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Title: CR 25.212-005r1: Compressed mode by higher layer scheduling

Document for: Decision

It was proposed in TSGR1#8(99)g77 that compressed mode by higher layer scheduling should be allowed. This was
agreed at TSG-RAN Working Group 1 meeting #8 and it was recommended that a CR should be generated from the text
proposal in g77.

This contribution contains a CR based on the text proposal in g77. Compared to the text proposal in g77, the following
changes have been made:

4.2.9.1: Clarified that Xi is the number of bits per TTI.

4.2.9.2: In 25.211 Ndata1 and Ndata2 are defined per slot. Hence, Ndata=15Ndata1+15Ndata2.
There was an error in the definition of U. The correct relation is U=Ndata-NTGL

Figure 18: After a discussion on the reflector there seemed to be agreement on moving the TFCI field to after the TPC
field. This change is reflected in Figure 18.

Table 15: Replaced FFS for compressed mode by SF reduction on SF=4 by not supported. No solution with SF=4 and
SF reduction has been presented so far and it is therefore proposed that it is not supported in release 99. This
was also stated in the agreed text proposal of g77 for 25.211 but the sentence below table 15 was not covered.

Revision information
In revision 1 of the CR, the following has changed:

- The wording in section 4.2.9.2 has been updated: "The number of bits that the transmission is turned off is
denoted by NTGL and defined as:" was changed into "The number of bits that are located within the transmission
gap is denoted NTGL and defined as:" to clarify that this is a reduction in number of available bits. With the old
wording one could get the impression that the normal DTX were included in NTGL.

- The sections dealing with TFCI mapping has been removed from the CR since they are included in another CR
dealing exclusively with the TFCI code definition, repetition and mapping.
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4 Multiplexing, channel coding and interleaving

4.1 General
Data stream from/to MAC and higher layers (Transport block / Transport block set) is encoded/decoded to offer
transport services over the radio transmission link. Channel coding scheme is a combination of error detection, error
correcting, rate matching, interleaving and transport channels mapping onto/splitting from physical channels.

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

The following coding/multiplexing steps can be identified:

- Add CRC to each transport block (see section 4.2.1)

- Transport block concatenation and code block segmentation (see section 4.2.2)

- Channel coding  (see section 4.2.3)

- Rate matching (see section 4.2.7)

- Insertion of discontinuous transmission (DTX) indication bits (see section 4.2.9)

- Interleaving (two steps, see sections 4.2.4 and 4.2.11)

- Radio frame segmentation  (see section 4.2.6)

- Multiplexing of transport channels (see section 4.2.8)

- Physical channel segmentation (see section 4.2.10)

- Mapping to physical channels (see section 4.2.12)

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

The single output data stream from the TrCH multiplexing is denoted Coded Composite Transport Channel (CCTrCH).
A CCTrCH can be mapped to one or several physical channels.
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4.2.7.1 Determination of rate matching parameters in uplink

4.2.7.1.1 Determination of SF and number of PhCHs needed

In uplink puncturing can be used to avoid multicode or to enable the use of a higher spreading factor when this is needed
because the UE does not support SF down to 4. The maximum amount of puncturing that can be applied is signalled
from higher layers and denoted by PL. The number of available bits in the radio frames for all possible spreading factors
is given in [2]. Denote these values by N256, N128, N64, N32, N16, N8, and N4, where the index refers to the spreading factor.
The possible values of Ndata then are { N256, N128, N64, N32, N16, N8, N4, 2N4, 3N4, 4N4, 5N4, 6N4}.Depending on the UE
capabilities, the supported set of Ndata , denoted SET0, can be a subset of { N256, N128, N64, N32, N16, N8, N4, 2N4, 3N4, 4N4,
5N4, 6N4}. Ndata, j for the transport format combination j is determined by executing the following algorithm:

SET1 = { Ndata in SET0 such that { } jx

I

x y
Iy

x
data N

RM

RM
N ,

1
1

,

min
⋅−∑

=
≤≤

 is non negative }

If SET1 is not empty and the smallest element of SET1 requires just one PhCH then

Ndata,j = min SET1

else

SET2 = { Ndata in SET0 such that { } jx

I

x y
Iy

x
data N

RM

RM
PLN ,

1
1
min

⋅⋅− ∑
=

≤≤

 is non negative }

Sort SET2 in ascending order

Ndata = min SET2

While Ndata is not the max of SET2 and the follower of Ndata requires no additional PhCH do

Ndata = follower of Ndata in SET2

End while

Ndata,j = Ndata

End if

4.2.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, ∆Nij, 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. Ndata,j is given from section 4.2.7.1.1.

In compressed mode jdataN ,  is replaced by cm
jdataN ,  in Equation 1. cm

jdataN ,  is given from the following relations:

TGLjdata
cm

jdata NNN −= ,, 2 TGLjdata
cm

jdata NNN 22 ,, −= , wherefor compressed mode by spreading factor reduction

TGLjdata
cm

jdata NNN −= ,, , for compressed mode by higher layer scheduling
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Nfirst and TGL are defined in section 4.4.

If ∆Nij = 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm of
section 4.2.7.4 does not need to be executed.

Otherwise, for determining eini, eplus, eminus, and N  the following parameters are needed (regardless if the radio frame is
compressed or not):

For convolutional codes,

q=  Nij /( ∆Nij )

if q is even

then q' = q – gcd(q, Fi)/Fi  -- where gcd (q, Fi) means greatest common divisor of q and Fi

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

else

q' = q

endif

for x = 0 to Fi-1

S(IF ( x*q'  mod Fi)) = ( x*q'  div Fi)

end for

∆N = ∆Ni,j

a = 2

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.4, where :

N = Ni,j., and

eini = (a⋅S(ni)⋅|∆N| + N) mod a⋅N, if  eini = 0 then eini = a⋅N.

eplus = a⋅N

eminus = a⋅|∆N|

puncturing for ∆N<0, repeating otherwise.

For turbo codes, if repetition is to be performed, such as ∆Ni,j >0, parameters for turbo codes are the same as parameter
for convolutional codes.

If puncturing is to be performed, parameters are as follows.

a=2 for Y sequence, and

a=1 for Y’ sequence.

=TGLN
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4.2.9.1 1st Iinsertion of DTX indication bits with fixed positions

This step of inserting DTX indication bits is used only if the positions of the TrCHs in the radio frame are fixed. With
fixed position scheme a fixed number of bits is reserved for each TrCH in the radio frame.

The bits from rate matching are denoted by 
iiGiii gggg ,,,, 321 � , where Gi is the number of bits in one TTI of TrCH i.

Denote the number of bits reserved for inone radio frame of TrCH i by Hi, i.e. the maximum number of bits in a radio
frame for any transport format of TrCH i. In normal or compressed mode by spreading factor reduction, Hi is constant
and corresponds to the maximum number of bits from TrCH i in one radio frame for any transport format of TrCH i. In
compressed mode by higher layer scheduling, only a subset of the TFC Set is allowed. From this subset it is possible to
derive which TFs on each TrCH that are allowed. The maximum number of bits belonging to one TTI of TrCH i for the

allowed TFs is denoted by Xi. Hi is then calculated as 







=

i

i
i F

X
H , where Fi is Tthe number of radio frames in a TTI

of TrCH i is denoted by Fi. The bits output from the DTX insertion are denoted by )(321 ,,,,
ii HFiiii hhhh � . Note that

these bits are three valued. They are defined by the following relations:

ikik gh = k = 1, 2, 3, …, Gi

δ=ikh k = Gi+1, Gi+2, Gi+3, …, FiHi

where DTX indication bits are denoted by δ. Here gik ∈ {0, 1} and δ ∉ {0, 1}.

4.2.9.2 2nd Iinsertion of DTX indication bits with flexible positions

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

This step of inserting DTX indication bits is used only if the positions of the TrCHs in the radio frame are flexible. The
DTX indication bits inserted in this step shall be placed at the end of the radio frame. Note that the DTX will be
distributed over all slots after 2nd interleaving.

The bits input to the DTX insertion block are denoted by Sssss ,,,, 321 � ,where S is the number of bits from TrCH

multiplexing. The number of PhCHs is denoted by P and the number of bits in one radio frame, including DTX
indication bits, for each PhCH by U. The number of available bits on the PhCH is denoted by Ndata and
Ndata=15Ndata1+15Ndata2, where Ndata1 and Ndata2 are defined in [25.211]. In normal mode U=Ndata. In compressed mode
Ndata is changed from the value in normal node. The exact value of Ndata is dependent on the TGL and the transmission
time reduction method, which are signalled from higher layers. The number of bits that are located within the
transmission gap is denoted NTGL and defined as:

dataN
TGL

15
, if Nfirst + TGL ≤ 15

data
first N

N

15

15 −
, in first frame if Nfirst + TGL > 15

data
first N

NTGL

15

)15( −−
, in second frame if Nfirst + TGL > 15

Nfirst and TGL are defined in Section 4.4.

In compressed mode U=Ndata-NTGL..

The bits output from the DTX insertion block are denoted by )(321 ,,,, PUwwww � . Note that these bits are

threevalued. They are defined by the following relations:

=TGLN
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kk sw = k = 1, 2, 3, …, S

δ=kw k = S+1, S+2, S+3, …, PU

where DTX indication bits are denoted by δ.. Here sk ∈ {0,1}and δ ∉ {0,1}.

4.2.10 Physical channel segmentation

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

When more than one PhCH is used, physical channel segmentation divides the bits among the different PhCHs. The bits

input to the physical channel segmentation are denoted by Yxxxx ,,,, 321 � , where Y is the number of bits input to the

physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted pUppp uuuu ,,,, 321 � , where p is PhCH number and U is the

number of bits in one radio frame for each PhCH, i.e. 
P

Y
U = . The relation between xk and upk is given below.

Bits on first PhCH after physical channel segmentation:

kk xu =1 k = 1, 2 , …, U

Bits on second PhCH after physical channel segmentation:

)(2 Ukk xu += k = 1, 2 , …, U

…

Bits on the Pth PhCH after physical channel segmentation:

))1(( UPkPk xu −+= k = 1, 2 , …, U

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

The bits input to the physical segmentation are denoted by Sssss ,,,, 321 � . Hence, xk = sk and Y = S.

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

If fixed positions of the TrCHs in a radio frame are used then the bits input to the physical segmentation are denoted by

Sssss ,,,, 321 � . Hence, xk = sk and Y = S.

If flexible positions of the TrCHs in a radio frame are used then tThe bits input to the physical segmentation are denoted

by )(321 ,,,, PUwwww � . Hence, xk = wk and Y = PU.

4.2.11 2nd interleaving

The 2nd interleaving is a block interleaver with inter-column permutations. The bits input to the 2nd interleaver are

denoted pUppp uuuu ,,,, 321 � , where p is PhCH number and U is the number of bits in one radio frame for one PhCH.

(1) Set  the number of columns C2 = 30. The columns are numbered 0, 1, 2, …, C2-1 from left to right.
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4.4 Compressed mode
In compressed mode, slots Nfirst to Nlast are not used for transmission of data. As illustrated in figure 16, which shows the
example of fixed transmission gap position with single frame method, the instantaneous transmit power is increased in
the compressed frame in order to keep the quality (BER, FER, etc.) unaffected by the reduced processing gain. The
amount of power increase depends on the transmission time reduction method (see section 4.4.3). What frames are
compressed, are decided by the network. When in compressed mode, compressed frames can occur periodically, as
illustrated in figure 16, or requested on demand. The rate and type of compressed frames is variable and depends on the
environment and the measurement requirements.

One frame
(10 ms) Transmission gap available for

inter-frequency measurements

Figure 16: Compressed mode transmission

4.4.1 Frame structure in the uplink

The frame structure for uplink compressed mode is illustrated in figure 17.

slot # (Nlast - 1)

Data

Pilot TFCI FBI TPC

slot # (Nfirst - 1)

Data

Pilot TFCI FBI TPC

transmission gap

Figure 17: Frame structure in uplink compressed transmission

4.4.2 Frame structure types in the downlink

There are two different types of frame structures defined for downlink compressed modetransmission. Type A is the
basic case, which maximises the transmission gap length and. Ttype B, which is more optimised for power control., can
be used if the requirement of the transmission gap length allows that.

- With frame structure of type A, the pilot field of the last slot in the transmission gap is transmitted. BTS
tTransmission is turned off during the rest of the transmission gapfrom the beginning of TFCI field in slot Nfirst,
until the end of Data2 field in slot Nlast (figure 18(a)).

- With frame structure of type B, the TPC field of the first slot in the transmission gap and the pilot field of the last
slot in the transmission gap is transmitted. BTS tTransmission is turned off during the rest of the transmission
gapfrom the beginning of Data2 field in slot Nfirst, until the end of Data2 field in slot Nlast (figure 18(b)). Dummy
bits are transmitted in the TFCI and Data1 fields of slot Nfirst, and BTS and MS do not use the dummy bits. Thus
BTS and MS utilize only the TPC field of Nfirst.
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(a) Frame structure type A
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(b) Frame structure type B

Figure 18: Frame structure types in downlink compressed transmission

4.4.3 Transmission time reduction method

When in compressed mode, the information normally transmitted during a 10 ms frame is compressed in time. The
mechanisms provided for achieving this areis either changing the code rate (method A), which means puncturing in
practice, or the , reduction of the spreading factor by a factor of two (method B), and higher layer scheduling. In the
downlink, bothall methods A and B are supported while compressed mode by puncturing is notonly method B is used in
the uplink. The maximum idle length is defined to be 7 slots per one 10 ms frame. The slot formats that are used in
compressed mode are listed in [25.211].

4.4.3.1 Method A:Compressed mode Bby puncturing

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

DPDCH and DPCCH fields for compressed mode when puncturing 4 slots and 3 slots, respectively, are shown in
table 11 and table 12. Because of higher encoding rate, some DPDCH symbols remain unused and shall be indicated as
DTX.
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Table 11: DPDCH and DPCCH fields in compressed mode when puncturing 4 slots

Bits/Frame DPDCH
Bits/Slot

DPCCH
Bits/Slot

Channel
Bit Rate
(kbps)

Channel
Symbol

Rate
(ksps)

SF

DPDCH DPCCH TOT

Bits/
Slot

NData1 NData2 NTFCI NTPC NPilot

Extra
DPDCH
symbols
for DTX

15 7.5 512 40 66 110 10 2 2 0 2 4 4

30 15 256 160 44 220 20 2 14 0 2 2 16
30 15 256 140 74 220 20 0 141 21 2 2 6
30 15 256 140 66 220 20 2 12 0 2 4 14
30 15 256 120 96 220 20 0 121 21 2 4 4
30 15 256 100 110 220 20 2 8 0 2 8 10
30 15 256 80 140 220 20 0 81 21 2 8 0
60 30 128 340 66 440 40 6 28 0 2 4 34
60 30 128 320 96 440 40 41 28 21 2 4 24
60 30 128 300 110 440 40 6 24 0 2 8 30
60 30 128 280 140 440 40 41 24 21 2 8 20

120 60 64 600 252 880 80 41 56 81,2 4 8 28
240 120 32 1400 252 1760 160 201 120 81,2 4 8 108
480 240 16 2880 384 3520 320 481 240 81,2 8 16 256
960 480 8 6080 384 7040 640 1121 496 81,2 8 16 576

1920 960 4 12480 384 14080 1280 2401 1008 81,2 8 16 1216

1)              This figure does not take into account the extra TFCI bits from deleted slots
2)              If TFCI bits are not used, then DTX shall be used in TFCI field

NOTE:       Compressed mode with puncturing cannot be used for SF=512 with TFCI.

Table 12: DPDCH and DPCCH fields in compressed mode frame when puncturing 3 slots

Bits/Frame DPDCH
Bits/Slot

DPCCH
Bits/Slot

Channel
Bit Rate
(kbps)

Channel
Symbol

Rate
(ksps)

SF

DPDCH DPCCH TOT

Bits/
Slot

NData1 NData2 NTFCI NTPC NPilot

Extra
DPDCH
symbols
for DTX

15 7.5 512 40 72 120 10 2 2 0 2 4 8

30 15 256 160 48 240 20 2 14 0 2 2 32
30 15 256 140 78 240 20 0 141 21 2 2 22
30 15 256 140 72 240 20 2 12 0 2 4 28
30 15 256 120 102 240 20 0 121 21 2 4 18
30 15 256 100 120 240 20 2 8 0 2 8 20
30 15 256 80 150 240 20 0 81 21 2 8 10
60 30 128 340 72 480 40 6 28 0 2 4 68
60 30 128 320 102 480 40 41 28 21 2 4 58
60 30 128 300 120 480 40 6 24 0 2 8 60
60 30 128 280 150 480 40 41 24 21 2 8 50

120 60 64 600 264 960 80 41 56 81,2 4 8 96
240 120 32 1400 264 1920 160 201 120 81,2 4 8 256
480 240 16 2880 408 3840 320 481 240 81,2 8 16 552
960 480 8 6080 408 7680 640 1121 496 81,2 8 16 1192

1920 960 4 12480 408 15360 1280 2401 1008 81,2 8 16 2472

1)              This figure does not take into account the extra TFCI bits from deleted slots
2)              If TFCI bits are not used, then DTX shall be used in TFCI field

NOTE:       Compressed mode with puncturing cannot be used for SF=512 with TFCI

4.4.3.2 Method B:Compressed mode Bby reducing the spreading factor by 2

During compressed mode, the spreading factor (SF) can be reduced by 2 during one radio frame to enable the
transmission of the information bits in the remaining time slots of a compressed frame.
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On the downlink, UTRAN can also order the UE to use a different scrambling code in compressed mode than in normal
mode. If the UE is ordered to use a different scrambling code in compressed mode, then there is a one-to-one mapping
between the scrambling code used in normal mode and the one used in compressed mode, as described in TS 25.213[3]
section 5.2.1.

The uplink DPCCH fields in compressed mode are defined in table 13.

<Editor’s note: Downlink fields structure is FFS.>

Table 13: Uplink DPCCH fields in compressed mode

Format
number

Channel Bit
Rate (kbps)

Channel
Symbol Rate

(ksps)

SF Bits/
Frame

Bits/
Slot

Npilot NTPC NTFCI NFBI Transmitte
d slots per
radio frame

0 15 15 256 150 10 6 2 2 0 15
0A 15 15 256 150 10 5 2 3 0 10-14
0B 15 15 256 150 10 4 2 4 0 8-9
1 15 15 256 150 10 8 2 0 0 8-15
2 15 15 256 150 10 5 2 2 1 15

2A 15 15 256 150 10 4 2 3 1 10-14
2B 15 15 256 150 10 3 2 4 1 8-9
3 15 15 256 150 10 7 2 0 1 8-15
4 15 15 256 150 10 6 2 0 2 8-15
5 15 15 256 150 10 5 1 2 2 15

5A 15 15 256 150 10 4 1 3 2 10-14
5B 15 15 256 150 10 3 1 4 2 8-9

4.4.3.3  Compressed mode by higher layer scheduling

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

4.4.4 Transmission gap position

Transmission gaps can be placed at both fixed position and adjustable position for each purpose such as interfrequency
power measurement, acquisition of control channel of other system/carrier, and actual handover operation.

4.4.4.1 Fixed transmission gap position

The transmission gaps can be placed onto fixed positions. When using single frame method, the fixed transmission gap
is located within the compressed frame depending on the transmission gap length (TGL) as shown in figure 19 (1).
When using double frame method, the fixed transmission gap is located on the center of two connected frames as shown
in figure 19 (2). Table 14 shows the parameters for the fixed transmission gap position case.
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#14#Nfirst-1

(1) Single-frame method

(2) Double-frame method

First radio frame Second radio frame

Radio frameTransmission gap

Transmission gap

#0

#14

#Nlast+1

#Nfirst-1 #Nlast+1#0

Figure 19: Fixed transmission gap position

Table 14: Parameters for fixed transmission gap position

Single-frame method Double-frame method

TGL (slot) Nfirst Nlast Nfirst Nlast

3 7 9 14 in first frame 1 in second frame

4 6 9 13 in first frame 1 in second frame

7 6 12 12 in first frame 3 in second frame

10 N.A. N.A. 10 in first frame 4 in second frame

14 N.A. N.A. 8 in first frame 6 in second frame

4.4.4.2 Adjustable transmission gap position

Position of transmission gaps can be adjustable/relocatable for some purpose e.g. data acquisition on certain position as
shown in figure 20. Parameters of the adjustable transmission gap positions are calculated as follows:

TGL is the number of consecutive idle slots during compressed mode,

TGL = 3, 4, 7, 10, 14

Nfirst specifies the starting slot of the consecutive idle slots,

Nfirst = 0,1,2,3,…,14.

Nlast shows the number of the final idle slot and is calculated as follows;

If Nfirst + TGL ≤ 15, then Nlast = Nfirst + TGL –1 ( in the same frame ),

If Nfirst + TGL > 15, then Nlast = (Nfirst + TGL – 1) mod 15 ( in the next frame ).

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

First radio frame Second radio frame
Transmission gap

(2) Double-frame method

(1) Single-frame method

:
:

:
:

Radio frame

Transmission gap

Transmission gap

Transmission gap

Transmission gap

Transmission gap

Figure 20: Adjustable transmission gap lengths position

4.4.4.3 Parameters for downlink compressed mode

< Editor's note: WG1  suggestion is that there is need for further clarifications in table 15 (e.g. rationales between
change of coding rate/puncturing/change of spreading factor and idle time size, spreading factor range for
different modes, etc.).>

Table 15 shows the detailed parameters for each transmission gap length for the differentwhen transmission time
reduction methods A or B are used.
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Table 15: Parameters for compressed mode

TGL Type Adjustable
/fixed gap
position

Spreading
Factor

Idle
length[ms]

Transmission time
Reduction method

Idle frame
Combining

A 512 – 4 1.73-1.993

B 256- 4 1.60-1.86

(S)
(D) =(1,2),(2,1)

A 512 - 4 2.40-2.664

B 256- 4 2.27-2.53

(S)
(D) =(1,3),(2,2),(3,1)

A 512 -4 4.40-4.667

B 256- 4 4.27-4.53

(S)
(D)=(1,6),(2,5),(3,4),(4,3),(5,

2),(6,1)
A 512 - 4 6.40-6.6610

B

 Adjustable
Or

Fixed

256- 4 6.27-6.53

(D)=(3,7),(4,6),(5,5),(6,4),(7,
3)

A 512 - 4 9.07-9.3314

B

Fixed

256- 4 8.93-9.19

Puncturing
Spreading factoer

reduction by 2
Higher layer
scheduling

(D) =(7,7)

(S): Single-frame method as shown in figure 19 (1).
(D): Double-frame method as shown in figure 19 (2). (x,y) indicates x: the number of idle slots in the first

frame, y: the number of idle slots in the second frame.

NOTE: Details for the use of theCompressed mode by spreading factor reduction method is not supported
whenwith SF=4 is used in normal modeare FFS.
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4.2.13 Restrictions on different types of CCTrCHs

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

4.2.13.1 Uplink Dedicated channel (DCH)

The maximum value of the number of TrCHs I in a CCTrCH, the maximum value of the number of transport blocks Mi

on each transport channel, and the maximum value of the number of DPDCHs P are given from the UE capability class.

4.2.13.2 Random Access Channel (RACH)

- There can only be one TrCH in each RACH CCTrCH, i.e. I=1, sk = f1k and S = V1.

- The maximum value of the number of transport blocks M1 on the transport channel is given from the UE
capability class.

- The transmission time interval is always either 10 ms or 20 ms, i.e. e1k = c1k and N1 = E1.

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

- Only one PRACH is used, i.e. P=1, u1k = sk, and U = S.

4.2.13.3 Common Packet Channel (CPCH)

- The maximum value of the number of TrCHs I in a CCTrCH, the maximum value of the number of transport
blocks Mi on each transport channel, and the maximum value of the number of DPDCHs P are given from the
UE capability class.

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

4.2.13.4 Downlink Dedicated Channel (DCH)

The maximum value of the number of TrCHs I in a CCTrCH, the maximum value of the number of transport blocks Mi

on each transport channel, and the maximum value of the number of DPDCHs P are given from the UE capability class.

4.2.13.5 Downlink Shared Channel (DSCH) associated with a DCH

- The spreading factor is indicated with the TFCI or with higher layer signalling on DCH.

- There can only be one TrCH in each DSCH CCTrCH, i.e. I=1, sk = f1k and S = V1.

- The maximum value of the number of transport blocks M1 on the transport channel and the maximum value of
the number of PDSCHs P are given from the UE capability class.

4.2.13.6 Broadcast channel (BCH)

- There can only be one TrCH in the BCH CCTrCH, i.e. I=1, sk = f1k, and S = V1.

- There can only be one transport block in each transmission time interval, i.e. M1 = 1.

- All transport format attributes have predefined values.

- Only one primary CCPCH is used, i.e. P=1.

4.2.13.7 Forward access and paging channels (FACH and PCH)

- The maximum value of the number of TrCHs I in a CCTrCH and the maximum value of the number of transport
blocks Mi on each transport channel are given from the UE capability class.

- The transmission time interval for TrCHs of PCH type is always 10 ms.
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- Only one secondary CCPCH is used per CCTrCH, i.e. P=1.
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4.3 Transport format detection
Transport format detection can be performed both with and without Transport Format Combination Indicator (TFCI). If
a TFCI is transmitted, the receiver detects the transport format combination from the TFCI. When no TFCI is
transmitted, so called blind transport format detection may beis used, i.e. the receiver side detects the transport format
combination using some information, e.g. received power ratio of DPDCH to DPCCH, CRC check results.

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

4.3.1 Blind transport format detection

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

4.3.2 Explicit transport format detection based on TFCI

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

4.3.3 Coding of Transport-Fformat-Ccombination Iindicator (TFCI)

The number of TFCI bits is variable and is set at the beginning of the call via higher layer signalling. For improved
TFCI detection reliability, in downlink, repetition is used by increasing the number of TFCI bits within a slot.

The TFCI bits are encoded using a (320, 10) punctured sub-code of the second order Reed-Muller code. The coding
procedure is as shown in figure 10.

T F C I  ( 1 - 1 0  b i t s )
( 3 2 , 1 0 )  s u b - c o d e  o f

 t he  s econd  o rde r
R e e d  M u l l e r  c o d e

Punc tu r e  t o
( 3 0 , 1 0 )  c o d e

T F C I  c o d e  w o r d

(32,10) sub-code of
second order

Reed-Muller code

TFCI  code
word

b 0...b31

TFCI
(10 bi ts)

a 0...a9

Figure 10: Channel coding of TFCI bits

If the TFCI consist of less than 10 bits, it is padded with zeros to 10 bits, by setting the most significant bits to zero. The
receiver can use the information that not all 10 bits are used for the TFCI, thereby reducing the error rate in the TFCI
decoder. The length of the TFCI code word is 320 bits. Thus there are 2 bits of (encoded) TFCI in every slot of the radio
frame.

Firstly, TFCI is encoded by the (32,10) sub-code of second order Reed-Muller code. The code words of the (32,10) sub-
code of second order Reed-Muller code are linear combination of 10 basis sequences: all 1’s, 5 OVSF codes (C32,1 ,
C32,2 , C32,4 , C32,8 , C32,16 ), and 4 masks (Mask1, Mask2, Mask3, Mask4). The 4 mask basis sequences are as in the
following table 7.
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Table 7: BasisMask sequences for (32,10) TFCI code

i Mi,0 Mi,1 Mi,2 Mi,3 Mi,4 Mi,5 Mi,6 Mi,7 Mi,8 Mi,9

0 1 1 0 0 0 0 0 0 0 0

1 1 0 1 0 0 0 1 0 0 0

2 1 1 1 0 0 0 0 0 0 1

3 1 0 0 1 0 0 1 0 1 1

4 1 1 0 1 0 0 0 0 0 1

5 1 0 1 1 0 0 0 0 1 0

6 1 1 1 1 0 0 0 1 0 0

7 1 0 0 0 1 0 0 1 1 0

8 1 1 0 0 1 0 1 1 1 0

9 1 0 1 0 1 0 1 0 1 1

10 1 1 1 0 1 0 0 0 1 1

11 1 0 0 1 1 0 0 1 1 0

12 1 1 0 1 1 0 0 1 0 1

13 1 0 1 1 1 0 1 0 0 1

14 1 1 1 1 1 0 1 1 1 1

15 1 1 0 0 0 1 1 1 0 0

16 1 0 1 0 0 1 1 1 0 1

17 1 1 1 0 0 1 1 0 1 0

18 1 0 0 1 0 1 0 1 1 1

19 1 1 0 1 0 1 0 1 0 1

20 1 0 1 1 0 1 0 0 1 1

21 1 1 1 1 0 1 0 1 1 1

22 1 0 0 0 1 1 0 1 0 0

23 1 1 0 0 1 1 1 1 0 1

24 1 0 1 0 1 1 1 0 1 0

25 1 1 1 0 1 1 1 0 0 1

26 1 0 0 1 1 1 0 0 1 0

27 1 1 0 1 1 1 1 1 0 0

28 1 0 1 1 1 1 1 1 1 0

29 1 1 1 1 1 1 1 1 1 1

30 1 0 0 0 0 0 0 0 0 0

31 1 0 0 0 0 1 1 0 0 0

Mask 1 00101000011000111111000001110111

Mask 2 00000001110011010110110111000111

Mask 3 00001010111110010001101100101011

Mask 4 00011100001101110010111101010001

For TFCI information bits a0 , a1 , a2 , a3 , a4 , a5 , a6 , a7 , a8 , a9 (a0 is LSB and a9 is MSB), the encoder structure is as
following figure 11 output code word bits bi are given by:.

2mod)(
,

9

0
Mab ni

n
ni
×= ∑

=

where i=0…31.
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Σ

a 0 a 1 a 2 a 3 a 4 a 5 a 6 a 7 a 8 a 9

All 1's

C 32,1

C 32,2

C 32,4

C 32,8

C 32,16

Mask 2
Mask 3
Mask 4

Mask 1

(32,6) Bi-orthogonal Code

Figure 11: Encoder structure for (32,10) sub-code of second order Reed-Muller code

Then, the code words of the (32,10) sub-code of second order Reed-Muller code are punctured into length 30 by
puncturing 1st and 17th bits. The outputremaining bits are denoted by bk, k = 0, 1, 2, …, 31.29 (k = 29 corresponds to
the MSB bit).

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

4.3.4 Operation of Transport-Fformat-Ccombination Iindicator (TFCI) in
Split Mode

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

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

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

(16,5)
bi-orthgonal code

TFCI
(5 bits)

a 2,0...a2,4

TFCI
(5 bits)

a 1,0...a1,4

TFCI  code
word

b 1,b3...b31

TFCI  code
word

b 0,b2...b30

(16,5)
bi-orthgonal code

Figure 11: Channel coding of split mode TFCI bits

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

i Mi,0 Mi,1 Mi,2 Mi,3 Mi,4

0 1 1 0 0 0

1 1 0 1 0 0

2 1 1 1 0 0

3 1 0 0 1 0

4 1 1 0 1 0

5 1 0 1 1 0

6 1 1 1 1 0

7 1 0 0 0 1

8 1 1 0 0 1

9 1 0 1 0 1

10 1 1 1 0 1

11 1 0 0 1 1

12 1 1 0 1 1

13 1 0 1 1 1

14 1 1 1 1 1

15 1 0 0 0 0

TFCI information is encoded by biorthogonal (16, 5) block code. The code words of the biorthogonal (16, 5) code are
from two mutually biorthogonal sets, { }15,161,160,16 ,...,,

16
CCCSC =  and its binary complement,

{ }15,161,160,16 ,...,,
16

CCCSC = . Code words of set 
 16CS  are from the level 16 of the code three of OVSF codes defined in

document  TS 25.213. The mapping of information bits to code words is shown in the table 8.

Table 8: Mapping of information bits to code words for biorthogonal (16, 5) code

Information bits Code word
00000

 0,16C
00001

 0,16C
00010

 1,16C
... ...

11101
 14,16C

11110
 15,16C

11111
 15,16C

Biorthogonal code words, iC ,16  and iC ,16 , are then punctured into length 15 by puncturing the 1st bit.

For TFCI information bits for DCH a1,0 , a1,1 , a1,2 , a1,3 , a1,4 (a1,0 is LSB and a1,4 is MSB) and for DSCH a2,0 , a2,1 , a2,2 ,
a2,3 , a2,4 (a2,0 is LSB and a2,4 is MSB), the output code word bits bj,i0, b1, ..., b31, are given by:

2mod)(
,

4

0
,12 Mab ni

n
ni
×= ∑

=

;           2mod)(
,

4

0
,212 Mab ni

n
ni
×= ∑

=
+
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where i=0…15, j=0,1.

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

The bits in the code words are denoted by kjb , , where subscript j indicates the code word and subscript k indicates bit

position in the code word (k =14 corresponds to the MSB bit).

4.3.5 Mapping of TFCI words

4.3.5.1 Mapping of TFCI word in non compressed mode

As only one code word for TFCI is needed no channel interleaving for the encoded bits are done. Instead, tThe bits of
the code word are directly mapped to the slots of the radio frame as depicted in the figure 12. Within a slot the bit with
lower index more significant bit is transmitted before the less significant bit with higher index. The coded bits bk, are
mapped to the transmitted TFCI bits dk, according to the following formula:

dk = bk mod 32

For uplink physical channels regardless of the SF and downlink physical channels, if  SF≥128, k = 0, 1, 2, …, 29. Note
that this means that bits b30 and b31 are not transmitted.

Slot 0 Slot 1 Slot 14

29 28 27 26 1 0

MSB LSB

Radio frame 10 ms

TFCI code
word

Figure 12: Mapping of TFCI code words to the slots of the radio frame

For downlink physical channels whose SF< is lower than 128, k = 0, 1, 2, …, 119. Note that this means that bits b0 to b23

are transmitted four times and bits b24 to b31 are transmitted three times.bits of the TFCI code words are repeated and

mapped to slots as shown in the table 9. Code word bits are denoted as l
kb , where subscript k, indicates bit position in

the code word (k =29 is the MSB bit) and superscript l indicates bit repetition. In each slot transmission order of the bits
is from left to right in the table 9.
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Table 9: Mapping order of repetition encoded TFCI code word bits into slots.

Slot TFCI code word bits
0 1

29b 2
29b 3

29b 4
29b 1

28b 2
28b 3

28b 4
28b

1 1
27b 2

27b 3
27b 4

27b 1
26b 2

26b 3
26b 4

26b
2 1

25b 2
25b 3

25b 4
25b 1

24b 2
24b 3

24b 4
24b

3 1
23b 2

23b 3
23b 4

23b 1
22b 2

22b 3
22b 4

22b
4 1

21b 2
21b 3

21b 4
21b 1

20b 2
20b 3

20b 4
20b

5 1
19b 2

19b 3
19b 4

19b 1
18b 2

18b 3
18b 4

18b
6 1

17b 2
17b 3

17b 4
17b 1

16b 2
16b 3

16b 4
16b

7 1
15b 2

15b 3
15b 4

15b 1
14b 2

14b 3
14b 4

14b
8 1

13b 2
13b 3

13b 4
13b 1

12b 2
12b 3

12b 4
12b

9 1
11b 2

11b 3
11b 4

11b 1
10b 2

10b 3
10b 4

10b
10 1

9b 2
9b 3

9b 4
9b 1

8b 2
8b 3

8b 4
8b

11 1
7b 2

7b 3
7b 4

7b 1
6b 2

6b 3
6b 4

6b
12 1

5b 2
5b 3

5b 4
5b 1

4b 2
4b 3

4b 4
4b

13 1
3b 2

3b 3
3b 4

3b 1
2b 2

2b 3
2b 4

2b
14 1

1b 2
1b 3

1b 4
1b 1

0b 2
0b 3

0b 4
0b

4.3.5.2           Mapping of TFCI word in Split Mode

After channel encoding of the two 5 bit TFCI words there are two code words of length 15 bits. They are mapped to

DPCCH as shown in the figure 13. Note that kb ,1  and kb ,2  denote the bit k of code word 1 and code word 2,

respectively.

LSBMSB
Write

Read
b1,14 b1,13 b1,0

b2,14 b2,13 b2,0

b2,14b1,14

Slot 0

b2,13b1,13

Slot 1

b2,0b1,0

Slot 14

DPCCH

Figure 13: Mapping of TFCI code words to the slots of the radio frame in Split Mode

For downlink physical channels whose SF is lower than 128, bits of the extended TFCI code words are repeated and

mapped to slots as shown in the table 10. Code word bits are denoted as 
l

kjb , , where subscript j indicates the code word,

subscript k indicates bit position in the code word (k=14 is the MSB bit) and superscript l indicates bit repetition. In
each slot transmission order of the bits is from left to right in the table 10.



3GPP

3G TS 25.212 version 3.0.0 43 3G TS 25.212 version 3.0.0

Table 10: Mapping order of repetition encoded TFCI code word bits to slots in Split Mode

Slot TFCI code word bits in split mode
0 1

14,1b 2
14,1b 3

14,1b 4
14,1b 1

14,2b 2
14,2b 3

14,2b 4
14,2b

1 1
13,1b 2

13,1b 3
13,1b 4

13,1b 1
13,2b 2

13,2b 3
13,2b 4

13,2b
2 1

12,1b 2
12,1b 3

12,1b 4
12,1b 1

12,2b 2
12,2b 3

12,2b 4
12,2b

3 1
11,1b 2

11,1b 3
11,1b 4

11,1b 1
11,2b 2

11,2b 3
11,2b 4

11,2b
4 1

10,1b 2
10,1b 3

10,1b 4
10,1b 1

10,2b 2
10,2b 3

10,2b 4
10,2b

5 1
9,1b 2

9,1b 3
9,1b 4

9,1b 1
9,2b 2

9,2b 3
9,2b 4

9,2b
6 1

8,1b 2
8,1b 3

8,1b 4
8,1b 1

8,2b 2
8,2b 3

8,2b 4
8,2b

7 1
7,1b 2

7,1b 3
7,1b 4

7,1b 1
7,2b 2

7,2b 3
7,2b 4

7,2b
8 1

6,1b 2
6,1b 3

6,1b 4
6,1b 1

6,2b 2
6,2b 3

6,2b 4
6,2b

9 1
5,1b 2

5,1b 3
5,1b 4

5,1b 1
5,2b 2

5,2b 3
5,2b 4

5,2b
10 1

4,1b 2
4,1b 3

4,1b 4
4,1b 1

4,2b 2
4,2b 3

4,2b 4
4,2b

11 1
3,1b 2

3,1b 3
3,1b 4

3,1b 1
3,2b 2

3,2b 3
3,2b 4

3,2b
12 1

2,1b 2
2,1b 3

2,1b 4
2,1b 1

2,2b 2
2,2b 3

2,2b 4
2,2b

13 1
1,1b 2

1,1b 3
1,1b 4

1,1b 1
1,2b 2

1,2b 3
1,2b 4

1,2b
14 1

0,1b 2
0,1b 3

0,1b 4
0,1b 1

0,2b 2
0,2b 3

0,2b 4
0,2b

4.3.5.23 Mapping of TFCI in compressed mode

The mapping of the TFCI bits in compressed mode is different for uplink, downlink with SF≥128 and downlink with
SF<128. is dependent on the transmission time reduction method. Denote the TFCI bits by c0, c1, c2, c3, c4, …, cC,
where:

-     kk bc = , C = 29, when there are 2 TFCI bit in each slot.

-     
1
14119

3
15

4
14

1
03

2
02

3
01

4
00 ,,,,,,, bcbcbcbcbcbcbc ======= � , when there are 8 TFCI bits in each slot.

-     14,1291,141,230,110,20 ,,,,, bcbcbcbcbc ===== � , in split mode when there are 2 TFCI bits in each slot.

-     1
14,1119

3
0,15

4
0,14

1
0,23

2
0,22

3
0,21

4
0,20 ,,,,,,, bcbcbcbcbcbcbc ======= � , in split mode when there are 8

TFCI bits in each slot.

The TFCI mapping for each transmission method is given in the sections below.

4.3.5.4.1              Compressed mode method A

For compressed mode by method A, all the TFCI bits are mapped to the remaining slots. The number of bits per slot in
uncompressed mode is denoted by Z and Z = (C + 1)/15. The mapping to slots for different TGLs are defined below.

4.2.5.4.1.1                   TGL of 3 slots

Slot number 3 + 2x contain bits 
)1

2

3
()

2

5
(1)

2

5
()

2

5
(

,,,
−−−−−− ZxZCxZCxZC

ccc � , where x = 0, 1, 2, 3, 4, 5
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Slot number 4 + 2x contain bits 
)1()

2

5
(

2

3
1)

2

5
(

2

3
)

2

5
(

2

3 ,,,
−−−−−−−−− ZxZZCxZZCxZZC

ccc � , where x = 0, 1, 2, 3, 4, 5

The case when C = 29 is illustrated in figure 14.

TFCI code word c29 c28 c27 c26 • • • c2 c1 c0c25 c24 c3c4c23 c22

slot 0

Radio frame 10 ms

slot 1 slot 2 slot 3 slot 4 slot 5 slot 6 slot 7 slot 8 slot 9 slot 10slot 11slot 12slot 13slot 14

Figure 14: Mapping of TFCI code with TGL of 3 slots.

4.2.5.4.1.2                   TGL of 4 slots

Slot number 4 does not contain any TFCI bits.

Slot number 5 + x contain bits 
)1

2

3
()

2

3
(1)

2

3
()

2

3
(

,,,
−−−−−− ZxZCxZCxZC

ccc � , where x = 0, 1, 2, 3, …, 9

The case when C = 29 is illustrated in figure 15.

TFCI code word c29 c28 c27 c26 • • • c2 c1 c0c25 c24 c3c4c23 c22

slot 0

Radio frame 10 ms

slot 1 slot 2 slot 3 slot 4 slot 5 slot 6 slot 7 slot 8 slot 9 slot 10slot 11slot 12slot 13slot 14

c23 c5

Figure 15: Mapping of TFCI code with TGL of 4 slots

4.3.5.42.12 Uplink Ccompressed mode method B

4.2.5.4.2.1           Uplink

For uplink compressed mode by method B the framemode, the slot format is changed so that no TFCI bits are lost. The
different frameslot formats in compressed mode cando not match the exact number of TFCI bits for all possible TGLs.
Repetition of the TFCI bits is therefore used.

Denote the number of bits available in the TFCI fields of one compressed radio frame by D, the repeated bits by dk, and
the number of bits in the TFCI field in a slot by NTFCI. Denote by E the first bit to be repeated, Let E=NfirstNTFCIE=30-1-
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(NfirstNTFCI)mod 30. If Nlast≠14, then E corresponds to the number of the first TFCI bit in the slot directly after the TG.
The following relations then define the mappingrepetition.

dk = bk mod 32

where k = 0, 1, 2, …, min (31, D-1).

If D > 32, the remaining positions are filled by repetition (in reversed order):

dD-k-1 = b(E+k) mod 32

where k = 0, …, D-33.

30mod))31((030mod)2(3330mod)1(3230mod31 ,,,, −−−−−−− ==== DEEDEDED cdcdcdcd �

The bits are mapped to the slots in descending order starting with the original bits and followed by the repeated ones, i.e.
c29 is sent as first bit in the TFCI field of the first transmitted slot and d0 as last bit in the TFCI field of the last
transmitted slot.

4.2.5.4.2.2                   Downlink

4.3.5.2.2              Downlink compressed mode

<Editor’s note: Detailed description for downlink is FFS>

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

Denote the number of bits available in the TFCI fields of one compressed radio frame by D and the number of bits in the
TFCI field in a slot by NTFCI. Denote by E the first bit to be repeated, E=NfirstNTFCI. If Nlast≠14, then E corresponds to the
number of the first TFCI bit in the slot directly after the TG. Denote the total number of TFCI bits to be transmitted by
Ntot. If SF ≥ 128 then Ntot = 32, else Ntot = 128. The following relations then define the mapping:

dk = b(k mod 32)

where k = 0, 1, 2, …, min (E, Ntot)-1 and, if E< Ntot,

dk+D-Ntot  = b(k mod 32)

where k = E, ..., Ntot -1.

DTX bits are sent on dk where k = min (E, Ntot), ..., min (E, Ntot) +D - Ntot -1.
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