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1 Introduction
This paper is an updated version of [1].

In Ad Hoc 4 the following points were identified and agreed:
Section 4.2.5: physical channel segmentation should be replaced by radio frame segmentation.
Section 4.2.6.3 X, should be replaced by Xim,.
Section 4.2.11.1 The reference to DPCCH should be removed and it should be stated explicitly that
the PhCH can be turned off.
Section 4.2.11.2 The reference to DPCCH should be removed.

The document including these changes was recommended for approval by WGL1.

After the Ad Hoc the following two editorial comments were received:
Section 3.2: n should be replaced by n;.
Section 4.2.10 step 7: Xy should be replaced by upg.

These two changes are a so included in this updated text proposal.

In order to avoid discussion about how different text proposals should be merged, it was agreed in Ad
Hoc 4 that this text proposal should include [2]-[4] and that the sections addressed by [5]-[6] should be
excluded. The updated versions of [5]-[6] should reflect the changes proposed in [1].

2 References

[1] Ericsson, “ TSGR1#7(99)b29 Proposal for new notation in 25.212".

[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”.
[5] Mitsubishi Electric, “TSGR1#7(99)a80 Text proposal for DL rate matching signalling”.

[6] Qualcomm, “TSGR1#(99)b05 Simplified transport block equalization and segmentation”.



3 Text proposal for 25.212

3.2 Symbols

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

&t round towards ¥, i.e. integer such that X £ &u < x+1
= round towards -¥ , i.e. integer such that x-1 < & £ x
¢ absolute value of x

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

TrCH number

TFC number

Bit number

TF number

Transport block number

Radio frame number of TrCH i.

PhCH number

Code block number

Number of TrCHsin a CCTrCH.

Number of code blocksinone TTI of TrCH i.

Number of radio framesinone TTI of TrCH i.

Number of transport blocksin one TTI of TrCH i.

Number of PhCHs used for one CCTrCH.

Puncturing Limit for the uplink. Signalled from higher layers
RV 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>

VRO TRRETRIT

i)
=

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 Orthogona 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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4.2 Transport-channel coding/multiplexing

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

Add CRC to each transport block (see Section 4.2.1)

Transport block concatenation and code block segmentation (see Section 4.2.2)

Channel coding (see Section 4.2.3)

Rate matching (see Section 4.2.6)

Insertion of discontinuous transmission (DTX) indication bits (see Section 4.2.87)

Interleaving (two steps, see Section 4.2.4 and 4.2.10)

Radio frame segmentation (see Section 4.2.5)

Multiplexing of transport channels (bwo-steps; see Section 4-2.2-and 4.2.78)

Physical channel segmentation (see Section 4.2.9)

Mapping to physical channels (see Section 4.2.11)

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

gCRClG(D) - D16 + D12 + D5 +1

gores(D) =D°+ D'+ D'+ D*+D + 1

Denote the bits in a transport block delivered to layer 1 by &y, Qimp s Qimg - - s Ay, P15 B2 B,
and the parity bitsby Py, Bimzs Pimgs- -+ P, PrsPar—He. NA is the length of-thea transport block of

TrCH i, misthe 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

8D ™ +8,,DY M+, +8,, D+ D" + P DY + ..+ PgsD + P
T 7 = S S o o

yields aremainder equal to O when divided by gcreis(D). Similarly,

8D +8,,D""°+. .. +8, D%+ p, D" +p,,D°+...+ p; D'+ pg

N =i o P ) SN 9 o
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-1-are-deneted-b1,-by b3 by where- N-is-the-length-of-the-transport-bleck—-The
bits after CRC attachment are denoted by B;,0,,5, B - B WarWor oW - where Lis-16,8;

or-0, where B=A+L;. The relation between baj i and whin is:
Bk = A k=123, ... A

blmk:plm(Li+1-(k-A)) k=A+1LA+2A+3 .. A+L




Bitsfrom-transpert-block-P-of-transpert-channel-2-Wop1 - Wopo Wopa——Wopk

Bitsfrom-transport-block-P-of-transport channel-R:- Wrp1;- Wrpo, Wrpsr—— Wrpk

e =Waac k=12 K )

el = Wiy k=K1 K+2, ,:;\

6l =Wapge(p-1yK) k=(P-DK+1 . PK )

Bl = Wagepiy k=PK+1—(P+IK

— >~ CH2
€l =Wapgc(2p-23K) = o )

4.2.2 Transport block concatenation and code block

segmentation

All transport blocksin aTTI are serialy concatenated. If the number of bitsin a TTI 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 bits input to the transport block concatenation are denoted by B4,Bmy, B - - Brg, Where i is the

TrCH number, m is the transport block humber, 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;,X,X3,..., Xk, . Where i is the TrCH number and X=MB;. They are defined by the




following relations:

Xy =Dy, k=1,2,...B

%k =B 28 k=B +1,B+2..,2B

Xik = h,3,(k- 28,) k = 281 + 1, ZBl + 2, sy 381

Xk = h,Mi,(k-(Mi-l)Bi) k=M -1)B+1, (M -1B +2 ... MB;
4.2.2.2 Code block segmentation

<Ericsson’snote: It is proposed that filler bits are set to 0.>

Segmentation of the bit sequence from transport block concatenation is performed if Xi>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 G, 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 - K

The bits output from code block segmentation are denoted by G,;,0, 5,0, 3:..., 0, . Where i is the
TrCH number, r isthe code block number, and K;_is the number of bits.
Number of code blocks: G = éX; / Zu

Number of bits in each code block: K; = €/ Gu
Number of filler bits: Y, = GKj - X

If X £ Z, then Oj1x = Xik, and K; = X;.

If X3 Z, then

O = Xy k=12 ..K

Ok = X (kek,) k=1.2,...K

Ok = X (k+2k)) k=12 ..K

Ock = Xi(ke(G 1K) k=12 ..K-Y

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

4.2.3  Channel coding

Code blocks are delivered to the channel coding block. They are denoted by Q;,0,5,0,3:.--,0, .

where i isthe 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 Xir 21 Xirgr-- -1 X, - The encoded blocks are serially multiplexed so that the block with lowest index

r is outpuit first from the channel coding block. The bits output are denoted by Gy, G5, Gs»- - -, G, . Where

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

Cx = Xk k=12 ..X%
Gk = Xi2,k- x,) K= X+ 1,X+2...,2%
Ck = X 3.(k-2x,) k=2X+1,2X+2, ..., 3%




Cik = Xic (k-(c-1x,) k=(G-DX+ 1 (G-DX+2, ... CX
The relation between Ojrk and Xirk and between K and X; is dependent on the channel coding scheme.

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

Table 1. Error Correction Coding Parameters

Trangport channel type Coding scheme Coding rate
BCH
PCH 12
FACH Convolutional code
RACH
DCH i
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’snote: Combined mode is assumed as indicated in the introduction.>

4231 Convolutional coding

42311 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 done in the order starting-frem-outputO, outputl, and
output2, outputO, outputl, ...,output2 . (When coding rateis 1/2, output is done up to output 1).

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

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

- g'“p -
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4.2.4  1%interleaving

4.2.5 Radio frame segmentation

4.2.6  Rate matching

- nip --

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 €,,8,,€;3,...,6y, . Wherei isthe TrCH.

Hence, Xk = €kand N= N; = N.

The bits output from the rate matching are denoted by iy, f;,, f.5,..., f, . where i is the TrCH number

and Vl:N+DN = Nii+DNu_-
Note that the transport format combination number j for ssmplicity has been left out in the bit numbering.

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 C;,C;,Cg. ..., Gg, . Wherei is the TrCH number and |

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

The bits output from the rate matching are denoted by G, Gi, Gh3»- -+ Ui . Wherei is the TrCH number

an_dGi =N+DN=Ni1,_rI +DNi1,T';
Note that the transport format number | for simplicity has been |eft out in the bit numbering.

11




427 4282™TrCH Mmultiplexing

TrCH is dehvered to the TrCH multlpIeX| ng. Theﬁe radlo frames are serlally multiplexed into a coded
composite transport channel (CCTrCH).

brreoshdaabledetaremmsles b 2 4 R cteindienierembe sl bis e thedatablecle

The bits input to the TrCH multiplexing are denoted by f;y, f;,, 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 \/I . The TrCH multiplexing is defined by the following relations:

S = fy k=12 ..V

S = f2,(k-vl) k=Vi+1, Vi+2, ... Vi+V,

S = f3,(k-(v1+v2)) k= (VitVo)+1, (VitVo)+2, ..., (VitVo)+Vs

s =T, (k- (VY 4.4y, ) — K= Vit Vot 4 Vig)+ ], (Vi Vot 4 Vg)+2, L, (Vi Vot 4V +Y

d—=ey =12 Ky
=€z )y Kat L Kat 2 Kario

B =€ -k i e K+ L Ka K+ 2 (KaH o)+ K

E=— N i K by, )T KK R LK K bR 2K KK
+KN
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d—=-ey j=12—Ky
=24« )—J——K;H—K;+2—K;+Kg

B =€ -k k= e Ko I (Kot Kol 2 (Kot Kol Kg

B =B i ek TR b Ko ) (K bt KN )+ 2 (g Kb Ko a)+Ky

4.2.8 427 Insertion 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-theradio-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 4271 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
chanpel TrCHs in the radio frame are fixedwhich-use-fixed-position-scheme. With fixed position scheme a
fixed number of bitsis reserved for each transpert-channrel TrCH in the radio frame.

Denote-tThe bits from rate matching bleckare denoted by Gy, Jiz, Gizs- - - Uig, FarFarfar——+n, Where

GiN isthe number of these-bits perEx10-ms-whichisin one TTI of TrCH ithe transmission-timethterval.

fi-ts-the first-iput-bit-to-this block-and-+y-is-the tast-input-bit-inte-this bleck- Denote the number of bits

reserved forem one radio frame ofer TrCH ithis-transpert—channel{orfix—rateFrCHs with-the-same
transpert-format-attributes) by HiM, i.e. the maximum number of bitsin a radio frame for any transport

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, ‘N n,y - Note that these bits are three valued. They are

defined by the following relations: 2
s They-can-bedescribed-asfollows:
he =9, k=123 ...G

h, =d_k=G+1,G+2,G+3, ... FH

where DTX indication bits are denoted by d. Here Qik T {0, 1} andd i {0, 1}.
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where DT X-indication-bits-are-denoted-by-x—Here f, 0,4} and-x1{0,1}—s, isthefirstoutput-symbel
from-thisbleck-and-s y-tsthetast output symbol from this block.

4.2.8.2 4.27-2-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 areaseflemblepes%enseheme In-flexible position-scheme transport-channg s-have been
coneatenated-one after-anotherin 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-alt
the-encoded-data bits:

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 W, W,, W, ..., Wp, . Note that these bits
are threeval ued. Thev are defined by the foIIOW| nq relations:

152 Par P Where

W, =S sc=Hh k=1,23,...NS
W, =d g=x k= SN+1, SN+2, SN+3, ..., PUM

where DTX indication bits are denoted by xd. Here pSc 1 {0, 1} and xd | {0, 1}. s, is-the first-output

4.2.9 Physical channel segmentation

Hsethe%ame%:>< Note Bel ow, itis assumed that aJI phvscal channels bel onging to the same CCTrCH
use the same SF. Hence, U,=U=constant.>

When more than one PhCH is used phvscal channel segmentation divides the bits among the different

PhCHs. The bits input to the physical channel segmentation are denoted by X, X, X;3,..., X, , Where Yis

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 Ugps Uy Upgse o Uy where p is PhCH

14




Y
number and U is the number of bitsin one radio frame for each PhCH, i.e. U = ; . The relation between
Xk and Upk is given bel ow.definred-by-the-foHowingrelationship:

Fhefirst-physical-channel-bBits on first PhCH after physical channel segmentation:

Uy = X, k=1,2,..,U
=4 j=1.2....PIM

Fhe-second-physical-channel-bBits on second PhCH after physical channel segmentation:
Up = Xkeu) k=1,2,...,U

o=6lgpivy j=1.2, ... PIM

TFhe-M"physical-channe-bBits on the P" PhCH after physical channel segmentation:

Upk = X (p-10) k=1,2,...U

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

The bits input to the physical segmentation are denoted by S, S,, S;,...,Sg. Hence, 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;,...,Sg. Hence, Xk = Scand 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 W, W, W, ..., Wipy, . Hence, X = Wi and Y = PU.

4210 2" interleaving

The 2™ interleaving Rennchatetkeny e MO-Coceopera is a block interleaver
with _inter-column permutations. The bits input to the 2™ interleaver are denoted

Ug1:Upay Upgs..., Uy, . Where p is PACH number and U is the number of bits in one radio frame for

one PhCH.

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

(2) (&—Determine a—rewthe number of rows R, by finding minimum integer R, such that;
UK; <=£ Rm—C,.

(3) {3)-The hits input sequence-ofto the 2™ interleaving isare written into the R, ~ C, rectangular matrix

15




e uy Up, Ups R L
é a
o by row, € Ups Uz Uz oo U
-5 i i i _—
e v
o(R-n30+)  UpRr,-n30+2)  Upr,-na0+3)  ---Up(r,30Q
Sccond Sloges

(4) H-Perform the inter-column permutation based on the pattern {P,-(j)} (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.

ﬁ:‘ Yor  Yoro+y  Yper+n o Yp(2or,+1) U u
U

a¥2 Yor+2 Ypri+2 Yy (29R; +2) u

é : : : : u

€

&, Yor)  Yoer) o Ye(aor) Q

(5) {2)-The output of the 2" interleaving is the hit sequence read out column by column from the inter-
column permuted R, ©  C, matrix. and-tThe output is pruned by deleting bits that were not present in

the input bit sequence, i e. bits Vnk that corresponds to_bits unk W|th k>U are removed from the

R—GC,—K,The bits after 2™ interleaving are denoted by V

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

o1 Vp2s-- -1 Vpy L Where Vi1 corresponds

Table 4-4
Column-nNumber of columns C, I nter-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 Vi, Vp,,...,Vpy . 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.

42114.2.11.1 Uplink

In uplmk the PhCHs used durlnq a radlo frame are e|ther

completely filled with bits that are transmltted over the air or not used at all.
42124.2.11.2 Downlink

In downlink, the PhCHSs do not need to be completely filled with bits that are transmitted over the air. Bits
Vpi I {0, 1} are not transmitted.

he-downtink. oter cfter 2"
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BFor 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 UFRAN-decides-higher

layers signal whether the positions of the transport channels should be fixed or flexible.
{lot-and-TFPC-symbols-are-always transmitted regardlessof th-e—data-existence-<Ericsson’ s note;

Thisis clear from 25.211 since the corresponding fields always are filled with bits.>
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