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Figure 1A: Transport channel multiplexing structure for uplink and downlink of 1.28Mcps TDD
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4.2.7 Rate matching

Rate matching means that bits on a TrCH arerepeated or punctured. Higher layers assign arate-matching attribute for
each TrCH. Thisattribute is semi-static and can only be changed through higher layer signalling. The rate-matching
attribute is used when the number of bits to be repeated or punctured is cal culated.

The number of bits on a TrCH can vary between different transmission time intervals. When the number of bits between
different transmission time intervalsis changed, bits are repeated to ensure that the total bit rate after TrCH
multiplexing isidentical to thetotal channel bit rate of the allocated physical channels.

If no bitsare input to the rate matching for all TrCHs within a CCTrCH, the rate matching shall output no bits for all
TrCHs within the CCTrCH.

Notation used in subclause 4.2.7 and subclauses:

N : Number of bitsin aradio frame before rate matching on TrCH i with transport format combination j.

ANi,j : If positive — number of bits to be repeated in each radio frame on TrCH i with transport format
combination j.
If negative — number of bits to be punctured in each radio frame on TrCH i with transport format
combination j.

RM; : Semi-static rate matching attribute for TrCH i. Signalled from higher layers.

PL: Puncturing limit. This value limits the amount of puncturing that can be applied in order to minimise the

number of physical channels. Signalled from higher layers. The allowed puncturing in % is actually equal
to (1-PL)*100.

Nuaaj:  Total number of bits that are available for a CCTrCH in aradio frame with transport format
combination j.

number of physical channels used in the current frame.

max - maximum number of physical channelsallocated for a CCTrCH.

Up: Number of data bitsin the physical channd p with p = 1...P during aradio frame.
l: Number of TrCHsin a CCTrCH.

Zj: Intermediate calculation variable.

F: Number of radio framesin the transmission timeinterval of TrCH i.

n Radio frame number in the transmission timeinterval of TrCHi (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).

P1:(n) : The column permutation function of the 1% interleaver, P1(x) isthe original position of column with
number x after permutation. P1 is defined on table 4 of section 4.2.5 (note that P1r salf-inverse).

9n]: The shift of the puncturing or repetition pattern for radio framen; when n = P1. (ni ) .
TF(): Trangport format of TrCH i for the transport format combination j.
TFS(i): Theset of transport format indexes| for TrCH i.

€ni - Initial value of variable e in therate matching pattern determination algorithm of subclause 4.2.7.3.

€plus | Increment of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.3.
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€ninus - Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.3.
b: Indicates systematic and parity bits.

b=1: Systematic bit. X(t) in subclause 4.2.3.2.1.

b=2: 1% parity it (from the upper Turbo constituent encoder). Y(t) in subclause 4.2.3.2.1.

b=3: 2™ parity bit (from the lower Turbo constituent encoder). Y'(t) in subclause 4.2.3.2.1.

Note: when the TTI is 5msec for 1.28Mcps, the above notation refers to a sub-framerather than aradio frame. In this
case, Fi=1andn =0.

4.2.7.1 Determination of rate matching parameters

The following relations, defined for all TFC j, are used when cal culating the rate matching pattern:

Z,; =0

] @RM N 2 Ndma,,}
“r > RM,*N.,

forali=1..1(1)

AN, =2, =Z_;—N;; forali=1..1
Puncturing can be used to minimise the required transmission capacity. The maximum amount of puncturing that can be
appliedis1-PL, PL issgnalled from higher layers. The possible values for Ngxa depend on the number of physical
channels P, allocated to the respective CCTrCH, and on their characteristics (spreading factor, length of midamble
and TFCI code word, usage of TPC and multiframe structure), which isgivenin [7].

For each physical channel an individual minimum spreading factor Sonin istransmitted by means of the higher layers.
Denote the number of data bitsin each physical channel by U, 5, , where p indicates the sequence number 1< ps P
and Sp indicates the spreading factor with the possible values { 16, 8, 4, 2, 1} of this physical channdl. Theindex pis
described in section 4.2.12 with the following modifications: spreading factor (Q) is replaced by the minimum
spreading factor Sprin and k isreplaced by the channdlization code index at Q= Sonin. Then, for Ngaa One of the
following values in ascending order can be chosen:

{Ulrsj-min ’U:LSI-min +U2182min ’U:LSI-min +U2182min t.. +U Pmaxv(spmax)min}

Optionally, if indicated by higher layers for the UL the UE shall vary the spreading factor autonomously, so that Ny IS
one of the following values in ascending order:

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

|
SET1 = { Ngaa such that (QJS?{RM y}) X Ngga = PLX Z RM, x Nx,j is non negative }

x=1
Ndataj =min SET1

The number of bits to be repeated or punctured, AN j, within one radio frame (one sub-frame when the TTI is Smsec)
for each TrCH i is calculated with the relations given at the beginning of this subclause for al possible transport format
combinationsj and selected every radio frame (sub-frame). The number of physical channes corresponding to Nz j,
shall be denoted by P.
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If AN;; = O then the output data of the rate matching is the same as the input data and the rate matching algorithm of
subclause 4.2.7.3 does not need to be executed.

Otherwise, therate matching pattern is cal culated with the algorithm described in subclause 4.2.7.3. For this algorithm
the parameters &y, €yus Eminus, aNd X; are needed, which are calculated according to the equations in subclauses 4.2.7.1.1
and 4.2.7.1.2.

3GPP
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4.2.11A Sub-frame segmentation for the 1.28 Mcps option

Inthe 1.28Mcps TDD, it is needed to add a sub-frame segmentation unit between 2nd interleaving unit and physical
channel mapping unit when the TTI of the CCTrCh is greater than Smsec. Fin this case, the operation of rate-matching
guarantees that the size of bit streamsis an even number and can be subdivided into 2 sub-frames. The transport channel
multiplexing structure for uplink and downlink is shown in figure 1A.

The input to the sub-frame segmentation unit is segmented into times ot chunks, where each timeslot chunk contains all
of the bits that are to be transmitted in a given times ot position in both of the sub-frames.

Theinput bit sequence is denoted by K10 %2: X310+ %%, \here | isthe FrCH-timesiot number and X; is the number of
bits transmitted in timed ot i in each sub-frame. The two output bit sequences per radio frame are denoted by

\/. \/. \/. —\/ . . )
Jindr Jin2r Jinsrr o IinY o0 Vo Ving, <o Viny Where nii is the sub-frame number in current radio frame and

Y; isthe number of bits per radie-sub frame for FrCH-timedot i. The output sequences are defined as follows:

yi,n,k g g r\_ljwi:-'-k,n;:lOfZ, k=1...Y;

K _
= X (n1)¥, )+k

where

Yi = (Xi/ 2) isthenumber of bitsin timeslot i per sub-frame,

%k isthe k™ bit of the input bit sequence and

_yi—

MK isthe k™ hit of the output bit sequence corresponding to the n™ sub-frame

yi nk

a a a
Aisdenetedby- © P VP2 I, where pristhe PRCH-number
¥ [
o=, K and U=,
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4.2.12.2 Physical channel mapping for the 1.28 Mcps option

The bit streams from the sub-frame segmentation unit are mapped onto code channels of time slotsin sub-frames.

_ _ _ W s Wposeeny Wy _ _
The bits after physical channd mapping are denoted by P, where p isthe PhCH number and Up is

the number of bitsin one sub-frame for the respective PhCH. The bits wpk are mapped to the PhCHs so that the bits for
each PhCH aretransmitted over the air in ascending order with respect to k.

a a a
The mapping of the bits = P 7 P2 """ ZP% v, 11 vins Vina, ., Yenutis performed like block interleaving, writing the

bits into columns, but a PhCH with an odd number isfilled in forward order, were as a PhCH with an even number is
filled in reverse order.

The mapping scheme, as described in the following subclause, shall be applied individually for each timedot t used in

fal fal fal
Iplr Ip2r*°*1IpU

the current subframe. Therefore, the bitSYin1, Vin2 Vins. ... Yinut P are assigned to the bits of the

W10, s We21.0,, 0

v W, . .
physical channels 1Y% in each timedot.

In uplink there are at most two codes allocated (P<2). If there is only one code, the same mapping asfor downlink is
applied. Denote SF1 and SF2 the spreading factors used for code 1 and 2, respectively. For the number of consecutive
bits to assign per code bsk the following ruleis applied:

if

SF1>=SF2 thenbs, =1 ; bs,= SF1/SF2;
ese

SF2 > SF1 then bs, = SF2/SF1; bs, =1
end if

In the downlink case bs, is 1 for all physical channels.
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4.2.12.2.1 Mapping scheme
Notation used in this subclause:
P ¢ number of physical channelsfor timedott, P, = 1..2 for uplink ; P, = 1...16 for downlink

Up:  capacity in bits for the physical channel p in timesiot tin the current sub-frame

U.:  total number of bitsto be assigned for timeslot t in the current sub-frame

n = index of the current sub-frame (1 or 2)

bs,:  number of consecutive bits to assign per code

for downlink all bs, =1

for uplink  if SF1>=SF2 thenbs; =1 ; bs, = SFI/SF2;
if SF2>SF1 then bs; = SF2/SF1; bs, = 1;

fb,:  number of already written bits for each code

pos. intermediate calculation variable

for p=1to P, -- reset number of already written bits for every physical channel
fb,=0

end for

p=1 -- start with PhCH #1

for k=1 to U,.

do while (fb, == U ) -- physical channel filled up already ?

p=(pmodPy) +1;

end do

if (pmod 2) ==

pos = Uy - fhy, -- reverse order

ese

pos=fh, + 1 -- forward order

end if

Wip,pos = GexYink -- assignment

fbp=fh, +1 -- Increment number of already written bits

If (fb, mod bsy) == -- Conditional changeto the next physical channel

p=(pmodPt) +1;
endif

end for
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Figure 1A: Transport channel multiplexing structure for uplink and downlink of 1.28Mcps TDD
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4.2.7 Rate matching

Rate matching means that bits on a TrCH arerepeated or punctured. Higher layers assign arate-matching attribute for
each TrCH. Thisattribute is semi-static and can only be changed through higher layer signalling. The rate-matching
attribute is used when the number of bits to be repeated or punctured is cal culated.

The number of bits on a TrCH can vary between different transmission time intervals. When the number of bits between
different transmission time intervalsis changed, bits are repeated to ensure that the total bit rate after TrCH
multiplexing isidentical to thetotal channel bit rate of the allocated physical channels.

If no bitsare input to the rate matching for all TrCHs within a CCTrCH, the rate matching shall output no bits for all
TrCHs within the CCTrCH.

Notation used in subclause 4.2.7 and subclauses:

N : Number of bitsin aradio frame before rate matching on TrCH i with transport format combination j.

AN; = If positive — number of bits to be repeated in each radio frame on TrCH i with transport format
combination j.
If negative — number of bitsto be punctured in each radio frame on TrCH i with transport format
combination j.

RM; : Semi-static rate matching attribute for TrCH i. Signalled from higher layers.

PL: Puncturing limit. Thisvalue limits the amount of puncturing that can be applied in order to minimise the

number of physical channels. Signalled from higher layers. The allowed puncturing in % is actually equal
to (1-PL)*100.

Nuaaj:  Total number of bits that are available for a CCTrCH in aradio frame with transport format
combination j.

number of physical channels used in the current frame.

max - maximum number of physical channelsallocated for a CCTrCH.

Up: Number of data bitsin the physical channd p with p = 1...P during aradio frame.
l: Number of TrCHsin a CCTrCH.

Zj: Intermediate calculation variable.

F: Number of radio framesin the transmission timeinterval of TrCH i.

n Radio frame number in the transmission timeinterval of TrCHi (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).

P1:(n) : The column permutation function of the 1% interleaver, P1(x) isthe original position of column with
number x after permutation. P1 is defined on table 4 of section 4.2.5 (note that P1e salf-inverse).

9n]: The shift of the puncturing or repetition pattern for radio framen; when n = P1. (ni ) .
TF(): Trangport format of TrCH i for the transport format combination j.
TFS(i): Theset of transport format indexes| for TrCH i.

€ni - Initial value of variable e in therate matching pattern determination agorithm of subclause 4.2.7.3.

€plus | Increment of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.3.
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€ninus - Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.3.
b: Indicates systematic and parity bits.

b=1: Systematic bit. X(t) in subclause 4.2.3.2.1.

b=2: 1% parity it (from the upper Turbo constituent encoder). Y(t) in subclause 4.2.3.2.1.

b=3: 2™ parity bit (from the lower Turbo constituent encoder). Y'(t) in subclause 4.2.3.2.1.

Note: when the TTI is 5msec for 1.28Mcps, the above notation refers to a sub-framerather than aradio frame. In this
case, Fi=1andn =0.

4.2.7.1 Determination of rate matching parameters

The following relations, defined for all TFC j, are used when cal culating the rate matching pattern:

Z,, =0

[SRM.*N. N |
> RM,*N.,

forali=1..1(1)

Zi,j=

AN, =2, =Z_;—N;; forali=1..1
Puncturing can be used to minimise the required transmission capacity. The maximum amount of puncturing that can be
appliedis1-PL, PL issgnalled from higher layers. The possible values for Ngx. depend on the number of physical
channd s P, @llocated to the respective CCTrCH, and on their characteristics (spreading factor, length of midamble
and TFCI code word, usage of TPC and multiframe structure), which isgivenin [7].

For each physical channel an individual minimum spreading factor Sonin IS transmitted by means of the higher layers.
Denote the number of data bitsin each physical channel by U, 5, , where p indicates the sequence number 1< ps P
and Sp indicates the spreading factor with the possible values { 16, 8, 4, 2, 1} of this physical channdl. Theindex pis
described in section 4.2.12 with the following modifications: spreading factor (Q) is replaced by the minimum
spreading factor Sprin and k isreplaced by the channdlization code index at Q= Spnin. Then, for Ngaa One of the
following values in ascending order can be chosen:

{Ulrsj-min ’U:LSI-min +U2182min ’U:LSI-min +U2182min t.. +U Pmaxv(spmax)min}

Optionally, if indicated by higher layers for the UL the UE shall vary the spreading factor autonomously, so that Ny IS
one of the following values in ascending order:

iUl,lG """ UlrSI-min’UlrSlmin +U2116 """ Ulrsj-min +U2182min """ UlrSI-min +U2182min +"'+Upmax116 """ UlrSI-min +U2182min +"'+Upmax'(spmax)min}
Naaa j fOr the transport format combination j is determined by executing the following algorithm:
I
SET1 = { Ngaa such that (]r_PyISrI]{RM y}) X Ndata - PL % ; RM N X NX,j is non negative }
Ndataj =min SET1

The number of bits to be repeated or punctured, AN, j, within one radio frame (one sub-frame when the TTI is Smsec)
for each TrCH i is calculated with the rdations given at the beginning of this subclause for al possible transport format
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combinationsj and selected every radio frame (sub-frame). The number of physical channds corresponding to N ;.
shall be denoted by P.

If AN;; = O then the output data of the rate matching is the same as the input data and the rate matching algorithm of
subclause 4.2.7.3 does not need to be executed.

Otherwise, therate matching pattern is cal culated with the algorithm described in subclause 4.2.7.3. For thisalgorithm
the parameters &y, €yus, Eminus, 8Nd X; are needed, which are calculated according to the equations in subclauses 4.2.7.1.1
and 4.2.7.1.2.
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4.2.11A Sub-frame segmentation for the 1.28 Mcps option

Inthe 1.28Mcps TDD, it is needed to add a sub-frame segmentation unit between 2nd interleaving unit and physical
channel mapping unit when the TTI of the CCTrCh is greater than 5msec. Fin this case, the operation of rate-matching
guarantees that the size of bit streamsis an even number and can be subdivided into 2 sub-frames. The transport channel
multiplexing structure for uplink and downlink is shown in figure 1A.

The input to the sub-frame segmentation unit is segmented into times ot chunks, where each timeslot chunk contains al
of the bits that are to be transmitted in a given times ot position in both of the sub-frames.

Theinput bit sequence is denoted by K10 %2: X3e 0% here is the FrCH-timesiot number and X; is the number of
bits transmitted in timed ot i in each sub-frame. The two output bit sequences per radio frame are denoted by

\/. \/. \/. —\/ . . )
Jindr Jin2r Jinsr o IinY o0 Vo Ving, -on Viny Where nii is the sub-frame number in current radio frame and

Y; isthe number of bits per radie-sub frame for FrCH-timedot i. The output sequences are defined as follows:

yi,n,k g g r\_ljwi:-'-k,n;:lOfZ, k=1...Y;

K _
= X (n1)¥, )+k

where

Yi = (Xi/ 2) isthenumber of bitsin timeslot i per sub-frame,

%k isthe k™ bit of the input bit sequence and

_yi—

MK isthe k™ hit of the output bit sequence corresponding to the n™ sub-frame

yi nk

a a a
Aisdenetedby- © P VP2 I, where pristhe PRCH-number
¥ [
o=, K and U=,
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4.2.12.2 Physical channel mapping for the 1.28 Mcps option

The bit streams from the sub-frame segmentation unit are mapped onto code channd's of time dotsin sub-frames.

_ _ _ W s Wposeeny Wy _ _
The bits after physical channd mapping are denoted by P, where p isthe PhCH number and Up is

the number of bitsin one sub-frame for the respective PhCH. The bits wpk are mapped to the PhCHs so that the bits for
each PhCH are transmitted over the air in ascending order with respect to k.

a a a
The mapping of the bits = P = P2 """ ZP% v, 11 vins Vina, ., Yenutis performed like block interleaving, writing the

bits into columns, but a PhCH with an odd number isfilled in forward order, were as a PhCH with an even number is
filled in reverse order.

The mapping scheme, as described in the following subclause, shall be applied individually for each timedot t used in

fal fal fal
Iplr Ip2r*°*1IpU

the current subframe. Therefore, the bitSYin1, Vin2 Yins. .. Yinut P are assigned to the bits of the

W10, s We21.0,, 0

v W, . .
physical channels 1Y% in each timedot.

In uplink there are at most two codes allocated (P<2). If there is only one code, the same mapping asfor downlink is
applied. Denote SF1 and SF2 the spreading factors used for code 1 and 2, respectively. For the number of consecutive
bits to assign per code bsk the following ruleis applied:

if

SF1>=SF2 thenbs, =1 ; bs,= SF1/SF2;
ese

SF2 > SF1 then bs, = SF2/SF1; bs, =1
end if

In the downlink case bs, is 1 for all physical channels.

3GPP
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4.2.12.2.1 Mapping scheme
Notation used in this subclause:
P ¢ number of physical channelsfor timedott, P, = 1..2 for uplink ; P, = 1...16 for downlink

Up:  capacity in bits for the physical channel pin timesiot tin the current sub-frame

U.:  total number of bitsto be assigned for timeslot t in the current sub-frame

n = index of the current sub-frame (1 or 2)

bs,:  number of consecutive bits to assign per code

for downlink all bs, =1

for uplink  if SF1>=SF2 thenbs; =1 ; bs, = SFI/SF2;
if SF2>SF1 then bs; = SF2/SF1; bs, = 1;

fb,:  number of already written bits for each code

pos. intermediate calculation variable

for p=1to P, -- reset number of already written bits for every physical channel
fb,=0

end for

p=1 -- start with PhCH #1

for k=1 to U,.

do while (fb, == U ) -- physical channel filled up already ?

p=(pmodPy) +1;

end do

if (pmod 2) ==

pos = Uy - fhy, -- reverse order

ese

pos=fh, + 1 -- forward order

end if

Wip,pos = GexYink -- assignment

fbp=fh, +1 -- Increment number of already written bits

If (fb, mod bsy) == -- Conditional changeto the next physical channel

p=(pmodPt) +1;
endif

end for

3GPP
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