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4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ny j does not depend on the transport format combination j. Neas+ 1S given by the channelization code(s)
assigned by higher layers. Denote the number of physical channels used for the CCTrCH by P. Nyaa + iS the number of
bits available to the CCTrCH in one radio frame and defined as Ngata »=Px15%(Ngata1 +Naataz) » Where Ngaraa @Nd Nearaz are
defined in [2]. Note that contrary to the uplink, the same rate matching patterns are used in TTIs containing no
compressed radio frames and in TTIs containing radio frames compressed by spreading factor reduction or higher layer
scheduling.

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

Additional calculations for TTls containing radio frames compressed by puncturing in case fixed positions are used, are
performed to determine this total amount of rate matching needed.

For compressed mode by puncturing, in TTls 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 cope with reduction of available data bits on the physical channel(s) if the slot format for
the compressed frame(s) contains fewer data bits than for the normal frames(s), and 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 bitsto create the gap inthe TTI for TrCH i, plusthe
difference between the number of data bits available in normal frames and in compressed frames, due to slot format
change. In case of fixed positions, it is calculated in addition to the amount of rate matching indicated by higher layers.

Itis noted Np; 1.
In fixed positions case, to obtain the total rate matching AN f:n'afm ™ to be performed on the TTI m, Npmaxm i

TTI,m
N| max

subtracted from A (calculated based on higher layers RM parameters as for normal rate matching). This allows

to create room for the Np' ™"

i mx DIt p to beinserted later. If the result is null, i.e. the amount of repetition matches

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

In case of compressed mode by puncturi ng and fixed positions, for some calculations, N’y - is used for radio frames
= Px15x (Nyy + Nyiar) - N (’jatal and N, arethe number of bitsin

with gap instead of Ny, , where N,

data,*

Niso = {2 S N

TGL - (15— Ny, )
\ 15

4.2.7.2.1.2 Calculations for compressed mode by puncturing

Caculationsof AN™"™ for all TTI mwithin largest TTI, for al TrCH i

I,max
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First an intermediate calculation variable Ni’* is calculated for all transport channelsi by the following formula:

N, . =1><(max NT,”)
’ |:i leTFs(i)

Then an intermediate calculation variable AN, . isderived from N, . by the formulagiven at subclause 4.2.7, for all
TrCH .

In order to compute the ANiT' "™ parametersfor al TrCH i, all TF | and all TTI with number min the largest TTI, we

m

first compute an intermediate parameter AN,

by the following formula:

AN™ = F, x AN,.

i,max

TTl,m
i,max

Calculationsof NP/, and Np,

Let Npirjmax be the number of bits to eliminate on TrCH i to create the gap for compressed mode and to cope for the

reduction of the number of available data bitsin the compressed frame if the changed slot format contains fewer data
bits than for normal frame, in each radio frame n of the TTI, calculated for the Transport Format Combination of TrCH
i, in which the number of bitsof TrCH i isat its maximum.

NP, is calculated for each radio frame n of the TTI in the following way.

Intermediate variables Z; for i = 1to | are calculated using the formula (1) in 4.2.7, by replacing Nya;j 1N the frames
compressed by puncturing with By-(Ne [N] + (Ngatar — N data* ))-

The number of bits corresponding to the gap for TrCH i, in each radio frame of its TTI is calculated using the number of
bits to remove on all Physical Channels N+g, [K], where k is the radio frame number in the largest TTI.

For each radio frame k of the largest TTI that is overlapping with a transmission gap, Ntg [K] iS given by the relation:

( :
TGL x Ndata* !
15 ’

if Ny,g + TGL < 15

15-N first

N = < 15

X N(’:Iata,* .infirst radio frame of the gap if Njrs + TGL > 15

TGL-(15-N,.) .
x Ndata* !
\ 15 '

in second radio frame of the gap if Ngr¢ + TGL > 15

Nsirs and TGL are defined in subclause 4.4.

Note that N v [K] = 0 if radio frame K is not overlapping with a transmission gap.

Then NP\ = (Z—Z.y) fori=1tol

TTI,m
i,max

Thetotal number of bits NP,
as:

corresponding to the gaps for compressed mode for TrCH i in the TTI is calculated

n=(m+1)xF -1

Npl-rr:axm = z Npir,]max

n=mxF,
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NTTI .cm,m

The amount of rate matching AN;

for the highest TrCH bit rate is then computed by the following formula:

ANTTl ,cm,m: ANm _ NpTTI,m

i,max i, max i,max

If AN i‘l;:;(:m,m =0, then, for TrCH i, the output data of the rate matching is the same as the input data and the rate
matching algorithm of subclause 4.2.7.5 does not need to be executed.

If AN:;'afm’m # 0, then, for TrCH i, the rate matching algorithm of subclause 4.2.7.5 needs to be executed, and the

parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €ius: @d Erjnus, aNd
AN TTI,m
il
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4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ny j does not depend on the transport format combination j. Neas+ 1S given by the channelization code(s)
assigned by higher layers. Denote the number of physical channels used for the CCTrCH by P. Nyaa + iS the number of
bits available to the CCTrCH in one radio frame and defined as Ngata »=Px15%(Ngata1 +Naataz) » Where Ngaraa @Nd Nearaz are
defined in [2]. Note that contrary to the uplink, the same rate matching patterns are used in TTIs containing no
compressed radio frames and in TTIs containing radio frames compressed by spreading factor reduction or higher layer
scheduling.

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

Additional calculations for TTls containing radio frames compressed by puncturing in case fixed positions are used, are
performed to determine this total amount of rate matching needed.

For compressed mode by puncturing, in TTls 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 cope with reduction of available data bits on the physical channel(s) if the slot format for
the compressed frame(s) contains fewer data bits than for the normal frames(s), and 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 bitsto create the gap inthe TTI for TrCH i, plusthe
difference between the number of data bits available in normal frames and in compressed frames, due to slot format
change. In case of fixed positions, it is calculated in addition to the amount of rate matching indicated by higher layers.

Itis noted Np; 1.
In fixed positions case, to obtain the total rate matching AN f:n'afm ™ to be performed on the TTI m, Npmaxm i

TTI,m
N| max

subtracted from A (calculated based on higher layers RM parameters as for normal rate matching). This allows

to create room for the Np' ™"

i mx DIt p to beinserted later. If the result is null, i.e. the amount of repetition matches

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

In case of compressed mode by puncturi ng and fixed positions, for some calculations, N’y - is used for radio frames
= Px15x (Nyy + Nyiar) - N (’jatal and N, arethe number of bitsin

with gap instead of Ny, , where N,

data,*

Niso = {2 S N

TGL - (15— Ny, )
\ 15

4.2.7.2.1.2 Calculations for compressed mode by puncturing

Caculationsof AN™"™ for all TTI mwithin largest TTI, for al TrCH i

I,max
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First an intermediate calculation variable Ni’* is calculated for all transport channelsi by the following formula:

N, . =1><(max NT,”)
’ |:i leTFs(i)

Then an intermediate calculation variable AN, . isderived from N, . by the formulagiven at subclause 4.2.7, for all
TrCH .

In order to compute the ANiT' "™ parametersfor al TrCH i, all TF | and all TTI with number min the largest TTI, we

m

first compute an intermediate parameter AN,

by the following formula:

AN™ = F, x AN,.

i,max

TTl,m
i,max

Calculationsof NP/, and Np,

Let Npirjmax be the number of bits to eliminate on TrCH i to create the gap for compressed mode and to cope for the

reduction of the number of available data bitsin the compressed frame if the changed slot format contains fewer data
bits than for normal frame, in each radio frame n of the TTI, calculated for the Transport Format Combination of TrCH
i, in which the number of bitsof TrCH i isat its maximum.

NP, is calculated for each radio frame n of the TTI in the following way.

Intermediate variables Z; for i = 1to | are calculated using the formula (1) in 4.2.7, by replacing N in the frames
compressed by puncturing with -By (NreL[n] + (Ngatar — N gatar ))-

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 all Physical Channels N+g, [K], where k is the radio frame number in the largest TTI.

For each radio frame k of the largest TTI that is overlapping with a transmission gap, Ntg [K] iS given by the relation:

( :
TGL x Ndata* !
15 ’

if Ny,g + TGL < 15

15-N first

N = < 15

X N(’:Iata,* .infirst radio frame of the gap if Njrs + TGL > 15

TGL-(15-N,.) .
x Ndata* !
\ 15 '

in second radio frame of the gap if Ngr¢ + TGL > 15

Nsirs and TGL are defined in subclause 4.4.

Note that N v [K] = 0 if radio frame K is not overlapping with a transmission gap.

Then NP\ = (Z—Z.y) fori=1tol

TTI,m
i,max

Thetotal number of bits NP,
as:

corresponding to the gaps for compressed mode for TrCH i in the TTI is calculated

n=(m+1)xF -1

Npl-rr:axm = z Npir,]max

n=mxF,
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NTTI .cm,m

The amount of rate matching AN;

for the highest TrCH bit rate is then computed by the following formula:

ANTTl ,cm,m: ANm _ NpTTI,m

i,max i, max i,max

If AN i‘l;:;(:m,m =0, then, for TrCH i, the output data of the rate matching is the same as the input data and the rate
matching algorithm of subclause 4.2.7.5 does not need to be executed.

If AN:;'afm’m # 0, then, for TrCH i, the rate matching algorithm of subclause 4.2.7.5 needs to be executed, and the

parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €ius: @d Erjnus, aNd
AN TTI,m
il
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4.3 Transport format detection

If the transport format set of a TrCH i contains more than one transport format, the transport format can be detected
according to one of the following methods:

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

- explicit blind detection: This method typically consists of detecting the TF of TrCH i by use of channel decoding
and CRC check;

- guided detection: This method is applicable when there is at |east one other TrCH i’, hereafter called guiding
TrCH, such that:

- theguiding TrCH hasthe same TTI duration as the TrCH under consideration, i.e. F = F;
- different TFs of the TrCH under consideration correspond to different TFs of the guiding TrCH,;
- explicit blind detection is used on the guiding TrCH.

If the transport format set for a TrCH i does not contains more than one transport format-enby with more than zero
transport blocks, no explicit blind transport format detection needs to be performed for this TrCH. The UE can use
guided detection for this TrCH or single transport format detection, where the UE always assumes the transport format
corresponding to more than zero transport blocks for decoding.

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.

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

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 and that do not use single transport format detection. The UE shall
only be required to support blind transport format detection if all of the following restrictions are fulfilled:

1. only one CCTrCH isreceived by the UE;
2. 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 channelsis used on the CCTrCH to be detectable;

. convolutional coding is used on al explicitly detectable TrCHs;

3
4
5
6. CRC with non-zero length is appended to all transport blocks on al explicitly detectable TrCHSs;
7. at least one transport block shall be transmitted per TTI on each explicitly detectable TrCH;

8. the number of explicitly detectable TrCHsis 3 or less;

9. for al explicitly detectable TrCHs i, the number of code blocksin one TTI (C;) shall not exceed 1;

10. the sum of the transport format set sizes of all explicitly detectable TrCHSs, is 16 or less. The transport format set
size is defined as the number of transport formats within the transport format set;

11. thereisat least one TrCH that can be used as the guiding transport channel for all transport channels using
guided detection.

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

CR page 2
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4.3 Transport format detection

If the transport format set of a TrCH i contains more than one transport format, the transport format can be detected
according to one of the following methods:

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

- explicit blind detection: This method typically consists of detecting the TF of TrCH i by use of channel decoding
and CRC check;

- guided detection: This method is applicable when there is at |east one other TrCH i’, hereafter called guiding
TrCH, such that:

- theguiding TrCH hasthe same TTI duration as the TrCH under consideration, i.e. F = F;
- different TFs of the TrCH under consideration correspond to different TFs of the guiding TrCH,;
- explicit blind detection is used on the guiding TrCH.

If the transport format set for a TrCH i does not contains more than one transport format-enby with more than zero
transport blocks, no explicit blind transport format detection needs to be performed for this TrCH. The UE can use
guided detection for this TrCH or single transport format detection, where the UE always assumes the transport format
corresponding to more than zero transport blocks for decoding.

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.

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

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 and that do not use single transport format detection. The UE shall
only be required to support blind transport format detection if all of the following restrictions are fulfilled:

1. only one CCTrCH isreceived by the UE;
2. 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 channelsis used on the CCTrCH to be detectable;

. convolutional coding is used on al explicitly detectable TrCHs;

3
4
5
6. CRC with non-zero length is appended to all transport blocks on al explicitly detectable TrCHSs;
7. at least one transport block shall be transmitted per TTI on each explicitly detectable TrCH;

8. the number of explicitly detectable TrCHsis 3 or less;

9. for al explicitly detectable TrCHs i, the number of code blocksin one TTI (C;) shall not exceed 1;

10. the sum of the transport format set sizes of all explicitly detectable TrCHSs, is 16 or less. The transport format set
size is defined as the number of transport formats within the transport format set;

11. thereisat least one TrCH that can be used as the guiding transport channel for all transport channels using
guided detection.

Examples of blind transport format detection methods are given in annex A.
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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
signaling. The rate-matching attribute is used when the number of bits to be repeated or punctured is calculated.

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

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

Notation used in subcaluse 4.2.7 and subclauses:

Ni,j:

NTT

AN,

AN/

For uplink: Number of bitsin aradio frame before rate matching on TrCH i with transport format
combinationj .

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

Number of bitsin atransmission timeinterval before rate matching on TrCH i with transport format 1.
Used in downlink only.

For uplink: If positive - number of bits that should be repeated in each radio frame on TrCH i with
transport format combination j.

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

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

If positive - number of bitsto be repeated in each transmission time interval on TrCH i with transport
format I.

If negative - number of bitsto be punctured in each transmission time interval on TrCH i with transport
format 1.

Used in downlink only.

-, m=0to (Fmax / Fi) - 1 :Positive or null: number of bitsto be removed in TTI number m within the largest

NP/,

TTI, to create the required gaps in the compressed radio frames of this TTI, in case of compressed mode
by puncturing, for TrCH i with transport format I. In case of fixed positions and compressed mode by

puncturing, this valueisnoted Np' ™

i, max

bits; thusit isthe same for al TFCs

sinceit iscalculated for all TrCH with their maximum number of

Used in downlink only.

n=0 to F -1:Positive or null: number of bits, in radio frame number n within the largest TTI,

corresponding to the gap for compressed mode in thisradio frame, for TrCH i with transport format |. The
value will be null for the radio frames not overlapping with a transmission gap. In case of fixed positions

and compressed mode by puncturing, this value is noted Npirjmax sinceit iscalculated for all TrCHs with
their maximum number of bits; thusit is the same for all TFCs

Used in downlink only.

NreL[K], k=0to F-1 : Positive or null: number of bitsin each radio frame corresponding to the gap for compressed

mode for the CCTrCH.

3GPP
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RM;: Semi-static rate matching attribute for transport channel i. RM; is provided by higher layers or takes a
value asindicated in section 4.2.13.

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. The
allowed puncturing in % is actually equal to (1-PL)*100.

Noata,: Total number of bits that are available for the CCTrCH in aradio frame with transport format
combination j.

Number of TrCHsin the CCTrCH.

Zj. Intermediate calculation variable.
Fi: Number of radio framesin the transmission time interval of TrCH i.
Fnax Maximum number of radio framesin atransmission time interval used inthe CCTrCH :
Fra = Max F,
1<i<l
n: Radio frame number in the transmission timeinterval of TrCH i (0 <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.

P1e(n): The column permutation function of the 1% interleaver, P1(x) is the original position of column with
number x after permutation. P1 is defined on table 4 of section 4.2.5.2 (note that the Pl is self-inverse).
Used for rate matching in uplink only.

gn]: The shift of the puncturing or repetition pattern for radio frame n; when n = PlF, (ni ) Used in uplink
only.

TFi():  Transport format of TrCH i for the transport format combination j.
TFS(i)  The set of transport format indexes| for TrCH i.
TFCS  Theset of transport format combination indexesj.
€ Initial value of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
€olus Increment of variable e in the rate matching pattern determination algorithm of subclause4.2.7.5.
€minus Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
b: Indicates systematic and parity bits

b=1: Systematic hit. x in subclause 4.2.3.2.1.

b=2: 1% parity bit (from the upper Turbo constituent encoder). z in subcaluse 4.2.3.2.1.

b=3: 2™ parity bit (from the lower Turbo constituent encoder). Z\ in subclause 4.2.3.2.1.

The* (star) notation is used to replace an index x when the indexed variable X, does not depend on the index x. In the
left wing of an assignment the meaning isthat "X. = Y" isequivalent to "for all xdo X, =Y". In the right wing of an
assignment, the meaning isthat "Y = X. " isequivalent to "takeany xand do Y = X,".

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

Z, =0

0,]

3GPP
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[ZRM N, N

7 - foralli=1...1 1)
i, |
ZleM m>< Nm,j

AN. =27 . —Zi_l’j —Ni,j foradli=1...1

1] 1]
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 1-PL, PL is signalled from higher layers. The number of
available bitsin the radio frames of one PhCH for al possible spreading factorsis given in [2]. Denote these values by
Nass, N1og, Nes, Nao, Nig, Ng, and N4, where the index refers to the spreading factor. The possible number of bits available
to the CCTrCH on all PhCHS, Ndalaa then are{ N2561 leg, N54, N32, le, Ng, N4’ 2x N4, 3x N4, 4x N4, 5x N4, 6x N4} .

For aRACH CCTrCH SETO represents the set of Ngqa Values allowed by the UTRAN, as set by the minimum SF
provided by higher layers. SETO may be a sub-set of { Nasg, Ni2g, Nes, N3o }. SETO does not take into account the UE's
capability.

For other CCTrCHs, SETO denotes the set of Ngaa Values alowed by the UTRAN and supported by the UE, as part of
the UE's Capabl|lty SETO can be a subset of { N255, leg, N641 Ngz, N]_e, Ng, N4, 2x N4, 3x N4, 4x N4, 5x N4, 6x N4} . Ndata,j
for the transport format combination j is determined by executing the following a gorithm:

|
SET1 ={ Ngaa in SETO such that (]TJR{RM y}) X Ngaia — Z RM  x Nx,j is non negative }
- x=1

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

else

|
SET2 = { Nga in SETO such that (ER{RM y}j X Ngaa — PL ¥ Z RM  x Nx,j isnon negative }

x=1
Sort SET2 in ascending order
Ngata= Min SET2
While Ngqa 1S Not the max of SET2 and the follower of Ngqa requires no additional PhCH do

Nyata = follower of Nyaa in SET2

End while
Ndata,j = Ndata
End if

For aRACH CCTrCH, if Nyaa; is not part of the UE's capability then the TFC j cannot be used.

4.2.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, AN; ;, within one radio frame for each TrCH i is calculated with
equation 1 for all possible transport format combinations j and selected every radio frame. Ny IS given from
subclause 4.2.7.1.1.

3GPP
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cm
data,

cm
data, j

In a compressed radio frame, N isreplaced by N in Equation 1. N isgiven asfollows:

data,

In aradio frame compressed by higher layer scheduling, N5

data,j 1S OPtained by executing the algorithm in subclause

N
4.2.7.1.1 but with the number of bitsin one radio frame of one PhCH reduced to 1—; of the value in norma mode.

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

Ntr — Nfirst g

infirst frameif Ny, + TGL > 15

30-TGL — Ny, in second frame if N + TGL > 15

Nsir¢ and TGL are defined in subclause 4.4.

Inaradio frame compressed by spreading factor reduction, Ngi, ; = 2x (N data,] — NTGL), where
15-N
Nig = 15 T x Ndata,j

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

If AN;; = 0 the parameterslisted in subclauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining &y, €yus, and
€ninus (regardless if the radio frame is compressed or not).
4.2.7.1.2.1 Uncoded and convolutionally encoded TrCHs
R = AN;; mod N;; -- note: in this context AN;; mod N;; isin the range of O to N;-1 i.e. -1 mod 10 = 9.
if R# 0and 2xR< N;

thenq=[ N;;/R |
else

q=I Nj/(R-N;) |
endif
-- note: g isasigned quantity.
if giseven

thenq' = q+ gcd( d , F;)/ F; -- where ged (| of , F;) means greatest common divisor of | g and F;

-- note that g’ is not an integer, but a multiple of 1/8

else
q=q
endif
forx=0toF;-1
Sl L) | mod F] = (| Lxxqr | div Fi)
end for
AN, = AN
a=2
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For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where :
Xi = N;j., and
€ni = (@Y PLr(m)]xJAN; | + 1) mod (aNy).
€ius = XN
Eminus = X |[AN|

puncturing for AN <0, repetition otherwise.

427122 Turbo encoded TrCHs
If repetition is to be performed on turbo encoded TrCHs, i.e. AN;;>0, the parameters in subclause 4.2.7.1.2.1 are used.

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

a=2 when b=2
a=1 when b=3

N ={LANH/2J, b=2

Tan,, /2], b=3
If AN; iscalculated as 0 for b=2 or b=3, then the following procedure and the rate matching algorithm of
subclause 4.2.7.5 don't need to be performed for the corresponding parity bit stream.
X;=LN;; /3],
q=LX/ANj|
if(q<2)
forr=0to F-1

S[(3xr+b-1) mod F|] =r mod 2;

end for
else
if giseven
then g =q-gcd(q, F)/ F -- wheregcd ( g, F;) means greatest common divisor of g and F;
-- note that g' is not an integer, but a multiple of 1/8
else g=q
endif
forx=0OtoF; -1
r=[xxq'l mod F;;
S (3xr+b-1) mod F] =[xxq'| div F;;
endfor
endif

For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where:

X; isas above:
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&ni = (@xYP1r(n)] xJAN;| + X;) mod (axX;), if &, =0 then ey = axX;
€pius = AXX;

er'rlinus = ax |AN| |

4.2.7.2 Determination of rate matching parameters in downlink

For downlink channels other than the downlink shared channel(s) (DSCH), Nyatj does not depend on the transport
format combination j. Ngaa» IS given by the channelization code(s) assigned by higher layers.

Denote the number of physical channels used for the CCTrCH by P. Ngqa + iS the number of bits available to the
CCTrCH in one radio frame and defined as Ngata »=Px 15% (Ngata1+Naataz), Where Ngata1 and Ngaao @re defined in [2]. Note
that contrary to the uplink, the same rate matching patterns are used in TTIs containing no compressed radio frames and
in TTIs containing radio frames compressed by spreading factor reduction or higher layer scheduling.

For aDSCH CCTrCH , different sets of channelisation codes may be configured by higher layers resulting in possibly
multiple Nyaa - Values, where Ngqia+ _iS the number of bits available to the CCTrCH in one radio frame and is given by
Nyata »=Px15x (Ngata1+tNdatar), Where Neatar @nd Nyara are defined in [2]. Each Ny » COrresponds to a sub-set of the
Transport format combinations configured as part of the TFCS. For aDSCH CCTrCH only flexible positions apply.
The rate matching calculations as specified in section 4.2.7.2.2 shall be performed for each Ngsia» . Where the TECS
taken into account in the calculations s restricted to the set of TFCs associated with N, +, as configured by higher
layers. Therefore the amount of rate matching for atransport channel i for aTTI interval isafunction of the Nya»
value which shall be constant over the entire TT1 as specified in section 4.2.14.

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

Additional calculations for TTIs containing radio frames compressed by puncturing in case fixed positions are used, are
performed to determine this total amount of rate matching needed.

For compressed mode by puncturing, in TTls 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 allowsto cope with reduction of available data bits on the physical channel(s) if the slot format for
the compressed frame(s) contains fewer data bits than for the normal frames(s), and 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 inthe TTI for TrCH i, plusthe
difference between the number of data bits available in normal frames and in compressed frames, due to slot format
change. In case of fixed positions, it is calculated in addition to the amount of rate matching indicated by higher layers.

Itis noted Np/T.-™

i,max *

In fixed positions case, to obtain the total rate matching AN."" ™™ to be performed on the TTI m, Np

i,max

TT,m .
i,max IS
NTl'l,m

i,max

subtracted from A (calculated based on higher layers RM parameters as for normal rate matching). This allows

TTI,m
i,max

to create room for the NP,
exactly the amount of additional puncturing needed, then no rate matching is necessary.

bits p to be inserted later. If theresult is null, i.e. the amount of repetition matches

In case of compressed mode by puncturing and fixed positions, for some calculations, N’ g+ 1S Used for radio frames
with gap instead of Ny, . , where N, . = Px15x (Ngya + Negan) - Nggaa @nd N, are the number of bitsin

the data fields of the slot format used for the current compressed mode, i.e. ot format A or B asdefined in[2]
corresponding to the Spreading Factor and the number of transmitted slotsin 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 all Physical Channels Ntg_[K], where k isthe radio frame number in the largest TTI.

For each radio frame k of the largest TTI that is overlapping with a transmission gap, N [K] is given by the relation:

.
TGLxN'

Ee— «, If Nrg + TGL < 15
15 data,

NTGL = <
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15_ N first ! . . . .
1—5>< Ndata,* , infirst radio frame of the gap if Ng,¢ + TGL > 15
TGL - (15— Ny,q) ,

5 X Ndata,* , in second radio frame of the gap if Nj,¢ + TGL > 15

Nsir¢ and TGL are defined in subclause 4.4.

Note that N +¢. [K] = 0 if radio frame k is not overlapping with a transmission gap.

42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs
42.7.2.1.1 Calculation of AN;max for normal mode and compressed mode by spreading factor
reduction

First an intermediate calculation variable Ni’* is calculated for all transport channelsi by the following formula:

N,. =1><(max NT,”)
’ = IeTFs(i)

In order to compute the ANI'r ! parameters for all TrCH i and al TF |, we first compute an intermediate parameter

AN max by the following formula, where ANL* is derived from Ni,* by the formula given at subclause 4.2.7:
AN; ., = F xAN;.
If AN, ., =0 then, for TrCH i, the output data of the rate matching is the same as the input data and the rate
matching algorithm of subclause 4.2.7.5 does not need to be executed. In this case we have :
VI e TFS(i) AN =0

If AN, o # O the parameterslisted in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €yus,
and eqnus, and ANiTlr' )

42.7.21.2 Calculations for compressed mode by puncturing

Calculationsof AN.'"™ for all TTI mwithin largest TTI, for all TrCH i

I,max

First an intermediate calculation variable Ni’* is calculated for all transport channelsi by the following formula:

N,. =1><(max Nf,”j
' F 1eTFS(i)

Then an intermediate calculation variable AN, . isderived from N, . by the formulagiven at subclause 4.2.7, for all
TrCH .

In order to compute the ANiT' "™ parametersfor al TrCH i, all TF | and all TTI with number min the largest TTI, we

m
i,max

first compute an intermediate parameter AN by the following formula:

AN-m = FI XANi,*

i,max
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TTI,m
i,max

Calculationsof NP/, and Np,

Let Npirjmax be the number of bitsto eliminate on TrCH i to create the gap for compressed mode and to cope for the
reduction of the number of available data bits in the compressed frame if the changed slot format contains fewer data
bits than for normal frame, in each radio frame n of the TTI, calculated for the Transport Format Combination of TrCH
i, in which the number of bits of TrCH i is at its maximum.

NP, is calculated for each radio frame n of the TTI in the following way.

Intermediate variables Z; for i = 1to| are calculated using the formula (1) in 4.2.7, by replacing Nyaaj bY (Nrel[n] +
(Ndata,* - N’data,* ))

Then NP\ = (Z—Z.y) fori=1tol

The total number of bits Npma;xm corresponding to the gaps for compressed mode for TrCH i inthe TTI is calculated
as.
n=(m+1)xF -1
TTI,m __ n
l“phmw - j§:rﬂphmw
n=mxF,
The amount of rate matching AN ma’fm’m for the highest TrCH bit rate is then computed by the following formula :

ANTTl ,cm,m: ANm _ NpTTI,m

i,max i, max i,max

If AN'TE™™ = o then, for TrCH i, the output data of the rate matching is the same as the input data and the rate

i, max
matching algorithm of subclause 4.2.7.5 does not need to be executed.
If ANmafm’m # 0, then, for TrCH i, the rate matching algorithm of subclause 4.2.7.5 needs to be executed, and the

parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €gius, 8 Erjnus, aNd
AN TTI,m
il

4.2.7.2.1.3 Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs
AN; = AN;
For compressed mode by puncturing, AN, is defined as: AN; = AN méfm'm , instead of the previous relation.
a=2
N, = max N

1eTFS(i)

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

X, = Ni]_”
Qni =1
€ius = AX N e
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(5]

minus

=a><|ANi|

Puncturing if AN, < O, repetition otherwise. The values of AN:Y_,r ' may be computed by counting repetitions or
puncturing when the algorithm of subclause 4.2.7.5 isrun. The resulting values of ANI'r ' canbe represented with

following expression.

AN x X
AN :{—| N|X

max

—’ x Sgn(AN,)
For compressed mode by puncturing, the above formula produces ANT” "™ instead of AN T” .

4.2.7.2.1.4 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHs, i.e. ANi’maX > 0, the parameters in subclause 4.2.7.2.1.3 are
used.

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

a=2 whenb=2
a=1whenb=3
The bitsindicated by b=1 shall not be punctured.

ANP = |AN, /2], forb=2
| [ANi,mx/z—‘, forb=3

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

ANb = LANTrI Cmm/ZJ, for b=2

I,max

ANP, = |_ N cmm/2-| , forb=3

1 I,max

mezlrpFan(N 13)

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

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

€ius = AX N e
e. :ax‘ANib‘

minus

The values of ANiT],T ! may be computed by counting puncturing when the algorithm of subclause 4.2.7.5isrun. The

resulting values of AN:Y_,r ' can be represented with following expression.
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|ANZ[x X, | AN? [ X,
——+05|- N

max max

AN = -

In the above equation, the first term of the right hand side represents the amount of puncturing for b=2 and the second
term represents the amount of puncturing for b=3.

For compressed mode by puncturing, the above formula produces AN IT '™ instead of ANJr '

4.2.7.2.2 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 variable Nij is calculated for all transport channelsi and al transport format
combinationsj by the following formula:

N, j :ix N
y F

TR ()
1

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

N, .
RF = data, x RM.

i i—| i
j@gé(sé(RMi N, )

The computation of ANiT' parameters is then performed in two phases. In afirst phase, tentative temporary values of

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

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

At the end of the second phase, the latest value of AN/'[" is the definitive value.

The first phase defines the tentative temporary ANf’lT ' for all transport channel i and any of its transport format | by use
of the following formula:

Ndala,’*>< RM i X N;I-lrI TTl
| _Ni,l
Fox mac > (RM <N, )

jeTFCs

ANH‘Fix{RFI‘:XN”}NTFix

The second phase is defined by the following al gorithm:

foral j inTFCSin ascending order of TFCI do --foral TFC

- N.Trl L+ ANT” )

D= TR (i) 1 TF, (i) -- CCTrCH bit rate (bits per 10ms) for TFC j
- F
i=1

if D>N then

data,*

fori=1tol do -- for all TrCH
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AN = F; x AN; | -~ AN, ; isderived from N; ; by theformulagiven at subclause 4.2.7.

it AN/t () > AN then

AN/ ;) = AN
end-if
end-for
end-if

end-for

If ANJ” =0 then, for TrCH i at TF |, the output data of the rate matching is the same as the input data and the rate
matching algorithm of subclause 4.2.7.5 does not need to be executed.

If AN:lT' # 0 the parameters listed in subclauses 4.2.7.2.2.2 and 4.2.7.2.2.3 shall be used for determining &, €yus, and
em'nus-

4.2.7.2.2.2 Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs
AN, = AN,
a=2

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

X, =N;"

€ =1

€hus = aX Ny
€ = a><|ANi|

minus

puncturing for AN, < O, repetition otherwise.

4.2.7.2.2.3 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHs, i.e. ANJT' > 0, the parameters in subclause 4.2.7.2.2.2 are
used.

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

a=2 when b=2
a=1whenb=3
The bitsindicated by b=1 shall not be punctured.

N :{LANJT' /2], b=2

| IVANiTn /2—" b=3
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For each transmission timeinterval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithm in
subclause 4.2.7.5. The following parameters are used as input:

X, =N;"/3,
e, =X,

€ s = ax X,

plus

e

minus

= a><|ANi|

4.2.7.3 Bit separation and collection in uplink

The systematic bits of turbo encoded TrCHs shall not be punctured, the other bits may be punctured. The systematic
bits, first parity bits, and second parity bitsin the bit sequence input to the rate matching block are therefore separated
into three sequences.

The first sequence contains:
- All of the systematic bits that are from turbo encoded TrCHs.

- From0to 2 first and/or second parity bits that are from turbo encoded TrCHSs. These bits come into the first
sequence when the total number of bitsin ablock after radio frame segmentation is not a multiple of three.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The second sequence contains:

- All of thefirgt parity bits that are from turbo encoded TrCHs, except those that go into the first sequence when
the total number of bitsis not a multiple of three.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The third sequence contains:

- All of the second parity bits that are from turbo encoded TrCHs, except those that go into the first sequence
when the total number of bitsisnot a multiple of three.

- Some of the systematic, first parity and second parity bits that are for trellis termination.

The second and third sequences shall be of equal length, whereas the first sequence can contain from 0 to 2 more hits.
Puncturing is applied only to the second and third sequences.The bit separation function is transparent for uncoded
TrCHs, convolutionally encoded TrCHSs, and for turbo encoded TrCHs with repetition. The bit separation and bit
collection areillustrated in figures 5 and 6.
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Rate matching
E Xiik Yiik E
Radio frame | 1 |Bit separation Bit i TrCH
segmentation | €ik; Xzih Rate matching yzih collection | fik} | Multiplexing
| algorithm |
i ék’ Rate matching ék» |
: algorithm i
......... >
Figure 5: Puncturing of turbo encoded TrCHs in uplink
Rate matching
Radio frame | 1 |Bit separation Bit ! TrCH
segmentation (B ! Xaik . Viik_ | collection [fik 1 | Multiplexing
! Rate matching i
: algorithm i
,,,,,,,,,, >

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

The bit separation is dependent on the 1% interleaving and offsets are used to define the separation for different TTls. b
indicates the three sequences defined in this section, with b=1 indicating the first sequence, b = 2 the second one, and b
= 3 the third one. The offsets «, for these sequences are listed in table 5.

Table 5: TTI dependent offset needed for bit separation

TTI (ms) o o a3
10, 40 0 1 2
20, 80 0 2 1

The bit separation is different for different radio framesinthe TTI. A second offset is therefore needed. The radio frame
number for TrCH i is denoted by n;. and the offset by ,b’ni .
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Table 6: Radio frame dependent offset needed for bit separation

TTI (ms)

o Jist P2 Ps Pa Ps Pe P
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 denoted by €,,€,,,€5,...,6y , wherei isthe TrCH number and N; is the
number of bitsinput to the rate matching block. Note that the transport format combination number j for simplicity has
been left out in the bit numbering, i.e. Ni=N;;. The bits after separation are denoted by X;, X2, Xgizs- - -1 Xpix, - FOr

turbo encoded TrCHs with puncturing, b indicates the three sequences defined in section 4.2.7.3, with b=1 indicating
the first sequence, and so forth. For al other cases b is defined to be 1. X; is the number of bitsin each separated bit
sequence. The relation between €y and Xpik is given below.

For turbo encoded TrCHs with puncturing:

Xpik = € 3(k-1)+1 (g, ) mod3 k=123, ... % X =N /3]

XN stk = € 3k k=1,...,N;mod 3 Note: When (N; mod 3) = 0 this row is not needed.

Xoik = Q,s(k—1)+1+(a2+ﬂni)mod3 k=1,2,3, ..., % X =LNi/3]

Xaik = & ak)iirag i pymods  K=12,3.,% X =[N /3]

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

Xl,i,kZQ,k k:1,2,3,...,Xi Xi:Ni

42.7.3.2 Bit collection

The bits Xk are input to the rate matching a gorithm described in subclause 4.2.7.5. The bits output from the rate
matching algorithm are denoted Y1, Vi) Yoizr- -+ Yoiv -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,1, Z;,, Z3,. . -, Zyy, -
After bit collection, the bits indicated as punctured are removed and the bits are then denoted by f,, f;,, fi5,..., fiy,
wherei isthe TrCH number and V= N;+4N;. The relations between Yhik, Zysik, and fik are given below.

For turbo encoded TrCHs with puncturing (Y;=X):

Zi,3(k—l)+1+(a1+/i'ni)mod3 = Yiik k=123, ....Y,

Z gnalik = Yii[ N3k k=1,...,N;mod 3 Note: When (N; mod 3) = 0 this row is not needed.

Z 3k 1+1 (o fr ymod3 = Y2ik  K=L2,3,..Y

Zi,3(k—l)+l+(a3+ﬁnl)mod3 =VYsik k=123, ...

3GPP



3GPP TS 25.212 v3.5.0 (2000-12) 22

After the bit collection, bits Z k with value 6, where 6{0, 1}, are removed from the bit sequence. Bit fi, 1 corresponds to

the bit Z , with smallest index k after puncturing, bit fi,z corresponds to the bit Z i with second smallest index k after
puncturing, and so on.

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

Z = Yiik k=123, ...)Y,

When repetition is used, fj k=7 x and Y=V..

When puncturing is used, Y;=X; and bits Z x with value &, where 5{0, 1}, are removed from the bit sequence. Bit f; 1
corresponds to the bit 7  with smallest index k after puncturing, bit fi,z corresponds to the bit Z x with second smallest

index k after puncturing, and so on.
4.2.7.4 Bit separation and collection in downlink
The systematic bits of turbo encoded TrCHs shall not be punctured, the other bits may be punctured.

The systematic bits, first parity bits and second parity bitsin the bit sequence input to the rate matching block are
therefore separated into three sequences of equal lengths.

Thefirst sequence contains :

- All of the systematic bits that are from turbo encoded TrCHs.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The second sequence contains:

- All of thefirst parity bitsthat are from turbo encoded TrCHs.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The third sequence contains:

- All of the second parity bits that are from turbo encoded TrCHs.

- Some of the systematic, first parity and second parity bitsthat are for trellis termination.
Puncturing is applied only to the second and third sequences.

The bit separation function is transparent for uncoded TrCHSs, convolutionally encoded TrCHSs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection are illustrated in figures 7 and 8.

Rate matching
Xk Yie, :
Channel i |Bit separation Bit | |1 insertion of
coding |G Xik|  Ratematching | 2| collection | Yig DTX
—> — P —b daorthm —H P incication [

agorithm

i ﬁ‘ Rate matching ﬂ |
Figure 7. Puncturing of turbo encoded TrCHs in downlink
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Rate matching

Channel ! Bit separation Bit i 1% insertion of
coding [Cik! X1ik Viik, | collection |Gik | DTX

: Rate matching r indication

| algorithm :
Figure 8: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHs,

and for turbo encoded TrCHs with repetition in downlink
42.7.4.1 Bit separation

The bits input to the rate matching are denoted by C;y, C;», Gi3,. .., G , wherei isthe TrCH number and E; isthe
number of bitsinput to the rate matching block. Note that E; is a multiple of 3 for turbo encoded TrCHs and that the
transport format | for simplicity has been left out in the bit numbering, i.e. Ei= Ni,Trl . The bits after separation are
denoted by X1, Xi21 Xpig- - -» Xgix, - FOr turbo encoded TrCHs with puncturing, b indicates the three sequences defined

in section 4.2.7.4, with b=1 indicating the first sequence, and so forth. For all other casesb is defined to be 1. X; isthe
number of bitsin each separated bit sequence. The relation between Cikx and Xpik is given below.

For turbo encoded TrCHs with puncturing:

Xl,i,k = Ci,3(k—l)+1 k= l, 2, 3, eey Xi Xi = Ei /3
X2,i,k = Ci,3(k—1)+2 k= l, 2, 3, ey Xi Xi = Ei /3
X3,i,k = Ci,3(k—l)+3 k= 1, 2, 3, . Xi Xi = Ei /3

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

Xk =GCiy k=1,23, ..., X% X = E

42.7.4.2 Bit collection

The bits Xpik are input to the rate matching algorithm described in subclause 4.2.7.5. The bits output from the rate
matching algorithm are denoted Y1, Yyio 1 Yoizs- - Yoiv; -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,4, 2,5, Z;3,. .., Zy -
After bit collection, the bits indicated as punctured are removed and the bits are then denoted by §;,, 9;5, Jizs- -, Ui, »

wherei isthe TrCH number and G;= Nﬂ,_” +ANi1|_rI . The relations between Yhik, Znik, and Qi are given below.

For turbo encoded TrCHs with puncturing (Y;=X):

Z 3141 = Yik k=123, ...,Y,
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Zis-1+2 = Yaik k=1,2,3, ...

Z 3k-1):3 = Yaik k=123, ....Y,

After the bit collection, bits Z k with value 8, where 52{ 0, 1}, are removed from the bit sequence. Bit g 1 corresponds

to the bit Z \ with smallest index k after puncturing, bit gj 2 corresponds to the bit 7z x with second smallest index k after
puncturing, and so on.

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

Zy = Yiik k=123, ...)Y,

When repetition is used, gj k=7 k and Y;=G;.

When puncturing is used, Y;=X; and bits 7 x with value o, where 5{0, 1}, are removed from the bit sequence. Bit g 1
corresponds to the bit z x with smallest index k after puncturing, bit gj 2 corresponds to the bit z x with second smallest

index k after puncturing, and so on.
4.2.7.5 Rate matching pattern determination
Denote the bits before rate matching by:

Xi1s Xi21 Xigs- -+ Xix, » Wherei isthe TrCH number and the sequenceis defined in 4.2.7.3 for uplink or in 4.2.7.4 for
downlink. Parameters X, €, €lus, 8Nd Eminys are givenin 4.2.7.1 for uplink or in 4.2.7.2 for downlink.
The rate matching ruleis as follows:

if puncturing isto be performed
e=gey -- initial error between current and desired puncturing ratio
m=1 -- index of current bit
do whilem<=X;
€= €e—Enins -- update error
if e<=0then -- check if bit number m should be punctured
set bit x; , to Swhere 5£{0, 1}

e=e+egys --updateerror

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

do while m <= X;

€= e—Emns -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit x; m

e=e+ gy -- updateerror
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end do
m=m+1 -- next bit
end do

end if

A repeated bit is placed directly after the original one.

25

3GPP



3GPP TS 25.212 v3.5.0 (2000-12) 8

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

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

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

CFN mod F = 0,

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

After addition or reconfiguration of atransport channel i within a CCTrCH, the TTI of transport channel i may
only start in radio frames with CFN fulfilling the relation:

CFN mod F; = 0.

For a CCTrCH of DSCH type, amodification of number of bits Nyaa+ allocated on aradio frame is allowed if
the CEN verifies CEN mod Fra = 0, where Frq denotes the maximum number of radio frames within the
transmission time intervals of all the transport channels with a non zero transport block transport format
multiplexed into the CCTrCH in the previous radio frame.

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.
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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
signaling. The rate-matching attribute is used when the number of bits to be repeated or punctured is calculated.

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

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

Notation used in subcaluse 4.2.7 and subclauses:

Ni,j:

NTT

AN,

AN/

For uplink: Number of bitsin aradio frame before rate matching on TrCH i with transport format
combinationj .

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

Number of bitsin atransmission timeinterval before rate matching on TrCH i with transport format 1.
Used in downlink only.

For uplink: If positive - number of bits that should be repeated in each radio frame on TrCH i with
transport format combination j.

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

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

If positive - number of bitsto be repeated in each transmission time interval on TrCH i with transport
format I.

If negative - number of bitsto be punctured in each transmission time interval on TrCH i with transport
format 1.

Used in downlink only.

-, m=0to (Fmax / Fi) - 1 :Positive or null: number of bitsto be removed in TTI number m within the largest

NP/,

TTI, to create the required gaps in the compressed radio frames of this TTI, in case of compressed mode
by puncturing, for TrCH i with transport format I. In case of fixed positions and compressed mode by

puncturing, this valueisnoted Np' ™

i, max

bits; thusit isthe same for al TFCs

sinceit iscalculated for all TrCH with their maximum number of

Used in downlink only.

n=0 to F -1:Positive or null: number of bits, in radio frame number n within the largest TTI,

corresponding to the gap for compressed mode in thisradio frame, for TrCH i with transport format |. The
value will be null for the radio frames not overlapping with a transmission gap. In case of fixed positions

and compressed mode by puncturing, this value is noted Npirjmax sinceit iscalculated for all TrCHs with
their maximum number of bits; thusit is the same for all TFCs

Used in downlink only.

NreL[K], k=0to F-1 : Positive or null: number of bitsin each radio frame corresponding to the gap for compressed

mode for the CCTrCH.
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RM;: Semi-static rate matching attribute for transport channel i. RM; is provided by higher layers or takes a
value asindicated in section 4.2.13.

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. The
allowed puncturing in % is actually equal to (1-PL)*100.

Noata,: Total number of bits that are available for the CCTrCH in aradio frame with transport format
combination j.

Number of TrCHsin the CCTrCH.

Zj. Intermediate calculation variable.
Fi: Number of radio framesin the transmission time interval of TrCH i.
Fnax Maximum number of radio framesin atransmission time interval used inthe CCTrCH :
Fra = Max F,
1<i<l
n: Radio frame number in the transmission timeinterval of TrCH i (0 <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.

P1e(n): The column permutation function of the 1% interleaver, P1(x) is the original position of column with
number x after permutation. P1 is defined on table 4 of section 4.2.5.2 (note that the Pl is self-inverse).
Used for rate matching in uplink only.

gn]: The shift of the puncturing or repetition pattern for radio frame n; when n = PlF, (ni ) Used in uplink
only.

TFi():  Transport format of TrCH i for the transport format combination j.
TFS(i)  The set of transport format indexes| for TrCH i.
TFCS  Theset of transport format combination indexesj.
€ Initial value of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
€olus Increment of variable e in the rate matching pattern determination algorithm of subclause4.2.7.5.
€minus Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
b: Indicates systematic and parity bits

b=1: Systematic hit. x in subclause 4.2.3.2.1.

b=2: 1% parity bit (from the upper Turbo constituent encoder). z in subcaluse 4.2.3.2.1.

b=3: 2™ parity bit (from the lower Turbo constituent encoder). Z\ in subclause 4.2.3.2.1.

The* (star) notation is used to replace an index x when the indexed variable X, does not depend on the index x. In the
left wing of an assignment the meaning isthat "X. = Y" isequivalent to "for all xdo X, =Y". In the right wing of an
assignment, the meaning isthat "Y = X. " isequivalent to "takeany xand do Y = X,".

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

Z, =0

0,]
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[ZRM N, N

7 - foralli=1...1 1)
i, |
ZleM m>< Nm,j

AN. =27 . —Zi_l’j —Ni,j foradli=1...1

1] 1]
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 1-PL, PL is signalled from higher layers. The number of
available bitsin the radio frames of one PhCH for al possible spreading factorsis given in [2]. Denote these values by
Nass, N1og, Nes, Nao, Nig, Ng, and N4, where the index refers to the spreading factor. The possible number of bits available
to the CCTrCH on all PhCHS, Ndalaa then are{ N2561 leg, N54, N32, le, Ng, N4’ 2x N4, 3x N4, 4x N4, 5x N4, 6x N4} .

For aRACH CCTrCH SETO represents the set of Ngqa Values allowed by the UTRAN, as set by the minimum SF
provided by higher layers. SETO may be a sub-set of { Nasg, Ni2g, Nes, N3o }. SETO does not take into account the UE's
capability.

For other CCTrCHs, SETO denotes the set of Ngaa Values alowed by the UTRAN and supported by the UE, as part of
the UE's Capabl|lty SETO can be a subset of { N255, leg, N641 Ngz, N]_e, Ng, N4, 2x N4, 3x N4, 4x N4, 5x N4, 6x N4} . Ndata,j
for the transport format combination j is determined by executing the following a gorithm:

|
SET1 ={ Ngaa in SETO such that (]TJR{RM y}) X Ngaia — Z RM  x Nx,j is non negative }
- x=1

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

else

|
SET2 = { Nga in SETO such that (ER{RM y}j X Ngaa — PL ¥ Z RM  x Nx,j isnon negative }

x=1
Sort SET2 in ascending order
Ngata= Min SET2
While Ngqa 1S Not the max of SET2 and the follower of Ngqa requires no additional PhCH do

Nyata = follower of Nyaa in SET2

End while
Ndata,j = Ndata
End if

For aRACH CCTrCH, if Nyaa; is not part of the UE's capability then the TFC j cannot be used.

4.2.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, AN; ;, within one radio frame for each TrCH i is calculated with
equation 1 for all possible transport format combinations j and selected every radio frame. Ny IS given from
subclause 4.2.7.1.1.
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cm
data,

cm
data, j

In a compressed radio frame, N isreplaced by N in Equation 1. N isgiven asfollows:

data,

In aradio frame compressed by higher layer scheduling, N5

data,j 1S OPtained by executing the algorithm in subclause

N
4.2.7.1.1 but with the number of bitsin one radio frame of one PhCH reduced to 1—; of the value in norma mode.

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

Ntr — Nfirst g

infirst frameif Ny, + TGL > 15

30-TGL — Ny, in second frame if N + TGL > 15

Nsir¢ and TGL are defined in subclause 4.4.

Inaradio frame compressed by spreading factor reduction, Ngi, ; = 2x (N data,] — NTGL), where
15-N
Nig = 15 T x Ndata,j

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

If AN;; = 0 the parameterslisted in subclauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining &y, €yus, and
€ninus (regardless if the radio frame is compressed or not).
4.2.7.1.2.1 Uncoded and convolutionally encoded TrCHs
R = AN;; mod N;; -- note: in this context AN;; mod N;; isin the range of O to N;-1 i.e. -1 mod 10 = 9.
if R# 0and 2xR< N;

thenq=[ N;;/R |
else

q=I Nj/(R-N;) |
endif
-- note: g isasigned quantity.
if giseven

thenq' = q+ gcd( d , F;)/ F; -- where ged (| of , F;) means greatest common divisor of | g and F;

-- note that g’ is not an integer, but a multiple of 1/8

else
q=q
endif
forx=0toF;-1
Sl L) | mod F] = (| Lxxqr | div Fi)
end for
AN, = AN
a=2
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For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where :
Xi = N;j., and
€ni = (@Y PLr(m)]xJAN; | + 1) mod (aNy).
€ius = XN
Eminus = X |[AN|

puncturing for AN <0, repetition otherwise.

427122 Turbo encoded TrCHs
If repetition is to be performed on turbo encoded TrCHs, i.e. AN;;>0, the parameters in subclause 4.2.7.1.2.1 are used.

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

a=2 when b=2
a=1 when b=3

N ={LANH/2J, b=2

Tan,, /2], b=3
If AN; iscalculated as 0 for b=2 or b=3, then the following procedure and the rate matching algorithm of
subclause 4.2.7.5 don't need to be performed for the corresponding parity bit stream.
X;=LN;; /3],
q=LX/ANj|
if(q<2)
forr=0to F-1

S[(3xr+b-1) mod F|] =r mod 2;

end for
else
if giseven
then g =q-gcd(q, F)/ F -- wheregcd ( g, F;) means greatest common divisor of g and F;
-- note that g' is not an integer, but a multiple of 1/8
else g=q
endif
forx=0OtoF; -1
r=[xxq'l mod F;;
S (3xr+b-1) mod F] =[xxq'| div F;;
endfor
endif

For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where:

X; isas above:

3GPP



3GPP TS 25.212 v4.0.0 (2001-03) 13

&ni = (@xYP1r(n)] xJAN;| + X;) mod (axX;), if &, =0 then ey = axX;
€pius = AXX;

er'rlinus = ax |AN| |

4.2.7.2 Determination of rate matching parameters in downlink

For downlink channels other than the downlink shared channel(s) (DSCH), Nyatj does not depend on the transport
format combination j. Ngaa» IS given by the channelization code(s) assigned by higher layers.

Denote the number of physical channels used for the CCTrCH by P. Ngqa + iS the number of bits available to the
CCTrCH in one radio frame and defined as Ngata »=Px 15% (Ngata1+Naataz), Where Ngata1 and Ngaao @re defined in [2]. Note
that contrary to the uplink, the same rate matching patterns are used in TTIs containing no compressed radio frames and
in TTIs containing radio frames compressed by spreading factor reduction or higher layer scheduling.

For aDSCH CCTrCH , different sets of channelisation codes may be configured by higher layers resulting in possibly
multiple Nyaa - Values, where Ngqia+ _iS the number of bits available to the CCTrCH in one radio frame and is given by
Nyata »=Px15x (Ngata1+tNdatar), Where Neatar @nd Nyara are defined in [2]. Each Ny » COrresponds to a sub-set of the
Transport format combinations configured as part of the TFCS. For aDSCH CCTrCH only flexible positions apply.
The rate matching calculations as specified in section 4.2.7.2.2 shall be performed for each Ngsia» . Where the TECS
taken into account in the calculations s restricted to the set of TFCs associated with N, +, as configured by higher
layers. Therefore the amount of rate matching for atransport channel i for aTTI interval isafunction of the Nya»
value which shall be constant over the entire TT1 as specified in section 4.2.14.

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

Additional calculations for TTIs containing radio frames compressed by puncturing in case fixed positions are used, are
performed to determine this total amount of rate matching needed.

For compressed mode by puncturing, in TTls 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 allowsto cope with reduction of available data bits on the physical channel(s) if the slot format for
the compressed frame(s) contains fewer data bits than for the normal frames(s), and 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 inthe TTI for TrCH i, plusthe
difference between the number of data bits available in normal frames and in compressed frames, due to slot format
change. In case of fixed positions, it is calculated in addition to the amount of rate matching indicated by higher layers.

Itis noted Np/T.-™

i,max *

In fixed positions case, to obtain the total rate matching AN."" ™™ to be performed on the TTI m, Np

i,max

TT,m .
i,max IS
NTl'l,m

i,max

subtracted from A (calculated based on higher layers RM parameters as for normal rate matching). This allows

TTI,m
i,max

to create room for the NP,
exactly the amount of additional puncturing needed, then no rate matching is necessary.

bits p to be inserted later. If theresult is null, i.e. the amount of repetition matches

In case of compressed mode by puncturing and fixed positions, for some calculations, N’ g+ 1S Used for radio frames
with gap instead of Ny, . , where N, . = Px15x (Ngya + Negan) - Nggaa @nd N, are the number of bitsin

the data fields of the slot format used for the current compressed mode, i.e. ot format A or B asdefined in[2]
corresponding to the Spreading Factor and the number of transmitted slotsin 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 all Physical Channels Ntg_[K], where k isthe radio frame number in the largest TTI.

For each radio frame k of the largest TTI that is overlapping with a transmission gap, N [K] is given by the relation:

.
TGLxN'

Ee— «, If Nrg + TGL < 15
15 data,

NTGL = <
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15_ N first ! . . . .
1—5>< Ndata,* , infirst radio frame of the gap if Ng,¢ + TGL > 15
TGL - (15— Ny,q) ,

5 X Ndata,* , in second radio frame of the gap if Nj,¢ + TGL > 15

Nsir¢ and TGL are defined in subclause 4.4.

Note that N +¢. [K] = 0 if radio frame k is not overlapping with a transmission gap.

42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs
42.7.2.1.1 Calculation of AN;max for normal mode and compressed mode by spreading factor
reduction

First an intermediate calculation variable Ni’* is calculated for all transport channelsi by the following formula:

N,. =1><(max NT,”)
’ = IeTFs(i)

In order to compute the ANI'r ! parameters for all TrCH i and al TF |, we first compute an intermediate parameter

AN max by the following formula, where ANL* is derived from Ni,* by the formula given at subclause 4.2.7:
AN; ., = F xAN;.
If AN, ., =0 then, for TrCH i, the output data of the rate matching is the same as the input data and the rate
matching algorithm of subclause 4.2.7.5 does not need to be executed. In this case we have :
VI e TFS(i) AN =0

If AN, o # O the parameterslisted in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €yus,
and eqnus, and ANiTlr' )

42.7.21.2 Calculations for compressed mode by puncturing

Calculationsof AN.'"™ for all TTI mwithin largest TTI, for all TrCH i

I,max

First an intermediate calculation variable Ni’* is calculated for all transport channelsi by the following formula:

N,. =1><(max Nf,”j
' F 1eTFS(i)

Then an intermediate calculation variable AN, . isderived from N, . by the formulagiven at subclause 4.2.7, for all
TrCH .

In order to compute the ANiT' "™ parametersfor al TrCH i, all TF | and all TTI with number min the largest TTI, we

m
i,max

first compute an intermediate parameter AN by the following formula:

AN-m = FI XANi,*

i,max
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TTI,m
i,max

Calculationsof NP/, and Np,

Let Npirjmax be the number of bitsto eliminate on TrCH i to create the gap for compressed mode and to cope for the
reduction of the number of available data bits in the compressed frame if the changed slot format contains fewer data
bits than for normal frame, in each radio frame n of the TTI, calculated for the Transport Format Combination of TrCH
i, in which the number of bits of TrCH i is at its maximum.

NP, is calculated for each radio frame n of the TTI in the following way.

Intermediate variables Z; for i = 1to| are calculated using the formula (1) in 4.2.7, by replacing Nyaaj bY (Nrel[n] +
(Ndata,* - N’data,* ))

Then NP\ = (Z—Z.y) fori=1tol

The total number of bits Npma;xm corresponding to the gaps for compressed mode for TrCH i inthe TTI is calculated
as.
n=(m+1)xF -1
TTI,m __ n
l“phmw - j§:rﬂphmw
n=mxF,
The amount of rate matching AN ma’fm’m for the highest TrCH bit rate is then computed by the following formula :

ANTTl ,cm,m: ANm _ NpTTI,m

i,max i, max i,max

If AN'TE™™ = o then, for TrCH i, the output data of the rate matching is the same as the input data and the rate

i, max
matching algorithm of subclause 4.2.7.5 does not need to be executed.
If ANmafm’m # 0, then, for TrCH i, the rate matching algorithm of subclause 4.2.7.5 needs to be executed, and the

parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €gius, 8 Erjnus, aNd
AN TTI,m
il

4.2.7.2.1.3 Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs
AN; = AN;
For compressed mode by puncturing, AN, is defined as: AN; = AN méfm'm , instead of the previous relation.
a=2
N, = max N

1eTFS(i)

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

Xi:NiTrI
Qnizl
e, .=axN
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(5]

minus

=a><|ANi|

Puncturing if AN, < O, repetition otherwise. The values of AN:Y_,r ' may be computed by counting repetitions or
puncturing when the algorithm of subclause 4.2.7.5 isrun. The resulting values of ANI'r ' canbe represented with

following expression.

AN x X
AN :{—| N|X

max

—’ x Sgn(AN,)
For compressed mode by puncturing, the above formula produces ANT” "™ instead of AN T” .

4.2.7.2.1.4 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHs, i.e. ANi’maX > 0, the parameters in subclause 4.2.7.2.1.3 are
used.

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

a=2 whenb=2
a=1whenb=3
The bitsindicated by b=1 shall not be punctured.

ANP = |AN, /2], forb=2
| [ANi,mx/z—‘, forb=3

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

ANb = LANTrI Cmm/ZJ, for b=2

I,max

ANP, = |_ N cmm/2-| , forb=3

1 I,max

mezlrpFan(N 13)

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

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

€ius = AX N e
e. :ax‘ANib‘

minus

The values of ANiT],T ! may be computed by counting puncturing when the algorithm of subclause 4.2.7.5isrun. The

resulting values of AN:Y_,r ' can be represented with following expression.
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|ANZ[x X, | AN? [ X,
——+05|- N

max max

AN = -

In the above equation, the first term of the right hand side represents the amount of puncturing for b=2 and the second
term represents the amount of puncturing for b=3.

For compressed mode by puncturing, the above formula produces AN IT '™ instead of ANJr '

4.2.7.2.2 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 variable Nij is calculated for all transport channelsi and al transport format
combinationsj by the following formula:

N, j :ix N
y F

TR ()
1

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

N, .
RF = data, x RM.

i i—| i
j@gé(sé(RMi N, )

The computation of ANiT' parameters is then performed in two phases. In afirst phase, tentative temporary values of

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

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

At the end of the second phase, the latest value of AN/'[" is the definitive value.

The first phase defines the tentative temporary ANf’lT ' for all transport channel i and any of its transport format | by use
of the following formula:

Ndala,’*>< RM i X N;I-lrI TTl
| _Ni,l
Fox mac > (RM <N, )

jeTFCs

ANH‘Fix{RFI‘:XN”}NTFix

The second phase is defined by the following al gorithm:

foral j inTFCSin ascending order of TFCI do --foral TFC

- N.Trl L+ ANT” )

D= TR (i) 1 TF, (i) -- CCTrCH bit rate (bits per 10ms) for TFC j
- F
i=1

if D>N then

data,*

fori=1tol do -- for all TrCH
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AN = F; x AN; | -~ AN, ; isderived from N; ; by theformulagiven at subclause 4.2.7.

it AN/t () > AN then

AN/ ;) = AN
end-if
end-for
end-if

end-for

If ANJ” =0 then, for TrCH i at TF |, the output data of the rate matching is the same as the input data and the rate
matching algorithm of subclause 4.2.7.5 does not need to be executed.

If AN:lT' # 0 the parameters listed in subclauses 4.2.7.2.2.2 and 4.2.7.2.2.3 shall be used for determining &, €yus, and
em'nus-

4.2.7.2.2.2 Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs
AN, = AN,
a=2

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

X, =N;"

€ =1

€hus = aX Ny
€ = a><|ANi|

minus

puncturing for AN, < O, repetition otherwise.

4.2.7.2.2.3 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHs, i.e. ANJT' > 0, the parameters in subclause 4.2.7.2.2.2 are
used.

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

a=2 when b=2
a=1whenb=3
The bitsindicated by b=1 shall not be punctured.

N :{LANJT' /2], b=2

| IVANiTn /2—" b=3
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For each transmission timeinterval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithm in
subclause 4.2.7.5. The following parameters are used as input:

X, =N;"/3,
e, =X,

€ s = ax X,

plus

e

minus

= a><|ANi|

4.2.7.3 Bit separation and collection in uplink

The systematic bits of turbo encoded TrCHs shall not be punctured, the other bits may be punctured. The systematic
bits, first parity bits, and second parity bitsin the bit sequence input to the rate matching block are therefore separated
into three sequences.

The first sequence contains:
- All of the systematic bits that are from turbo encoded TrCHs.

- From0to 2 first and/or second parity bits that are from turbo encoded TrCHSs. These bits come into the first
sequence when the total number of bitsin ablock after radio frame segmentation is not a multiple of three.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The second sequence contains:

- All of thefirgt parity bits that are from turbo encoded TrCHs, except those that go into the first sequence when
the total number of bitsis not a multiple of three.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The third sequence contains:

- All of the second parity bits that are from turbo encoded TrCHs, except those that go into the first sequence
when the total number of bitsisnot a multiple of three.

- Some of the systematic, first parity and second parity bits that are for trellis termination.

The second and third sequences shall be of equal length, whereas the first sequence can contain from 0 to 2 more hits.
Puncturing is applied only to the second and third sequences.The bit separation function is transparent for uncoded
TrCHs, convolutionally encoded TrCHSs, and for turbo encoded TrCHs with repetition. The bit separation and bit
collection areillustrated in figures 5 and 6.
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Rate matching
E Xiik Yiik E
Radio frame | 1 |Bit separation Bit i TrCH
segmentation | €ik; Xzih Rate matching yzih collection | fik} | Multiplexing
| algorithm |
i ék’ Rate matching ék» |
: algorithm i
......... >
Figure 5: Puncturing of turbo encoded TrCHs in uplink
Rate matching
Radio frame | 1 |Bit separation Bit ! TrCH
segmentation (B ! Xaik . Viik_ | collection [fik 1 | Multiplexing
! Rate matching i
: algorithm i
,,,,,,,,,, >

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

The bit separation is dependent on the 1% interleaving and offsets are used to define the separation for different TTls. b
indicates the three sequences defined in this section, with b=1 indicating the first sequence, b = 2 the second one, and b
= 3 the third one. The offsets «, for these sequences are listed in table 5.

Table 5: TTI dependent offset needed for bit separation

TTI (ms) o o a3
10, 40 0 1 2
20, 80 0 2 1

The bit separation is different for different radio framesinthe TTI. A second offset is therefore needed. The radio frame
number for TrCH i is denoted by n;. and the offset by ,b’ni .
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Table 6: Radio frame dependent offset needed for bit separation

TTI (ms)

o Jist P2 Ps Pa Ps Pe P
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 denoted by €,,€,,,€5,...,6y , wherei isthe TrCH number and N; is the
number of bitsinput to the rate matching block. Note that the transport format combination number j for simplicity has
been left out in the bit numbering, i.e. Ni=N;;. The bits after separation are denoted by X;, X2, Xgizs- - -1 Xpix, - FOr

turbo encoded TrCHs with puncturing, b indicates the three sequences defined in section 4.2.7.3, with b=1 indicating
the first sequence, and so forth. For al other cases b is defined to be 1. X; is the number of bitsin each separated bit
sequence. The relation between €y and Xpik is given below.

For turbo encoded TrCHs with puncturing:

Xpik = € 3(k-1)+1 (g, ) mod3 k=123, ... % X =N /3]

XN stk = € 3k k=1,...,N;mod 3 Note: When (N; mod 3) = 0 this row is not needed.

Xoik = Q,s(k—1)+1+(a2+ﬂni)mod3 k=1,2,3, ..., % X =LNi/3]

Xaik = & ak)iirag i pymods  K=12,3.,% X =[N /3]

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

Xl,i,kZQ,k k:1,2,3,...,Xi Xi:Ni

42.7.3.2 Bit collection

The bits Xk are input to the rate matching a gorithm described in subclause 4.2.7.5. The bits output from the rate
matching algorithm are denoted Y1, Vi) Yoizr- -+ Yoiv -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,1, Z;,, Z3,. . -, Zyy, -
After bit collection, the bits indicated as punctured are removed and the bits are then denoted by f,, f;,, fi5,..., fiy,
wherei isthe TrCH number and V= N;+4N;. The relations between Yhik, Zysik, and fik are given below.

For turbo encoded TrCHs with puncturing (Y;=X):

Zi,3(k—l)+1+(a1+/i'ni)mod3 = Yiik k=123, ....Y,

Z gnalik = Yii[ N3k k=1,...,N;mod 3 Note: When (N; mod 3) = 0 this row is not needed.

Z 3k 1+1 (o fr ymod3 = Y2ik  K=L2,3,..Y

Zi,3(k—l)+l+(a3+ﬁnl)mod3 =VYsik k=123, ...
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After the bit collection, bits Z k with value 6, where 6{0, 1}, are removed from the bit sequence. Bit fi, 1 corresponds to

the bit Z , with smallest index k after puncturing, bit fi,z corresponds to the bit Z i with second smallest index k after
puncturing, and so on.

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

Z = Yiik k=123, ...)Y,

When repetition is used, fj k=7 x and Y=V..

When puncturing is used, Y;=X; and bits Z x with value &, where 5{0, 1}, are removed from the bit sequence. Bit f; 1
corresponds to the bit 7  with smallest index k after puncturing, bit fi,z corresponds to the bit Z x with second smallest

index k after puncturing, and so on.
4.2.7.4 Bit separation and collection in downlink
The systematic bits of turbo encoded TrCHs shall not be punctured, the other bits may be punctured.

The systematic bits, first parity bits and second parity bitsin the bit sequence input to the rate matching block are
therefore separated into three sequences of equal lengths.

Thefirst sequence contains :

- All of the systematic bits that are from turbo encoded TrCHs.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The second sequence contains:

- All of thefirst parity bitsthat are from turbo encoded TrCHs.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The third sequence contains:

- All of the second parity bits that are from turbo encoded TrCHs.

- Some of the systematic, first parity and second parity bitsthat are for trellis termination.
Puncturing is applied only to the second and third sequences.

The bit separation function is transparent for uncoded TrCHSs, convolutionally encoded TrCHSs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection are illustrated in figures 7 and 8.

Rate matching
Xk Yie, :
Channel i |Bit separation Bit | |1 insertion of
coding |G Xik|  Ratematching | 2| collection | Yig DTX
—> — P —b daorthm —H P incication [

agorithm

i ﬁ‘ Rate matching ﬂ |
Figure 7. Puncturing of turbo encoded TrCHs in downlink
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Rate matching

Channel ! Bit separation Bit i 1% insertion of
coding [Cik! X1ik Viik, | collection |Gik | DTX

: Rate matching r indication

| algorithm :
Figure 8: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHs,

and for turbo encoded TrCHs with repetition in downlink
42.7.4.1 Bit separation

The bits input to the rate matching are denoted by C;y, C;», Gi3,. .., G , wherei isthe TrCH number and E; isthe
number of bitsinput to the rate matching block. Note that E; is a multiple of 3 for turbo encoded TrCHs and that the
transport format | for simplicity has been left out in the bit numbering, i.e. Ei= Ni,Trl . The bits after separation are
denoted by X1, Xi21 Xpig- - -» Xgix, - FOr turbo encoded TrCHs with puncturing, b indicates the three sequences defined

in section 4.2.7.4, with b=1 indicating the first sequence, and so forth. For all other casesb is defined to be 1. X; isthe
number of bitsin each separated bit sequence. The relation between Cikx and Xpik is given below.

For turbo encoded TrCHs with puncturing:

Xl,i,k = Ci,3(k—l)+1 k= l, 2, 3, eey Xi Xi = Ei /3
X2,i,k = Ci,3(k—1)+2 k= l, 2, 3, ey Xi Xi = Ei /3
X3,i,k = Ci,3(k—l)+3 k= 1, 2, 3, . Xi Xi = Ei /3

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

Xk =GCiy k=1,23, ..., X% X = E

42.7.4.2 Bit collection

The bits Xpik are input to the rate matching algorithm described in subclause 4.2.7.5. The bits output from the rate
matching algorithm are denoted Y1, Yyio 1 Yoizs- - Yoiv; -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,4, 2,5, Z;3,. .., Zy -
After bit collection, the bits indicated as punctured are removed and the bits are then denoted by §;,, 9;5, Jizs- -, Ui, »

wherei isthe TrCH number and G;= Nﬂ,_” +ANi1|_rI . The relations between Yhik, Znik, and Qi are given below.

For turbo encoded TrCHs with puncturing (Y;=X):

Z 3141 = Yik k=123, ...,Y,
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Zis-1+2 = Yaik k=1,2,3, ...

Z 3k-1):3 = Yaik k=123, ....Y,

After the bit collection, bits Z k with value 8, where 52{ 0, 1}, are removed from the bit sequence. Bit g 1 corresponds

to the bit Z \ with smallest index k after puncturing, bit gj 2 corresponds to the bit 7z x with second smallest index k after
puncturing, and so on.

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

Zy = Yiik k=123, ...)Y,

When repetition is used, gj k=7 k and Y;=G;.

When puncturing is used, Y;=X; and bits 7 x with value o, where 5{0, 1}, are removed from the bit sequence. Bit g 1
corresponds to the bit z x with smallest index k after puncturing, bit gj 2 corresponds to the bit z x with second smallest

index k after puncturing, and so on.
4.2.7.5 Rate matching pattern determination
Denote the bits before rate matching by:

Xi1s Xi21 Xigs- -+ Xix, » Wherei isthe TrCH number and the sequenceis defined in 4.2.7.3 for uplink or in 4.2.7.4 for
downlink. Parameters X, €, €lus, 8Nd Eminys are givenin 4.2.7.1 for uplink or in 4.2.7.2 for downlink.
The rate matching ruleis as follows:

if puncturing isto be performed
e=gey -- initial error between current and desired puncturing ratio
m=1 -- index of current bit
do whilem<=X;
€= €e—Enins -- update error
if e<=0then -- check if bit number m should be punctured
set bit x; , to Swhere 5£{0, 1}

e=e+egys --updateerror

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

do while m <= X;

€= e—Emns -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit x; m

e=e+ gy -- updateerror
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end do
m=m+1 -- next bit
end do

end if

A repeated bit is placed directly after the original one.

25
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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 because one or more transport channels are added to the CCTrCH or reconfigured within
the CCTrCH, or removed from the CCTrCH, the change may only be made at the start of a radio frame with
CFN fulfilling the relation

CFN mod Fra = 0,

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

After addition or reconfiguration of atransport channel i within a CCTrCH, the TTI of transport channel i may
only start in radio frames with CFN fulfilling the relation:

CFN mod F; = 0.

For a CCTrCH of DSCH type, a modification of number of bits Ny allocated on aradio frameis allowed if
the CEN verifies CEN mod Fa = 0, where Fro denotes the maximum number of radio frames within the
transmission time intervals of all the transport channels with a non zero transport block transport format
multiplexed into the CCTrCH in the previous radio frame.

2) Only transport channels with the same active set can be mapped onto the same CCTrCH.
3) Different CCTrCHSs 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.
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