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11 3G TS 25.212 V3.1.1 (1999-12)

42.1 Error detection

Error detection is provided on transport blocks through a Cyclic Redundancy Check. The CRC is 24, 16, 12, 8 or
0 bits and it is signalled from higher layers what CRC length that should be used for each TrCH.

4211 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:
Ocre2dD) =D+ D+ D°+D°+ D + 1

gore1dD) = D'+ D+ D+ 1
OcrcidD) =D¥+ D'+ D+ D*+ D +1
OcredD) =DC+ D'+ D*+ D*+ D + 1

Denote the bits in a transport block delivered to layer 1apy,a,,,,a a and the parity bits by

im2 1 ~im37 1 ¥himA

Pimir Pimzs Pmas--+» Py, - A S the length of a transport block of TrGHn s the transport block number, and L

is 24, 16, 12, 8, or 0 depending on what is signalled from higher layers.
The encoding is performed in a systematic form, which means that in GF(2), the polynomial

A+23 A+22 24 23 22 1
a'imlD +a‘im2D +"'+a'imAD + pimlD + pim2D oot pim23D + pim24

yields a remainder equal to 0 when divided by-g{D), polynomial
aimlDA e + aimZDA o oot aimA D16 + plmlD15 + p|m2D14 Tt pimlSDl + pim16

yields a remainder equal to 0 when divided bygdD), polynomial
a'imlDAJrll + a'imZDAJrl0 Tt a'im/—\ D12 + pimlDll + pimZDlO Tt pimllDl + pim12

yields a remainder equal to 0 when divided byg{D) and polynomial
aimlDA " + aimZDA e Tt aim/—\ D8 + pimlD7 + pimZD6 Tt pim7D1 + pim8

yields a remainder equal to 0 when divided bygD).

If no transport blocks are input to the CRC calculatidn= 0), no CRC attachment shall be dofigransport
blocks are input to the CRC calculatidvli  0) and the size of a transport block is zeko=(0), CRC shall be
attached, i.e. all parity bits equal to zero.

42111 Relation between input and output of the Cyclic Redundancy Check

The bits after CRC attachment are denoted)fy, 0,5, 03, - -, Bg » WhereB=Ai+L;. The relation betweedimk
andbikis:
Bk = i k=1,2,3,..A

lqu = Pin(L, +1-k-A)) K=A+LA+2A+3, . A+L

4.2.2  Transport block concatenation and code block segmentation

All transport blocks in a TTI are serially concatenated. If the number of bits in a TTI is largeZ, thizen
maximum size of a code block in question, then code block segmentation is performed after the concatenation of
the transport blocks. The maximum size of the code blocks depends on whether convolutional coding, turbo
coding or no coding is used for the TrCH.

3GPP



3GPP TSG RAN Meeting #7 Document R1-00-0241
Madrid, Spain, 13-15 March 2000 .. for SGRF use the formal Th-aoxc

CHANGE REQUEST  sage ornsicionson ot i s om cotcy
25.212 CR 029r1 Current Version: 3.1.0

GSM (AA.BB) or 3G (AA.BBB) specification number 1 t CR number as allocated by MCC support team
For submission to: TSG-RAN #7 for approval | X strategic (for SMG
list expected approval meeting # here 1 for information non-strateg ic use only)

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

Proposed change affects: wsm[ | ME UTRAN / Radio Core Network [ |

(at least one should be marked with an X)

Source: TSG RAN WG1 Date: 2000-02-24
Subject: Limitations of blind transport format detection
Work item:
Cateqgory: F Correction X | Release: Phase 2
A Corresponds to a correction in an earlier release Release 96
(only one category B Addition of feature 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 The limitations of blind transport format detection are not specified yet.
change:
Clauses affected: 43,4.3.1,43.2
Other specs Other 3G core specifications - List of CRs:
affected: Other GSM core specifications - List of CRs:
MS test specifications - List of CRs:
BSS test specifications - List of CRs:
O&M specifications - List of CRs:
Other
comments:
help.doc

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



3G TS 25.212 version 3.1.0 39 3G TS 25.212 V3.1.0 (1999-12)

4.3 Transport format detection

altowedshau—be—speemedf the transport format set of a TrOHtontarns more than one transport format the transport

format can be detected according to one of the following methods:

- TECI based detection: This method is applicable when the transport format combination is signalled using the
TECI field.

- Explicit blind detection: This method typically consists of detecting the TF of Th9Hise of channel decoding
and CRC check.

- Guided detection: This method is applicable when there is at least one othe¥, hieéhafter called guiding
TrCH, such that:

- the guiding TrCH has the same TTI duration as the TrCH under considerationzifg. F

- different TFs of the TrCH under consideration correspond to different TEs of the quiding TrCH

- explicit blind detection is used on the quiding TrCH.

If the transport format set for a Trdkontains one transport format only, no transport format detection needs to be
performed for this TrCH.

For uplink, blind transport format detection is a network controlled option. For downlink, the UE shall be capable of
performing blind transport format detection, if certain restrictions on the configured transport channels are fulfilled.

4.3.1 Blind transport format detection

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

The number of CCTrCH bits received per radio frame is 600 or less.

The number of transport format combinations of the CCTrCH is 64 or less.

Fixed positions of the transport channels is used on the CCTrCH to be detected.

Convolutional coding is used on all explicitely detected TrCHSs.

CRC is appended to all transport blocks on all explicitely detected TrCHs.

The number of explicitely detected TrCHs is 3 or less.

For all explicitely detected TrCHisthe number of code blocks in one TT|)(§hall not exceed 1.

e O A A i o A

The sum of the transport format set sizes of all explicitely detected TrCHs, is 16 or less. The transport format set
size is defined as the number of transport formats within the transport format set.

9. There is at least one TrCH that can be used as the guiding transport channel for all transport channels using
quided detection.

Examples of blind transport format detection methods are given in Annex A.
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4.3.2  ExplieittTransport format detection based on TFCI

If a TECI is available, then TFECI based detection shall be applicable to all TrCHs within the CO heHansport
Fermat-Combination-ndicatdil FCI- informs the receivesf-aboutthe transport format combination of the CCTrCHs.
As soon as the TFCI is detected, the transport format combination, and hemeeshert formats of thiadividual

transport channdlgranspertformatare known-and-decoding-of- the transportchannels-can-be-performed.
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3.2 Symbols

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

xa round towardsw, i.e. integer such that< X/[7< x+1
xa round towardsoe, i.e. integer such thatl < X[7<x
xa absolute value of

_ o 0L x=0
sgn) signum function, i.esgn(X) = ]

1 x<O

Niirst The first slot in th& G.
Niast The last slot in th@G. N, is either a slot in the same radio framéNgas or a slot in the radio

frame immediately following the slot that contalvg;.

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

TrCH number

TFC number

Bit number

TF number

Transport block number

Radio frame number of TrCH

PhCH number

Code block number

Number of TrCHs in a CCTrCH.

Number of code blocks in one TTI of TrGH

Number of radio frames in one TTI of TrGH
i Number of transport blocks in one TTI of TrGH

Number of PhCHs used for one CCTrCH.
PL Puncturing Limit for the uplink. Signalled from higher layers
RM Rate Matching attribute for TrCH Signalled from higher layers.

TEMOTTTSI3 AT

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

X, X
y, Y
z2,”Z

3GPP 7
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427.21.1 Uncoded and convolutionally encoded TrCHs
AN, =AN_ .,
aa=2
N = maxN; "
max o ores(i) !

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

— N TT
Xi - I\Iil
Qni =1
eplus =a |:Nmax

eminus = a'I:lei|

TTI

Puncturing if AN, <O, repetition otherwise. The values ANL, may be computed by counting repetitions or

puncturing when the algorithm of section 4.2.7.5 is fure resulting values oANiT,T' can be represented with

following expression.

N, . % X, O
AI\IiT,ITI = D N | %P(Sgn@Nmax)

max

427.21.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHsAN, . >0, the parameters in section 4.2.7.2.1.1 are
used.

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

a=2 whenb=2
a=1 whenb=3
The bits indicated bip=1 shall not be punctured.

_DN,,/20 b=2
ANi B %ﬂNmaX/ZD b :3

N, = max(N,/™/3)

M orrs(i)

For each transmission time interval of TrCtith 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 = I\Imax
eplus =a |:Nmax

3GPP 25
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eminus = a'I:IBNi|

The values ofANiTJTI may be computed by countimgpetitiors-eipuncturing when the algorithm of section 4.2.7.5 is

run. The resulting values oﬁNiT"TI can be represented with following expression.

ANiT|TI - _% mNmax/ZEux Xi + OSE’_ E| @Nmax/ZEux Xi B
’ O Nmax OO Nmax O

In the above equation, the first term of the right hand side represents the amount of punctbr@cafod the second
term represents the amount of puncturingofeB.

3GPP 26
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3.2

Symbols

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

o
o
o

Nfirst
Nlast

round towardsw, i.e. integer such that< X/[7< x+1
round towardsoe, i.e. integer such thatl < X[7<x
absolute value of

The first slot in th& G.
The last slot in th@ G.-N,cis-eithera-slotinthe same radioframdlps-ora-sloetintheradio
: . intolv . ot o )

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

O——"o©ooSg—x——

n

1
M;
Ndatai

TrCH number

TFC number

Bit number

TF number

Transport block number

Radio frame number of TrCH

PhCH number

Code block number

Number of TrCHs in a CCTrCH.

Number of code blocks in one TTI of TrGH

Number of radio frames in one TTI of TrGH

Number of transport blocks in one TTI of TrGH
Number of data bits that are available for the CCTrCH in a radio frame with TFC

Ncm

data, j

Number of data bits that are available for the CCTrCH in a compressed radio frame with TFC

p
PL

RM

Number of PhCHs used for one CCTrCH.
Puncturing Limit for the uplink. Signalled from higher layers
Rate Matching attribute for TrCH Signalled from higher layers.

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

N < X
N < X

3GPP
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4.2 Transport-channel coding/multiplexing

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

The following coding/multiplexing steps can be identified:
- Add CRC to each transport block (see section 4.2.1)
- Transport block concatenation and code block segmentation (see section 4.2.2)
- Channel coding (see section 4.2.3)
- Rate matching (see section 4.2.7)
- Insertion of discontinuous transmission (DTX) indication bits (see section 4.2.9)
- Interleaving (two steps, see sections 4.2.4 and 4.2.11)
- Radio frame segmentation (see section 4.2.6)
- Multiplexing of transport channels (see section 4.2.8)
- Physical channel segmentation (see section 4.2.10)
- Mapping to physical channels (see section 4.2.12)

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

3GPP
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Figure 1: Transport channel multiplexing structure for uplink
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Figure 2: Transport channel multiplexing structure for downlink

| The single output data stream from the TrCH multiplexinguding DTX indication bits in downlinks denoted

Coded Composite Transport Channel (CCTrCAN)CCTrCH can be mapped to one or several physical channels.

3GPP
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4.2.7.2 Determination of rate matching parameters in downlink

For downlinkNy.:, j does not depend on the transport format combinati¥g. - is given by the channelization code(s)
assigned by higher layef3enote the number of physical channels used for the CCTrGH My - is the number of

bits available to the CCTrCH in one radio frame and defin@das=P(15Natz1t+1Ngatzp). WhereNgai1 andNgaip are
defined in [2]. Note that contrary to the uplink, the same rate matching patterns are used in normal and compressed
modeby spreading factor reduction or higher layer scheduling

3GPP
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4.29.2 2" insertion of DTX indication bits

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

The bits input to the DTX insertion block are denotedshs,, S;,. . ., Sg,whereSis the number of bits from TrCH
multiplexing. The number of PhCHs is denotedPgnd the number of bits in one radio frame, including DTX

N *
indication bits, for each PhCH ty. In normal modeJ =% =15N,.q +15N,,,., Fhe-numberofavailable-bits

on-the PhCH-is-denoted- Bl andNya =1 Ngam+E5Ngae, WhereNgam andNyq are defined in [2:21]. in-normal
moeded=Ng..+In compressed modadditional DTX shall be inserted if the transmission time reduction method does

not exactly create a transmission gap of the desired TGL. The number of bits available to the CCTrCH in one radio
cm

. . cm Ndata,* . .
frame in compressed mode is denotedMy,, . andU = 5 bbb e L The

«Ngata IS dependent on tHEGL and the transmission time reduction method, which are signalled

= P(lSNtliatal +15N(Ijata2) D

cm
exact value ofN g,

. cm _
from higher layersit can be calculated &8 3.+ = Ngqar = Nyg . whereNy .«

N;atalm N('jataz are the number of bits in the data fields of a slot for slot format A or B as definedkdgis Fthe

number of bits that are located within the transmissioriggdpnotedN;g.-and defined as:

( TGL... TGL

1—5 data* 1—5—Nm, if Niirst + TGL< 15
—_ 15_ N first 15_ N first nj - .
NTGL = < 1—5 data* 15 Ngm in first frame ifNgs + TGL> 15
TGL_ (15_ N first) ! TGL_ (15_ N first)
L 15 N gatar 15 Ny, in second frame M + TGL > 15

Niirst andTGL are defined in Section 4.4.
la-somoressecbmend=R AR

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

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

where DTX indication bits are denoted &yHereS, [1{0,1}and 6 [{0,1}.

3GPP
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4.2.14 Multiplexing of different transport channels into one CCTrCH, and
mapping of one CCTrCH onto physical channels

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

1) Transport channels multiplexed into one CCTrCh shall have co-ordinated timings. When the TFCS of a
CCTrCH is changed becausee or moredransport channgl ardés added to the CCTrCH or reconfigured within
the CCTrCHor removed from the CCTrCHhhechange may only be made at TE-oftransport-channélmay
only startof a-inradio frame with CFN fulfilling the relation

CFN mod F,2x= 0,

where Fa denotes the maximum number of radio frames within the transmission time intervals of all transport
channels which are multiplexed into the same CCTrCH, incluglingransport channgl which ares added-er
reconfiguredor have been removednd CFNdenotes the connection frame number of the first radio frdrie

changed CCTrCH-within-the transmission-time-interval-of-transport-channel

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

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

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

42141 Allowed CCTrCH combinations for one UE

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

2) one CCTrCH of common type

42.14.1.2 Allowed CCTrCH combinations on the downlink
The following CCTrCH combinations for one UE are allowed :
X CCTrCH of dedicated type + y CCTrCH of common type
The allowed combination of CCTrCHs of dedicated and common type are FFS.

NOTE 1: There is only one DPCCH in the uplink, hence one TPC bits flow on the uplink to control possibly the
different DPDCHs on the downlink, part of the same or several CCTrCHs.
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NOTE 2: There is only one DPCCH in the downlink, even with multiple CCTrCHs. With multiple CCTrCHs, the
DPCCH is transmitted on one of the physical channels of that CCTrCH which has the smallest SF among
the multiple CCTrCHs. Thus there is only one TPC command flow and only one TFCI word in downlink
even with multiple CCTrCHs.
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Denote the number of bits available in the TFCI fields of one compressed radio fr@nantythe number of bits in

the TFCI field in a slot b{{trc;. Denote byE the first bit to be repeateB=Ny,Nrrc). If Niasi#14, thenE corresponds to

the number of the first TFCI bit in the slot directly after the TG. Denote the total number of TFCI bits to be transmitted
by Ny If SF= 128 thenN,; = 32, elseN,; = 128. The following relations then define the mapping:

dy = b(k mod 32)
wherek =0, 1, 2, ..., min (ENyy)-1 and, if E<Ny,

O+p-niot = b(k mod 32)
wherek = E, ...,Nyt -1.

DTX bits are sent od, wherek = min (E,Nyy), ..., min (ENiy) +D - Nyt -1

4.4 Compressed mode

In compressed modg _,G_slotsfrom Nf.,st to N.ast are not used for transmlssmn of data. As illustrated in figure 12,
me-methethe instantaneous transmit

power is mcreased in the compressed frame in order to keep the quality (BER, FER, etc.) unaffected by the reduced
processing gain. The amount of power increase depends on the transmission time reduction method (see section 4.4.3).
What frames are compressed, are decided by the network. When in compressed mode, compressed frames can occur
periodically, as illustrated in figure 12, or requested on demand. The rate and type of compressed frames is variable and
depends on the environment and the measurement requirements.

One frame =

(10 ms) Transmission gap available for
inter-frequency measurements

Figure 12: Compressed mode transmission

44.1 Frame structure in the uplink

The frame structure for uplink compressed mode is illustrated in figure 13.

slot # (Nist - 1) > < transmission gap slot # (Nast- 1) >
Data e & o o o o Data
Pilot TFCI| FBI [TPC|® © © © o o Pilot TFCI| FBI | TPC

Figure 13: Frame structure in uplink compressed transmission
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4.4.2 Frame structure types in the downlink

There are two different types of frame structures defined for downlink compressed mode. Type A maximises the
transmission gap length and type B is optimised for power control.

- With frame structure of type A, the pilot field of the last slot in the transmission gap is transmitted. Transmission
is turned off during the rest of the transmission gap (figure 14(a)).

- With frame structure of type B, the TPC field of the first slot in the transmission gap and the pilot field of the last
slot in the transmission gap is transmitted. Transmission is turned off during the rest of the transmission gap
(figure 14(b)).

< Slot # (Nist - 1) > < transmission gap > < Slot # (Nast + 1) >
Thr 1N
Datal E ol Data2 PL ¢ o e o o o p |Datal E cl Data2 PL
(a) Frame structure type A
Slot # (Nyst - 1) > < transmission gap > < Slot # (Nast+ 1) >
Thr T Tire
Datal E cl Data2 PL E e e o o p |Datal E Cl Data2 PL

(b) Frame structure type B

Figure 14: Frame structure types in downlink compressed transmission

4.4.3 Transmission time reduction method

When in compressed mode, the information normally transmitted during a 10 ms frame is compressed in time. The
mechanisms provided for achieving this are puncturing, reduction of the spreading factor by a factor of two , and higher
layer scheduling. In the downlink, all methods are supported while compressed mode by puncturing is not used in the
uplink. The maximum idle length is defined to be 7 slots per one 10 ms frame. The slot formats that are used in
compressed mode are listed in [2].

4.43.1 Compressed mode by puncturing

During compressed mode, rate matching (puncturing) is applied for creating transmission gap in one frame. The
algorithm for rate matching (puncturing) as described in section 4.2.7 is used.

4.4.3.2 Compressed mode by reducing the spreading factor by 2

During compressed mode, the spreading factor (SF) can be reduced by 2 during one radio frame to enable the
transmission of the information bits in the remaining time slots of a compressed frame.

On the downlink, UTRAN can also order the UE to use a different scrambling code in compressed mode than in normal
mode. If the UE is ordered to use a different scrambling code in compressed mode, then there is a one-to-one mapping
between the scrambling code used in normal mode and the one used in compressed mode, as described in TS 25.213[3]
section 5.2.1.

4.4.3.3 Compressed mode by higher layer scheduling

Compressed mode can be obtained by higher layer scheduling. Higher layers then set restrictions so that only a subset
of the allowed TFCs are used in compressed mode. The maximum number of bits that will be delivered to the physical
layer during the compressed radio frame is then known and a transmission gap can be generated.

3GPP
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4.4.4  Transmission gap position

| Transmission gaps can be placedah-fixed-pesition-anddjustablaifferentpositiors as shown in figure 15 and 16

for each purpose such as interfrequency power measurement, acquisition of control channel of other system/carrier, and
actual handover operation.

When using single frame method, thesd-transmission gap is located within the compressed frame depending on the
transmission gap length (TGL) as shown in figure 15 (1). When using double frame metligdgdttransmission gap
is located on the center of two connected frames as shown in figure 15 (2).

Transmission gap Radio frame
—> < >
- 't
#0 #Npirs-1 #Njosit 1 #14

(1) Single-frame method

) ) _Transmission gay _
First radio frame < , 7 Second radio frame

\—Y—J
#0 #Nprsi-1 #Njast1 #14
(2) Double-frame method

Figure 15: Fixed-tTransmission gap position

ip-position as

shown-in-figurel6-Parameters of t
TGL is the number of consecutive idle slots dutimgcompressed modeansmission ggp

TGL=3,4,5,7,10, 14

Ns:st SpPecifies the starting slot of the consecutive idle slots,
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Nt = 0,1,2,3,...,14.
Niast Shows the number of the final idle slot and is calculated as follows;
If Njist + TGL < 15, then Mg = Nyt + TGL =1 ( in the same frame ),
If Nirst + TGL > 15, then Mg = (N + TGL — 1) mod 15 ( in the next frame ).

When the transmission gap spans two consecutive radio frampgsnd TGL must be chosen so that at least 8 slots in
each radio frame are transmitted.

Transmission gap

Transmission gap

Transmission gap

N

N
Radio frame -

(1) Single-frame method

First radio frame <Transm|53|on ?q,p Second radio frame

_Transmission gap
N ] 7

_Transmission gap
N 7

N

N
Radio frame 7
(2) Double-frame method

Figure 16: Adjustable—tTransmission gap lengths—position s with different N st

44543 Parameters for downlink compressed mode

Table 10 shows the detailed parameters for each transmission gap length for the different transmission time reduction
methods.

3GPP
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Table 10: Parameters for compressed mode

TGL Frame |Adjustable-[ Spreading Idle length Transmission time Idle frame
Type | /lixed-gap- Factor [ms] Reduction method Combining
"
3 A Adjustable 512-4 1.73-1.99 Puncturing, (S)
B O 256.- 4 1.60-1.86 Spreading factor (D) =(1,2).015.(2,1)
4 A Fixed 512-4 240266 | Coueto (c")'r‘”ﬂby 2 S
B 256.- 4 2.27-2.53 Higher layer (D) =(1,3)..(2,2);0r (3,1)
5 A 512-4 3.07-3.33 scheduling (S)
B 256 - 4 2.94-3.20 (D) =(1.4).(2.3), (3. 2) or
_ - _ (41)
7 A 512 -4 4.40-4.66 (S)
B 256.- 4 4.27-453 (D)=(1,6),.(2.,5), (3,4), (4,3),
_ (5,2) or; (6,1)
10 A 512 - 4 6.40-6.66 (D)=(3,7)..(4,6),_(5.,5), (6,4)-
B 256 - 4 6.27-6.53 or (7,3)
14 A Fixed 512-4 9.07-9.33 (D) =(7,7)
B 256 - 4 8.93-9.19

(S): Single-frame method as shown in figure 15 (1).

(D): Double-frame method as shown in figure 15 (2). (x,y) indicates x: the number of idle slots in the first frame,
y: the number of idle slots in the second frame.

NOTE: Compressed mode by spreading factor reduction is not supported when SF=4 is used in normal mode.
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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 this text, constitute 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]
(2]

(3]
[4]
[5]
(6]

[7]
(8]
9]
[10]
[11]
[12]

3G TS 25.201:
3G TS 25.211:

(FDD)"

3G TS 25.213:
3G TS 25.214:
3G TS 25.215:
3G TS 25.221:

(TDD)"

3G TS 25.222:
3G TS 25.223:
3G TS 25.224:
3G TS 25.225:
3G TS 25.302:
3G TS 25.402:

"Physical layer — General Description"

"Physical channels and mapping of transport channels onto physical channels

"Spreading and modulation (FDD)"
"Physical layer procedures (FDD)"
"Measurements (FDD)"

"Physical channels and mapping of transport channels onto physical channels

"Multiplexing and channel coding (TDD)"
"Spreading and modulation (TDD)"
"Physical layer procedures (TDD)"
"Measurements (TDD)"

"Services Provided by the Physical Layer"
"Synchronisation in UTRAN, Stage 2"

3

3.1

Definitions

Definitions, symbols and abbreviations

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 slots that have been obtained with a transmission
time reduction method. 8TGL< 14, The CFENM of the radio frames containing the first empty slot of the transmission
gaps, the CFBlof the radio frames containirige last empty slot, the respective positiogs: ldndN,,s Within these

frames of the first and last empty slofsthe transmission gapand the transmission gap lengths can be calculated with
the compressed mode parameters described in [5].

3GPP
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TrCH number: Transport channel number represents a TrCH ID assigned to L1 by L2. Transport channels are
multiplexed to the CCTrCH in the ascending order of these IDs.

3.2

Symbols

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

0
0
0

Nfirst
Nlast

round towards, i.e. integer such thats X[7< x+1
round towardsos, i.e. integer such thatl < X[J< X
absolute value of

The first slot in th@ G.
The last slot in th@G. N, is either a slot in the same radio framéNgas or a slot in the radio
frame immediately following the slot that contalvig;.

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

TENOTTTI3 AT

PL
RM

TrCH number

TFC number

Bit number

TF number

Transport block number

Radio frame number of TrCH

PhCH number

Code block number

Number of TrCHs in a CCTrCH.

Number of code blocks in one TTI of TrGH

Number of radio frames in one TTI of TrGH

Number of transport blocks in one TTI of TrGH

Number of PhCHs used for one CCTrCH.

Puncturing Limit for the uplink. Signalled from higher layers
Rate Matching attribute for TrCH Signalled from higher layers.

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

H

3

N < X
N < X

3.3 Abbreviations

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

Direct-Sequence Code Division Multiple Access

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
CEN Connection Frame Number

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

DSCH Downlink Shared Channel

DTX Discontinuous Transmission

FACH Forward Access Channel

3GPP
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FDD Frequency Division Duplex
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4.3.3 Coding of Transport-Format-Combination Indicator (TFCI)

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

TFCI (32,10) sub-code of TFCI code
(10 bits) ——»» second order —> word
a...a Reed-Muller code b...b

0" ™9 0'++¥31

Figure 10: Channel coding of TFCI bits

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

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



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

Mio

Mis

Miz

Mie

Mis

Mi4

Mi3

Mi2

Mi1

Mio

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

Let’s define the TECI information bits ag, @, &, &, &, &, 8, &, &, & (8 1S LSB and ais MSB). The

TFCI information bits shall correspond to the TFC index (expressed in unsigned binary form) defined by

the RRC layer to reference the TFC of the CCTrCH in the associated DPCH radiofrafeCFor

—t

put code word bits &re given by:
> (@M, ) mod2
n=l

The out

b



where i=0...31.

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

In downlink, when the SF <128 the encoded TFCI code words are repeated yielding 8 encoded TFCI bits
per slot in normal mode and 16 encoded TFCI bits per slot in compressed mode. Mapping of repeated bits
to slots is explained in section 4.3.5.

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

-—If one of thelinks- DCH is associated with a DSCH, the TFCI code word may be split in such a way
that the code word relevant for TFCI activity indication is not transmitted from every cell. The use
of such a functionality shall be indicated by higher layer signalling.

The TFCI bits are encoded using a (16, 5) bi-orthogonal (or first order Reed-Muller) code. The coding
procedure is as shown in figure 11.

TFCI (16.5) TFCI code
(5 bits) ’ bi-orthgonal code | ’ word
850-:81 4 bgb,..bsg

TFCI (16.5) TFCI code
(5 bits) » bi-orthgonal code | » word
8,084 by.by...bg

Figure 11: Channel coding of split mode TFCI bits

The code words of the (16,5) bi-orthogonal code are linear combinations of 5 basis sequences as defined in
table 8 below.
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Table 8: Basis sequences for (16,5) TFCI code

i Mio Mi1 Miz Mi3 Mi.a
0 1 1 0 0 0
1 1 0 1 0 0
2 1 1 1 0 0
3 1 0 0 1 0
4 1 1 0 1 0
5 1 0 1 1 0
6 1 1 1 1 0
7 1 0 0 0 1
8 1 1 0 0 1
9 1 0 1 0 1
10 1 1 1 0 1
11 1 0 0 1 1
12 1 1 0 1 1
13 1 0 1 1 1
14 1 1 1 1 1
15 1 0 0 0 0

For TFClinformation bitsfor DCHay g, &1, &, &3, &4(diois LSB and a is MSB)and for DSCHay g,

Let's define a first set of TFCI information bits ag 88,1, 812, &3, &4(&0iS LSB and g, is MSB)
This set of TECI information bits shall correspond to the TFC index (expressed in unsigned binary form)
defined by the RRC layer to reference the TFEC of the DCH CCTrCH in the associated DPCH radio frame.

Let’s define a second set of TFCI information bitSas &1, &2, &3, &4 (8IS LSB and g, is MSB)

This set of TECI information bits shall correspond to the TEC index (expressed in unsigned binary form)
defined by the RRC layer to reference the TEC of the associated DSCH CCTrCH in the corresponding
PDSCH radio frame.

The output code word bitg Bre given by:

b2i = ;(a-l,n>< M i,n) m0d2; b2i+1: ;(az,nx M i,n) m0d2

where i=0...15, j=0,1.
The output bits are denoted by k=0, 1, 2, ..., 31.
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3.2 Symbols

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

xa round towardsw, i.e. integer such that< X/[7< x+1

xa round towardsoe, i.e. integer such thatl < X[7<x

X0 absolute value of

Niirst The first slot in th& G.

Niast The last slot in th@G. N, is either a slot in the same radio framéNgas or a slot in the radio
frame immediately following the slot that contalvig;.

% Number of transmitted slots in a radio frame.

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

TrCH number

TFC number

Bit number

TF number

Transport block number

Radio frame number of TrCH

PhCH number

Code block number

Number of TrCHs in a CCTrCH.

Number of code blocks in one TTI of TrGH

Number of radio frames in one TTI of TrGH
i Number of transport blocks in one TTI of TrGH

Number of PhCHs used for one CCTrCH.
PL Puncturing Limit for the uplink. Signalled from higher layers
RM Rate Matching attribute for TrCH Signalled from higher layers.

TEMOTTTI3 AT

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

X, X
y, Y
z2,”Z
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4271.1 Determination of SF and number of PhCHs needed

In uplink, puncturing can be applied to match the CCTrCH bit rate to the PhCH bit rate. The bit rate of the PhCH(s) is
limited by the UE capability and restrictions imposed by UTRAN, through limitations on the PhCH spreading factor.
The maximum amount of puncturing that can be applied is signalled from higher layers and deRatetheynumber

of available bits in the radio framesone PhCHor all possible spreading factors is given in [2]. Denote these values

by Naose, Niog Nes Nao, Nig, Ng, andN,, where the index refers to the spreading factor. The possibier of bits

available to the CCTrCH on all PhCHs valueNgf,, then arg Nase, Niog, Nea, Nap, Nig, Ng, Ng 2Ny, 3N,, 4Ny, 5N,

6N,}._ Depending on the UE capability and the restrictions from UTRAN, the allowed Ngiofdenoted SETO, can be

a subset of Nos, Nizg Noa, Nsp, Nig, Ng, Na, 2Ny, 3Ny, 4Ny, 5Ny, 6Ni}. Ngara, jfOr the transport format combinatiiis
determined by executing the following algorithm:

SET1 = {Ngaw in SETO such that is non negative }
If SET1 is not empty and the smallest element of SET1 requires just one PhCH then
Ndata,j =min SET1

else
! RM
SET2 = {Ngain SETO such thailN,,,, — PL - X EINX’J- is non negative }
£ ]I’Q/ISI‘II{ RMyF

Sort SET2 in ascending order

Nyatz= Min SET2

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

End while

Ndata,j = Nyata

End if

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctufid], within one radio frame for each TrGHs calculated with equation
1 for all possible transport format combinatigrend selected every radio framM.,jis given from section 4.2.7.1.1.

In compressed mod&\ e is givenas follows:from-the-following

is replaced bfNg7y, ; in Equation T.NG |
solotien

data, j

In compressed mode by higher layer scheduIngzaj is obtained by executing the algorithm in section 4.2.7.1.1 but

N
with the number of bits in one radio frame of one PhCH reduceje-lt—SEo of the value in normal mode

N _is the number of transmitted slots in a compressed radio frame and is defined by the following relation:

15-TGL, if Nyg + TGL< 15

N. = N ¢ win first frame ifNss; + TGL > 15

30-TGL- Ny, .in second frame iR + TGL > 15

Nirst andTGL are defined in section 4.4.
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In compressed mode by spreading factor reduclilﬁfj:,‘,ij = 2Nda@j — 2N+, , wherefor compressed-mede-by

_ , 15-N,
spreadingfactorreductid,;,, = ——N

1 5 data,

( TGL _
—N715 datajﬁLNﬁm#—'FGL—s%
15_ N irs . .
Negr = { 1 frst Ndataj,ﬁlnil#spfram&mw%
TGL-(15- Ny.,) N _ _
\ 15 N o, H-second-frame Ny +TGE>15

NisrandTGLare-defined-in-section4.4.

If AN; = 0 then 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 AN; # O the parameters listed in sections 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for detegmégingandeninus
(regardless if the radio frame is compressed or not).
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4.2 Transport-channel coding/multiplexing

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

The following coding/multiplexing steps can be identified:
- Add CRC to each transport block (see section 4.2.1)
- Transport block concatenation and code block segmentation (see section 4.2.2)
- Channel coding (see section 4.2.3)
- Rate matching (see section 4.2.7)
- Insertion of discontinuous transmission (DTX) indication bits (see section 4.2.9)
- Interleaving (two steps, see sections 4.2.4 and 4.2.11)
- Radio frame segmentation (see section 4.2.6)
- Multiplexing of transport channels (see section 4.2.8)
- Physical channel segmentation (see section 4.2.10)
- Mapping to physical channels (see section 4.2.12)

The coding/multiplexing steps for uplink and downlink are shown in figure 1 and figure 2 respectively.
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aiml’aim2j aim3""’a1'mA ¢

CRC attachment

blml’hm2’b|m3""’Qma ¢

TrBk concatenation /

Code block segmentation

C’lrl’(:)er’Olr3""’oHK‘ ¢

Channel coding

CuC2iCariCe,

tilytiz’tiav--’tm ¢

1*interleaving

G ndr g

Radio frame segmentatiot]

616263116, v

Radio frame equalisation| § &

: ) Rate
: Rate matching matching
fins fiar fian o fiVi i
TrCH Multiplexing
Physical channel
segmentation
UptsUpooUpas- o Upy l
2" interleaving 1 ...
[ |
VorrVoa:Vpgs o Vou ] oo
Physical channel mapping | °*°°

T#HOUd
CHHOUd 4

Figure 1: Transport channel multiplexing structure for uplink
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TrBk concatenation /
Code block segmentation
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b

iml1?

b

im2?

oy

Channel coding

C1:Ci2sCiar-- G v

Rate
matching

Rate matching

Ui1:Gi2: Gizs---1 Ui, +

1% insertion of DTX
indication

hl’hZ’hs""’h(F,H‘) +

1* interleaving

qil’in’qiS""’qui +

Radio frame segmentation

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

S5 8 Ss v

2" insertion of DTX
indication

Wi, Wy, W, .. Wi ¢

Physical channel
segmentation

Upp UpzoUpzs- - Upy L oo

2" interleaving cee

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

V.,V 5,V

Vo2 Vo Voo W L te

Physical channel mapping| o+«
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aiml’aimZ’aimBa""’aimA

CRC attachment

blml’b|m2’b|m3""’b|ma + E E
. TrBk concatenation / : :
. Code block segmentation| : :
er’oer’()lrS""’oirKi + E E
: Channel coding
C1:C2:Case -1, v 5
: i : Rate :
: Rate matching : matching |: °°°
91:9i2:9i3s-- 1 Uig, v
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: indication : :
hl’hZ’h?:""’h(F,H‘) +
1" interleaving :
Gi1s G2 Giss-- -2 U, +
Radio frame segmentatior
fil’fiZ’fiB""’fiV‘ ¢
TrCH Multiplexing
$15:S5.-- S v
2" insertion of DTX
indication
W, Wo, W, ..oy Wy ¢
Physical channel
segmentation
Upp UpzoUpgroUpy L oo
2" interleaving cee
Vo Vo2 Voar Vo L 0"
Physical channel mapping| e

T#HOU
¢H#HOU

Figure 2: Transport channel multiplexing structure for downlink

The single output data stream from the TrCH multiplexing is der@@deiéd Composite Transport Channel (CCTrCH)
A CCTrCH can be mapped to one or several physical channels.
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425  1%interleaving

In Compressed Mode by puncturing, bits marked with a fourth value on top of§0afdd noted p, are introduced in

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

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

In normal mode, compressed mode by higher layer scheduling, and compressed mode by spreading factor reduction,

Xik = Zk andX; = Z;

In case of compressed mode by puncturing and fixed positions, sequemdgch will be input to first interleaveor
TrChi and TTIm within largest TT1, is built from bits z,, k=1, ..Z, plusNp ™™, ... bits marked p an¥; = Z+
Np™ ™ max as is described thereatter.

Np ™ ™ naxds defined in the Rate Matching section 4.2.7

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

Note:

B C[x], x= 0 to Fi — 1 the number of bits p which have to be inserted in ehdfhe Fi segments of the TTI, i.e. in
each column of the first interleaver. C[x] is equal®; n.«for x equal 0 to Fi —1 for fixed positions . It is noted
Np*;in the following initialisation step.

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

col=0

while col <F; do

Clcol] =Np*; -- initialisation of number of bits p to be inserted in each of the Fi segments of the TTI
cbi[col] =0 -- initialisation of counter of number of bits p inserted in each of the Fi segmentsTof the T
end do
n=0,m=0

while n < X do
col=nmod k

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

Xn=p -- insert one p bit
cbi[col] = chi[col]+1 -- update counter of number of bits p inserted
else -- N0 more p bit to insert in this segment
Xin =Zim_
m=m+1
endif
n=n+l1
enddo
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4.25.2 1% interleaver operation

The T'interleaving is a block interleaver with inter-column permutations. The input bit sequence antieeldaver is
denoted byX,, X2y Xigre o Xix, s wherei is TrCH number ani; the number of bits (at this stajeis assumed and
guaranteed to be an integer multiple of TTI). The output bit sequence is derived as follows:

(1) Select the number of colum@sfrom table 3.
(2) Determine the number of ro’ defined as
R, = X/C,
(3) Write the input bit sequence into tReX C; rectangular matrix row by row starting with b, in the first

column of the first row and ending with bﬁ,m,c,) in columnC, of rowR;:

0 X X2 X3 e X, B
0 X+ Xi(c +2) X (c +3) - Xi2e) [
o : : ..+ 0O

] U]
BSr-nc+)  X(r-vg+2) KR+ - Xwre) B

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

denoted byix:

' Yirsy Yier+w "'yi,((C|—l)R,+l)B

[Pi2 yi,(R|+2) yi,(2R|+2) "'yi,((C,—l)R|+2)|:]
0 : : C0

0 ' ' O
Br Yier) Yiery - Yicr) O

(5) Read the output bit sequeny, ¥;,, ¥is:---» ¥i ,r) Of the f'interleaving column by column from the inter-

column permute® X C, matrix. Bit Y; ; corresponds to the first row of the first column andWitz .
corresponds to ro®, of columnC;.

Table 3
TTI Number of columns C Inter-column permutation patterns
10 ms 1 {0}
20 ms 2 {0,1}
40 ms 4 {0,2,1,3}
80 ms 8 {0,4,2,6,1,5,3,7}
‘ 4.2.5.3% Relation between input and output of 1% interleaving in uplink

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

of bits. Hence}Zk = tix andX; = T..

The bits output from the*linterleaving are denoted bly;, d;,,d 5, ..., d;; , and ¢ = Yik.
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4.2.5.42 Relation between input and output of 1% interleaving in downlink

If fixed positions of the TrCHs in a radio frame is used then the bits input t8' theedleaving are denoted by
hiho ha Re ) whered is the TrCH number. HencEzk = hkandZ = F* Hi- Np ™™™, ;,,,in compressed
mode by puncturing, andz; = F;H; otherwise

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

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

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

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

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

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

Notation used in section 4.2.7 and subsections:

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

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

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

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

transport format combinatign

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

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

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

If negative - number of bits to be punctured in each transmission time interval ori WiHransport formagt

Used in downlink only.

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

of bits; thus it is the same for all TFCs

Used in downlink only.

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

Used in downlink only.

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

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

PL: Puncturing limit for uplink. This value limits the amount of puncturing that can be applied in order to
avoid multicode or to enable the use of a higher spreading factor. Signalled from higher layers.
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Nyata j Total number of bits that are available for the CCTrCH in a radio frame with transport format
combination.
I: Number of TrCHs in the CCTrCH.

Intermediate calculation variable.

IN

Number of radio frames in the transmission time interval of TrCH

m M
S
5]
<

Maximum number of radio frames in a transmission time interval used @GheCH :
_ F.. = maxF,

1<i<l

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

q: Average puncturing or repetition distance (normalised to only show the remaining rate matching on top of

an integer number of repetitions). Used in uplink only.

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

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

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

b=2: 1* parity bit (from the upper Turbo constituent encod¥é)in section 4.2.3.2.1.

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

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

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

Z,; =0
> RM, N, B
Z, =[Ny, O foralli=1..1 1)
RM,, [N, |
=1 E
ANij =Z; - Zi—l,j - Nij forall=1..1
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4.2.7.1 Determination of rate matching parameters in uplink

427.1.1 Determination of SF and number of PhCHs needed

In uplink, puncturing can be applied to match the CCTrCH bit rate to the PhCH bit rate. The bit rate of the PhCH(s) is
limited by the UE capability and restrictions imposed by UTRAN, through limitations on the PhCH spreading factor.
The maximum amount of puncturing that can be applied is signalled from higher layers and deRatetheynumber

of available bits in the radio frames for all possible spreading factors is given in [2]. Denote these VdbggNby,

Nss Nao, Nig, Ng, andN,, where the index refers to the spreading factor. The possible valNgg.dfien arg Nosg, Niog,

Nsa, Na2, Nig, Ng, Ny, 2Ny, 3Ny, 4Ny, 5Ny, 6N;}.Depending on the UE capability and the restrictions from UTRAN, the
allowed set of Ny, denoted SETO, can be a subsgtMfse Niog, Nea, Naz, Nig, Ng, Na 2Ng, 3Ns, 4Ny, SNy, 6N} Nyaa, |

for the transport format combination j is determined by executing the following algorithm:

! RM
SET1 = {Ngawin SETO such thalN . — Z —r——~[N, . is non negative }
ata data L W{R—le} X ]

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

else

SET2 = {Ngatain SETO h thalN PL I RM, [N, . i tive }
= 1Ngaa IN such tha - : . Is non negative
dat data % mln{RMy= X, j

I<ysl

Sort SET2 in ascending order

Nyatz= Min SET2

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

End while

Ndata,j = Nyata

End if

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctuf®, within one radio frame for each TrGHbs calculated with equation
1 for all possible transport format combinatigremd selected every radio franMye.is given from section 4.2.7.1.1.

In compressed mod®.., ; is replaced biNgzt. ; in Equation 1.Ngt. ; is given from the following relation:

Ngt . =2N

data, data,j 2N, , for compressed mode by spreading factor reduction

Nem =N

— N, , for compressed mode by higher layer scheduling

data, j data, j
( TGL _
1—5 Ndata,j , if Njrst + TGL< 15
15-N
NTGL = < 1—5f"5t Ndata o in first frame ifN;, + TGL > 15
TGL_ (15_ N first) .
\ 15 N gata j - in second frame Mg + TGL > 15
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Nist andTGL are defined in section 4.4.

If AN; = 0 then 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 AN; # O the parameters listed in sections 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for detegmnépiRoandeninus
(regardless if the radio frame is compressed or not).

427121 Uncoded and convolutionally encoded TrCHs
R=AN; mod N; -- note: in this contexfiN; mod N; is in the range od to N;-1 i.e. -1 mod 10 = 9.
if Rz 0Oand2R< N

then g =ON; / RO
else

g=0N;/ (R-N) O
endif
-- note:q is a signed quantity.
if g is even

then q' = g + gcdfi) F)/F, -- where gcd@ ) means greatest common divisorfgfland k

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

else
qa=q
endif
forx=0to -1
S(Ir (OX*q'C Omod F)) = (O*q'0 Odiv F)
end for
AN; = AN
a=2

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where :
Xi =N,;., and
€ni = (a@3(n)JAN;| + 1) mod (&N;).
€oius = abj
Eminus= alJAN;|
puncturing forAN<O, repetition otherwise.
427122 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHsANg; >0, the parameters in section 4.2.7.1.2.1 are used.

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

a=2 whenb=2

a=1 whenb=3
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e
i
X; = N;; /30,
q=X/|AN;| O
if(q<2)
for x=0 toF;-1
S[Ie[(3x+b-1) mod K] = x mod 2;
end for
else
if qis even

then q' =q—gcd(q,F)/ F; -- wheregcd (g, F) means greatest common divisomgaindF;
-- note thafy' is not an integer, but a multiple of 1/8

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

r = Ox*q’ Omod F;
S[Ie[(3r+b-1) mod H] = Ox*q’ Odiv F;
endfor

endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where:
X; is as above,
€ni = (aS(n)JAN;| + X)) mod (&X)), if e, =0 then g; = aX.
pius = &AX|

€minus= aD:|ZXN| O

4.2.7.2 Determination of rate matching parameters in downlink

For downlinkNga:sj does not depend on the transport format combinatii. - is given by the channelization code(s)
assigned by higher layers.

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

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

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

positions of the gaps in the compressed radio frames.

The amount of additional puncturing corresponds to the number of bits to create the gap in the TTI foinTe&de

of fixed positions, it is calculated in addition to the amount of rate matching indicated by higher layers. It is noted

TTI, m
NLi max:
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TTI,cmm
,max

T, m

In fixed positions case, to obtain the total rate matc to be performed on the THh, Np™™ ™, .. is sub-

stracted fromAN ™™ ™i, .. (calculated based on higher layers RM parameters as for normal rate matching). This allows
to create_room for thip’ " ™ ....bits p to be inserted latef the result is null, i.e. the amount of repetition matches
exactly the amount of additional puncturing needed, then no rate matching is necessary.

In case of compressed mode by puncturing and fixed positions, for some calculitignss used for radio frames
=P(5N,,.; +15N,...,). N .. and N, are the number of bits in

whereN'

with gap instead of\ data*

data,* *

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

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

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

( .
TGLN

15 N

if Nirst + TGL< 15

15-N. :
first N

NTGL: < 1—5 data,*

in firstradio frame of the gap My + TGL > 15

TGL_(15_ Nfirst) !
Nd ta,* 2
\ 15 e

in secondadio frame of the gap My + TGL > 15

Nirst 2ard TGL are defined in section 4.4.

Note that Nrg, [k] = O if radio frame k is not compressed.

42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

4.2.7.2.1.1 Calculation of ANpnaxfor normal mode and compressed mode by higher layer scheduling and
spreading factor reduction

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

The computation of thé&NiT,T' parameters is then performed in for all TrC&hd all TH by the following formula,

where AN, . is derived fromN; . by the formula given at section 4.2.7:
AN, ., = F [AN,.

If AN, =0 then, for TrCHi, the output data of the rate matching is the same as the input data and the rate matching
algorithm of section 4.2.7.5 does not need to be executed. In this case we have :

Ol OTFS[)ANT =0

If AN, ., # O the parameters listed in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be used for detepmagirgand
€minus
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4.2.7.2.1.2 Calculations for compressed mode by puncturing:

I,
N

Calculations oAl izmax fOr all TTI m within largest TTI, for all TrCh

First an intermediate calculation variatNé ;- is calculated for all transport channietind all frames in TTI m
within the largest TTI, using the same formula as for normal mode above by repldéingoy N™™;, , the number
of bits in TTIm.

NTTI,m

The computation of thA imaxarameters is then performed &rTrCHi by the following formula,

AN TTIYmi,M: ZEn:Fi ANnL:

where allAN"; ._are derived froniV"; - for all TrCh i and all frames in TTI m, from the formula given at
section 4.2.7 usinbya, + for the non compressed frames of TiAnd using\N’ gata+ instead 0fNgai+_, for the
compressed frames of Tii.

Calculations oNp"; nax andNp ™™™ o

Let Np"; maxbe the number of bits to eliminate on Tribo create the gap for compressed mode, in each radio frame k
of the TTI, calculated for the Transport Format Combination of Tr@hwhich the number of bits of TrGlis at its
maximum.

Np"i maxis calculated for each radio frame k of the TTl in the following way.

Intermediate variabled fori= 1 to | are calculated using the formula (1) in 4.2.7, by replaipg,; by N [K] .

ThenNDnimax: (Zl_ Z._1) fOI’ | = 1 tO I

The total number of bitslp ™™ ™

as:

imax_corresponding to the gaps for coregsed mode for TrChiin the TTl is calculated

T, m n
i

NLM: anoﬂp_m

If ANmay= Np ™ ™, 12, then, for TrCHi, 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 execufidd JfzNp™ ™ ... then, for TrCH, the rate
matching algorithm of section 4.2.7.5 needs to be executed.

i,max

TTI,emm _ TTI,m ; TTI, m
AN. = AN Lmax- NP i,max

4.2.7.2.1.3%—— Determination of rate matching parameters for Juncoded and convolutionally
encoded TrCHs

AN, =AN, .

For compressed mode by puncturiddy; is defined asAN; = ANiT’;';im’m, instead of the previous relation.
a=2

N = Max N, ™

M oTERS(i)

For each transmission time interval of TrCtith TF1, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.5. The following parameters are used as input:

Xi - Ni'll'TI

Qni =1

3GPP



3G TS25.212 version3.1.0 27

eplus =a |:Nmax

eminus = aqui |
TTI

Puncturing if AN, <O, repetition otherwise. The values ANL, may be computed by counting repetitions or

puncturing when the algorithm of section 4.2.7.5 is run.

4.2.7.2.1.42 ————Determination of rate matching parameters for Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHsAN, .. >0, the parameters in section 4.2.7.2.1.1 are
used.

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

a=2 whenb=2
a=1 whenb=3
The bits indicated bi=1 shall not be punctured.

N =
an, = BNnw/200 =2
N,./20 b=3

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

AN = OANTTC™ 0 17 =2

i,max

i,max

AN = OANTC™ 5 17 p=3

N max (N, /3)

maxorrs(i)

For each transmission time interval of TrCtith TFI, 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
eplus =a |:Nmax

eminus = a'I:IBNi|

The values ofANiTJTI 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

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

First an intermediate calculation variaHNgj is calculated for all transport channiend all transport format
combinationg by the following formula:

3GPP



3G TS25.212 version3.1.0 28

1 I
N, . =N, ;£
N i,TF ()
I:i
Then rate matching ratid®F are calculated for each the transport chanimebrder to minimise the number of DTX

bits when the bit rate of the CCTrCH is maximum. Rigratios are defined by the following formula:

N ot
R FI - data, ER M

II(RMEN) |

JDTFCS -

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

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

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 greateMNfap. per 10ms. The latter condition is ensured
through the checking and possible corrections carried out in the second phase.

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

TTI

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

of the following formula:

NTTl F ERF |:NIT|TI |:|

il El]‘j

The second phase is defined by the following algorithm:
forall j in TFCSdo -- for all TFC

i= NTTl +ANIT:||_"|:( )

D= Z |TF

=1

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

if D>N then

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

it AN/7£(;) > AN then
AN () =AN
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 ANiT,T' =0 then, for TrCHi at TFI, the output data of the rate matching is the same as the input data and the rate
matching algorithm of section 4.2.7.5 does not need to be executed.
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If ANiTJT' % 0 the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determigipgand
eminus

4.2.7.2.2.21 Determination of rate matching parameters for Yuncoded and convolutionally encoded
TrCHs
AN, =ANJ™
a=2

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

Xi — N"TTI
€ni =1
€ =allN;"
€rminus = al:lei|
puncturing forAN, <O, repetition otherwise.

4.2.7.2.2.23 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHsAN“TTI > 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 blimlased to indicate systematis=(), 1
parity (=2), and 2 parity bit p=3).

a=2 whenb=2
a=1 whenb=3
The bits indicated bip=1 shall not be punctured.
o <[ 0 02
/2] b=3

For each transmission time interval of TrCtith 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,
eplus :aD<i

eminus = a'I:IBNi|

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.
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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 are illustrated in figures 6 and 7.

Rate matching

i Kiik )/1i|<> ;
Radio frame | |Bit separatiop Bit ! TrCH
segmentatiofy ! Xoi ik | collection ffix { | Multiplexin
| g ik \ 2y _ y2|k| ik h p g >
! Rate matching !
: algorithm !
| X i i
: 3|kI y3|kI :
,,,,,,,,,, >
Figure 6: Puncturing of turbo encoded TrCHs
Rate matching
I"""''''"''"""""''''""""""""""""I
Radio frame i Bit separatioh Bit i TrCH
segmentatiofy X ik_ | collection fik | | Multiplexin
g Bk 1ik . Viik ik p g l
! Rate matching :
| algorithm :

Figure 7: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition.

The bit separation is dependent on thiénterleaving and offsets are used to define the separation for different TTIs.
The offsetax, for the systematichE1) and parity bitsi{2, 3}) are listed in table 4.

Table 4: TTI dependent offset needed for bit separation

TTI (ms) m az as
10, 40 0 1 2
20, 80 0 2 1

The bit separation is different for different radio frames in the TTI. A second offset is therefore needed. The radio frame
number for TrCH is denoted by. and the offset b)Bn‘ .
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Table 5: Radio frame dependent offset needed for bit separation

TTI (ms) Bo B B B Bs B Bs B
10 0 NA NA NA NA NA NA NA
20 0 1 NA NA NA NA NA NA
40 0 1 2 0 NA NA NA NA
80 0 1 2 0 1 2 0 1
4.2.7.3.1 Bit separation

The bits input to the rate matching are denote g ,,€5,..., 8y , wherei is the TrCH number anly; is the
number of bits input to the rate matching block. Note that the transport format combination pfonbenplicity has
been left out in the bit numbering, il=N;. The bits after separation are denotekhy, X,i», Xyi3»- - -» Xix, - FOr
turbo encoded TrCHs with puncturirtgindicates systematic, first parity, or second parity bit. For all other bases
defined to be 1X is the number of bits in each separated bit sequence. The relation b&aedXyk is given below.

For turbo encoded TrCHs with puncturing:

Xiik = € 3(k-+1+(a,+ 6, ) mods k=1,23,..X X =[N /30

Xyimv 3gk — & 3o 30k k=1, ...,Nymod 3 Note: WhenN; mod 3) = 0 this row is not needed.
Xoik = € a(k-n+1+(a,+, ) mod3 k=1,2,3,..X ¥ =[N /30

Xaik = & akira+p,ymods  K=1,2,3,..% X =[N, /30

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

X :q,k k=1,2,3,..X% Xi = N,

42.7.3.2 Bit collection

The bitsXpik are input to the rate matching algorithm described in section 4.2.7.5. The bits output from the rate
matching algorithm are denot§tf;, Yyizs Yoizs- -+ Yoiy, -

Bit collection is the inverse function of the separation. The bits after collection are dendiggd, By, Z3,..., Zy, -
After bit collection, the bits indicated as punctured are removed and the bits are then defgtet| yf5,..., Ty, |

wherei is the TrCH number and= N;+AN;. The relations betweeybik, Zpik, andfiy are given below.

For turbo encoded TrCHs with puncturifg=X;):

2 3(k-)+1+(ay+ By Jmod3 — Y1ik k=1,2,3 ...¥

Z 3o 133k = Yiim, 135k k=1,..,Nymod 3 Note: Whenl; mod 3) = 0 this row is not needed.

2 3(k-1)+1+(ay+ B, )mods — Y2,ik k=1,23, .Y

Z 3k +1+(@y+,)mod3 — Y3k K=1,2,3,..

After the bit collection, bitg, x with valued, whered0, 1}, are removed from the bit sequence. Bit corresponds to

the bitz x with smallest indek after puncturing, bifiyz corresponds to the tt with second smallest inddoafter
puncturing, and so on.
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For uncoded TrCHSs, convolutionally encoded TrCHSs, and turbo encoded TrCHs with repetition:
Z = Yiik k=1,2,3,..Y

When repetition is useﬂ,k:Zi,k andY=V,.

When puncturing is used;=X; and bitsz x with valued, whered/}0, 1}, are removed from the bit sequence. Bit
corresponds to the Wtk with smallest index after puncturing, bﬁi,z corresponds to the it with second smallest

indexk after puncturing, and so on.
4.2.7.4 Bit separation and collection in downlink

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 are illustrated in figures 8 and 9.

Rate matching

i Xiik Yiiey | E
Channel ' |Bit separation Bit ' 1% insertion d
coding [Ci ! Xoik Wik | collection Qi DTX

: Rate matching : indication

: algorithm !

: Xai - i

: 3|kI YSlkl :

" Figure 8: Puncturing of turbo encoded TrCHs
Rate matching
Channel  |Bit separation Bit | 19 insertion d
coding [Ci ! Xaik Vaik_ | collection Qi | DTX
—» > S -
| Rate matching : indication
| algorithm !

____________________________________________________

Figure 9: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition.
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42.7.4.1 Bit separation

The bits input to the rate matching are denoted g, ,C;3,...,Cg, , wherei is the TrCH number anf is the

number of bits input to the rate matching block. Note Eha a multiple of 3 for turbo encoded TrCHs and that the
transport format combination numkjeior simplicity has been left out in the bit numbering, E&N;. The bits after

separation are denoted Xy, , X5, Xz -1 Xyix, - FOr turbo encoded TrCHs with puncturibgndicates systematic,

first parity, or second parity bit. For all other cabés defined to be 1X; is the number of bits in each separated bit
sequence. The relation betweagpnandXpik is given below.

For turbo encoded TrCHs with puncturing:

Xl,i,k = Ci,3(k—l)+1 k: 1, 2, 3, x, Xi = Ei /3
Xoik = Ciapatyez k=1,2,3,...% X =E /3
X3,i,k = Ci,3(k—l)+3 k: 1, 2, 3, x, X| = Ei /3

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

Xk =G k=1,2,3,...% X = E

42.7.4.2 Bit collection

The bitsXpik are input to the rate matching algorithm described in section 4.2.7.5. The bits output from the rate
matching algorithm are denot§tf;, Yyizs Yoizr- -+ Yoy, -

Bit collection is the inverse function of the separation. The bits after collection are dendggd, By, Z3,. .., Z;y -

After bit collection, the bits indicated as punctured are removed and the bits are then de@pted; byJ;s, ..., g,

wherei is the TrCH number an@;= N;+AN;. The relations betweeypik, Zik, andgix are given below.

For turbo encoded TrCHs with puncturifg=X;):

Z 3k-n+ = Yiik k=1,2,3, ...
Z 3k-n+2 = Yaik k=1,2,3,..%
% 3k-1+3 = Yaik k=1,2,3,..%

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

to the bitz x with smallest indek after puncturing, bigji > corresponds to the ity with second smallest indéoafter
puncturing, and so on.

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

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

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

When puncturing is use=X; and bitsz x with valued, whered{0, 1}, are removed from the bit sequence. Gt

corresponds to the ik with smallest indek after puncturing, big; 2> corresponds to the kfk with second smallest
indexk after puncturing, and so on.

4.2.7.5 Rate matching pattern determination

Denote the bits before rate matching by:
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Xi1s Xi21 Xizs- - X, » Wherei is the TrCH number an is the parameter given in sections 4.2.7.1 and 4.2.7.2.

The rate matching rule is as follows:
if puncturing is to be performed

€=y -- initial error between current and desired puncturing ratio

m=1 -- index of current bit

do while m <= X
€ =€ — Binus -- update error
if e <=0 then -- check if bit number m should be punctured

set bit x, to d whered[X0, 1}

e=e+gu --update error

end if
m=m+1 -- next bit
end do
else
€ = g -- initial error between current and desired puncturing ratio
m=1 -- index of current bit

do while m <= X

€ =€ — Rinus -- update error
do whilee <=0 -- check if bit number m should be repeated
repeat bitx

e=e+ gus -- update error
end do
m=m+1 -- next bit
end do
end if

A repeated bit is placed directly after the original one.
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4.2.9 Insertion of discontinuous transmission (DTX) indication bits

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 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 bits is used only if the positions of the TrCHSs in the radio frame are fixed. With
fixed position scheme a fixed number of bits is reserved for each TrCH in the radio frame.

The bits from rate matching are denoted®y, J;,, J;3:--., O, » WhereG; is the number of bits in one TTI of TraH

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

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

In compressed mode by puncturing, additional puncturing is performed in the rate matching block. The empty positions
resulting from the additional puncturing are used to insert p-bits in the first interleaving block, the DTX insertion is
therefore limited to allow for later insertion of p-bits. Thus DTX hbits inserted until the total number of bits is Di
MLiLmLLNTTl cm,i, maxa and HL: NLL"' ANi*;

In compressed mode by higher layer scheduling, only a subset of the TFC Set is allowed. From this subset it is possible
to derive which TFs on each TrCH that are allowed. The maximum number of bits belonging to one TTI bfdrrCH

X, U
the allowed TFs is denoted By H; is then calculated alsli = [-,F—D, whereF; is the number of radio frames ina TTI
05 O

of TrCHi,andD, = F * H;.

The bits output from the DTX insertion are denotediby h s, hs. ..., his AR Rgre—Rery— Note that these
bits are three valued. They are defined by the following relations:

hk =0, k=123, ..G
he =0 k=G+1,G+2 G+3,....FH, D

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

4292 2" insertion of DTX indication bits

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

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

multiplexing. The number of PhCHs is denotedPgnd the number of bits in one radio frame, including DTX
indication bits, for each PhCH ByR.-Fhe-number-of-available-bits-on-the-PhCH-is-denotad hyand

Noaem TN gaat ENg e WhereN g andNy. o are-defined-in [25.211}. - In-normal- modeN .

data*
In normal mode R = —==

=15Naa 15N 0 » WhereNgq i andNy,p are defined irfi2].

For compressed modi. 4.+ is defined asN ... = P(L5N,.; +15N. ). N,z and N, are the number of

data,*

bits in the data fields of the slot format used for the current compressed mode, i.e. slot format A or B as defined in [2]
corresponding to the Spreading Factor and the number of transmitted slots in use.
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In case of compressed mode by puncturing and fixed positions, DTX shall be insertdd 4ntilbits, since the exact
room for the gap is already reserved thanks to the earlier insertion of the p-bits. Therefore R is dBfmédas- /
P.

In compressedode by SF reduction and by higher layer scheduling, additional DTX shall be inserted if the
transmission time reduction method does not exactly create a transmission gap of the desired TGL. The number of bits
available to the CCTrCH in one radio frame in compressed mode by SF reduction and by higher layer scheduling is

cm

N *
denoted byNgga* andR = %;medeNm%ehanged—#eﬁme—vam%naLnedér he exact value of

Ng;‘:a* Naairis dependent on tHEGL and the transmission time reduction method, which are signalled from higher

layers. It can be calculated g, . = N:,ata* — Ny . Nreiis Fthe number of bits that are located within the

transmission gap is denotbkg, and defined as:

( TGL,,. TGL

15 N gata ?Nm if Nfis; + TGL< 15
= 15_ N irs 15_ N irs
NroL = < TH Y= TN, in first frame ifNgs + TGL > 15
TGL- (15_ N first) - TGL- (15_ N first) N .
L 15 data* 15 Ngam» in second frame iR + TGL > 15

Niist andTGL are defined in Section 4.4.
laeomoressedbmend=M M e

The bits output from the DTX insertion block are denote_d!\@ywz,wg,...,W(PR) W Wo War - Wesgy- Note that

these bits aréur valued in case of compressed mode by puncturingtheeevaluedotherwise They are defined by
the following relations:

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

where DTX indication bits are denoted &yHereS, [1{0,1, pland 6 [{0,1}.
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4.2.10 Physical channel segmentation

When more than one PhCH is used, physical channel segmentation divides the bits among the different PhCHs. The bits
input to the physical channel segmentation are denoteq bg, X,,..., X, , whereY is the number of bits input to the
physical channel segmentation block. The number of PhCHs is dend®ed by

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

D3
number of bits in one radio frame for each PhCHU=(Y — Nrg|) / P_for compressed mode by puncturing, and

Y
U = — otherwise The relation betweexx andUpk is given below.
P

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

Bits on first PhCH after physical channel segmentation:

=X U = X o k=1,2,...,U

Bits on second PhCH after physical channel segmentation:

Y= Xgzuy U= Xiery K=1, 2, ...,U

Bits on theP"™ PhCH after physical channel segmentation:
= XUy Up. k= X, i(ks(P-1) U) k=1,2,..U

wheref is such that :

- for modes other than compressed mode by punctusing, = x; . i.e. f(k) = k, for all k.

- for compressed mode by puncturing,upit corresponds to the bit, with smallest indek when the bits p are not
counted, biu, , corresponds to the bif, with second smallest indéxwhen the bits p are not counted, and so on for

bitSUy 3 ... v Uz 1Up 2 Up v Up1 Upo Upy,

L.V, =2, 1, = =l =rs..=rV

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

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

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

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

3GPP
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X(t)

i
£

Figure 4: Structure of the 8 state PCCC encoder (dotted lines effective for trellis termination only)

The initial value of the shift registers of the PCCC encoder shall be all zeros.

The output of the PCCC encoder is punctured to produce coded bits corresponding to the desired code rate. For rate
1/3, none of the systematic or parity bits are punctured, and the output sequence is X(0), Y(0), Y'(0), X(1), Y(1), Y’'(2)
etc.

42322 Trellis termination for Turbo coding

Trellis termination is performed by taking the tail bits from the shift register feedback after all information bits are
encoded. Tail bits are added after the encoding of information bits.

The first three tail bits shall be used to terminate the first constituent encoder (upper switch of figure 4 in lower
position) while the second constituent encoder is disabled. The last three tail bits shall be used to terminate the secol
constituent encoder (lower switch of figure 4 in lower position) while the first constituent encoder is disabled.

The transmitted bits for trellis termination shall then be

X() Y(1) X(t+1) Y(t+1) X(t+2) Y(t+2) X'() Y'(t) X'(t+1) Y'(t+1) X' (t+2) Y'(t+2).

42.3.2.3 Turbo code internal interleaver

Figure 5 depicts the overall 8 state PCCC Turbo coding scheme including Turbo code internal interleaver. The Turbo
code internal interleaver consists of mother interleaver generation and pruning. For arbitrary given block length K, on
mother interleaver is selected from 163 mother interleavers set. The generation scheme of mother interleaver is
described in section 4.2.3.2.3.1. After the mother interleaver genetaitsare pruned in order to adjust the mother
interleaver to the block length K. Tail bits and T, are added for constituent encoders RSC1 and RSC2, respectively.
The definition ofl is shown in section 4.2.3.2.3.2.

Source Coded sequence
O »O
K bit

> RSC1 >0 1} (3K+T+T,) hit

(K +Q<bit KQA
Mother »| Pruning » RSC2 —»0O ~“
interleaver

Figure 5: Overall 8 State PCCC Turbo Coding
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423231 Mother interleaver generation

The interleaving consists of three stages. In first stage, the input sequence is written into the rectangular matrix row b
row. The second stage is intra-row permutation. The third stage is inter-row permutation. The three-stage permutatio
are described as follows, the input block length is assumed to 220k0(to 5114 bits).

First Stage:

(1) Determine the number of rows R such that

R =5 (K =40 to 159 bits)

R =10 (K =160 to 200 and81 to 530 bitsCase-]
R =20 (K = any other block lengtlexcept481-t0-53Bits-Case-2

(2) Determine the number of columns C such that

if K =481 to 530 thenCase-1C =p = 53

else-Case-2;
(i) find minimum primep such that,
0 =< p+1)-K/R,
(i) if (0 =< p-K/R) then go to (iii),
else C 9p+1.
(iii) if (0 =< p-1-K/R) then C -1,
else C 9.

(3) The input sequence of the interleaver is written into th&CRectangular matrix row by row starting from row
0.

Second Stage:
A lfC=p
(A-1) Select a primitive road, from table 2.
(A-2) Construct the base sequeg for intra-row permutation as:
c(i) =[ggxc(i—-D]lmodp,i=1.2,..., £-2).,¢0) = 1.
(A-3) Select the minimum prime integer sgf{j=1, 2, ..., R-1) such that
g.c.0{g;, p-1} =1
q>6
G > dg-v)
where g.c.d. is greatest common divider. Apd 1.
(A-4) The set §} is permuted to make a new sgg}{such that
P =0, J=0,1, ..., R-1,
where Pj) is the inter-row permutation pattern defined in the third stage.
(A-5) Performthg-th (=0, 1, 2, ..., R-1) intra-row permutation as:

cj()=c(lixp;lmod(p-1), i=0,1,.2,...,6¢-2). andg(p-1)=0,

whereg;(i) is the input bit position dtth output after the permutation jeth row.

B.IfC=ptl



3G TS25.212 version 3.1.0 17 3G TS25.212 V3.1.0 (1999-12)
(B-1) Same as case A-1.
(B-2) Same as case A-2.
(B-3) Same as case A-3.
(B-4) Same as case A-4.
(B-5) Perform thg¢-th  =0,1, 2, ..., R-1) intra-row permutation as:

¢;(i)=c(lixp;]mod(p-1)), i=0,12,...,6-2). ¢(p-1) =0, anc;(p) =p,

(B-6) If (K =C X R) then exchange;G(p) with cz_4(0).

wherec(i) is the input bit position dfth output after the permutation jeth row.
C.lfC=p1

(C-1) Same as case A-1.

(C-2) Same as case A-2.

(C-3) Same as case A-3.

(C-4) Same as case A-4.

(C-5) Perform th¢-th  =0,1, 2, ..., R-1) intra-row permutation as:

c;()=c([ixp;]mod(p-1)-1, i=012,...,6-2),
wherec(i) is the input bit position dGfth output after the permutation jeth row.

Third Stage:

(1) Perform the inter-row permutation based on the followigg(RQ,1, ..., R-1) patterns, wheregj A6 the original
row position of thg-th permuted row.

Pa: {19, 9,14,4,0,2,5,7,12, 18, 10, 8, 13, 17, 3, 1, 16, 6, 15, 11} for R = 20
Ps:{19,9,14,4,0,2,5,7, 12, 18, 16, 13, 17, 15, 3, 1, 6, 11, 8, 10} for R = 20
Pc:{9,8,7,6,5,4,3,2,1,0}forR=10

Pp:{4.3.2,1,0}forR=5

The usage of these patterns is as follows:
Block length K: P
40 to 159-bit: P

160 to 200-bit: P

201320to 480-bit: R
481 to 530-bit: P
531 to 2280-bit: R
2281 to 2480-bit: p
2481 to 3160-bit: R
3161 to 3210-bit: P
3211 to 5114-bit: R

(2) The output of the mother interleaver is the sequence read out column by column from the pefh@ed R
matrix starting from column 0.
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Table 2: Table of prime p and associated primitive root _gp

p o p 9o p 9o p 9o p 9o
z 3 a7 5 101 2 157 5 223 3
11 2 53 2 103 5 163 2 227 2
13 2 59 2 107 2 167 5 229 6
17 3 61 2 109 6 173 2 233 3
19 2 67 2 113 3 179 2 239 7
23 5 71 z 127 3 181 2 241 7
29 2 73 5 131 2 191 19 251 6
31 3 79 3 137 3 193 5 257 3
37 2 83 2 139 2 197 2
41 6 89 3 149 2 199 3
43 3 o7 5 151 6 211 2
5 Go 5 Go 5 Go 5 So 5 Go
17 3 59 2 103 5 157 5 211 2
19 2 61 2 107 2 163 2 223 3
23 5 6+ 2 109 6 167 5 227 2
29 2 s + 13 3 173 2 229 6
31 3 3 5 127 3 179 2 233 3
3% 2 9 3 131 2 181 2 239 +
41 6 83 2 137 3 191 19 241 +
43 3 89 3 139 2 193 5 25% 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 blits in 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 bitsisudefired
as:

| =RXC =K,

where R is the row number and C is the column number defined in section 4.2.3.2.3.1.
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4.2.2.2 Code block segmentation
Segmentation of the bit sequence from transport block concatenation is perfokped fhe code blocks after
segmentation are of the same size. The number of code blocks on iBr@&hoted by, If the number of bits input to

the segmentatiorx;, is not a multiple o€, filler bits are added to the last block. The filler bits are transmitted and they
are always set to 0. The maximum code block sizes are:

convolutional codingZ = 504
turbo codingZ =5114

no channel codingZ = unlimited

The bits output from code block segmentation are denote®} b, 5,0, 3,..., 0y, , Wherei is the TrCH number, is
the code block number, aiglis the number of bits.

Number of code block<; = [X;/ Z[J
Number of bits in each code blodk:= X; / G
Number of filler bitsiY; = CiK; - X
If X; <Z, thenOj1k = Xik, andK; = X;.
If X;=>7Z, then
Oy =% k=1,2..K

Oy = Xi,(k+Ki) k=1,2,..., K

Oa = )ﬁ,(k+2Ki) k=1,2,...,K

Ock = Xiks(c-nk) K=12, ..., K-Y,

Ock “O0k=(Ki-Y)+ 1L (K-Y)+2 ..., K

3GPP
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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 sdgmented in
data segments of same size as described in sdefigii.2.7. Radio frame size equalisation is only performed in the UL
(DL rate matching output block length is always an integer multipkg) of

The input bit sequence to the radio frame size equalisation is dendigddy, G5, ..., Cg, , wherei is TrCH number

andE; the number of bits. The output bit sequence is denotéd, By, t;5,...,t; , whereT, is the number of bits. The
output bit sequence is derived as follows:

tk =cy fork=1...F and
ti = {0 1} fork=E +1... T, if E <T;
where

Ti :Fi * Ni and

H&Qﬂ:ﬂ& N; = [E /F, [Jis the number of bits per segment after size equalisation.

3GPP
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4.25.2 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 t8' theedleaving are denoted by
h..h,, hs,...,h(F‘Hi) , wherei is the TrCH number. Hencky = hy andX; = FiH..

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

The bits output from the™linterleaving are denoted ,,0,,03,. - 0g wherei is the TrCH number an@; is the

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

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 multipie of

The input bit sequence is denoted Xy, X5, X3, ..., Xy, Wwherei is the TrCH number ang is the number bits. The

Fi; output bit sequences per TTI are denotedWy, 1, Yi 21 Yinar---» Yiny Whereniis the radio frame number in
current TTI andy; is the number of bits per radio frame for TrCHhe output sequences are defined as follows:

Yink= X ((n-0w ek M= 1..F,k=1..Y,
where

Y; = (X; / F)) is the number of bits per segment
— ¥ —is-the K bit of the-input bit sequence-and
Then; -th segment is mapped to theth radio frame of the transmission time interval.

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

The input bit sequence to the radio frame segmentation is denotéd,aly,, d;,, ..., d;; , wherei is the TrCH

number and; the number of bits. Hencky = di andX, = T,.

The output bit sequence correspondingadio framen; is denoted byg,,€,,€6;,. ..,QN‘ , wherei is the TrCH number

andN,; is the number of bits. Hence,, =Y, . andN, =Y.

3GPP
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4.2.7 Rate matching

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

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

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

Notation used in section 4.2.7 and subsections:

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

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

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

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

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

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

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

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

Used in downlink only.

RM: Semi-static rate matching attribute for transport chanrggnalled from higher layers.

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

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

I: Number of TrCHs in the CCTrCH.

Z: Intermediate calculation variable.

Fi: Number of radio frames in the transmission time interval of TrCH

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

q: Average puncturing or repetition distance (normalised to only show the remaining rate matching on top of

an integer number of repetitions). Used in uplink only.

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

S(n): The shift of the puncturing or repetition pattern for radio framesed in uplink only.

3GPP
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TF():  Transport format of TrCHifor the transport format combinatip.n
TFS(i)) The set of transport format indeXefeor TrCHii.
TFCS  The set of transport format combination indejxes
€ni Initial value of variables in the rate matching pattern determination algorithm of section 4.2.7.5.
€olus Increment of variable in the rate matching pattern determination algorithm of section 4.2.7.5.
€minus Decrement of variable in the rate matching pattern determination algorithm of section 4.2.7.5.
b: Indicates systematic and parity bits

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

b=2: 1* parity bit (from the upper Turbo constituent encod¥é)in section 4.2.3.2.1.

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

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

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

Z,; =0
> RM, N, B
Z, =[Ny, O foralli=1..1 1)
RM,, [N, ]
=1 E
AN; =2, -Z,; —-N; forall=1..1

3GPP
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4.27.2.2.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHsAN“TTI > 0, the parameters in section 4.2.7.2.2.1 are
used.

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

a=2 whenb=2
a=1 whenb=3
The bits indicated bip=1 shall not be punctured.

AN, = %NilTTI /2[] b=2

NI /2] b=3

For each transmission time interval of TrCtith 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”TTI /3N,
e, =X,

eplus = aD(i
eminus = aI:thi|

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 are illustrated in figures 6 and 7.

3GPP
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Figure 6: Puncturing of turbo encoded TrCHs in uplink
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Figure 7: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition _in uplink .

The bit separation is dependent on tiénterleaving and offsets are used to define the separation for different TTls.
The offsetax, for the systematichE1) and parity bitsiI{2, 3}) are listed in table 4.

Table 4: TTI dependent offset needed for bit separation

TTI (ms) m az as
10, 40 0 1 2
20, 80 0 2 1

The bit separation is different for different radio frames in the TTI. A second offset is therefore needed. The radio frame
number for TrCH is denoted by. and the offset b)ﬁn‘ .

Table 5: Radio frame dependent offset needed for bit separation

Tms) [ B B B B 2 2 B B
10 0 NA NA NA NA NA NA NA
20 0 1 NA NA NA NA NA NA
40 0 1 2 0 NA NA NA NA
80 0 1 2 0 1 2 0 1
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4.2.7.4 Bit separation and collection in downlink

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 are illustrated in figures 8 and 9.

Rate matching

i Kaik )/1i|<> ;
Channel  [Bit separatio Bit | 1% insertion
coding Cix ! MXoik Voik. | collection Qik . DTX
: Rate matching : indication
: algorithm !
! - _ i
: 3|kI y3|kI :
T T Ratematching T
1
1 1
| e “» |
I |
1 1
I i
Channel i |Bit separation Bit i |insertion of
coding |G Xzih Rate matchin yzih collection giql DTX
> r algorithm g ! indication >
i i
| |
: _$X3i Rate matching _$y3‘ i
i algorithm i
1 1
1 1
1 1
1 1

Figure 8: Puncturing of turbo encoded TrCHs in downlink
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Rate matching

Channel Bit separatio Bit 1% insertion |
__y| coding i Xk Vi | collection Gi DTX
Rate matching indication
algorithm

____________________________________________________

Figure 9: Rate matching for uncoded TrCHs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition _in downlink .
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4.2.7.5 Rate matching pattern determination

Denote the bits before rate matching by:

Xigs Xi21 Xigs- -+ X, » Wherei is the TrCH number anithe sequence is defined in 4.2.7.3 for uplink or in 4.2.7.4 for

downlink. Parameter¥;, ni, €ius. aNdeninus 1S-theparameter-given-in-sectisd-2-71-and-4-2-7a2e given in 4.2.7.1 for
uplink or in 4.2.7.2 for downlink

The rate matching rule is as follows:
if puncturing is to be performed

e =6y -- initial error between current and desired puncturing ratio

m=1 -- index of current bit

do while m <= X
€ =€ — Binus -- update error
if e <=0 then -- check if bit number m should be punctured

set bit X, to d whered {0, 1}

e=e+ g --update error

end if
m=m+1 -- next bit
end do
else
e=6y -- initial error between current and desired puncturing ratio
m=1 -- index of current bit

do while m <= X

€ =€ — Binus -- update error
do whilee <=0 -- check if bit number m should be repeated
repeat bitx

e=e+ gy -- update error
end do
m=m+1 -- next bit
end do
end if

A repeated bit is placed directly after the original one.
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4.4.1 Frame structure in the uplink

The frame structure for uplink compressed mode is illustrated in figure 13.

slot # (Nyrst - 1) > < transmission gap)( slot # (Nast - 1) >
Data bR S S S Data

Pilot TFCI| FBI ([TPC|® ©® © © ¢ o Pilot TFCI| FBI | TPC

< Slot # (Nist — 1) > < transmission gap. ) < Slot# (Nt + 1) >
Data o o & o o o Data

Pilot TFCI| FBI |TPC|® © © o ¢ o Pilot TFCI| FBI | TPC

Figure 13: Frame structure in uplink compressed transmission
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The bits from rate matching are denoteddy, J;,, Ji3:- - -» O, whereG,; is the number of bits in one TTI of TrdH

Denote the number of bits in one radio frame of Ti@kt H;. In normal or compressed mode by spreading factor
reductionH; is constant and corresponds to the maximum number of bits from iTirGCbhe radio frame for any
transport format of TrCHL 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

(X O
belonging to one TTI of TrCHifor the allowed TFs is denoted My H; is then calculated abl, = DF_ID' whereF; is
0= O
the number of radio frames in a TTI of TrGHIhe bits output from the DTX insertion are denoted

byh,, N5, Ns,... Ng - Note that these bits are three valued. They are defined by the following relations:
h,=0,k=1,23,..G
he =0 k=G+1,G+2 G+3, ..., FH

where DTX indication bits are denoted &yHeregx [{0, 1} andd {0, 1}.

4292 2" insertion of DTX indication bits

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

The bits input to the DTX insertion block are denotedshs,, S;,. .., Sg,whereSis the number of bits from TrCH
multiplexing. The number of PhCHs is denotedPgnd the number of bits in one radio frame, including DTX

N *
indication bits, for each PhCH ty. In normal moddJ = % =15N,,,.; +15N ., Fhe-numberofavailable

bits-onthePhCH-is-denoted-By, .. 2PNy =1 Ny + Ny a0, WhereNgam andNy, are defined in [25:2]1h
normalmoddd=Ng.+ In compressed mode, additional DTX shall be inserted if the transmission time reduction method

does not exactly create a transmission gap of the desired TGL. The number of bits available to the CCTrCH in one
cm

N *
radio frame in compressed mode is denoted\bﬂ:a* andU = % . Nyaris-changed-from-the-value-in-nermal

node.The exact value ONS;:&* Nyaa is dependent on thEGL and the transmission time reduction method, which are

data,*
2
, and for other methods it can be calculateﬂléga* = N('jata* — Ny . For every transmission time reduction method

N data,*

format A or B as defined in [2Nrg,_is Fthe number of bits that are located within the transmissior-gap-is-ddhgted
and defined as:

(
TGLN,

1_5 data?

signalled from higher layers. For transmission time reduction by SF/2 method in compressdﬂjﬂgd@

=P(15N,,,, +15N,...,) . whereN _ and N, are the number of bits in the data fields of a slot for slot

if Ny + TGL < 15

15- N
NTGL - < first N.

15 datar 1N first frame ifNg + TGL> 15

TGL_(15_ Nfirst) '
N data’
\ 15

Nsirst andTGL are defined in Section 4.4.

in second frame N + TGL > 15

Note: In compressed mode by SF/2 method DTX is also added in physical channel mapping stage (section 4.2.12
During 2" DTX insertion the number of CCTrCH bits is kept the same as in normal mode.
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Incompressed-modg=N,.-Nzc,

The bits output from the DTX insertion block are denoted\pyW, , W;,
threevalued. They are defined by the following relations:

W, =S k=1,2,3,..,S

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

3G TS25.212 V3.1.0 (1999-12)

...y Wpy) - Note that these bits are

where DTX indication bits are denoted &yHereS, [{0,1}and 6 [1{0,1}.
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|:|ypl yp,(R2 +1) yp,(ZR2 +1) tee yp,(ZQR2 +1) B

DypZ yp,(R2+2) yp,(2R2+2) "'yp,(29R2+2)|:|
0 : : D0

L] Ll
or, Yoerny  Yoery - Yeeor,) O

(5) The output of the™ interleaving is the bit sequence read out column by column from the inter-column permuted
R, X C, matrix. The output is pruned by deleting bits that were not present in the input bit sequenceyje. bits
that corresponds to bitgk with k>U are removed from the output. The bits aftériterleaving are denoted by
Vo Vo2 1 Vou s whereVp: corresponds to the Bipk with smallest index after pruningVpz to the bitypk

with second smallest inddeafter pruning, and so on.

Table 6

Number of column C » Inter-column permutation pattern

30 {0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21,
6, 16, 26, 4,14, 24,19,9, 29,12, 2,7, 22,27, 17}

4.2.12 Physical channel mapping

The PhCH for both uplink and downlink is defined in [2]. The bits input to the physical channel mapping are denoted
by Vo Vpzse-sVou s wherep is the PhCH number artdiis 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 tc.

In compressed mode, no bits are mapped to certain slots of the PhCN{g)+HTGL < 15, no bits are mapped to
SlotsNgyst t0 Niast. If Niirst + TGL > 15, i.e. the transmission gap spans two consecutive radio frames, the mapping is as
follows:

- In the first radio frame, no bits are mapped to s, Nisit1, Nistt2, ..., 14.
- In the second radio frame, no bits are mapped to the slots 0, 1 Nps...,

TGL, Nist, andNy,s; are defined in section 4.4.

4.2.12.1 Uplink
In uplink, the PhCHSs used during a radio frame are either completely filled with bits that are transmitted over the air ol

not used at all. The only exception is when the UE is in compressed mode. The transmission can then be turned off
during consecutive slots of the radio frame.

4.2.12.2 Downlink

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

During compressed mode by reducing the spreading factor by 2, no bits are mapped to the DPDCH field as follows:

If Nirst + TGL< 15, i.e. the transmission gap spans one radio frame,

if Nt + 7< 14

no bits are mapped to sldtgst,Nrirst + 1, Niirst +2,..., Nagt + (7 -TGL)

no bits are mapped to the firstfM i+ Npaal/2 bit positionsof slot Ng + (8 -TGL)
Ise

no bits are mapped to sldtigs, Nirst + 1, Niirst + 2,...,14

no bits are mapped to sldtgs - 1, Niirst = 2, Niirst = 3, ..., Niirst = (7 -TGL - (14 -Njas9)

no bits are mapped to the lasbiNt Npaal/2 bit positionsof SIotNgrst - (8 -TGL - (14 -Niasd)
end if

)
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If Nirst + TGL > 15, i.e. the transmission gap spans two consecutive radio frames,

In the first radio frame, no bits are mapped to lasktN Npatan/2 bit positions in slot 7 as wedk to slots 8, 9, 10,

.., 14.
In the second radio frame, no bits are mapped to slots 0, 1, 2, ..., 6 as well as tg.fiistdL)/2 bit positions
in slot 7.

Npatai@and Noaspare defined in [2].

The following rules should be used for the selection of fixed or flexible positions of the TrCHs in the radio frame:

For 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. In a limited number of cases, where there are a
small number of transport format combinations, it is possible to allow flexible positions.

For TrCHs relying on TFCI for transport format detection, higher layer signal whether the positions of the
transport channels should be fixed or flexible.
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4.3.3 Coding of Transport-Format-Combination Indicator (TFCI)

The TFCI bits are encoded using a (32, 10) sub-code of the second order Reed-Muller code. The coding procedure i
shown in figure 10.

TFCI (32,10) sub-code of TFCI code
(10 bits) ———m» second order — > word
g3 Reed-Muller code by...by,

Figure 10: Channel coding of TFCI bits

If the TFCI consist of less than 10 bits, it is padded with zeros to 10 bits, by setting the most significant bits to zer

The length of the TFCI code word is 32 hits.
The code words of the (32,10) sub-code of second order Reed-Muller code are linear combination of 10 bas

sequences. The basis sequences are as in the following table 7.



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

i Mi,o Mi1 Mi 2 Mis Mi4 Mis Mie Mi,7 Mis Mio
0 11 0 0o 0o 0o 10 0 0 0 0
1 01 10 01 0o 0o 10 1 0 0 0
2 11 11 01 0o 00 10 0 0 0 1
3 0x 0o 10 0 0o 10 1 0 1 1
4 11 01 10 01 0o 10 0 0 0 1
5 01 10 11 01 0o 10 0 0 1 0
6 11 11 11 0 0o 10 0 1 0 0
7 01 0o 0o 10 01 10 0 1 1 0
8 11 01 0o 10 01 10 1 1 1 0
9 01 10 01 10 0 10 1 0 1 1
10 11 11 01 10 01 10 0 0 1 1
11 01 0o 10 11 01 10 0 1 1 0
12 11 01 10 11 01 10 0 1 0 1
13 01 10 11 11 01 10 1 0 0 1
14 11 11 11 11 01 10 1 1 1 1
15 11 01 00 0o 10 11 1 1 0 0
16 01 10 01 0o 10 11 1 1 0 1
17 11 11 01 0o 10 11 1 0 1 0
18 01 00 10 0 10 11 0 1 1 1
19 11 01 10 01 10 11 0 1 0 1
20 01 10 11 01 10 11 0 0 1 1
21 |1z 1z |1z oz |6 iz o 1 1 1
22 01 0o 0o 10 11 11 0 1 0 0
23 11 01 0o 10 11 11 1 1 0 1
24 |oz |16 |or |8 |1z |1z |1 0 1 0
25 11 11 01 10 11 11 1 0 0 1
26 01 00 10 11 11 11 0 0 1 0
27 |1z Jor [0 |1z |z 1z |1 1 0 0
28 01 10 11 11 11 11 1 1 1 0
29 11 11 11 11 11 11 1 1 1 1
30 0x 0o 0o 0o 0o 10 0 0 0 0
31 01 0o 0o 0o 10 11 1 0 0 0

For TFCI information bits@ &, &, &, &, &, &, &, &, & (& is LSB and ais MSB), the output code word bits b
are given by:

-3 M e

where i=0...31.

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

In downlink, when the SF <128 the encoded TFCI code words are repeated yielding 8 encoded TFCI bits per slot
normal mode and 16 encoded TFCI bits per slot in compressed mode. Mapping of repeated bits to slots is explainec
section 4.3.5.

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

In the case of DCH in Split Mode, the UTRAN shall operate with as follows:



- If one of the links is associated with a DSCH, the TFCI code word may be split in such a way that the code
word relevant for TFCI activity indication is not transmitted from every cell. The use of such a functionality
shall be indicated by higher layer signalling.

The TFCI bits are encoded using a (16, 5) bi-orthogonal (or first order Reed-Muller) code. The coding procedure is

shown in figure 11.

TECI
(5 bits)

al,O"'al,4

TECI
(5 bits)

8y 0:---854

—>

—

(16,5)

bi-orthgonal code

(16,5)

bi-orthgonal code

—

TFCI code
word
bO'bZ"'bSO

TFCI code
word
bl'b3"'b31

Figure 11: Channel coding of split mode TFCI bits

The code words of the (16,5) bi-orthogonal code are linear combinations of 5 basis sequences as defined in tabl

below.

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

[ Mio Mi1 Miz2 Miz3 Mi4
0 11 01 0o 0o 10
1 01 10 01 0o 10
2 11 11 0x 0o 10
3 01 0o 10 01 10
4 11 01 10 01 10
5 0x 10 11 0 10
6 11 11 11 01 10
7 01 0o 0o 10 11
8 11 0x 0o 10 11
9 01 10 01 10 11

10 11 11 01 10 11
11 0x 0o 10 11 11
12 11 01 10 11 11
13 01 10 11 11 11
14 11 11 11 11 11
15 01 0o 0o 0o 10

For TFCI information bits for DCH&, &1, &2, &3, &.4(a0is LSB and a,is MSB) and for DSCH %, &1, &2,
&3, &4(80is LSB and g4 is MSB), the output code word bitg, I, ..., 35, are given by:

Dua= 3 (@e,* M, Jmod

b2i = ;(amx M i’n) mod2;

where i=0...15, j=0,1.

The output bits are denoted by k=0, 1, 2, ..., 31.
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4.35.2.2 Downlink compressed mode

For downlink compressed mode, the slot format is changed so that no TFCI bits are lost. The different slot formats in
compressed mode do not match the exact number of TFCI bits for all possible TGLs. DTX is therefore used if the
number of TFCI fields exceeds the number of TFCI bits. The block of fields, where DTX is used, starts on the first field
after the gap. If there are fewer TFCI fields after the gap than DTX bits, the last fields before of the gap are also filled
with DTX.

Denote the number of bits available in the TFCI fields of one compressed radio fr@hanbyhe number of bits in
the TFCI field in a slot b{itec;. Denote byE the first bit to be repeateB=NgNyrc,.

E = NiysiNrecy if Ny + TGL < 15, elseE = 0

If the transmission gap does not extend to the end of theMrap®4, thenE corresponds to the number of the first
TFCI bit in the slot directly after the TG. Denote the total number of TFCI bits to be transmiftigd BySF> 128
thenN,, = 32, elséN,,; = 128. The following relations then define the mapping:

dy = b(k mod 32)

wherek =0, 1, 2, ..., min (ENyy)-1 and, if E<N,

O+p-niot = b(k mod 32)

wherek = E, ...,Nyt -1.

DTX bits are sent od, wherek = min (E,Nyy), ..., min (E,Ny) +D - N -1.

3GPP
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Annex A (informative):
Blind transport format detection

A.l Blind transport format detection using fixed positions

A.1.1  Blind transport format detection using received power ratio

Fhis-method-is-usefor the dual transport format case (the possible data;rate® and full rate, andnly-transmitting
CRCis only transmittedor full rate), blind transport format detectiosing received power ratio can be used

Thetransport formatratdetection isthendone using average received power ratio of DPDCH to DPCE€Fhe the
following:

- Pc: ReceivedoPower per bit of DPCCH calculated from all pilot and TPC bits per slot @kadiolomdrame.
- Pd: ReceivedpPower per bit of DPDCH calculated fro¥hbits per slot ovea radidOmsframe.

- X:the number of DPDCH bits per slot when transport format corresponds to full rate.

- __T: Threshold of average received power ratio of DPDCH to DPCCHidonsporformatratedetection.

The decision rule can then be formulated as

If Pd/Pc >Tthen

Full rate transport format detectdak—ON"

else

Zero rate transport format detectdld¢-—OFF

A.1.2  Blind transport format detection using CRC

- This-method-is-usedrbr the multiple transport format case (the possible data &at¥, ..., (full rate)/r, ..., full
rate, anehtwaystransmtttmg:ROs transmittedor all transport formatsbllnd transport format detectlon usmq CRC
can be usedMhen-ths-m : & any other

transpert—fermat_deeswthma—'FFGH

-—At the transmitter, the data stream with variable number of bits from higher layers is block-encoded using a cyclic
redundancy check (CRC) and then convolutionally enco@&iC parity bits are attached just after the data stream with
variable number of bits as shown in figure A-1.

-—The receiver knows only the possible transport formats (or the possible end bit positjdrbnLayer-3
negotiation{see-figireA-1). -The receiver performs Viterbi-decodiran the soft decision sample sequenthe
correct trellis path of the Viterbi-decodends at the zero state at the correct end bit position.

~—The-Bblind transport formtratedetection metho#ly using CRC traces back the surviving trellis path ending at the
zero state (hypothetical trellis path) at each possible end bit position to recover the data séquestaeh recovered
data sequende-thenerror-detedbn is performed by checking theed GRRC and if there is no error, the recovered
sequence is declared to be correct.

-——The following variable is defined:

S(nand) =-10 |Og ( (dnencb - anin(nend) ) / (a‘naxnend)'amin(nend) ) ) [dB] (Eq 1)

—where ga{Nend and @in(Nend are-respectivelythe maximum and minimum path-metric values among all survivors
at end bit positiondys and a(neng is the path-metric value at zero state.
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-—In order to reduce the probability of false detection (this happens if the selected path is wrong but the CRC misses
the error detection), a path selection threshold D is introduddsb threshold determines whether the hypothetical

trellis path connected to the zero state should be traced back or not at each end bit pgsitishenhypothetical

trellis path connected to the zero state that satisfies

S(nend ==< D (Eq. 2)

—is found, the path is traced back to recover the frame data, where D is the path selection threshold and a design
parameter.

-—If more than one end bit positions satisfying Ega2efound, the end bit position which has minimum value of
s(n.ng is declared to be correct.

~—If no path satisfying Eq. 2 is found even after all possible end bit positions have been exhausted, the received frame
data is declared to be in error.

Figure A-2 shows the procedure of blind transport format detection using CRC.

Possible end bit

. Nena = 1 Nend = 2 Neng = 3 Neng = 4
POSitions Neng

v v v

Data with variable number of bits CRC Empty

Possible end bit positions, {f

n, ;=1 2 3 4
Data with varialbe number of bits CRC Empty
< T >

Figure A-1: An example of -the data fermat—with variable number of bits . Four possible transport
formats, and transmitted end bit position N ¢ng = 3.

A.2 Blind transport format detection with flexible positions

| In certain cases where the ©@CH consists of multiple transport channels and a small number of transport format
combinations are allowed, it is possible to allow blind transport format detection with flexible positions.

Several examples for how the blind transport format detection with flexible positiaig be performed are:

- The blind transport format detection starts at a fixed position and identifies the transport format of the first
| present transport channel and stops. The position of the other transport channels and their transgaginigrmat
derived on the basis of the allowed transport format combinations, assuming that there is a one to one
relationship between the transport format combination and the transport format of the first present transport
channel.

- The blind rate detection evaluates all transport format combinations and picks the most reliable one.
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Viterbi decoding (ACS operation)

I”'end = rlend +1

to end bit position &4

Calculation of S(g,9 |

S(n.ng > D

No
Is n,qthe

maximum value?

Path selection

S(Nnd =<D

Tracing back
from end bit position 4

Calculation of CRC parity
for recovered data

NG

Smin =< S(anp

Comparison

*

of S(Nng

Srnin > S(nencb
Smin = S(rlend)
r]end, = nend

Yes

Output detected
end bit position g4 *

v

END

If the value of detected.py is
“0", the received frame data is
declared to be in error.

Figure A-2: Basic processing flow of blind transport format detection
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4.2.13 Restrictions on different types of CCTrCHs

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

4.2.13.1 Uplink Dedicated channel (DCH)

The maximum value of the number of TrCHa a CCTrCH, the maximum value of the number of transport bleigks
on each transport channel, and the maximum value of the number of DFD&elgiven from the UE capability class.

4.2.13.2 Random Access Channel (RACH)

- There can only be one TrCH in each RACH CCTrCH &8, S¢ = fixandS=V,.

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

- The transmission time interval is either 10 ms or 20 ms.

Only one PRACH is used, i.B=1, Uik = S, andU =S,

4.2.13.3 Common Packet Channel (CPCH)

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

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

4.2.13.4 Downlink Dedicated Channel (DCH)

The maximum value of the number of TrCHa a CCTrCH, the maximum value of the number of transport bleigks
on each transport channel, and the maximum value of the number of DFD&elgiven from the UE capability class.

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

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

4.2.13.6 Broadcast channel (BCH)

- There can only be one TrCH in the BCH CCTrCH, lis., S = fix, andS=V,.
- There can only be one transport block in each transmission time intervill, #el.
- All transport format attributes have predefined values.

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

4.2.13.7 Forward access and paging channels (FACH and PCH)

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

- The transmission time interval for TrCHs of PCH type is always 10 ms.
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- Only one secondary CCPCH is used per CCTrCHPR4.
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4.2.2  Transport block concatenation and code block segmentation

All transport blocks in a TTI are serially concatenated. If the number of bits in a TTl is larg& thammaximum size

of a code block in question, then code block segmentation is performed after the concatenation of the transport blocks.
The maximum size of the code blocks depends on whether convolutional coding, turbo coding or no coding is used for
the TrCH.

4.2.2.1 Concatenation of transport blocks

The bits input to the transport block concatenation are denot&f,h¥,,», Bz, - - Byg Wherei is the TrCH

numbermi s the transport block number, aBds the number of bits in each block (including CRC). The number of
transport blocks on TrCHis denoted by;. The bits after concatenation are denotedQyX;,, X3, ..., Xy, , wherei
is the TrCH number ang=MB;. They are defined by the following relations:

X« =by k=1,2..8B
Xk =B gy K=Bi+1B+2 ..,2B

X =D g k-2m) kK=2Bi+ 1, 2B +2,...,3B,

Xk =B v k-m-pgy K= (Mi-1)Bi+ 1, (Mi-1)Bi + 2, ..., MB

4.2.2.2 Code block segmentation

Segmentation of the bit sequence from transport block concatenation is perfoXp&d ifhe code blocks after
segmentation are of the same size. The number of code blocks on Br@&hoted by If the number of bits input to
the segmentatiorX;, is not a multiple o€, filler bits are added to tHeeginning of the firsttadilock. The filler bits are
transmitted and they are always set to 0. The maximum code block sizes are:

convolutional codingZ = 504
turbo codingZ = 5114

no channel coding = unlimited

The bits output from code block segmentation are denote®d} by, ,, 0, 5,.-., 0, , wherei is the TrCH number, is
the code block number, aifdis the number of bits.

Number of code block<; = X;/ Z[J
Number of bits in each code block:

if X <40 and Turbo coding is used, then

Ki =40
else

_Ki = [Xi / C,D
end if

Number of filler bitslY;, = CK; - X
If X;<Z, then
0, =0 k=1,2,....Y
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Ol = X ey Oia=ik K= Y+1, Y42, ... K

end if

,—a'Hd'Kr:%'p
If X;>=7Z, then

0, =0 k=12 .Y
O = X vy O =X k=Yi+l,Yi+2, ..., K

Ok = X (kek,-v) O —Xmwxy K=12..K

Oak = X (ke2k,-v) Oz —Xaexy k=12, ..., K

K

Ock = X (ks(c-nk,-) Ock—Nracry K=1.2 ...

end if
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4.2.13 Restrictions on different types of CCTrCHs

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

4.2.13.1 Uplink Dedicated channel (DCH)

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

4.2.13.2 Random Access Channel (RACH)

- There can only be one TrCH in each RACH CCTrCH &, S = fix andS=V,.

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

- The transmission time interval is either 10 ms or 20 ms.

- Atinitial RACH transmission the rate matching attribute has a predefined value.

- Only one PRACH is used, i.B=1,U1x =S, andU =S.

4.2.13.3 Common Packet Channel (CPCH)

- The maximum value of the number of TrCHs a CCTrCH, the maximum value of the number of
transport block®4; on each transport channel, and the maximum value of the number of DHD#ZElS
given from the UE capability class.

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

4.2.13.4 Downlink Dedicated Channel (DCH)

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

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

- The maximum value of the number of TrCHs a CCTrCH-Tthe maximum value of the number of
transport blocks$4, M;-on the transport channel and the maximum value of the number of POFS&lEs
given from the UE capability class.

4.2.13.6 Broadcast channel (BCH)

- There can only be one TrCH in the BCH CCTrCH, lid., S = fik, andS=V;,.

There can only be one transport block in each transmission time intervdl, €l

All transport format attributes have predefined values.

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

3GPP
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4.2.13.7 Forward access and paging channels (FACH and PCH)

- The maximum value of the number of TrCHs a CCTrCH and the maximum value of the number of
transport block®/4; on each transport channel are given from the UE capability class.

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

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

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

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

1) Transport channels multiplexed into one CCTrCh shall have co-ordinated timings. When the TFCS of a
CCTrCH is changed because a transport charniseldded to the CCTrCH or reconfigured within the
CCTrCH, the TTI of transport channieinay only start in radio frames with CFN fulfilling the relation

CFN mod F,2x= 0,

where F,., denotes the maximum number of radio frames within the transmission time intervals of all
transport channels which are multiplexed into the same CCTrCH, including transport chetminblis
added or reconfigured, and CFd¢notes the connection frame number of the first radio frame within the
transmission time interval of transport charinel

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

CFN mod F=0.
2) Only transport channels with the same active set can be mapped onto the same CCTrCH.
3) Different CCTrCHs cannot be mapped onto the same PhCH.

4) One CCTrCH shall be mapped onto one or several PhCHs. These physical channels shall all have the
same SF.

5) Dedicated Transport channels and common transport channels cannot be multiplexed into the same
CCTrCH

6) For the common transport channels, only the FACH and PCH may belong to the same CCTrCH
There are hence two types of CCTrCH

1) CCTrCH of dedicated type, corresponding to the result of coding and multiplexing of one or several
DCHs.

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

42141 Allowed CCTrCH combinations for one UE

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

2) one CCTrCH of common type

3GPP
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42.14.1.2 Allowed CCTrCH combinations on the downlink
The following CCTrCH combinations for one UE are allowed :
X CCTrCH of dedicated type + y CCTrCH of common type

The allowed combination of CCTrCHs of dedicated and common tyge~&rgiven from UE radio access
capabilities. There can be a maximum on one CCTrCH of common type for DSCH and a maximum of one
CCTrCH of common type for FACH. With one CCTrCH of common type for DSCH, there shall be at least one
CCTrCH of dedicated type

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

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

4.3 Transport format detection

Transport format detection can be performed both with and without Transport Format Combination Indicator
(TFCI). If a TFCI is transmitted, the receiver detects the transport format combination from the TFCI. When no
TFCl is transmitted, so called blind transport format detection may be used, i.e. the receiver side detects the
transport format combination using some information, e.g. received power ratio of DPDCH to DPCCH, CRC
check results.

For uplink, the blind transport format detection is an operator option. For downlink, the blind transport format
detection can be applied with convolutional coding, the maximum number of different transport formats and
maximum data rates allowed shall be specified.

For a DPCH associated with a PDSCH, the DPCCH shall include TFCI.

4.3.1 Blind transport format detection

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

4.3.2 Explicit transport format detection based on TFCI

The Transport Format Combination Indicator (TFCI) informs the receiver of the transport format combination of
the CCTrCHs. As soon as the TFCI is detected, the transport format combination, and hence the individual
transport channels' transport formats are known, and decoding of the transport channels can be performed.

4.3.3 Coding of Transport-Format-Combination Indicator (TFCI)

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

TFCI (32,10) sub-code of TFCI code
(10 bits) ———»» second order — word
ag...8, Reed-Muller code by...bs

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

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

3GPP
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4.27.1.2.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHsANg; >0, the parameters in section 4.2.7.1.2.1 are used.

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

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

_ BN, /20 b=2

AN =0aN,, j20 b=3

If AN; s calculated as 0 fdr=2 orb=3, then the following procedure and the rate matching algorithm of

section 4.2.7.5 don’t need to be performed for the corresponding parity bit stream.

X; = INy; /30,
q =X /]aN;| O
if(q<2)
for x=0 toF;-1
S[Ie[(3x+b-1) mod H] = x mod 2;
end for
else
if gis even

then q' =q—gcd(q,F)/ F; -- wheregcd (g, F) means greatest common divisomgadndF;
-- note thafy' is not an integer, but a multiple of 1/8

else g =q
endif
for x=0 toF; -1
r = Ox*q’ Omod F;
S[IE[(3r+b-1) mod H] = Ox*q’ Odiv F;
endfor
endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where:
X; is as above,
&n = (A@S(N)JAN;| + X) mod (aX;), if ey =0 then g = aX.
€oius = X

€hminus= aD:mN| O

3GPP
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