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1. Abstract

This paper delivers a TFCI bit mapping agorithm, which occupies optimally the TFCI fields per dot and frame of the
downlink channel in compressed mode. Additionally changes to the actual TFCI mapping scheme of the uplink channel
by using an improved algorithm are presented.

These proposed methods for both up- and downlink do not cause any complexity increase and yield some important
advantages.

2. Introduction

The current solution for achieving compressed mode without reducing the TFCI bits per frame is to change the slot
format. For the uplink table 13 of Specification 25.212 aready provides the different slot formats in compressed mode
depending on the transmitted slots per frame. Thus the frame format is changed so that no TFCI bits get lost. Since an
unique slot format per frame is required, the TFCI fields per frame can not mach the exact TFCI bit number (30 bits).
For the downlink there does not exist any specified downlink slot format for the compressed mode, but an adequate
proposal was created by Ericsson [1]. Despite of some changes and discussion of this proposal the main issue of
mapping the 30 TFCI bitsto the available TFCI bit fields will remain in the same manner. Corresponding to the uplink,
in the downlink there will be in most cases more than 30 TFCI bit fields available, too. So this contribution proposes a
mapping algorithm especially for the downlink and improves the existing algorithm for the uplink.

3. TFCI mapping algorithm

The question is how to pad the redundant TFCI bit fields in the compressed mode case. In order to get an optimised
solution, a basic problem must be considered. After each transmission gap the transmit power control is more or less
disturbed. That means the probability of a disturbed transmission because of a disturbed power control decreases with
the distance (in slot units) to the transmission gap. As aresult the slot succeeding to the transmission gap is supposed to
have aweak power control performance. Among other things the following algorithms are based on this knowledge.

3.1 TFCI mapping algorithm for the Uplink Channel

In comparison to the downlink there are no DTX bits allowed in the uplink. Currently Specification 25.212, section
4.2.5.4.2.1 instructs to repeat the bits, which are transmitted subsequently after the transmission gap, in the redundant
TFCI bit fields at the end of the frame. If the TG (transmission gap) is located at the end of the frame, the repetition
order will be arbitrary.

We propose basically two changes of the current mapping instruction. First of al before repetition is conducted the
previously punctured bits of the (32,10) sub-code of second order Reed-Muller code are used to fill up the redundant
TFCI fields. This is done because repetition of a basic code is more performance promising than repetition after
puncturing. These two previously punctured bits should be placed at the end of the frame if possible, because this
would not cause too much changes in the actual specification. Moreover if unoccupied TFCI fields till remain,
repetition of the TFCI bits transmitted directly after the gap will take place. But we propose to reverse the actual
repetition order. This means that the bits, which are transmitted originally immediately after the gap i. e. at the weakest
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position, are repeated as late as possible i. e at the strongest position. This will give an even distribution of the quality
over the TFCI bits.
Thus, the section 4.2.5.4.2.1 would be modified to:

TS 25.212 Version 3.0.0, section 4.2.5.4.2.1

425421 Uplink

For uplink compressed mode, by-method-B the dotframe format is changed so that no TFCI bits are lost. The different
dotframe formats in compressed mode doean not match the exact number of TFCI bitsfor all possible TGLs. The
previously punctured bits by and bs; and rRepetition of the TFCI bitsis therefore used.

Denote the number of bits available in the TFCI fields of one compressed radio frame by D, the repeated-redundant bits
fields by dy, and the number of bitsin the TFCI field in aslot by Nrg¢,. Let E=2930-2-(NgirgNrrc)mod 30. If Nt 14,
then E corresponds to the number of the first TFCI bit in the ot directly after the TG. The following relations then

define the TFCI mappingrepetition.

If D>32, then

dp.oy = C(E-(D-33))mod30!dD-32 = C(E-(D-34))mod30!""d2 = Ce- (p- D))m0d30’d1 =by,d, = by,
ese

d, =by,d, =hy

o =m0z — Sy S0 — SE a0 —SE om0

The bits are mapped to the dotsin descending order starting with the original bits (cyq ...Co) and followed by the
repeated ones (dp.3; ...d,) and finally by d; and dy, i.e. Cy is sent asfirst bit in the TFCI field of the first transmitted slot
and dp as last bit in the TFCI field of the last transmitted dot. If there are only 30 TFCI fields, non of the d bits will be
sent.

End of TS 25.212 Version 3.0.0, section 4.2.5.4.2.1

In order to present this mapping algorithm and to illustrate the changes, an expressive exampleis given:

Transmission gap
S

0i1:2:3:4:5 911011121314

Figure 1. Compressed mode example

TGL = 3; Niirg = 6; Nqecy = 3 (corresponding to table 13 of TS 25.212); D = 36;

Current TFCI mapping to the available TFCI fields per frame:

TFCI: |C29 C2g C27 | C26 C25 Coa| €23 C22C21 | C20 C19 C1g| C17 C16Cas | C1a C13 C12| GAP | GAP | GAP |
Slot: 0 1 2 3 4 5 6 7 8
TFCI: | C11 C10 Cog | Cos Co7 Cos | Cos Coa Coz | Coz Co1 Coo | C11 C1o Cog | Cos Doz Dos |

Slot: 9 10 11 12 13 14

Proposed TFCI mapping to the available TFCI fields per frame:

TFCI: |C29 C2g C27 | C26 C25 Coa| C23 C22C21 | C20 C19 C1g| C17 C16Cas | C1a C13 C12| GAP | GAP | GAP |
Slot: 0 1 2 3 4 5 6 7 8
TFCI: | C11 C10 Cog | Cos Co7 Cos | Cos Coa Coz | Coz Co1 Coo | Cos Cog C1o | C11 D31 D3o |

Slot: 9 10 11 12 13 14
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Gained Advantages.
The hamming distance of the TFCI codewords in compressed mode will be increased in most of the compressed mode
cases by using the two previously punctured TFCI bits additionally. Some examples of the minimum hamming distance
are shown in table 1.

Min. hamming distance Min. hamming distance
Current scheme Proposed method
Casel: N =6; TGL =3 11 12
Case2: Njg=0; TGL =3 10 12
Case3: N =6; TGL =1 12 12
Case4: N =0; TGL =1 11 12

Table 1: Current TFCI mapping compared with the proposed method by using some compressed mode examples
Y ou can recognise that the hamming distance is improved by the distance of 1 or 2 in most of the cases.

Additionally we propose to reverse the conventional repetition order. This is done because of the expected poor power
control performance subsequently to the transmission gap. So the probably most disturbed TFCI bits after the TG
would be repeated in amost apart position (as possible) to the TG.

3.2 Simulations for the proposed TFCI mapping agorithm in the Uplink Channel

Some exhausting and sophisticated simulations would be necessary to prove the whole performance gain of the
proposed TFCI mapping agorithm. Nevertheless, the proposal of reversing the repetition scheme does not actualy
require any simulations for proving the achieved advantage.

The affects of using the previoudy punctured TFCI bits before repetition are shown in tablel by presenting the
minimum hamming distance. Figure 2 provides some simulation results, which we carried out using a AWGN channel
model. This simulations should suffice to provide some additiona insights of the performance of the modified TFCI
mapping scheme. Figure 2 presents the gained performance by using the proposed and conventional method applied to
the compressed mode case, which is described in section 3.1 (case 1. TGL = 3; Nsrg¢ = 6; Nieey = 3; D = 36). Another
compressed mode pattern, i. . TGL = 3; Nirg = 6; Nieey = 0; D = 36 (case 2), is also evauated.

You can recognise that the utilisation of the previously punctured TFCI bits before repetition yields a gain of about
0,15dB.
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Figure 2: Comparison of the conventional and the proposed TFCI mapping in an AWGN channel

3.3 TFCI mapping agorithm for the Downlink Channel

At the moment it is proposed to restock the remaining TFCI fields with DTX bits at the end of the frame subsequently
after the original TFCI bits. We basically agreeto use DTX hits, but we propose to move the DTX bits directly after the
transmission gap, if possible. Thus, the DTX bits are allocated to the most unreliable TFCI fields, and the TFCI bits are
mapped to the most reliable TFCI fields. If there are more redundant TFCI fields than TFCI fields after the
transmission gap, then the remaining DTX bits will be distributed uniformly to the TFCI fields, that precede the gap.

Chapter 4.2.5.4.2.2 would then contain the following text:

TS 25.212 Version 3.0.0, section 4.2.5.4.2.2

4254272 Downlink

For downlink compressed mode, the slot format is changed so that no TFCI bits are lost. The different slot formatsin
compressed mode can not match the exact number of TFCI bitsfor all possible TGLs. The previously punctured bits
and DTX istherefore used in the remaining TECI fields.

D-C-1 DTX bits are mapped to the sots subsequently to the TG. If there are less TFCI bits after the TG than D-C-1
bits, then DTX is also used at TFCI bit position K % ,

._§ Nree XN firg u
where i=& U.
@D' C-1- Ny Neegy 9]

k=1,.., D- C-1- N N and

Narer=Number of dots after the gap. (If Nia¢ Will be in the second frame, then Neqer=0.)

The TECI bits (corresponding to section 4.3.5.3) are mapped to the remaining TFCI bit positions in descending order.

End of TS 25.212 Version 3.0.0, section 4.2.5.4.2.1

The conventional method and the proposed mapping scheme is applied to the following compressed mode examples of
figure 3:

Transmission gap

0i1:2:3/4:5i6:7:8:9 1314

Figure 3: Compressed mode example
SF =256; TGL = 3; Njir¢ = 10; Ny = 4; D = 48;

Current TFCI mapping to the available TFCI fields per frame:

TFCI: |C29 C28 C27 C26 | Ca5 C2a C23 Co2 | €21 C20 C19 Cag | C17 C16 C15 C1a |C13 C12 C11 C1o |Cog Cos Cov Cos |

Slot: 0 1 2 3 4 5

TFCI: | Cos Co4 Coz Coz| Co1 Coo Cotx Cotx | Cotx Cotx CoTx CoTx | CoTx CoTX CDTX COTX | GAP | GAP |
Slot: 6 7 8 9 10 11
TFCI: | GAP | Cotx Cotx CoTx CoTx | CoTX CoOTX COTX COTX |

Slot: 12 13 14
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Proposed TFCI mapping to the available TFCI fields per frame:

TFCI: |C31 C30 C29 C28 | CoTx C27 C26 C25 | C24 CoTx C23 C22 | C21 €20 CoTx C19 |C18 C17 C16 Cprx |C15 C14 C13 C12 |
Slot: 0 1 2 3 4 5

TFCI: | Corx C11 C10 Cog| Cos CoTx Co7 Cos | Cos Coa CoTx Co3 | Coz Coz Coo Cotx | GAP | GAP |
Slot: 6 7 8 9 10 11
TFCI: | GAP | Cotx Cotx CoTx CoTx | CoTX CoOTX COTX COTX |

Slot: 12 13 14

Furthermore an additional example is given:

Transmission gap
S

0i1:2:3:4:5 911011121314

Figure 4. Further compressed mode example
SF = 256; TGL = 3; Nf;g = 6; Nyrc) = 4; D = 48;

Current TFCI mapping to the available TFCI fields per frame:

TFCI: |C29 C28 C27 C26 | Ca5 C24 C23 Co2 | €21 C20 C19 Cag | C17 C16 C15 C1a |C13 C12 C11 C1g |Cog Cos Cov Cos |

Slot: 0 1 2 3 4 5

TFCI: | GAP | GAP | GAP | Cos Coa Cos Coz | Co1 Coo CoTx CoTx | Cotx CoTx CoTx CoTX |
Slot: 6 7 8 9 10 11

TFCI: | Cotx Cotx CoTx CoTx | CoTx CoTX CoTX COTX | CoTX COTX COTX COTX |

Slot: 12 13 14

Proposed TFCI mapping to the available TFCI fields per frame:

TFCL: |C31 C30 C29 C28 | C27 C26 Cas C24 | C23 C22C21 C2 | C1g C18 C17 C16 [C15 C14 C13 C12|Ca1 C10 Cog Cog |

Slot: 0 1 2 3 4 5

TFCI: | GAP | GAP | GAP | Cprx Corx Cotx Cotx | CoTx Corx Cotx CoTx | Cotx CoTX COTX COTX |
Slot: 6 7 8 9 10 11

TFCI: | Cotx Cotx Cotx Cotx | Co7 Cos Cos Coa | Coz Coz Cox Coo |

Slot: 12 13 14

4. References

[1] TSGR1#9(99)i50; Dresden, Germany;11-1999; Ericsson; CR 25.212-005: Compressed mode by higher layer
scheduling
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If the TFCI consist of lessthan 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 al 10 bits are used for the TFCI, thereby reducing the error rate in the
TFCI decoder. The length of the TFCI code word is 30 bits. Thus there are 2 bits of (encoded) TFCI in every dot 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: al 1's, 5 OV SF codes (Cs.1 ,
Cs22, Cs24, Ca28, Ca216), and 4 masks (Maskl, Mask2, Mask3, Mask4). The 4 mask sequences are as following table
7.

Table 7: Mask sequences

Mask 1 | 00101000011000111111000001110111
Mask 2 | 00000001110011010110110111000111
Mask 3 | 00001010111110010001101100101011
Mask 4 | 00011100001101110010111101010001

For information bitsay, &, &, as, &, &, 8, &, 8g, 8 (8 ISLSB and & is MSB), the encoder structure is as
following figure 11.

All 1's ) % (32,6) Bi-orthogonal Code

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

Then, the outputeode words of the (32,10) sub-code of second order Reed-Muller code are punctured into length 30 by
puncturing output bits ¢, and c,stst-and-1#th-bits. The remaining punctured bits are denoted by by, k=0, 1, 2, ..., 29
(k = 29 corresponds to the M SB hit)._For compressed mode, the bits ¢, and ¢, are denoted by bz, and bg;.

In downlink, when the SF is lower thaen 128 the encoded and punctured TFCI code words are repeated four times
yielding 8 encoded TFCI bits per slot. Mapping of repeated bitsto slotsis explained in section 4.3.5.

4.3.4 Operation of Transport-format-combination indicator (TFCI) in Split
Mode

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

- If one of thelinksis associated with a DSCH, the TFCI code word may be split in such away 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.

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, &m = {ClGVO,Clevl,..., C16,15} and its binary complement,

3GPP
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SHE {Cie0-Cig1rrrs Crg s} - Codewords of set S, are from the level 16 of the code three of OV'SF 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 C16 o
00001 61

6,0

00010 C16 L
11101 —

C16,14

11110 C16 5
11111 C_:

16,15

Biorthogonal code words, Cle’i and C_:le,i , are then punctured into length 15 by puncturing the 1st bit. The bitsin the

code words are denoted by bj « » Where subscript j indicates the code word and subscript k indicates bit position in the

code word (k =14 corresponds to the MSB bit)._The punctured bit in each code word is denoted by b; 1s; it will only be
used in compressed mode.

4.3.5 Mapping of TFCI words

4351 Mapping of TFCI word

As only one code word for TFCI is needed no channel interleaving for the encoded bits are done. Instead, the 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 more
significant bit is transmitted before the less significant bit.

MSB LSB
TFCI code [29]2827]26] c o o [1]o]
word e ——

Slot 0 Slot 1 o o o Slot 14

N
4

Radio frame 10 ms
Figure 12: Mapping of TFCI code words to the slots of the radio frame

For downlink physical channels whose SF is lower than 128, bits of the TFCI code words are repeated and mapped to
dots as shown in the table 9. Code word bits are denoted as b,'( , Where subscript k, indicates bit position in the code

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

|

N
N

| S| | S| B | | | S| | & o5 | oF o | | o
| B | 5| 8 | T | o | | G | T | [ o | % | o
AL AR AR A A A ARAR AR AR A AR AR AT
CALAE AR AR AT AF AR AR SRR
S || 2| | O | | | o | || 5 oF | o |
| oo | o | % | % | 5 |5 | o5 [ [ o 5 6 | o
SAR AR AR AR AT ATAE AT AR AR AN AR AR AR
o |5 | S | o | P2 | | | o (o | ST | PR | o o | o

TFCI code word bits

|'g|5|'§|,'::|'5‘|©|00|\1|owlo1u>|wn\>n—\|o‘g Bl Bl Bl B B © ® N o o & ® m w| o

b9 | b% | b% | b | b | b% | b5 | b%

o D% | b% | bY% | bY% | b'% | b's | b's

2423 b422 b421 2420 2419 b 18 2417 2416

bs | bhe | bhs | bY | bY | bY | b | b

b, | b% | b% | bY% | bY% | bY% | bh | b
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 b, and b, denote the bit k of code word 1 and code word 2,

respectively.
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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 b} « » Where subscript j indicates the code
word, subscript k indicates bit position in the code word (k=14 is the MSB bit) and superscript | indicates bit

40
Write R
MSB » LSB
b1,14|b1,13 e o o b1o
Read
b2,14 b2,13 [ [ [ b2,0
1140214 b113|b213 o o o b1 | b2o
Slot 0 Slot 1 Slot 14

repetition. In each slot transmission order of the bitsis from left to right in the table 10.

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

3GPP

Slet
o Kl h2 K3 | 1 K2 h
11 11 11 11 9514 9514 9514 9514
1 Kkl h2 K3 ns 1 h2
P13 O3 O3 N 9213 9213 9213 9213
2 Kl n2 K3 R4 1 n2 h
1 SRV SRV 1 B 12 B 12 B 12 B 12
3 Kl h2 3 i 1 2
I I o1 I 511 511 11 511
4 i h2 h3 h i Kh2 h h
110 110 110 110 9210 9210 9210 9210
5 1 2 3 4 1 2 3 4
By | By | By | By | By | By | By | Bin
6 1 2 3 4 1 2 3 4
By | By | By | B | Bg | Big | B | Bas
7 1 2 3 4 |81 2 3 4
l91',7 l91',7 l91',7 l91',7 2.7 2.7 2.7 2.7
8 1 2 3 4 1 2 3 4
Big | B | B | B | B | B | B | Bin
9 1 2 3 4 1 2 3 4
By | B | B | B | By | B | B | s
10 1 2 3 4 1 2 3 b 4
bl,T bl,T bl,T bl,T 2.4 'b2,_4 2.4 2.4
11 1 2 3 4 1 2 3 4
By | B | B | B | Bz | bz | B | B
12 1 2 3 4 1 2 3 4
bj,z bj,z bj,z bj,z 2.2 2.2 2.2 2.2
13 1 2 3 4 1 2 3 4
By | By | B | By | B | B | B | By
14 1 2 3 4 |81 b 2 b 3 4
bi,o bi,o bi,o bi,o 2,0 2,0 2,0 2,0
Slot TFCI code word bits
1 1 1 1 1 1 1
Q 21,14 bll’i b112 blll b214 b21’4 b212 b211
1 1 1 1 1 1 1 1
1 D110 | bag | bag | blaz | boso | bog | bog | Doy
1 1 1 1 1 1 1 1
2 bhye | bhys | byg | bz | bos | blos | Bos | bos
1 1 1 2 1 1 1 2
3 212 Qll b 1.0 21,14 b 2,2 221 QZO b 2,14
> > > 2 > > 2
4’ bll’i b112 blll bllO b21’4 b212 b211 b210
> > > > > > > >
5 b5 b%g b7 %;g b22 9 %2 8 %2 7 %;g
> > >
6 b%s | B%4 | B5s | Do | BS%s | B%s | b%s | b
2 2 3 3 2 2 3 3
Z Qll Q@ bll4 bll’i bZl QZO b2,14 b21’4
3 3 3 3 3 3
B b112 blll bllO ng b212 b211 b210 229
3 3 3 3 3 3 3 3
9 g | b7 | b6 | D5 | b%g | B%7 | be | b%s
3 3 3 3 3 3 3 3
10 | b4 | bz | Bap | Blug | Bos | Blas | Bp | B
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g— E@ 241,14 b41 13 b41 12 E@ 242,14 b42 13 b42 12

1_2 b41 11 b41 10 Q‘l;g Q‘l;g b42 11 b42 10 Q‘l;g Q‘l;g

13 | bYy; | bhe | bhs | bha | bYhy | bYhe | bY%s | bha

14 | bhs | bYp | by | bho | bhs | bYho | bbby | b
4.3.5.3 Mapping of TFCI in compressed mode

The mapping of the TFCI bitsin compressed mode is dependent on the transmission time reduction method. Denote
the TFCI bitsby ¢y, ¢, C;, C3, C4, .., Cc, Where:

- ¢, =b,, C=3129, for the channels whose spreading factor is equal to or more than 128when-there-are-2

TFCl-bitin-each-dlot.
e =htpn —3 A 2 A A 4N a3 A — 1l
Yo~ Moot T Mootz T Motz T Mot T M s T R g T Mg
— 4 _ 4 — 4 — 4 _ 4 — Rkl — 4 _ 4 —hl —
o=bc = N =bY, =bYe, = Tl =D, 1 =D ,Cp = e =D, =D

, =127, for the channels whose spreading factor is less than 128.when-there-are- 8 TFCl-bitsih-each-slot:

c —h c=h e =h ¢
~0 M2,07%1 M1,00V3 M217%4

Co =b,4,C =b,,C, =b,,,C, =D, ,,-,Cp =Dy 4,,Cq =D, 45,C5y =Dy 45, C=31, in split mode for the
channels whose spreading factor is equal to or more than 128.in-split-mode-when-there-are 2 FFClHbits in-each

c_—h
M1 Y29 M114

det
e =h* ~ =3 ~ — 2 A | A —h4 A 3 Pa —ht
0] M2,00 V1 M2,01 %2 M2,00V3 M2,0:%4 M1,07 %5 M1,07+ -1 ¥119 1,14

— L4 — L4 — L4 — |4 — |4 — |4 — L4 — hl
CO_bZ,O’Cl_bZ,l""’C3_b2,3’c4_bl,O’CS_bl,l""’C7_b1,3’c8_b2,4""’C119_b1,14’

Cuo =0515,Ci =B, ..., Cs =155, Cpy =D, C=127, in split mode for the channels whose

spreading factor is less than 128.in-split-meode-when-there-are- 8 FFCl-bitsin-each-slot:

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

SIePnumba%%eeentaLnJai%&Cc 5 ,CC 5 1,...,Cc 5, QZl,—where*——G,—l,—z,—:%A,%

-(E )X -(E )X -(E )X'(E -1

Slet H Ibe' z;éee ta“' blts CC ’-ZZ l-'\z ’CC ’-ZZ l-'\z 1!"'!CC ’-ZZ l-'\z ya) [l VY E|e;€_ g! 11 21 31 I! 5
5 -(E )X 5 '(E )% 5 -(E )x-(Z-1)
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TFCI codeword | Cao| Cos| Cor| Cos| Cos| Caa| Caa] Caz X [ ci] cf cof ci co

ANR
N x

dot 0| dot 1| dot 2| dot 3|s|0t 4|s|0t 5| dot 6| dot 7| dot 8| dot 9|s|0t 1qs|0t 1]|s|0t 14s|0t 1:1s|0t 14

¢ P
Radio frame 10 ms

I I | : b
Slot-number-5+x-containbits- C 3, ,C 3 1,...,C a3 7wherex=0;1523——-9
C- (E X C- (E YX- C- (EZ)X- (EZ-l)
TFCI codeword | Co| Cog| Co7| Co6[ Cas| Caa| 23] C22[ Cos] @ @ @ [ G| ca] 3] cof i o
AN A A J
Y Y Y

N ~ A ~ J
dot 0| dot 1| dot 2| dot 3|s|0t 4|s|0t 5| dot 6| dot 7| dot 8| dot 9|s|0t 1qs|0t 1]|s|0t 14s|0t 1:1s|0t 14

¢ P
Radio frame 10 ms

4.3.5.34.12 Uplink c€ompressed mode method-B

For uplink compressed mode, by-methedB the dotframe format is changed so that no TFCI bits are lost. The different
dotframe formats in compressed mode doean not match the exact number of TFCI bits for all possible TGLs. The
previously punctured bits bs; and bsy and rRepetition of the TFCI bitsis therefore used.

Denote the number of bits available in the TFCI fields of one compressed radio frame by D, the repeatedredundant bits
fields by dy, and the number of bitsin the TFCI field in aslot by Nre¢,. Let E=29306-2-(NsirNrc)mod 30. If Njagt 14,
then E corresponds to the number of the first TFCI bit in the ot directly after the TG. The following relations then

define the TECI mappingrepetition.

If D>32, then
dp g :C(E-(D-33))mod30!dD-32 = C(E-(D-34))mod30!"'!d2 =Ce-(p- D))mod30’d1 =Cy, 0y =Cq
ese
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d; =Cy,d; =Cy

d -c d -c d -c d —¢
S5 3T — CEmod307 ¥ D-32  C(E-D)mod307 D-33  C(E-2)mod307° -1 90 O(E- (D- 31))mod 30

The bits are mapped to the slots in descending order starting with the original bits (C,g_...Co) and followed by the
repeated ones (dp.3; ...d,) and finally by d; and dy, i.€. Cxg is sent asfirst bit in the TFCI field of the first transmitted
dot and dp as last bit in the TFCI field of the last transmitted slot. If there are only 30 TFCI bits in the frame, non of
the d bits will be sent.

4.32.5.34.2:2 Downlink_compressed mode

For downlink compressed mode, the slot format is changed so that no TFCI bits are lost. The different slot formatsin
compressed mode can not match the exact number of TFCI bits for all possible TGLs. The previously punctured bits
and DTX is therefore used in the remaining TFCI fields.

D-C-1 DTX hits are mapped to the slots subsequently to the TG. If there are less TFCI bits after the TG than D-C-1
bits, then DTX is also used at TFCI bit position K % |

._é Nreey XN firg u
where i=é U.
@D_ C-1- Ny N 9]

k=1.... D- C-1- Ny N and

Nater= Number of dlots after the gap. (If Niag Will be in the second frame, then Naser=0.

The TFECI bits (corresponding to section 4.3.5.3) are mapped to the remaining TFCI bit positions in descending order.

4.4 Compressed mode

In compressed mode, slots N t0 Njog are not used for transmission of data. Asillustrated 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, asillustrated in figure 16, or requested on demand. The rate and type of compressed framesis variable
and depends on the environment and the measurement requirements.
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< >

Oneframe

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

Figure 16: Compressed mode transmission

44.1 Frame structure in the uplink

The frame structure for uplink compressed mode isillustrated in figure 17.

slot # (Nyj,g - 1) transmission gap slot # (Njog - 1)
first )( ) ( last )
Data. [ ) [ ] [ ] [ ) [ ] [ ] Data.
Pilot TFCI| FBI |TPC|® © © ©® o o Pilot TFCI| FBI | TPC

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 transmission. Type A is the basic
case, which maximises the transmission gap length. Type 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, BTS transmission is off from the beginning of TFCI field in slot Ny, until the
end of Data2 field in slot N« (figure 18(a)).
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