The number of code blocks on TrCH i is denoted by C;. If
the number of bits input to the segmentation, X, is not a multiple of C;, filler bits are added to the last
block. Thefiller bits are transmitted and they are always set to 0. The maximum code block sizes are:
convolutional coding: Z = 512 - Ky

turbo coding: Z = 5120 - Ky

The bits output from code block segmentation are denoted by Q4,0 ,,0;3,...,0, . Where i is the

TrCH number, r is the code block number, and K; is the number of bits.
Number of code blocks: G = éX; / Zu

Number of bitsin each code block: K; = éX; / Gu

Number of filler bits. Y, = CK, - %

If Xi £ Z, then 0&( = X|_k, and Ki = Xi'

If X2 Z, then

Oy = X k=12, ... K;

Qo = X ek k=1,2,...K

Ok = X (ke2k)) k=12 ...K

Ok = Xiges(c- k) k=12, ... K_-Y,

Ock =0 k= (K-Y)+1 (Ki-Y)+2, ...K

4.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by 0,0 5,0, 3,-- 10k, »

where i is the TrCH number, r is the code block number, and K; is the number of bits in each code block.
The number of code blocks on TrCH i is denoted by C;. After encoding the bits are denoted by

Xir1s Xir21 Xirgr- - -1 Xirx, -1 he encoded blocks are serially multiplexed so that the block with lowest index

r is output first from the channel coding block. The bits output are denoted by G;,GC;,, G, ..., Cg . Where

i isthe TrCH number and E; = C;X;. The output bits are defined by the following relations:

Clk:Xilk k=1,2,...,X1
G = X 2,k %) k=X+1X+2 ..2X
Gk = X 3(k-2x) k=2X+1,2X%+2,...3%




Cik = Xi,Ci (k- (C-)X;) k= (C. - 1)Xl +1, (Cl - 1)X. +2, ..., CiXi
The relation between Ojrk and Xrk and between K; and X; is dependent on the channel coding scheme.

The following channel coding schemes can be applied to transpert-channel TrCHs.
Convolutional coding
Turbo coding
No channel coding

Table 4-1. Error Correction Coding Parameters

Transport channel type Coding scheme Coding rate
BCH
PCH 12
FACH Convolutional code
RACH
DCH )
DCH Turbo code 1/3, 1/2, or no coding

Notel: The exact physical layer encoding/decoding capabilities for different code types are FFS.
Note2: In the UE the channel coding capability should be linked to the terminal class.

<Ericsson’s note: Combined mode is assumed as indicated in the introduction.>

4231 Convolutional coding

4231.1 Convolutional coder

Constraint length K=9. Coding rate 1/3 and Y.

The configuration of the convolutional coder is presented in Figure 4-3.

The output from the convolutional coder shall be donein the order starting-frem-outputO, outputl, and
output2, output0, outputl, ...,output? . (When coding rateis 1/2, output is done up to output 1).

K-1 tail hits (value 0) shall be added to the end of the codeirg block before encoding.

Theinitia value of the shift register of the coder shall be“all 0”.

- Snip__

4.2.4 1% interleaving

The 1% interleaving is a block interleaver with inter-column permutations.ef-ehanneinterteaving
consists—of —two—stage—operations: The bits input to the 1% interleaver are denoted by

Xigs X0y Xig,. X,)< , where i is TrCH number and X; the number of b|tS—M—npa—§age4h&mput




(1) &) Select acotumnthe number of columns C, from Table 4-3.
(2) &-Determine arewthe number of rows R; by finding minimum integer R, such that,

KX <=£R, Ci.
(3) (3)-The hits input sequence-ofto the 1% interleaving isare written into the R, ~  C, rectangular matrix

e X X2 X3 oo K, U

5 X X X X

row by row. € (G (G2 (&9 eu

e . . . . u

é U

&S (r-ney Xr-no+a Xr-ne+y - Xirenl
Second-Stage:

(4) -2)-Perform the inter-column permutation based on the pattern { P;-(j)} (j=0,_1, ..., C-1) that is shown
inTFable4-1 Table 4-3, where P1-(j) is the original column position of the j-th permuted column._After
permutation of the columns, the bits are denoted by Vik.

€Y Yirmy Yiers o Yige nrenU
é a
Y Yiwr+a Yier+2 - Yie-ore2(
- é . . . 0
¢ 0
&r  Yiery Yier) - Yier) 0

(5) {2-The output of the 1¥ interleaving is the bit sequence read out column by column from the inter-
column permuted R; ©  C, matrix. ane+The output is pruned by deleting bits that were not present in

the input bit sequence, i.e. bits Yik that corresponds to bits Xjx with k>X; are removed from the output.
The bits after 1% interleaving are denoted Z,,Z,,Zs, ..., Zy,  Where 7 corresponds to the bit Yik

with smallest index k after prunl ng, Z.z corresponds to the bit Vjx with second smallest index k atfter
pruning, and so on.the-hen

defpedes:
‘lﬁl;Ri_—_G;:__‘KiT
Table 4-3
TThnterteavingssan Cotamp-nNumber of columns C; I nter-column permutation patterhs

10 ms 1 {0}
20ms 2 {0,1}
40 ms 4 {0,2,1,3}
80 ms 8 {0,4,2,6,1,53,7}

4.2.4.1 Relation between input and output of 1% interleaving in uplink

The bits input to the 1% interleaving are denoted by G;,C,,,Cis,. - -, Gg, . Wherei isthe TrCH number and

E; the number of bits. Hence, Xix = Gk and X; = E;.
The bits output from the 1% interleaving are denoted by d;,,d;,,d;s, ..., dig ,and Zk = di.




4.2.4.2 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 to the 1% interleaving are
denoted by hy,h,,Rs,..., Ny ) Wherei is the TrCH number. Hence, Xk = hicand X; = FiHi.

If flexible positions of the TrCHs in a radio frame is used then the bits input to the 1% interleaving are
denoted by G, iz, Giss---» Ui, - Wherei isthe TrCH number. Hence, Xk = hixand X = G..

The bits output from the 1% interleaving are denoted by 0}y, G5, G ;- - -+ G - Wherei isthe TrCH number

and Q, is the number of bits. Hence, Zx = ik, Q; = F;H; if fixed positions are used, and Q; = G; if flexible
positions are used.

4.2.5 Radio frame segmentation

If the transmission time interval is longer than 10 ms, the bitsin the TTI are segmented into several radio
frames. The radio frame segmentation is done so that the number of bits in each radio frame is the same.
If the number of bitsin the TTI is not a multiple of the number of radio framesin the TTI, then filler bits
are added to the radio frames which contain one bit less than the first radio frame.

<Ericsson’s note: |t is proposed that filler bits are set to 0.>

The number of radio frames in the transmission time interval of TrCH i is denoted by F; and the number
of bitsin the TTI by X;. The number of filler bits Z for TrCH i is calculated as:

<Ericsson’s note: The current formula is not correct since it results in F; filler bits if (X; mod F;)=0. A
second mod operator has therefore been added.>

Z = (Fi_- (Xi.mod Fi))mod F; (z1{0,1,2 ...F-1})

The radio frames are numbered 1 £ n; £ F;. The bits input to physical channel segmentation are denoted
by X1, X, Xigs- ..y Xix . and the output by Y, Y5, ¥iss---» ¥iy ._The radio frame segmentation is
defined by the following relations, where Y, = (X; + Z) / Fi:

=1 Yy =X k=12 ...Y

Dizz—)/ik:)(i(k+y) k:]., 2""’Yi

vy k=12,
k=12 ..Y-1

_ZI)YI)

Yic = Xoo(r vy K= 1,2, ..., Y- 1

Yiv. =
The bits from radio frame segmentation are output radio frame by radio frame in ascending order with
respect to n;.

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

n=F

The bits input to the radio frame segmentation are denoted by d,;,d;,,d;s,...,d;¢ . wherei isthe TrCH

number and E; the number of bits. Hence, Xk = dix and X; = E,.
The bits output from the radio frame segmentation are denoted by €,,€,,€3,...,6, . Wherei is the

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

10




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

The bits input to the radio frame segmentation are denoted by Qj;,G 5,3, -, 0iq . Where i is the TrCH

number and Q; the number of bits. Hence, Xix = (ik and X; = Q..
The bits output from the radio frame segmentation are denoted by f,;, f;,, fis,..., f;, , where i is the

TrCH number and V; |sthe number of blts in aradlo frame. Hence, Yix = f.k and Yi= V.

F=F—{-mod T {012 F-—/-number-of filer bits
i+ F =R—————// Target radio-frame size for-uplink
i+ =K——————/ Target radio-frame-size-for-downhink

HriL Othen

—For-eacht(8-T-ri+1)

— Add-onefiller bit to the end-of t* radio frame
—End

End-f

11




6ij =B (ol )T 2

Bits-afterradioframe segmentation-in the (T;—) " 10-msec time interval: (=T —;)
6l =bi (o (T - D e T2 iR

Bitsafterradio-frame segmentationin-the (F; —i+1)"-10-msec time interval (=T, —+1)
L S I o) e
o= filler_bit(0H) = ()T —(filler biy)

Bits after rachio frame segmentation inthe T, 10 msec time interval: (t=T))
i A B ha e e
¢y = filler_bit(0/)———————j=(Li+r)/T,  (filler bit)

4.2.6  Rate matching

Rate matching means that bits on a transpert-channel TrCH are repeated or punctured. Higher layers
assign a rate-matching attribute for each transpert-channel TrCH. 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 cal culated.

The number of bits on a transpert-channelTrCH 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 second multiplexing is identical to the total channel bit rate
of the allocated dedicated physical channels.

Notation used in Section 4.2.6 and subsections:

Nij: Number of bitsin aradio frame before rate matching on transport-chanrel TrCH i with transport |
format combination j .

Ni}_r ' Number of bitsin atransmission time interval before rate matching on transpert-channel TrCH |
with transport format j.

DN. : If positive - number of bits that should be repeated in each radio frame on transpert

ij
chanrel TrCH i with transport format combination j.
If negative - number of bits that should be punctured in each radio frame on transpert
chanrel TrCH i with transport format combination j.

DNi}_rI . If positive - number of bits to be repeated in each transmission time interval on transpert

chanrelTrCH i with transport format j.
If negative - number of bits to be punctured in each transmission time interval on transpert
channel TrCH i with transport format j.

12



RM;:  Semi-static rate matching attribute for transpert-channel TrCH i. Signalled 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.
Ngamj:  Total number of bits that are available for the CCTrCH in a radio frame with transport format
combination j.
T Number of transpert-channel TrCHs in the CCTrCH. |
Zyy: Intermediate calculation variable.

kn;: Radio frame number in the transmission time interval of transpert-chanrel TrCH i (0 £ kn; < F)).

q: Average puncturing distance.

Fi: Number of radio frames in the transmission time interval of transpert-channel TrCH i. ‘

I(kn): Theinverse interleaving function of the 1% interleaver (note that the inverse interleaving function |
isidentical to the interleaving function itself for the 1¥ interleaver).

Skn): The shift of the puncturing pattern for radio frame kn;.
TFi():  Transport format of transpert-channel TrCH i for the transport format combination j.

The following relations are used when cal culating the rate matching pattern:

Z,; =0
gém- RM; N, 3

Z, = ST— deata,jg for all m = 1 .. | ¥ where & 0means+ound-downwards
g Mg

DN, =2Z;-Z._,;- N; foralli=1. |F

4.2.6.1 Determination of rate matching parameters in uplink

In uplink puncturing can be used to avoid multicode or to enable the use of a higher spreading factor. The
maximum amount of puncturing that can be applied is signalled at-connection-setup-from higher layers |
and denoted by PL. The number of available bits in the radio frames for al possible spreading factors is
given in [2]. Denote these values by Nosg, Nizg, Nes, N3o, Nig, Ng, and N4, where the index refers to the
spreading factor. The possible values of Ngyaa then are { Noss, Niog, Naa, Naz, Nig, Ng, Ny 2Ng, 3Ny, 4Ny,
5N,4, 6N,}.Depending on the UE capabilities, the supported set of Ngu, , denoted SETO, can be a subset of
{ Nzsg, Nigs, Nea, Nap, Nig, Ng, N, 2Ng, 3Ny, 4Na, SNa, 6N} Nyaga, j fOr the transport format combination j is
determined by executing the following algorithm:
. 9 RM. _ .
SET1={ Ny in SETOsuchthat Ny, - Q —F=— ><Nij is non negative }
i= M n{RM, }

If the smallest element of SET1 requires just one BPBEHPhCH then
Ndata,j =min SET1
else

SET2 ={ Ngaa in SETOsuchthat N .. - PL xé __RM, XN isnon negative }
data data < mll n{RM|} ij

Sort SET2 in ascending order
Ngata = Min SET2

13



While Ngga is not the max of SET2 and the follower of Ny, requires no additional BRPBEHPhCH |
do

Nyata = follower of Nyaa in SET2
End while

Ndataj = Ndata
End if

The number of bits to be repeated or punctured, DN;, within one radio frame for each transpert
channel TrCH i is calculated with the relations given in Section 4.2.6 for al possible transport format
combinations j and selected every radio frame. For each radio frame, the rate-matching pattern is
calculated with the algorithm in Section 4.2.6.3, where DN = DN;; and N = N;.

Additionally, the following parameters are needed:
g= &\; /(6DN;d)d where Mean

if giseven
then g = q—gcd(q, F)/F; -- where gcd (g, F;) means greatest common divisor of g and F;
-- notethat ' is not an integer, but amultiple of 1/8

else
q=q
endif
forl = 0to F-1
Sk (d*q'umod F))) = (d*q'udiv F;) ~~where-ét-meansround-upwards:
end for
4.2.6.2 Determination of rate matching parameters in downlink

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

Note: The rule to convert the rate matching attributes in downlink to the parameters input to rate
matching pattern algorithm are working assumption. So, it remains to be verified that they hold for all
possible transport format combinations. It has been identified that the case when the transport format
combination with highest rate include a transport format with zero bits need special treatment.

Radio frame segmentation is performed after 1% interleaving and N;; is therefore calculated as:

. eN 7 U
= TFR@ ad N, = g———
e Fi g

The number of bits repeated or punctured, DN, within one radio frame for each transpert-channel TrCH is |
calculated for the transport format combination L with highest bitrate with the relations given in Section
4.2.6.

If fixfixed positions of the transpert-channel TrCHs in the radio frame are used then the same DN;; is used |
for al transport format combinations and the last part of the rate-matching pattern omitted. That is to say
for all transport format combinations j we have:

DN, =DN,

When flexible positions of the tranrspert—ehanrel TrCHs are used, the number of bits DN;; repeated or |
punctured for all transport format combinations j other than L is calculated as:

eDN,
DN, = e =Ny g
e VL u

For each transmission time interval, the rate-matching pattern is calculated with the algorithm in Section
4.2.6.3. The following parameters are used as input:

14



| = TF(G) and DN =DN;" =FDN,
N=N"

S=0.

4.2.6.3 Rate matching algorithm

Denote the bits before rate matching by:
€156 636N X1, Xioy Xigs- -+ Xy L Where i is the TrCH number and N is the number of bits before rate

matching.
The rate matching ruleis as follows:

if puncturing isto be performed

y=-DN
e= (2*S(kn) * y+ N) mod 2N -- initial error between current and desired |
puncturing ratio
m=1 -- index of current bit
dowhilem<=N
e=e-2*y -- update error
if e<= Othen -- check if bit number m should be
punctured
puncture bit exn, |
e=e+ 2*N -- Update error
end if
m=m+ 1 -- next bit
end do
else
y=DN
e= (2*Stkn) * y+ N) mod 2N -- initial error between current and desired |
puncturing ratio
m=1 -- index of current bit
dowhilem<=N
e=e-2*y -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit ex,
e=e+ 2*N -- updateerror
enddo
m=m+ 1 -- next bit
end do
end if
A repeated hit is placed directly after the original one.
4.2.6.4 Relation between input and output of the rate matching block in
uplink

The bits input to the rate matching are denoted by €;,€,,€;3,...,6y, . Wherei isthe TrCH.
Hence, Xi( = el( and N = Ni = Ni'
The bits output from the rate matching are denoted by fi,, fi,, f.,..., fy, . wherei is the TrCH number

and V1=N+DN = Ni_i_+DNu_.
Note that the transport format combination number j for simplicity has been left out in the bit numbering.

15



4.2.6.5 Relation between input and output of the rate matching block in
downlink

The bits input to the rate matching are denoted by G;;,C,,Cy3,...,Cg . Wherei isthe TrCH number and |

the transport format number. Hence, Xx = €kand N =N, = E, .

The bits output from the rate matching are denoted by §;1, 95, G- - - Jig, . Wherei is the TrCH number
and G :N+DN=Ni1|_rI +DNiT”:
Note that the transport format number | for simplicity has been left out in the bit numbering.

4.2.7 4.282™TrCH Mmultlplexmg

TrCH is dehvered to the TrCH multi plexmq These radio frames are senallv multiplexed into a coded
composite transport channel (CCTrCH).

trecchdarableelkHforeamples b\ B . PIM-ctetndicate nomber-of-bits e the datarblock

The bits input to the TrCH multiplexing are denoted by iy, fi,, fis,..., fiy, . where i is the TrCH
number and V; is the number of bits in the radio frame of TrCH i. The number of TrCHs is denoted by I.
The bits output from TrCH multiplexing are denoted by S, S,,S;,...,Sg, where Sis the number of bits,

e S= é V. . The TrCH multiplexing is defined by the following relations:

SHET k=1,2, ...V,

S = fowewy k=Vi+1, Vi+2, ..., Vi+V,

sK = a0 vy k= (VatVo)+ 1, (Vi+Vo)+2, ..., (Vi+Vo)+ Vs

S( = | (K- (VyHV, +. 4V, ) k= (V1+V2+ ...+Vﬂ)+ 1, (V1+V2+ ...+Vﬂ)+2, ceny (V1+V2+ ...+Vu)+V1
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d—==¢y =52 Ky
6= k)= Kar b Ka+ 2 Kat Ko
E=—€3 -k k) KK LKy K+ 2K+ KoK

=B - K i, YT ) e K ot K ) 2Rty
KN

For-=14,2,3——Pwhere P=K1+Ko+———+Kp
d—=—-€y =12 K4
=241 f= Ky K2 K+ Ko

=63 -k ik KK L (K K 2 (KaH Ko+ Kg

BB i+ )R b b K ) K g K et KN )+ 2 (K b K )N

4.2.8 427 1Insertion of discontinuous transmission (DTX)
indication bits

<Ericsson’s note: It is Ericsson’s understanding that fixed or flexible positions is chosen on CCTrCH
basis (not TrCH).>

In the downlink, DTX is used to fill up the radio frame with bits. The insertion point of DTX indication
bits depends on whether fixed or flexible positions of the transpert-channel TrCHs in the radio frame are
used-in-the-radio-frame. -It is up to the UTRAN to decide for each CCTrCH whether fixed or flexible
positions are- used during the connection-fer-each-transpert-channel-. DTX indication- bits only indicate
when the transmission should be turned off, they are not transmitted.

4.2.8.1 4272 Insertion of DTX indication bits with fixed positions

This step of inserting DTX indication bits is used only if the positions of thefer—these transpert
channel TrCHs in the radio frame are fixedwhich-use-fixed-position-scheme. With fixed position scheme a
fixed number of bitsis reserved for each transpert-channel TrCH in the radio frame.

Denete-tThe bits from rate matching bleckare denoted by Gy, i, Giss- - -1 Oig, FarFartar—=+n, Where

GiN isthe number of these bits per-L*10-ms-which-isin one TTI of TrCH ithetransmission-time-interval.

f,-ts-the first-input-bit-to-this-block-and-ry-is- the tast-input-bit-inte-this-bleek- Denote the number of bits

reserved forem one radio frame ofer TrCH ithis-transpert-channel{orfix—rate TrCHs with-the-same
transpert-format—attributes) by HiM, i.e. the maximum number of bits in a radio frame for any transport
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format of TrCH i. The number of radio framesin a TTI of TrCH i is denoted by F;. The bits output from
the DTX insertion are denoted by h,, hz, hs, 1\ (£ 1, - Note that these bits are three valued. They are
defined by the following relations.A rdreatron-bi
sThey-canbe described-asfollows:
h,=0,k=123,..G

hk :d k= G1+1, Gi+2' G1+3, ceay FlHi

where DTX indication bits are denoted by d. Here Qi 1 {0, 1} andd i {0, 1}.
S—H—k=123—N

where DT X-indication bitsare-denoted-by x—Herer, {01} and- {01} s, isthe first output-symbel
from-thisblock-and-s y+sthelast output symbol from this block.

4.2.8.2 4272 Insertion of DTX indication bits with flexible positions

<Note: Below, it is assumed that all physical channels belonging to the same CCTrCH use the same SF.
Hence, U,=U=constant.>

This step of inserting DTX indication bits is used only if the positions of the transpert-channel TrCHs in
the radio frame are useflexibleposition-scheme. ln-flexiblepesition-scheme transport-channels-have been
concatenated-one-after-anetherin-the 2™ multiplexing step-The DTX indication bits shall be placed at the
end of the radio frame. Note that the DTX will be distributed over all slots after 2™ interleaving.-after-att
the-encoded-databits:

The bits input to the DTX insertion block are denoted by S,S,,S;,...,Sg.where Sis the number of bits
from TrCH multiplexing. The number of PhCHs is denoted by P and the number of bits in one radio
frame, including DTX indication bits, for each PhCH by U.

The bits output from the DTX insertion block are denoted by Wi, W,, W,,. .., Wy . Note that these bits

are threeval ued They are deﬂned by thefollowmq relat|ons

=ss=p k=1,23_..NS

=d s=x k= _SN+1, SN+2, SN+3, ..., PUM
where DTX indication bits are denoted by xd. Here pSc T {0, 1}_and xd T {0,_1}. s, is-the-firstoutput
4.2.9 Physical channel segmentation

useiéhe&\mes;>< Note Bel ow, itis assumed that aII physical channels bel onging to the same CCTrCH
use the same SF. Hence, U,=U=constant.>
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Bitstrom-second-multiplexing-dy-do—-€dp
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.

o I  phvsicaldl I

The bits after physical channel segmentation are denoted Upy U Uggse oy Uy s where p is PhCH
Y

number and U is the number of bitsin one radio frame for each PhCH, i.e. U = F . The relation between

Xk and Upk is given below.defined-by-the-followingrelationship:
Fhefirst-physical-channel-bBits on first PhCH after physical channel segmentation:

Uy = X, k=1,2,...U
=4 R
TFhesecond-physical-channel-bBits on second PhCH after physical channel segmentation:
Uy = Xes0) k=1,2,...U
ez_};de*pm_) =12, PIM
The M*_physical-channel-bBits on the P"" PhCH after physical channel segmentation:
Pk = Kk+(P-1)U) k=12,...U
4.2.9.1 Relation between input and output of the physical segmentation
block in uplink

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

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

If fixed positions of the TrCHs in a radio frame are used then the bits input to the physical segmentation
aredenoted by S,S,,S;,...,S;. Hence, Xk = and Y= S

If flexible positions of the TrCHs in a radio frame are used then the bits input to the physical
segmentation are denoted by WL W, Wy, oy Wipyy - Hence, Xk = Wy and Y = PU.

4.2.10 2" interleaving

The 2™ interleaving ' : is a block interleaver
with _inter-column permutatlons The b|ts input to the 2nd interleaver _are denoted

Uy, Upy, U Uy, . where p is PhCH number and U is the number of bits in one radio frame for

p31ec s

one PhCH.

19




(1) {3)-Set acolumn the number_of columns C, = 30. The columns are numbered 0, 1, 2, ..., C,-1 from
left to right.

2 €29—Determine a—rowthe number of rows R, by finding minimum integer R, such that;
UK, <=£ Rz— -Co.

(3) _3)-The bits input sequenece-ofto the 2" interleaving isare written into the R, ~  C, rectangular matrix

é Uy U, Uy, o U U
é G
oW by — é up31 up32 up33 up60 0
& i X i _—
o 0
o (R,-030+)  Up(R,-n30+2)  Up(r,-nao+3)  ---Up,(r,30 0
ESecond-Stage:

(6) {3)-Perform the inter-column permutation based on the pattern {P-(j)} (_=_0,_1, ..., C,-1) that is
shown in Table 4-4, where P,-(j) is the original column position of the j-th permuted column._After

permutation of the columns, the bits are denoted by Ypk.

éypl yp,(R2 +1) yp,(2R2+1) tee yp,(29R2+1) l;‘l

u
éyp2 yp,(R2+2) yp,(2R2+2) s yp,(29R2+2) U
e : : : : G
€ u
&wr,  Yor)  Yoery o Yeiaor) O

(7) _&-The output of the 2" interleaving is the bit sequence read out column by column from the inter-
column permuted R, ©  C, matrix. ane-The output is pruned by deleting bits that were not present in

the input_bit sequence i e bits Vnk that corr&ponds to bits Xnk W|th k>U are removed from the
Tt
R,—C,—KThe bits after 2™ interleaving are denoted by Vo Vpaire- s Vo s where Vp; corresponds

to the bit Ypk with smallest index k after pruning, Vpp to the bit Yok with second smallest index k after
pruning, and so on.

Table 4-4
Colump-nNumber of columns 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}

4.2.11 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 V1, Vy,5,...,Vyy . Where p is the PhCH number and U is 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 to k.

42111  Uplink

+seppned¢er—uphnk—DPDGI=|-aPaH—Hm&s—ln upllnk the DPCCH and al PhCHs used durlnq aradlo frame

are completely filled with bits that are transmitted over the air.
42.11.2 Downlink

In downlink, the PhCHs do not need to be completely filled with bits that are transmitted over the air. Bits
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Vpi I {0, 1} are not transmitted. The DPCCH is alwavs completely filled wrth bits that are transmrtted

HFor transpert-channel TrCHs not relying on TFCI for transport format detection (blind transport format
detection), the positions of the transport channels within the radio frame should be fixed.

HFor transpert-channel TrCHs relying on TFCI for transport format detection, the UTRAN-decides-higher
gyers sr gnal whether the posrtr ons of the transport channels should be fixed or flexible.
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