TSG RAN Meeting #28 RP-050249

Quebec, Canada, 1 - 3 June 2005

Title CRs (Rel-5 & Rel-6 category) to TS25.211, TS25.212, TS25.214 & TS25.215 for
Feature clean up: Removal of the '‘compressed mode by puncturing'
Source TSG RAN WG1
Agenda Iltem 7.7.8
NG Spec |[CR|Rev| Rel |Cat Currgnt Subject Work item Remarks
Tdoc Version
R1-050525l25 211l218] - |Rel-5l 56.0 Feature clean up: Rlemoval of the 'compressed TEI5
mode by puncturing
R1-050525l25 211l219] - |Rel-sl 6.4.0 Feature clean up: Rlemoval of the 'compressed [TEI6
mode by puncturing
R1-050525125.212]213| 1 Irels| 590 |Featureclean up: Rlemoval of the 'compressed |TEI5
mode by puncturing
R1-050525125.212]218] 1 Irelsl 640 |Featureclean up: Rlemoval of the 'compressed |TEI6
mode by puncturing
R1-050525|25.214l388] - |relsl ¢ | 5100 [FE&ture clean up: Rlemoval of the 'compressed |TEI5
mode by puncturing
R1-050525|25.214l389| - Irelsl 650 |Feature clean up: Rlemoval of the 'compressed |TEI6
mode by puncturing
R1-050525125.215l164] - Irels| ¢ 560 |TEatureclean up: Rlemoval of the 'compressed |TEI5
mode by puncturing
R1-050525125.215l165] - Irelsl ¢ 600 |Featureclean up: Rlemoval of the 'compressed |TEI6
mode by puncturing




3GPP TSG RAN WG1 Meeting #41 Tdoc $8R1-050525
Athens, Greece, May 9-13, 2005

CR-Form-v7.1

CHANGE REQUEST
¥ 25211 CR 218 grev _ 3 Current version: 56.0 ¥

For HELP on using this form, see bottom of this page or look at the pop-up text over the ¥ symbols.

Proposed change affects:  UICC apps&e|:| ME Radio Access Network Core Network|:|
Title: ¥ Feature clean up: Removal of the ‘compressed mode by puncturing’
Source: ¥ RANWG1
Work item code: 3 TEI5 Date: 3 18/04/2005
Category: ¥ C Release: 3 Rel-5
Use one of the following categories: Use one of the following releases:
F (correction) Ph2 (GSM Phase 2)
A (corresponds to a correction in an earlier R96 (Release 1996)
release) R97 (Release 1997)
B (addition of feature), R98 (Release 1998)
C (functional modification of feature) R99 (Release 1999)
D (editorial modification) Rel-4  (Release 4)
Detailed explanations of the above categories can Rel-5 (Release 5)
be found in 3GPP TR 21.900. Rel-6  (Release 6)

Rel-7 (Release 7)

Reason for change: ¥ The feature 'compressed mode by puncturing' is not used in real networks.
Furthermore, as compressed mode by puncturing is only applicable for fixed
positions in DL, it not expected to be the best way of handling compressed mode
measurements with future services.

RAN #27 decided with RP-050144 to remove this feature.

Summary of change: 3 The method for generating the downlink compressed mode gap by puncturing is
removed.

Consequences if ¥ Simplification of specifications, reduction of complexity and easier evolution
not approved: chance would be missed and a RAN #27 decision would be violated.

Clauses affected: ¥ 532

Y [N
Other specs 3#| X Other core specifications ¥ 25.101, 25.133, 25.212, 25.214, 25.215,
25.331, 25.423, 25.433
affected: Test specifications
X | O&M Specifications

Other comments: ¥ Contents of this CR is unchanged compared to R1-050479.

How to create CRs using this form:
Comprehensive information and tips about how to create CRs can be found at http://www.3gpp.org/specs/CR.htm.
Below is a brief summary:

CR page 1



1) Fill out the above form. The symbols above marked 3 contain pop-up help information about the field that they are
closest to.

2) Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word
"revision marks" feature (also known as "track changes") when making the changes. All 3GPP specifications can be
downloaded from the 3GPP server under ftp://ftp.3gpp.ora/specs/ For the latest version, look for the directory name
with the latest date e.g. 2001-03 contains the specifications resulting from the March 2001 TSG meetings.

3) With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification
just in front of the clause containing the first piece of changed text. Delete those parts of the
specification which are not relevant to the change request.

CR page 2



Release 5 3 3GPP TS 25.211 V5.6.0 (2004-09)

5.3.2 Dedicated downlink physical channels

Thereis only one type of downlink dedicated physical channel, the Downlink Dedicated Physical Channel (downlink
DPCH).

Within one downlink DPCH, dedicated data generated at Layer 2 and above, i.e. the dedicated transport channel (DCH),
is transmitted in time-multiplex with control information generated at Layer 1 (known pilot bits, TPC commands, and
an optional TFCI). The downlink DPCH can thus be seen as a time multiplex of adownlink DPDCH and a downlink
DPCCH, compare subclause 5.2.1.

Figure 9 shows the frame structure of the downlink DPCH. Each frame of length 10 msis split into 15 slots, each of
length Ty = 2560 chips, corresponding to one power-control period.

« DPDCH , DPCCH e DPDCH , [DPCCH,
Datal TPC TFCI Data2 Pilot
Ngata1 bits Ntpc bits Ntec bits Ngata2 bits Npilo’( bits

< »

Tsot = 2560 chips, 10*2* bits (k=0..7)

Slot#0 | Slot#1 Slot #i Slot #14

A

»
>

Oneradio frame, T; = 10 ms

Figure 9: Frame structure for downlink DPCH

The parameter k in figure 9 determines the total number of bits per downlink DPCH dlot. It isrelated to the spreading
factor SF of the physical channel as SF = 512/2%. The spreading factor may thus range from 512 down to 4.

The exact number of bits of the different downlink DPCH fields (Ngiiot, Ntpc, Nteci, Naatar @nd Ngaep) IS givenin table
11. What dot format to use is configured by higher layers and can also be reconfigured by higher layers.

There are basically two types of downlink Dedicated Physical Channels; those that include TFCI (e.g. for several
simultaneous services) and those that do not include TFCI (e.g. for fixed-rate services). These types are reflected by the
duplicated rows of table 11. It isthe UTRAN that determinesif a TFCI should be transmitted and it is mandatory for all
UEs to support the use of TFCI in the downlink. The mapping of TFCI bits onto slotsis described in [3].

In compressed frames, a different dlot format is used compared to normal mode. There are two possible compressed slot
formatsthat are labelled A and B. Slot format B shall be used in frames compressed by spreading factor reduction and
slot format A shall be used in frames compressed by puneturing-er higher layer scheduling. The channel bit and symbol
rates given in table 11 are the rates immediately before spreading.
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Table 11: DPDCH and DPCCH fields

Slot |Channel| Channel | SF | Bits/ DPDCH DPCCH Transmitted
Format |Bit Rate| Symbol Slot | Bits/Slot Bits/Slot slots per
#i (kbps) Rate radio frame
(ksps) Nbata1 |Npataz| Ntpc | Ntrci | Npiiot Nrr
0 15 7.5 512 10 0 4 2 0 4 15
0A 15 7.5 512 10 0 4 2 0 4 8-14
0B 30 15 256 20 0 8 4 0 8 8-14
1 15 7.5 512| 10 0 2 2 2 4 15
1B 30 15 256 20 0 4 4 4 8 8-14
2 30 15 256 20 2 14 2 0 2 15
2A 30 15 256 20 2 14 2 0 2 8-14
2B 60 30 128| 40 4 28 4 0 4 8-14
3 30 15 256 20 2 12 2 2 2 15
3A 30 15 256 20 2 10 2 4 2 8-14
3B 60 30 128| 40 4 24 4 4 4 8-14
4 30 15 256 20 2 12 2 0 4 15
4A 30 15 256 20 2 12 2 0 4 8-14
4B 60 30 128| 40 4 24 4 0 8 8-14
5 30 15 256 20 2 10 2 2 4 15
5A 30 15 256 20 2 8 2 4 4 8-14
5B 60 30 128| 40 4 20 4 4 8 8-14
6 30 15 256 20 2 8 2 0 8 15
6A 30 15 256 20 2 8 2 0 8 8-14
6B 60 30 128| 40 4 16 4 0 16 8-14
7 30 15 256 20 2 6 2 2 8 15
7A 30 15 256 20 2 4 2 4 8 8-14
7B 60 30 128| 40 4 12 4 4 16 8-14
8 60 30 128| 40 6 28 2 0 4 15
8A 60 30 128| 40 6 28 2 0 4 8-14
8B 120 60 64 80 12 56 4 0 8 8-14
9 60 30 128| 40 6 26 2 2 4 15
9A 60 30 128| 40 6 24 2 4 4 8-14
9B 120 60 64 80 12 52 4 4 8 8-14
10 60 30 128 40 6 24 2 0 8 15
10A 60 30 128| 40 6 24 2 0 8 8-14
10B 120 60 64 80 12 48 4 0 16 8-14
11 60 30 128| 40 6 22 2 2 8 15
11A 60 30 128| 40 6 20 2 4 8 8-14
11B 120 60 64 80 12 44 4 4 16 8-14
12 120 60 64 80 12 48 4 8* 8 15
12A 120 60 64 80 12 40 4 16* 8 8-14
12B 240 120 32| 160 24 96 8 16* | 16 8-14
13 240 120 32 | 160 28 | 112 4 8* 8 15
13A 240 120 32| 160 28 | 104 4 16* 8 8-14
13B 480 240 16 | 320 56 | 224 8 16* | 16 8-14
14 480 240 16 | 320 56 | 232 8 8* 16 15
14A 480 240 16 | 320 56 | 224 8 16* | 16 8-14
14B 960 480 8 640 | 112 | 464 16 16* | 32 8-14
15 960 480 8 640 | 120 | 488 8 8* 16 15
15A 960 480 8 640 | 120 | 480 8 16* | 16 8-14
15B 1920 960 4 | 1280 | 240 | 976 16 16* | 32 8-14
16 1920 960 4 | 1280 | 248 [ 1000 8 8* 16 15
16A 1920 960 4 | 1280 | 248 | 992 8 16* | 16 8-14

* |f TFCI bits are not used, then DTX shall be used in TFCI field.

NOTE 1: Compressed mode is only supported through spreading factor reduction for SF=512 with TFCI.

NOTE 2: Compressed mode by spreading factor reduction is not supported for SF=4.

NOTE 3: If the Node B receives an invalid combination of data frames for downlink transmission, the procedure
specified in [15], sub-clause 5.1.2,may require the use of DTX in both the DPDCH and theTFCI field of the
DPCCH.
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The pilot bit patterns are described in table 12. The shadowed column part of pilot bit pattern is defined as FSW and
FSWs can be used to confirm frame synchronization. (The value of the pilot bit pattern other than FSWs shall be "11".)
In table 12, the transmission order is from left to right.

In downlink compressed mode through spreading factor reduction, the number of bitsin the TPC and Filot fields are
doubled. Symbol repetition is used to fill up the fields. Denote the bits in one of these fieldsin norma mode by X3, Xo,
X3, ..., Xx. In compressed mode the following bit sequence is sent in corresponding field: Xy, X2, X1, X2, X3, X4, X3, X4, ...,
XX,

Table 12: Pilot bit patterns for downlink DPCCH with Nt = 2, 4, 8 and 16

Npilot =4 Npilot =8 Npilot =16
(*1) (*2) (*3)
Symbol 0 0 1 0 1 2 3 0 1 2 3 4 5 6 7
#
Slot #0 11 11 11 11 11 11 10 11 11 11 10 11 11 11 10
1 00 11 00 11 00 11 10 11 00 11 10 11 11 11 00
2 01 11 01 11 01 11 01 11 01 11 01 11 10 11 00
3 00 11 00 11 00 11 00 11 00 11 00 11 01 11 10
4 10 11 10 11 10 11 01 11 10 11 01 11 11 11 11
5 11 11 11 11 11 11 10 11 11 11 10 11 01 11 01
6
7
8
9

11 11 11 11 11 11 00 11 11 11 00 11 10 11 11
10 11 10 11 10 11 00 11 10 11 00 11 10 11 00
01 11 01 11 01 11 10 11 01 11 10 11 00 11 11
11 11 11 11 11 11 11 11 11 11 11 11 00 11 11

10 01 11 01 11 01 11 01 11 01 11 01 11 11 11 10

11 10 11 10 11 10 11 11 11 10 11 11 11 00 11 10

12 10 11 10 11 10 11 00 11 10 11 00 11 01 11 01

13 00 11 00 11 00 11 11 11 00 11 11 11 00 11 00

14 00 11 00 11 00 11 11 11 00 11 11 11 10 11 01
NOTE *1: This pattern is used except slot formats 2B and 3B.

NOTE *2:
NOTE *3:
NOTE:

This pattern is used except slot formats 0B, 1B, 4B, 5B, 8B, and 9B.

This pattern is used except slot formats 6B, 7B, 10B, 11B, 12B, and 13B.

For slot format nB where n =0, ..., 15, the pilot bit pattern corresponding to Npiet/2 is to be used and
symbol repetition shall be applied.

The relationship between the TPC symbol and the transmitter power control command is presented in table 13.

Table 13: TPC Bit Pattern

TPC Bit Pattern

Transmitter power

Nipc = 2 Nrpc = 4 Nrpc =8 control command
11 1111 11111111 1
00 0000 00000000 0

Multicode transmission may be employed in the downlink, i.e. the CCTrCH (see[3]) is mapped onto several parallel

downlink DPCHSs using the same spreading factor. In this case, the Layer 1 control information is transmitted only on
the first downlink DPCH. DTX bits are transmitted during the corresponding time period for the additional downlink
DPCHs, seefigure 10.

In case there are several CCTrCHs mapped to different DPCHs transmitted to the same UE different spreading factors
can be used on DPCHsto which different CCTrCHs are mapped. Also in this case, Layer 1 control information is only

transmitted on the first DPCH while DTX bits are transmitted during the corresponding time period for the additional

DPCHs.

Note:

support of multiple CCTrChs of dedicated type is not part of the current release.
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DPDCH DPDCH
“—> <« >
TPC . TFCI e Filot
Transmission
Power Physical Channel 1
Transmission
Power Physical Channel 2
>
Transmission
Power Physical Channel L
>
< >
One Slot (2560 chips)
Figure 10: Downlink slot format in case of multi-code transmission
5321 STTD for DPCH

The pilot bit pattern for the DPCH channel transmitted on antenna 2 is given in table 14.

- For Nt = 8, 16 the shadowed part indicates pilot bits thet are obtained by STTD encoding the corresponding
(shadowed) bitsin Table 12. The non-shadowed pilot bit pattern is orthogonal to the corresponding (non-

shadowed) pilot bit pattern in table 12.

- For Nt = 4, the diversity antenna pilot bit pattern is obtained by STTD encoding both the shadowed and non-

shadowed pilot bitsin table 12.

- For Njiee =2, the diversity antenna pilot pattern is obtained by STTD encoding the two pilot bitsin table 12
with the last two bits (data or DTX) of the second data field (data2) of the slot. Thus for Ny = 2 case, the last
two hits of the second data field (data 2) after STTD encoding, follow the diversity antenna pilot bitsin Table

14.

STTD encoding for the DPDCH, TPC, and TFCI fieldsis done as described in subclause 5.3.1.1.1. For the SF=512
DPCH, thefirst two bitsin each dot, i.e. TPC bits, are not STTD encoded and the same bits are transmitted with equal
power from the two antennas. The remaining four bits are STTD encoded.

For compressed mode through spreading factor reduction and for Ny > 4, symbol repetition shall be applied to the
pilot bit patterns of table 14, in the same manner as described in 5.3.2. For dot formats 2B and 3B, i.e. compressed
mode through spreading factor reduction and N = 4, the pilot bits transmitted on antenna 2 are STTD encoded, and
thus the pilot bit pattern is as shown in the most right set of table 14.
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Table 14: Pilot bit patterns of downlink DPCCH for antenna 2 using STTD

Npilot = 2 Npilot = 4 Npilot = 8 Npilot = 16 Npilot = 4

(*1) (*2) (*3) (*4) (*5)
Symbol # 0 0 1 0 112130 112134567 0 1
Slot #0 01 01 10 {12 |00 |00|210(11|00|00|10|211|(00 |00 |10]| 01 10
1 10 10 10 {12 |00 |0O0O|0O1|11|00|00|01|21 10|00 |10} 10 | 01
2 11 11 10 (11|12 (00|00 |12 |12 |0O0O|0O0O|112|10|0O0 12| 12 00
3 10 10 10 (11 |10|00|01 |11 |10|00|01|11|00 |00 |00 20 | 01
4 00 00 10 {1111 |{00|21 (11|22 |00|11|211(01 |00 | 10| OO 11
5 01 01 10 (11 |00|00|10|11|(00|00|20|11 (11|00 |00]| 01 10
6 01 01 10 {11 |/10|00|10(11|10|00 |10 |11 (01|00 |11| 01 10
7 00 00 10 (1110|0012 |12 (10|00 |12 (12|10 |00 |12 | OO 11
8 11 11 10 |12 |00 |0O0O|0O0|11|00|00|0O0|22|01|00O|01| 12 | 0O
9 01 01 10 (11201 (00|10 |12 (01 |0O0O|10 (12|02 |0O0O|01]| 02 10
10 11 11 10 {11 |11 |00|00|11|22|00|{00|21|00|00|210| 12 | OO
11 00 00 10 (11 |01|00|11|11({01|00|212|11|00 |00 |01 OO 11
12 00 00 10 (11 |10|00 |11 |11 (10|00 |22 |11 |11 ({00 |00 | OO 11
13 10 10 10 (11 |01|00|01|11|(01|00|01|11|10|00 |01 20 | 01
14 10 10 10 {112 |/01 00|01 (1101|000 |01 |21 |11 |00 | 11| 10 01

NOTE *1: The pilot bits precede the last two bits of the data2 field.

NOTE *2: This pattern is used except slot formats 2B and 3B.

NOTE *3: This pattern is used except slot formats 0B, 1B, 4B, 5B, 8B, and 9B.

NOTE *4: This pattern is used except slot formats 6B, 7B, 10B, 11B, 12B, and 13B.

NOTE *5: This pattern is used for slot formats 2B and 3B.

NOTE:  For slot format nB wheren=0, 1, 4,5, 6, ..., 15, the pilot bit pattern corresponding to Npiot/2 is to be used
and symbol repetition shall be applied.

3GPP



3GPP TSG RAN WG1 Meeting #41 Tdoc $8R1-050525
Athens, Greece, May 9-13, 2005

CR-Form-v7.1

CHANGE REQUEST
¥ 25211 CR 219 grev _ 3 Current version: 6.4.0 ¥

For HELP on using this form, see bottom of this page or look at the pop-up text over the ¥ symbols.

Proposed change affects:  UICC apps |:| ME Radio Access Network Core Network|:|
Title: ¥ Feature clean up: Removal of the ‘compressed mode by puncturing'
Source: ¥ RANWG1
Work item code: 3 TEI6 Date: 3 18/04/2005
Category: ¥ C Release: 3 Rel-6
Use one of the following categories: Use one of the following releases:
F (correction) Ph2 (GSM Phase 2)
A (corresponds to a correction in an earlier R96 (Release 1996)
release) R97 (Release 1997)
B (addition of feature), R98 (Release 1998)
C (functional modification of feature) R99 (Release 1999)
D (editorial modification) Rel-4  (Release 4)
Detailed explanations of the above categories can Rel-5 (Release 5)
be found in 3GPP TR 21.900. Rel-6  (Release 6)

Rel-7 (Release 7)

Reason for change: ¥ ~The feature 'compressed mode by puncturing' is not used in real networks.
Furthermore, as compressed mode by puncturing is only applicable for fixed
positions in DL, it not expected to be the best way of handling compressed mode
measurements with future services.

RAN #27 decided with RP-050144 to remove this feature.

Summary of change: 3 The method for generating the downlink compressed mode gap by puncturing is
removed.

Consequences if ¥ Simplification of specifications, reduction of complexity and easier evolution
not approved: chance would be missed and a RAN #27 decision would be violated.

Clauses affected: ¥ 532

Y|N
Other specs ¥ X Other core specifications ¥ 25.101, 25.133, 25.212, 25.214, 25.215,
25.331, 25.423, 25.433
affected: Test specifications
X| O&M Specifications

Other comments: ¥ Contents of this CR is unchanged compared to R1-050479.

How to create CRs using this form:
Comprehensive information and tips about how to create CRs can be found at http://www.3gpp.org/specs/CR.htm.
Below is a brief summary:

CR page 1



1)

2)

3)

Fill out the above form. The symbols above marked 3§ contain pop-up help information about the field that they are
closest to.

Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word
"revision marks" feature (also known as "track changes") when making the changes. All 3GPP specifications can be
downloaded from the 3GPP server under ftp://ftp.3gpp.org/specs/ For the latest version, look for the directory name
with the latest date e.g. 2001-03 contains the specifications resulting from the March 2001 TSG meetings.

With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification just in front of
the clause containing the first piece of changed text. Delete those parts of the specification which are not relevant to
the change request.

CR page 2



Release 6 3 3GPP TS 25.211 V6.4.0 (2005-03)

5.3.2 Dedicated downlink physical channels

There are four types of downlink dedicated physical channels, the Downlink Dedicated Physical Channel (downlink
DPCH), the Fractional Dedicated Physical Channel (F-DPCH), the E-DCH Relative Grant Channel (E-RGCH), and the
E-DCH Hybrid ARQ Indicator Channel (E-HICH).

The F-DPCH is described in subclause 5.3.2.6.

Within one downlink DPCH, dedicated data generated at Layer 2 and above, i.e. the dedicated transport channel (DCH),
istransmitted in time-multiplex with control information generated at Layer 1 (known pilot bits, TPC commands, and
an optional TFCI). The downlink DPCH can thus be seen as atime multiplex of a downlink DPDCH and a downlink
DPCCH, compare subclause 5.2.1.

Figure 9 shows the frame structure of the downlink DPCH. Each frame of length 10 msis split into 15 slots, each of
length Ty = 2560 chips, corresponding to one power-control period.

« DPDCH | DPCCH < DPDCH , <DPCCH |
Datal TPC TFCI Data? Pilot
Ngata1 DItS N+1pc bits N1eq bits Ngatz2 DItS Npilot bits
) Tyor = 2560 chips, 10*2¥ bits (k=0..7) i
Slot #0 | Slot#1 Slot #i Slot #14

A

»
»

Oneradio frame, T; = 10 ms

Figure 9: Frame structure for downlink DPCH

The parameter k in figure 9 determines the total number of bits per downlink DPCH dlot. It isrelated to the spreading
factor SF of the physical channel as SF = 512/2%. The spreading factor may thus range from 512 down to 4.

The exact number of bits of the different downlink DPCH fields (Ngiiot, Ntpc, Nteci, Naatar @nd Ngaep) iS givenin table
11. What dot format to use is configured by higher layers and can also be reconfigured by higher layers.

There are basically two types of downlink Dedicated Physical Channels; those that include TFCI (e.g. for severa
simultaneous services) and those that do not include TFCI (e.g. for fixed-rate services). These types are reflected by the
duplicated rows of table 11. It isthe UTRAN that determinesif a TFCI should be transmitted and it is mandatory for all
UEsto support the use of TFCI in the downlink. The mapping of TFCI bits onto slotsis described in [3].

In compressed frames, a different slot format is used compared to normal mode. There are two possible compressed slot
formatsthat are labelled A and B. Slot format B shall be used in frames compressed by spreading factor reduction and
slot format A shall be used in frames compressed by puneturing-er-higher layer scheduling. The channel bit and symbol
rates given in table 11 are the rates immediately before spreading.
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Table 11: DPDCH and DPCCH fields

Slot |Channel| Channel | SF | Bits/ DPDCH DPCCH Transmitted
Format |Bit Rate| Symbol Slot | Bits/Slot Bits/Slot slots per
#i (kbps) Rate radio frame
(ksps) Nbata1 |Npataz| Ntpc | Ntrci | Npiiot Nrr
0 15 7.5 512 10 0 4 2 0 4 15
0A 15 7.5 512 10 0 4 2 0 4 8-14
0B 30 15 256 20 0 8 4 0 8 8-14
1 15 7.5 512| 10 0 2 2 2 4 15
1B 30 15 256 20 0 4 4 4 8 8-14
2 30 15 256 20 2 14 2 0 2 15
2A 30 15 256 20 2 14 2 0 2 8-14
2B 60 30 128| 40 4 28 4 0 4 8-14
3 30 15 256 20 2 12 2 2 2 15
3A 30 15 256 20 2 10 2 4 2 8-14
3B 60 30 128| 40 4 24 4 4 4 8-14
4 30 15 256 20 2 12 2 0 4 15
4A 30 15 256 20 2 12 2 0 4 8-14
4B 60 30 128| 40 4 24 4 0 8 8-14
5 30 15 256 20 2 10 2 2 4 15
5A 30 15 256 20 2 8 2 4 4 8-14
5B 60 30 128| 40 4 20 4 4 8 8-14
6 30 15 256 20 2 8 2 0 8 15
6A 30 15 256 20 2 8 2 0 8 8-14
6B 60 30 128| 40 4 16 4 0 16 8-14
7 30 15 256 20 2 6 2 2 8 15
7A 30 15 256 20 2 4 2 4 8 8-14
7B 60 30 128| 40 4 12 4 4 16 8-14
8 60 30 128| 40 6 28 2 0 4 15
8A 60 30 128| 40 6 28 2 0 4 8-14
8B 120 60 64 80 12 56 4 0 8 8-14
9 60 30 128| 40 6 26 2 2 4 15
9A 60 30 128| 40 6 24 2 4 4 8-14
9B 120 60 64 80 12 52 4 4 8 8-14
10 60 30 128 40 6 24 2 0 8 15
10A 60 30 128| 40 6 24 2 0 8 8-14
10B 120 60 64 80 12 48 4 0 16 8-14
11 60 30 128| 40 6 22 2 2 8 15
11A 60 30 128| 40 6 20 2 4 8 8-14
11B 120 60 64 80 12 44 4 4 16 8-14
12 120 60 64 80 12 48 4 8* 8 15
12A 120 60 64 80 12 40 4 16* 8 8-14
12B 240 120 32| 160 24 96 8 16* | 16 8-14
13 240 120 32 | 160 28 | 112 4 8* 8 15
13A 240 120 32| 160 28 | 104 4 16* 8 8-14
13B 480 240 16 | 320 56 | 224 8 16* | 16 8-14
14 480 240 16 | 320 56 | 232 8 8* 16 15
14A 480 240 16 | 320 56 | 224 8 16* | 16 8-14
14B 960 480 8 640 | 112 | 464 16 16* | 32 8-14
15 960 480 8 640 | 120 | 488 8 8* 16 15
15A 960 480 8 640 | 120 | 480 8 16* | 16 8-14
15B 1920 960 4 | 1280 | 240 | 976 16 16* | 32 8-14
16 1920 960 4 | 1280 | 248 [ 1000 8 8* 16 15
16A 1920 960 4 | 1280 | 248 | 992 8 16* | 16 8-14

* |f TFCI bits are not used, then DTX shall be used in TFCI field.

NOTE 1: Compressed mode is only supported through spreading factor reduction for SF=512 with TFCI.

NOTE 2: Compressed mode by spreading factor reduction is not supported for SF=4.

NOTE 3: If the Node B receives an invalid combination of data frames for downlink transmission, the procedure
specified in [15], sub-clause 5.1.2,may require the use of DTX in both the DPDCH and theTFCI field of the
DPCCH.
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The pilot bit patterns are described in table 12. The shadowed column part of pilot bit pattern is defined as FSW and
FSWs can be used to confirm frame synchronization. (The value of the pilot bit pattern other than FSWs shall be "11".)
In table 12, the transmission order is from left to right.

In downlink compressed mode through spreading factor reduction, the number of bitsin the TPC and Filot fields are
doubled. Symbol repetition is used to fill up the fields. Denote the bits in one of these fieldsin norma mode by X3, Xo,
X3, ..., Xx. In compressed mode the following bit sequence is sent in corresponding field: Xy, X2, X1, X2, X3, X4, X3, X4, ...,
XX,

Table 12: Pilot bit patterns for downlink DPCCH with Nt = 2, 4, 8 and 16

Npilot =4 Npilot =8 Npilot =16
(*1) (*2) (*3)
Symbol 0 0 1 0 1 2 3 0 1 2 3 4 5 6 7
#
Slot #0 11 11 11 11 11 11 10 11 11 11 10 11 11 11 10
1 00 11 00 11 00 11 10 11 00 11 10 11 11 11 00
2 01 11 01 11 01 11 01 11 01 11 01 11 10 11 00
3 00 11 00 11 00 11 00 11 00 11 00 11 01 11 10
4 10 11 10 11 10 11 01 11 10 11 01 11 11 11 11
5 11 11 11 11 11 11 10 11 11 11 10 11 01 11 01
6
7
8
9

11 11 11 11 11 11 00 11 11 11 00 11 10 11 11
10 11 10 11 10 11 00 11 10 11 00 11 10 11 00
01 11 01 11 01 11 10 11 01 11 10 11 00 11 11
11 11 11 11 11 11 11 11 11 11 11 11 00 11 11

10 01 11 01 11 01 11 01 11 01 11 01 11 11 11 10

11 10 11 10 11 10 11 11 11 10 11 11 11 00 11 10

12 10 11 10 11 10 11 00 11 10 11 00 11 01 11 01

13 00 11 00 11 00 11 11 11 00 11 11 11 00 11 00

14 00 11 00 11 00 11 11 11 00 11 11 11 10 11 01
NOTE *1: This pattern is used except slot formats 2B and 3B.

NOTE *2:
NOTE *3:
NOTE:

This pattern is used except slot formats 0B, 1B, 4B, 5B, 8B, and 9B.

This pattern is used except slot formats 6B, 7B, 10B, 11B, 12B, and 13B.

For slot format nB where n =0, ..., 15, the pilot bit pattern corresponding to Npiot/2 is to be used and
symbol repetition shall be applied.

The relationship between the TPC symbol and the transmitter power control command is presented in table 13.

Table 13: TPC Bit Pattern

TPC Bit Pattern

Transmitter power

Nipc = 2 Nrpc = 4 Nrpc =8 control command
11 1111 11111111 1
00 0000 00000000 0

Multicode transmission may be employed in the downlink, i.e. the CCTrCH (see[3]) is mapped onto several parallel

downlink DPCHSs using the same spreading factor. In this case, the Layer 1 control information is transmitted only on
the first downlink DPCH. DTX bits are transmitted during the corresponding time period for the additional downlink
DPCHs, seefigure 10.

In case there are several CCTrCHs mapped to different DPCHs transmitted to the same UE different spreading factors
can be used on DPCHsto which different CCTrCHs are mapped. Also in this case, Layer 1 control information is only

transmitted on the first DPCH while DTX bits are transmitted during the corresponding time period for the additional

DPCHs.

Note:

support of multiple CCTrChs of dedicated type is not part of the current release.
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Figure 10: Downlink slot format in case of multi-code transmission

53.2.1 STTD for DPCH and

F-DPCH

The pilot bit pattern for the DPCH channel transmitted on antenna 2 is given in table 14.

- For Nt = 8, 16 the shadowed part indicates pilot bits thet are obtained by STTD encoding the corresponding
(shadowed) bitsin Table 12. The non-shadowed pilot bit pattern is orthogonal to the corresponding (non-

shadowed) pilot bit pattern in table 12.

- For Nt = 4, the diversity antenna pilot bit pattern is obtained by STTD encoding both the shadowed and non-

shadowed pilot bitsin table 12.

- For Njiee =2, the diversity antenna pilot pattern is obtained by STTD encoding the two pilot bitsin table 12
with the last two bits (data or DTX) of the second data field (data2) of the slot. Thus for Ny = 2 case, the last
two hits of the second data field (data 2) after STTD encoding, follow the diversity antenna pilot bitsin Table

14.

STTD encoding for the DPDCH, TPC, and TFCI fieldsis done as described in subclause 5.3.1.1.1. For the SF=512
DPCH, thefirst two bitsin each dot, i.e. TPC bits, are not STTD encoded and the same bits are transmitted with equal
power from the two antennas. The remaining four bits are STTD encoded.

For F-DPCH, the TPC bits are not STTD encoded and the same bits are transmitted with equal power from the two

antennas.

For compressed mode through spreading factor reduction and for Ny > 4, symbol repetition shall be applied to the
pilot bit patterns of table 14, in the same manner as described in 5.3.2. For sot formats 2B and 3B, i.e. compressed
mode through spreading factor reduction and N = 4, the pilot bits transmitted on antenna 2 are STTD encoded, and
thus the pilot bit pattern is as shown in the most right set of table 14.

3GPP



Release 6 7 3GPP TS 25.211 V6.4.0 (2005-03)

Table 14: Pilot bit patterns of downlink DPCCH for antenna 2 using STTD

Npilot = 2 Npilot = 4 Npilot = 8 Npilot = 16 Npilot = 4

(*1) (*2) (*3) (*4) (*5)
Symbol # 0 0 1 0 112130 112134567 0 1
Slot #0 01 01 10 {12 |00 |00|210(11|00|00|10|211|(00 |00 |10]| 01 10
1 10 10 10 {12 |00 |0O0O|0O1|11|00|00|01|21 10|00 |10} 10 | 01
2 11 11 10 (11|12 (00|00 |12 |12 |0O0O|0O0O|112|10|0O0 12| 12 00
3 10 10 10 (11 |10|00|01 |11 |10|00|01|11|00 |00 |00 20 | 01
4 00 00 10 {1111 |{00|21 (11|22 |00|11|211(01 |00 | 10| OO 11
5 01 01 10 (11 |00|00|10|11|(00|00|20|11 (11|00 |00]| 01 10
6 01 01 10 {11 |/10|00|10(11|10|00 |10 |11 (01|00 |11| 01 10
7 00 00 10 (1110|0012 |12 (10|00 |12 (12|10 |00 |12 | OO 11
8 11 11 10 |12 |00 |0O0O|0O0|11|00|00|0O0|22|01|00O|01| 12 | 0O
9 01 01 10 (11201 (00|10 |12 (01 |0O0O|10 (12|02 |0O0O|01]| 02 10
10 11 11 10 {11 |11 |00|00|11|22|00|{00|21|00|00|210| 12 | OO
11 00 00 10 (11 |01|00|11|11({01|00|212|11|00 |00 |01 OO 11
12 00 00 10 (11 |10|00 |11 |11 (10|00 |22 |11 |11 ({00 |00 | OO 11
13 10 10 10 (11 |01|00|01|11|(01|00|01|11|10|00 |01 20 | 01
14 10 10 10 {112 |/01 00|01 (1101|000 |01 |21 |11 |00 | 11| 10 01

NOTE *1: The pilot bits precede the last two bits of the data2 field.

NOTE *2: This pattern is used except slot formats 2B and 3B.

NOTE *3: This pattern is used except slot formats 0B, 1B, 4B, 5B, 8B, and 9B.

NOTE *4: This pattern is used except slot formats 6B, 7B, 10B, 11B, 12B, and 13B.

NOTE *5: This pattern is used for slot formats 2B and 3B.

NOTE:  For slot format nB wheren=0, 1, 4,5, 6, ..., 15, the pilot bit pattern corresponding to Npiot/2 is to be used
and symbol repetition shall be applied.
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endif
A=n+1

end-do

4252 1% interleaver operation

The 1% interleaving is a block interleaver with inter-column permutations. The input bit sequence to the block
interleaver isdenoted by X |, X ,, X 5, K, X x, » wherei is TrCH number and X; the number of bits. Here X; is

guaranteed to be an integer multiple of the number of radio framesin the TTI. The output bit sequence from the block
interleaver is derived as follows:

(1) Select the number of columns C1 from table 4 depending on the TTI. The columns are numbered 0, 1, ..., C1-1
from left to right.

(2) Determine the number of rows of the matrix, R1 defined as
R1=X/C1.
The rows of the matrix are numbered 0, 1, ..., R1 - 1 from top to bottom.

(3) Write the input bit sequence into the R1 X C1 matrix row by row starting with bit X ; in column 0 of row 0

and ending with bit X pq.cq) incolumnC1-1of row R1-1:

X1 X 2 X 3 K Xa
Xi (c1+1) X (c1+2) X (c1+3) KX 2xcyy
M 1 M K N

X (ripcisn) X (Ritei)  Xirieens) KX (rixen)

(4) Perform the inter-column permutation for the matrix based on the pattern <Plcl(j )> shown in table

iffo1K,c1-3
4, where Pl¢; (j) isthe original column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by VYik:

Yii VYirey Yiewre KYi (C1-1)xR1+1)

Yio VYireo Yiewrwz KKYicrowio
M M M K M

Yime Yiry Yiery K Vi

(5) Read the output bit sequence Y, 1, Y, 5. ¥; 5, K, Yi (cxryy Of the block interleaver column by column from the

inter-column permuted R1 X C1 matrix. Bit Y, ; correspondsto row 0 of column O and bit Y; zq.cy
corresponds to row R1 - 1 of column C1 - 1.

Table 4 Inter-column permutation patterns for 1st interleaving

TTI Number of columns C1 Inter-column permutation patterns
<P1ci1(0), P1lci(2), ..., P1ci(C1-1)>
10 ms 1 <0>
20ms 2 <0,1>
40 ms 4 <0,2,1,3>
80 ms 8 <0,4,2,6,1,5,3,7>
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4.25.3 Relation between input and output of 1* interleaving in uplink

The bitsinput to the 1 interleaving are denoted by t;,,t; ,,t; 5, K, t; 1 , wherei isthe TrCH number and T, the
number of bits. Hence, xZ k = tixand XZ = T,.

The bits output from the 1% interleaving are denoted by d, ;,d, ,,d, 5, K, di,T, ,and dix = Yik.

4254 Relation between input and output of 1% interleaving in downlink
If fixed positions of the TrCHsin aradio frame is used then the bitsinput to the 1% interleaving are denoted by

h,,h,,h; K, hiDi , wherei isthe TrCH number. Hence, xZx = hy and XZ = D,.

If flexible positions of the TrCHs in aradio frame is used then the bits input to the 1% interleaving are denoted by
i1 9i21 913, KK, G, » wherei isthe TrCH number. Hence, xZk = gk and XZ = G..

The bits output from the 1 interleaving are denoted by @y, 0},,G 5, K, G , wherei isthe TrCH number and Q isthe
number of bits. Hence, Qik = VYik, Qi = FiH; if fixed positions are used, and Q, = G; if flexible positions are used.

4.2.6 Radio frame segmentation

When the transmission time interval islonger than 10 ms, the input bit sequence is segmented and mapped onto
consecutive F; radio frames. Following rate matching in the DL and radio frame size equalisation in the UL the input bit
seguence length is guaranteed to be an integer multiple of F;.

The input bit sequenceis denoted by X, X;,, X5, K, X, wherei isthe TrCH number and X; is the number bits. The

F; output bit sequences per TTI aredenoted by Y, 1, Vi 25 ¥in3: K, ¥i oy Whereniis the radio frame number in
current TT1 and Y; is the number of bits per radio frame for TrCH i. The output sequences are defined as follows:

yi,nik = Xi,((ni—l)ﬁ(i)+k ,n=1...F, k=1..Y,
where

Y = (X / F;) isthe number of bits per segment.

The n; -th segment is mapped to the n; -th radio frame of the transmission time interval.

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

Theinput bit sequence to the radio frame segmentation is denoted by d,,d,,,d;;, K, d;; , wherei isthe TrCH

number and T; the number of bits. Hence, Xx = dxand X, = T..

The output bit sequence corresponding to radio frame n; isdenoted by €,,€,,€5,K, €y, » Wherei isthe TrCH

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

4.2.6.2 Relation between input and output of the radio frame segmentation block in
downlink

The bits input to the radio frame segmentation are denoted by Q,G;», G5, K, Oiq » Wherei isthe TrCH number and Q

the number of bits. Hence, Xk = Qik and X; = Q.
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The output bit sequence corresponding to radio frame n isdenoted by  f,,, f;,, fi5, K, f;, , wherei isthe TrCH

number and V; is the number of bits. Hence, f;, = YincandVi =Y.

4.2.7 Rate matching

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

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 intervalsin 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 areinput 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 subclatluse 4.2.7 and subclauses:

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

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

Nf;” : Number of bitsin atransmission time interval before rate matching on TrCH i with transport format |.
Used in downlink only.

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

AN/ :  1f positive - number of bits to be repeated in each transmission timeinterval on TrCH i with transport
format I.

If negative - number of bits to be punctured in each transmission time interval on TrCH i with transport
format I.

Used in downlink only.
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Ny k=0te-F .~ Positive or null: number of bitsin theeaeh radio frame corresponding to the gap for

RM;:

PL:

Ndata,j :

n;:

P1e(n):

qn]:

compressed mode for the CCTrCH.

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.

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.

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

Number of TrCHsin the CCTrCH.

Intermediate calculation variable.

Number of radio framesin the transmission time interval of TrCH i.

Radio frame number in the transmission timeinterval of TrCH i (0 <n; < F)).

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.

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.

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

only.

TF,(J)
TFES(i)
TFCS

epI us
Eminus

Transport format of TrCH i for the transport format combination j.

The set of transport format indexes | for TrCH i.

The set of transport format combination indexesj.

Initial value of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
Increment of variable e in the rate matching pattern determination algorithm of subclause4.2.7.5.
Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
Indicates systematic and parity bits

b=1: Systematic bit. %, in subclause 4.2.3.2.1.

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

b=3: 2™ parity bit (from the lower Turbo constituent encoder). Zy 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 x and do Y = X,".

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

Z,, =0
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[[i RM %N, Nj |
Z..= m=1 | forali=1...1 (2)
; RM . * N,

AN.. =Z. . —Zi_l’j - Ni’j forali=1...1

1] 1]
42.7.1 Determination of rate matching parameters in uplink

42.7.1.1 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 all possible spreading factorsis given in [2]. Denote these val ues by
Noss, Niog, Nsa, 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, Ngata, then are { Nasg, Nizg, Nes, Naz, Nig, Ng, Ny 2XNg, 3XNy, 4%XNg, 5Ny, 6XNy} .

For aRACH CCTrCH SETO represents the set of Ny, Values alowed by the UTRAN, as set by the minimum SF
provided by higher layers. SETO may be a sub-set of { Nasg, N12g, Nes, N32 }. SETO does not take into account the UE’s

capability.

For other CCTrCHSs, SETO denotesthe set of Ngqa Values allowed by the UTRAN and supported by the UE, as part of
the UE’s capability. SETO can be asubset of { Nass, Niog, Nea, Naz, Nig, N5, Na 2XNg, 3XNy, 4XNyg, 5XNg, 6XNa} . Nyata |
for the transport format combination j is determined by executing the following algorithm:

|
SET1= { Ngata in SETO such that (LP)LI?{RM y}) X Ndata - Z RM X X NX,j isnon negative}
- =1

If SET1 isnot empty and the smallest element of SET1 requires just one PhCH then
Ndata,j =min SET1

else

[
SET2 ={ Ngaa in SETO such that (]TJQ{RM y}j X Ndala - PL x Z RM x X Nx,j isnon negative }

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

Nyata = follower of Nyaa in SET2

End while
Nataj = Ndata
End if

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

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, 4N; ;, within one radio frame for each TrCH i is calculated with
equation 1 for all possible transport format combinationsj and selected every radio frame. Nya iS given from
subclause 4.2.7.1.1.
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cm
data, j

cm

inEquation 1. Ny

In acompressed radio frame, N isreplaced by N isgiven asfollows:

data, j

In aradio frame compressed by higher layer scheduling, N

data,j 1S Obtained 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 normal mode.

N isthe number of transmitted slotsin a compressed radio frame and is defined by the following relation:

15-TGL , if Nfirst + TGL <15
= N .
tr first “in first frame if Nrst + TGL > 15

30-TGL- N,

, in second frame if Ngrst + TGL > 15

Nsi.« and TGL are defined in subclause 4.4.

Inaradio frame compressed by spreading factor reduction, Ngi, ; =2x (Ndata‘ i =N ) where
_15-N,
Nrow === * Naaa,

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

If AN;; # 0 the parameters listed in subclauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining &ni, €us, and
€minus (regardlessiif the radio frame is compressed or not).

427121 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# Oand2xR< N;j
thenq=[ N;;/R |
else
q=[Nj/(R-Ny) |
endif
-- note: q isasigned quantity.
if giseven
thenqg = q+ ged(l d , Fi)/ F; -- where ged (| f , F;) means greatest common divisor of | g and F;
-- note that ' is not an integer, but a multiple of 1/8
else
a=q
endif
forx=0toF;-1
Sl LxxqJ| mod F] = ( Lxxq| div F)
end for

ANi = ANi’j
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a=2
For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where :
X =N;;., and
€ni = (ax[P1g(n)]*|AN; | + 1) mod (al;).
€oius = AXN;
Eminus = @X|AN|

puncturing for AN <0, repetition otherwise.

427.1.2.2 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

:{LANH/ZJ, b=2

[aN /2], b=3

i
If AN, iscalculated as 0 for b=2 or b=3, then the following procedure and the rate matching al gorithm of
subclause 4.2.7.5 don't need to be performed for the corresponding parity bit stream.
Xi=LN;; 73],
q=LX/aNi| ]
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 q' is not an integer, but a multiple of 1/8
else g=q
endif
forx=0to F; -1
r=[xxq'| mod F;;
S (3xr+b-1) mod F;] =[xxq'| div F;;
endfor
endif

For each radio frame, the rate-matching pattern is calcul ated with the algorithm in subclause 4.2.7.5, where:
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X; is as above:
eni = (axYP1g(n;)] x]AN;| + X;) mod (axX;), if ey =0 then g, = axX;
€olus = AXX;

€hinus = aX |AN| |

4.2.7.2 Determination of rate matching parameters in downlink

For downlink channels other than the downlink shared channel(s) (DSCH), Ny does not depend on the transport
format combination j. Ngaa» 1S 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 Nyata »=P*15%(Ngata1+Naataz), Where Nyatan @nd Ngaraz 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 TTls 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 Ngaa - Values, where Ngqa « 1S the number of bits available to the CCTrCH in one radio frame and is given by
Naata x=P*15%(Ngata1+Naataz), WNere Ngaraa and Nyaraz are defined in [2]. Each Ngqa » 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 Ny Where the TFCS
taken into account in the calculationsiis restricted to the set of TFCs associated with Ngyya », @s configured by higher
layers. Therefore the amount of rate matching for a transport channel i for a TTI interval isafunction of the Ngaa *
value which shall be constant over the entire TTI as specified in section 4.2.14.

with-gap-instead-of—N where N- = Px15x (N‘ + N ) N N are-the Aumber-of_bits
ata,* data,* datal data2/ "'daxaland‘ "Vdata2

42721 Determination of rate matching parameters for fixed positions of TrCHs
427.21.1 Calculation of AN; max for normal mode and compressed mode by spreading factor
reduction

First an intermediate calculation variable N, « Iscaculated for all transport channelsi by the following formula:
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N.. =i><(max NT“)

t F 1oTFs(i)

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

AN, mex by the following formula, where AN, . isderived from N; . by the formulagiven at subclause 4.2.7:
AN, . =F xAN,,

If AN, max — O 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 :

OIOTFS() AN =0

If AN, ., # 0 the parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €us,
and eyjnus, and ANJ’_,rI )

427212 Colenlolione fopcopnopocencmads o sune i oVoid
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‘
15 ETEND
H N+ TGLE <15
ANTGL_:_<’ 15-Ngs 0
15 K'\'data,*
inf o : £ N
TGL—(15—Nﬁrg)VM,
XN

42.7.2.1.3 Determination of rate matching parameters for convolutionally encoded TrCHs

AN, =AN,

E | . AN, is-defi | as: g[|._—_QP|.Tr"°m'm . | of il . | ati

For each transmission time interval 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 inpult:

X; =N
Qni =1
eplus :ameax
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€

minus

=ax|AN,|

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

puncturing when the algorithm of subclause 4.2.7.5 is run. The resulting values of ANJr ' canbe represented with

following expression.

427214 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHSs, i.e. AN, . >0, the parametersin subclause 4.2.7.2.1.3 are
used.

If puncturing isto 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=1when b=3

The bitsindicated by b=1 shall not be punctured.

ANE = {LANim/zj, forb=2

(AN, /2], forb=3

- ul
= Iéﬂ%)((i)(Nn /3)

For each transmission time interval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithmin
subcaluse 4.2.7.5. The following parameters are used as inpult:

X, = NiT,TI /3

€ni = Noo

€pus = A% N
€rinus = AX|AN)

minus

The values of ANI'rI may be computed by counting puncturing when the algorithm of subclause 4.2.7.5 isrun. The

resulting val ues of ANH' can be represented with following expression.
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| AN [x X,

AN =- ‘
N

+05]|-

max

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.

42.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

427221 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 al transport channelsi and all transport format
combinations j by the following formula:

1
Ni; = Ex N ()

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

RF _ Ndata,* x RM
[ i=l i
max 3 (R, xN, )

JOTFCS -

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

ANiT' 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 Nyq, +. 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 ,T,r "is the definitive value.

The first phase defines the tentative temporary ANiT' for al transport channel i and any of its transport format | by
use of the following formula:

RF.*NJ/ Naso:* RM X N7
ANH‘=Fix{F_D“—NT:Fix S — |- N7
' Foxmac> (RM *N, )
The second phase is defined by the following a gorithm:
foral j inTFCSin ascending order of TFCI do --foral TFC
=N+ ANT
D= i.TF (1) 1.TF (1) -- CCTrCH bit rate (bits per 10ms) for TFCj
= F
if D> N, then
fori=1tol do --for al TrCH
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AN =F; XxAN; - AN, ; isderivedfrom N, ; by theformulagiven at subclause 4.2.7.

it ANT (;) > AN then
TTI —
AN, 1 ) =AN
end-if
end-for
end-if

end-for

If ANH' =0 then, for TrCH i a TF 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:’IrI # 0 the parameters listed in subclauses 4.2.7.2.2.2 and 4.2.7.2.2.3 shall be used for determining €, €nius,
and er'rinus-

427222 Determination of rate matching parameters for convolutionally encoded TrCHs
AN, =AN]™
a=2

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

X, =N

g, =1

€y = axN;"
Eines = @X|AN;|

min us

puncturing for AN, <0, repetition otherwise.

42.7.2.2.3 Determination of rate matching parameters for Turbo encoded TrCHs

I repetition is to be performed on turbo encoded TrCHs, i.e. AN,[" >0, the parametersin 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=1when b=3
The bitsindicated by b=1 shall not be punctured.

_[laN]" /2], b=2
‘{w /2], b=3
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For each transmission time interval 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,

€, = ax X,

plus

€

min us

= ax|AN;|

4.2.7.3 Bit separation and collection in uplink

The systematic hits of turbo encoded TrCHs shall not be punctured, the other bits may be punctured. The systematic
bits, first parity bits, and second parity bits in 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.

- FromO0to 2 first and/or second parity bits that are from turbo encoded TrCHs. 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 the first parity bitsthat 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 TrCHSs, 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 second and third sequences shall be of equal length, whereas the first sequence can contain from 0 to 2 more bits.
Puncturing is applied only to the second and third sequences.The bit separation function is transparent for
convolutionally encoded TrCHs and for turbo encoded TrCHs with repetition. The bit separation and bit collection are
illustrated in figures 5 and 6.
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Rate matching
E Xaik Yaik E
Radio frame | 1 [Bit separation Bit : TrCH
segmentation | €k} Xzih Rate matching yzih collection | fik{ | Multiplexing
i algorithm .
| _>X3ik Rate matching _>y3ik |
E algorithm i
......... >
Figure 5: Puncturing of turbo encoded TrCHs in uplink
Rate matching
Radio frame E Bit separation Bit i TrCH
segmentationjegy ! Xaik ' Viik_ | collection ffix | | Multiplexing
! Rate matching !
| algorithm !

____________________________________________________

Figure 6: Rate matching for convolutionally encoded TrCHs
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 a, for these sequences are listed in table 5.

Table 5: TTI dependent offset needed for bit separation

TTI (ms) a1 a [2¢]
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 :Bn, .
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Table 6: Radio frame dependent offset needed for bit separation

TTI (ms) 9 B B B B 5 P43 B
10 0 NA NA NA NA NA NA NA
20 0 1 NA NA NA NA NA NA
40 0 1 2 0 NA NA NA NA
80 0 1 2 0 1 2 0 1
42.7.3.1 Bit separation

The bits input to the rate matching are denoted by €, €, €5, K, €\, » Wherei isthe TrCH number and N; isthe
number of bits input 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 Xy, Xy 5, X3, K, Xy - 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 all other casesb is defined to be 1. X; is the number of bitsin each separated bit
sequence. The relation between € and Xpik is given below.

For turbo encoded TrCHs with puncturing:

Xiik = € a(k-141+(a,+ 4, ) mod3 k=123, ... X% X =LN /3]

XN szl = € gln 3k k=1, ...,Nymod 3 Note: When (N; mod 3) = 0 this row is not needed.
Xoik = € actyiniaepyymoas KL 230X X =LNi /3]
X3ik = € a(k-1+1+(ay+f, ymod3 k=1,2,3, ... % X =LN; /3]

For convolutionally encoded TrCHs and turbo encoded TrCHs with repetition:

Xl,i,k :q’k k:1,2,3,...,Xi Xi:Ni

42.7.3.2 Bit collection

The bits Xpjk are input to the rate matching algorithm described in subclause 4.2.7.5. The bits output from the rate
matching algorithm are denoted Yy, Yyiz» Yiizs K Yy -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,75, Z;3, K, Zyy, -
After bit collection, the bitsindicated as punctured are removed and the bits are then denoted by f,;, f;,, fi5, KK, £,
wherei isthe TrCH number and V= N;j+4N;;. The relations between Yhik, Zyik, and fik are given below.

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

Z 3k-nie(a+ gy mod3 — Yiik  K=L2,3,..Y

Z qn 3tk = YaiN /3 lk k=1,...,Nymod 3 Note: When (N; mod 3) = 0 thisrow is not needed.

Zi,3(k—1)+l+(0/2+,8ni )mod 3 = y2,i,k k= 1,23 .., Yi

Z ak-n+1+(ay+py ymod3 — Y3k K=L2,3,..Y
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After the bit collection, bits Z k with value &, where 6/£ 0, 1}, are removed from the bit sequence. Bit f; 1 corresponds to

the bit Z x with smallest index k after puncturing, bit fi,2 corresponds to the bit Z x with second smallest index k after
puncturing, and so on.

For convolutionally encoded TrCHs and turbo encoded TrCHs with repetition:

Z = Yiik k=123 ..., Y

When repetition is used, f x=z x and Y;=V..

When puncturing is used, Y;=X; and bits Z; x with value J, where 0/{ 0, 1}, are removed from the bit sequence. Bit fi 1
corresponds to the bit Z x with smallest index k after puncturing, bit f; 2 corresponds to the bit Z k 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 bits in the bit sequence input to the rate matching block are
therefore separated into three sequences of equal lengths.

The first 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 bits that are from turbo encoded TrCHs.

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

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

Rate matching
I Xiik ylil; |
Channel i |Bit separation Bit | 1% insertion of
coding |G Xzih Rate matchin yzih collection giq' DTX
! algorithm 9 | indication
i ﬁ‘ Rate matching ﬁﬁ i
i algorithm i

Figure 7: Puncturing of turbo encoded TrCHs in downlink
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Rate matching

Channel \ |Bit separation Bit | [1¥ insertion of
coding (Cik! Xaik Viik_ | collection [Jik | DTX

: Rate matching r indication

| algorithm :

Figure 8: Rate matching for convolutionally encoded TrCHs
and for turbo encoded TrCHs with repetition in downlink
42741 Bit separation

The bits input to the rate matching are denoted by C;;, C;,, C 5, KK, C, . 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= NiTr ' The bits after Separation are
denoted by X1, X, 25 X3, K<, Xyix, - 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 cases b is defined to be 1. X; isthe
number of bitsin each separated bit sequence. The relation between Cik and Xpik is given below.

For turbo encoded TrCHs with puncturing:

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

For convolutionally encoded TrCHs and turbo encoded TrCHs with repetition:

Xl,i,k :Ci,k k:1,2,3,...,Xi xi:Ei

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 Yy, Yiiz» Yiizs K Yaiy. -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7, 7,;,,Z;5, K, Zyy, -
After bit collection, the bits indicated as punctured are removed and the bits are then denoted by g;;, 9;,, 0;3, K, O, »

wherei isthe TrCH number and G;= NiT,TI +ANi1,_rI . The relations between Yhik, Znik, and Jik are given below.

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

i sk-141 = Yiik k=123 ...V
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Zi 3k-1p+2 = Yoik k=1,23,....Y,

4 3k-1+43 =~ Y3k k=123 ...V

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

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

For convolutionally encoded TrCHs and turbo encoded TrCHs with repetition:

Z = Yiik k=123 ..., Y

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

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

Xigy Xy X5, K, Xix, » wherei isthe TrCH number and the sequence is defined in 4.2.7.3 for uplink or in 4.2.7.4 for
downlink. Parameters Xi, €, €us, aNd Eninys @re given in 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=ey -- initial error between current and desired puncturing ratio

m=1 -- index of current bit

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

set bit x; m to Owhere {0, 1}

e=e+ ey --updateerror

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

dowhilem<=X;

€= e—Eminus -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit X m

e=e+ ey -- 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.

4.2.8 TrCH multiplexing

Every 10 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing. These radio frames are serially
multiplexed into a coded composite transport channel (CCTrCH).

The bitsinput to the TrCH multiplexing are denoted by f;, i, fi3, KK, f, , wherei is the TrCH number and V; isthe

number of bitsin the radio frame of TrCH i. The number of TrCHsis denoted by I. The bits output from TrCH

multiplexing are denoted by S, S,,S;, K, S, where Sisthe number of bits, i.e. S= Z:\/I . The TrCH multiplexing is
i

defined by the following relations:

s =f, k=12..,Vv
S = foevy K= ViHL Vi+2, L VitV

S = fgv(k_(vﬁvz)) k= (Vi+Vo)+1, (Va+Vo)+2, ..., (Vi+Vo)+ Vs
K

S( = fl (K= (Vy +V, +K 4V, ) k= (V1+V2+ ...+V|.1)+ 1, (V1+V2+ ...+V|_1)+ 2, ceny (V1+V2+ ...+V|_1)+V|

4.2.9 Insertion of discontinuous transmission (DTX) indication bits

In the downlink, DTX isused to fill up the radio frame with bits. The insertion point of DTX indication bits depends on
whether fixed or flexible positions of the TrCHs in the radio frame are used. It is up to the UTRAN to decide for each
CCTrCH whether fixed or flexible positions are used during the connection. DT X indication bits only indicate when the
transmission should be turned off, they are not transmitted.

4291 1% insertion of DTX indication bits

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

The bits from rate matching are denoted by ;;, 0;,, 9;5., K, Oig, » Where G; isthe number of bitsin one TTI of TrCH i.

Denote the number of bitsin one radio frame of TrCH i by H;. Denote D; the number of bits output of the first DTX
insertion block.

In TTIs containing no compressed frames or frames compressed by spreading factor reduction, H; is constant and
corresponds to the maximum number of bits from TrCH i in one radio frame for any transport format of TrCH i and D;
= F; x H;.

The bits output from the DTX insertion are denoted by h i, hi,, his, ..., hipi Note that these bits are three valued. They
are defined by the following relations:
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he =0, k=123 ...G
h, =0 k=G+1,G+2G+3,.., D

where DTX indication bits are denoted by o. Here Qi {0, 1} and 5 {0, 1}.

4292 2" insertion of DTX indication bits

The DTX indication bitsinserted in this step shall be placed at the end of the radio frame. Note that the DTX will be
distributed over all slots after 2™ interleaving.

The bitsinput to the DTX insertion block are denoted by S, S,, S;, K, Ss,where Sisthe number of bits from TrCH

multiplexing. The number of PhCHs is denoted by P and the number of bitsin one radio frame, including DTX
indication bits, for each PhCH by R..

N *
In non-compressed frames, R = % =15x (Ndalal +N daiaz) , Where Nyaa1 and Nyaap are defined in [2].

For compressed frames, N'aaa- isdefined @ Nyya. = PX15X (Nt + Nygas) - Ny and N, arethe

number of bitsin the data fields of the slot format used for the current compressed frame, i.e. slot format A or B as
defined in [2] corresponding to the spreading factor and the number of transmitted slotsin use.

In frames compressed by higher layer scheduling, additional DTX with respect to normal mode shall be inserted if the
transmission time reduction does not exactly create a transmission gap of the desired TGL.

The number of bits available to the CCTrCH in one radio frame compressed by spreading factor reduction or by higher

cm
data,*

P

layer scheduling isdenoted by Ngi.. and R=

N

1
cm — data,*

For frames compressed by spreading factor reduction N, . = 5

cm

For frames compressed by higher layer scheduling the exact value of Ndata,* is dependent on the TGL whichis

cm

signalled from higher layers. It can be calculated as Ny, . = Nya - = Ny, -

NqgL isthe number of bitsthat are located within the transmission gap and defined as:

r
TGL «N.
15 data, )
,if Nfirst + TGL <15
Ng. = < 15— Nypq N
data,*
15 ,in first frame if Ngst + TGL > 15
TGL-(15-N; ) ..
15 X data,*
\ , in second frame if Nsrst + TGL > 15

Nsi.« and TGL are defined in subclause 4.4.

The bits output from the DTX insertion block are denoted by W,, W, , W,, K, Wpr) - Note that these bits are four-
in-case-of compressed-mode-by-puncturing;-and-three valued-etherwise. They are defined by the following
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=s k=123 ..,5S
=0 k=S+1,5+2,S+3, ..., PR

where DTX indication bits are denoted by &. Here S, [0{ 0,1, p}and 5[1{ 0,1} .

4.2.10 Physical channel segmentation

When more than one PhCH is used, physical channel segmentation divides the bits among the different PhCHs. The bits
input to the physical channel segmentation are denoted by X, X,, X5, K, X, , where X is the number of bits input to
the physical channel segmentation block. The number of PhCHsis denoted by P.

The bits after physical channel segmentation are denoted Upq,Up .Uy 5,K, Uy, , where pis PhCH number and U is

the number of bitsin one radio frame for each PhCH, i.e. U={X—Ngg ~Nyqa s —N-gaia = )-+P—For-compressed-mode-
X

by-puncturing-and-U = — etherwise. The relation between Xk and Up k is given below.
P

For al modes, some bits of the input flow are mapped to each code until the number of bits on the code isU. Formedes

Bitson first PhCH after physical channel segmentation:

Uy k= Xﬁék_)K k= 1, 2, ceny U
Bits on second PhCH after physical channel segmentation:

Uz, k= Xk Ukt U k:1,2,...,U

Bits on the P" PhCH after physical channel segmentation:

Upk = Xtk (P-1)x)k+ (P-1)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 aredenoted by S, S,,S;, K, S . Hence, Xk = Scand Y =S

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

The bitsinput to the physical segmentation are denoted by M,WZ,Wg,K,V\/(PU) . Hence, Xk = Wi and Y = PU.
4211 2" interleaving

The 2™ interleaving is ablock interleaver and consists of bits input to a matrix with padding, the inter-column
permutation for the matrix and bits output from the matrix with pruning. The bits input to the block interleaver are

3GPP



Release 5 26 3GPP TS 25.212 V5.9.0 (2004-06)

denoted by U, ,,U,,,U, 3,
PhCH. The output bit sequence from the block interleaver is derived as follows:

K,u,y , where pis PhCH number and U is the number of bitsin one radio frame for one

(1) Assign C2 = 30 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2, ...,
C2 - 1 from left to right.

(2) Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:
U <R2xC2.
The rows of rectangular matrix are numbered 0, 1, 2, ..., R2 - 1 from top to bottom.

(3) Write the input bit sequence Upq,Up .U, 5, K, Uy intotheR2 X C2 matrix row by row starting with bit
Ypa incolumn O of row O

yp,l yp,2 yp,3 K yp,CZ
yp,((32+1) yp,(02+2) yp,((32+3) K yp,(ZxCZ)
M M M K |

Yore-npxc2+)  Yp(Re-pxc2+2) Y p (Re-1)xc2+3) Kyp,(RZxCZ)

where Yy, =u,, fork=1,2, ..., Uandif R2x C2> U, the dummy bits are padded such that y,, =0or1

fork=U+1,U+2, ...,R2xC2. Thesedummy bhits are pruned away from the output of the matrix after the
inter-column permutation.

(4) Perform the inter-column permutation for the matrix based on the pattern <P2(j )> that isshown in

ifo1K,c2-3
table 7, where P2(j) isthe origina column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by y',, -

Yoir Yoreny Yoporey KYpconmren

Yoo Yorez Ypowresz Y p(czowme2)
M 1 M K 1

Yore Yoery Yoory K Yocxr

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column
permuted R2 X C2 matrix. The output is pruned by deleting dummy bits that were padded to the input of the
matrix before the inter-column permutation, i.e. bits y', that correspondsto bits y,, with k>U are removed

from the output. The bits after 2 interleavi ng are denoted by Vp1:Vp2s K,v where Vp 1 corresponds to the

pu
bit y',, with smallestindex k after pruning, Vp,2 to the bit y* . with second smallest index k after pruning,

and so on.

Table 7 Inter-column permutation pattern for 2nd interleaving

Number of columns C2 Inter-column permutation pattern
< P2(0), P2(1), ..., P2(C2-1) >
<0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21,
6, 16, 26, 4, 14, 24,19,9, 29,12, 2,7, 22, 27, 17>

30

4.2.12 Physical channel mapping

The PhCH for both uplink and downlink is defined in [2]. The bitsinput to the physical channel mapping are denoted

by Vo1 Vp2s K,Vp’U , where p isthe PhCH number and U is the number of bitsin one radio frame for one PhCH. The
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hits Vp k are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending order with
respect to k.

In compressed mode, no bits are mapped to certain dots of the PhCH(S). If Ny,4 + TGL < 15, no bits are mapped to slots
Niirst 10 Niag. If Niirg + TGL > 15, i.e. the transmission gap spans two consecutive radio frames, the mapping isas
follows:

- Inthefirst radio frame, no bits are mapped to sots Nsrg, Nirg+1, Nirg+2, ..., 14.
- Inthe second radio frame, no bits are mapped to the dlots 0, 1, 2, ..., Niag-

TGL, Nii«, and N« are defined in subclause 4.4.

42121  Uplink

In uplink, the PhCHs used during aradio frame are either completely filled with bits that are transmitted over the air or
not used at al. The only exception is when the UE isin compressed mode. The transmission can then be turned off
during consecutive dots of the radio frame.

42122 Downlink

In downlink, the PhCHs do not need to be completely filled with bits that are transmitted over the air. Values Vp x {0,
1} correspond to DTX indicators, which are mapped to the DPCCH/DPDCH fields but are not transmitted over the air.

During compressed mode by reducing the spreading factor by 2, the data bits are always mapped into 7.5 slots within a
compressed frame. No bits are mapped to the DPDCH field as follows:

If Njirg + TGL < 15, i.e. the transmission gap spans one radio frame,
if Nprg +7<14
no hits are mapped to slots Ns;¢,Nfirs + 1, Nirg +2,..., Nfirg+ 6
no bits are mapped to the first (Npaat Npaa)/2 bit positions of slot Ng g+ 7
else
no bits are mapped to sots Ng;g, Niirg + 1, Niirgt + 2,..., 14
no bits are mapped to dots Ngrg - 1, Niirg - 2, Niirg - 3, ..., 8
no bits are mapped to the last (Npaa+ Npaap)/2 bit positions of slot 7
end if
If Ni;¢ + TGL > 15, i.e. the transmission gap spans two consecutive radio frames,

In the first radio frame, no bits are mapped to last (Npgat Npae2)/2 bit positionsin slot 7 aswell as  to slots 8, 9,
10, ..., 14.

In the second radio frame, no bits are mapped to slots 0, 1, 2, ..., 6 aswell asto first (Npgat Npas2)/2 bit positionsin
dot 7.

Npazand Npao are defined in [2].

4.2.13 Restrictions on different types of CCTrCHs

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

4.2.13.1 Uplink Dedicated channel (DCH)

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport blocks M;
on each transport channel, and the maximum val ue of the number of DPDCHs P are given from the UE capability class.
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4.2.13.2 Random Access Channel (RACH)

There can only be one TrCH in each RACH CCTrCH, i.e. 1=1, § = fixand S= V..

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

The transmission time interval is either 10 msor 20 ms.
Only one PRACH isused, i.e. P=1, Uik =S, andU =S,

The Static rate matching parameter RM; is not provided by higher layer signalling on the System information as
the other transport channel parameters. Any value may be used as there is one transport channel in the CCTrCH,
hence one transport channel per Transport Format Combination and no need to do any balancing between
multiple transport channels.

4.2.13.3 Common Packet Channel (CPCH)

There can only be one TrCH in each CPCH CCTrCH, i.e. 1=1, s, = fyy and S= V..

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

Only one PCPCH isused, i.e. P=1, Uk =S, and U =S

4.2.13.4 Downlink Dedicated Channel (DCH)

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport blocks M;
on each transport channel, and the maximum value of the number of DPDCHSs 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 of the associated DPCH.

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport
blocks M, on thetransport 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 inthe BCH CCTrCH, i.e. I=1, § = fi, and S= V..
There can only be one transport block in each transmission timeinterval, i.e. My = 1.

All transport format attributes have predefined values which are provided in [11] apart from the rate matching
RM;.

The Static rate matching parameter RM; is not provided by higher layer signalling neither fixed. Any value may
be used as there is one transport channel in the CCTrCH, hence one transport channel per Transport Format
Combination and no need to do any balancing between multiple transport channels.

Only one primary CCPCH isused, i.e. P=1.

4.2.13.7 Forward access and paging channels (FACH and PCH)

The maximum value of the number of TrCHs | in a CCTrCH and the maximum value of the number of transport
blocks M; on each transport channel are given from the UE capability class.

The transmission time interval for TrCHs of PCH typeis always 10 ms.

Only one secondary CCPCH is used per CCTrCH, i.e. P=1.
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4.2.13.8 High Speed Downlink Shared Channel (HS-DSCH) associated with a DCH
- Therecan beonly one TrCH inthe HS-DSCH CCTrCH, i.e. | =1,

There can only be one transport block in each transmission timeinterval, i.e. My = 1.

Thetransmission time interval for TrCHs of HS-DSCH typeis always 2 ms.

- The maximum value of the number of HS-PDSCHs P are given from the UE capability class.

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 Fz = 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 aCCTrCH of DSCH type, a modification of number of bits Nyu,+ allocated on aradio frameisallowed if
the CFN verifies CFN mod F.» = 0, where Fo, denotes the maximum number of radio frames within the
transmission time intervals of al 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, HS-DSCH, BCH, or FACH/PCH for the downlink.

42141 Allowed CCTrCH combinations for one UE

421411 Allowed CCTrCH combinations on the uplink
A maximum of one CCTrCH is alowed for one UE on the uplink. It can be either:
1) one CCTrCH of dedicated type;

2) one CCTrCH of common type.
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4.2.14.1.2 Allowed CCTrCH combinations on the downlink
The following CCTrCH combinations for one UE are allowed:

- X CCTrCH of dedicated type + y CCTrCH of common type. The allowed combination of CCTrCHs of dedicated
and common type are given from UE radio access capabilities. There can be a maximum of one CCTrCH of
common type for DSCH or HS-DSCH and a maximum of one CCTrCH of common type for FACH. With one
CCTrCH of common type for DSCH or HS-DSCH, there shall be only one CCTrCH of dedicated type.

NOTE 1: Thereisonly one DPCCH in the uplink, hence one TPC hits flow on the uplink to control possibly the
different DPDCHs on the downlink, part of the same or several CCTrCHSs.

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

NOTE 3: inthe current release, only 1 CCTrCH of dedicated type is supported.

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 thereis at |east one other TrCH i', hereafter called guiding
TrCH, such that:

- theguiding TrCH hasthe same TTI duration asthe 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 contain more than one transport format 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 a DPCH 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 al of the following restrictions are fulfilled:

1. either only one CCTrCH isreceived, or one CCTrCH of dedicated type and one CCTrCH of common type for
HS-DSCH are received by the UE;

If only one CCTrCH isreceived by the UE, the following conditions apply to that CCTrCH and those TrCHs that
are multiplexed onthe CCTrCH. If one CCTrCH of dedicated type and one CCTrCH of common type for HS-

DSCH are received by the UE, the following conditions apply to the dedicated type CCTrCH and the TrCHs that are
multiplexed on the dedicated type CCTrCH.

2. the number of CCTrCH hits received per radio frame is 600 or less;
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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 all explicitly detectable TrCHSs;

CRC with non-zero length is appended to all transport blocks on all explicitly detectable TrCHs;
at least one transport block shall be transmitted per TT1 on each explicitly detectable TrCH;

the number of explicitly detectable TrCHsis 3 or less;

© © N o g &~ Ww

for all explicitly detectable TrCHsi, 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
sizeis 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.

4.3.1a Single transport format detection

When no TFCI is available, then single transport format detection shall be applied on all TrCHs within the CCTrCH
that have atransport format set not containing more than one transport format with more than zero transport blocks and
that do not use guided detection. The UE shall only be required to support single transport format detection if the
following restrictions are fulfilled:

1. For each transport channel that is single transport format detected, CRC with non-zero length is appended to all
transport blocks within the non-zero transport block transport format;

2. fixed positions of the transport channelsis used on the CCTrCH to be detectable.

4.3.2  Transport format detection based on TFCI

If aTFCI isavailable, then TFCI based detection shall be applicable to all TrCHs within the CCTrCH. The TFCI
informs the receiver about the transport format combination of the CCTrCHs. As soon asthe TFCI is detected, the
transport format combination, and hence the transport formats of the individual transport channels are known.

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

The TFCI is encoded using a (32, 10) sub-code of the second order Reed-Muller code. The coding procedureis as
shown in figure 9.

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

Figure 9: Channel coding of TFCI information bits

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

The code words of the (32,10) sub-code of second order Reed-Muller code are linear combination of 10 basis
sequences. The basis sequences are as in the following table 8.
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Table 8: Basis sequences for (32,10) TFCI code

i Mio | Mix | Mi2 | Miz | Miga | Mis | Mig | Mz Mig | Mig
0 1 0 0 0 0 1 0 0 0 0
1 0 1 0 0 0 1 1 0 0 0
2 1 1 0 0 0 1 0 0 0 1
3 0 0 1 0 0 1 1 0 1 1
4 1 0 1 0 0 1 0 0 0 1
5 0 1 1 0 0 1 0 0 1 0
6 1 1 1 0 0 1 0 1 0 0
7 0 0 0 1 0 1 0 1 1 0
8 1 0 0 1 0 1 1 1 1 0
9 0 1 0 1 0 1 1 0 1 1
10 1 1 0 1 0 1 0 0 1 1
11 0 0 1 1 0 1 0 1 1 0
12 1 0 1 1 0 1 0 1 0 1
13 0 1 1 1 0 1 1 0 0 1
14 1 1 1 1 0 1 1 1 1 1
15 1 0 0 0 1 1 1 1 0 0
16 0 1 0 0 1 1 1 1 0 1
17 1 1 0 0 1 1 1 0 1 0
18 0 0 1 0 1 1 0 1 1 1
19 1 0 1 0 1 1 0 1 0 1
20 0 1 1 0 1 1 0 0 1 1
21 1 1 1 0 1 1 0 1 1 1
22 0 0 0 1 1 1 0 1 0 0
23 1 0 0 1 1 1 1 1 0 1
24 0 1 0 1 1 1 1 0 1 0
25 1 1 0 1 1 1 1 0 0 1
26 0 0 1 1 1 1 0 0 1 0
27 1 0 1 1 1 1 1 1 0 0
28 0 1 1 1 1 1 1 1 1 0
29 1 1 1 1 1 1 1 1 1 1
30 0 0 0 0 0 1 0 0 0 0
31 0 0 0 0 1 1 1 0 0 0

The TFCI information bitsay, &, &, as, &, &, 8, &, 8g, & (Where & isLSB and a, is MSB) shall correspond to the
TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the TFC of the CCTrCH in the
associated DPCH radio frame.

The output code word bits b; are given by:

b=>(@>xM,)mod2

wherei =0, ..., 31.
The output bits are denoted by b, k=0, 1, 2, ..., 3L

In downlink, when the SF < 128 the encoded TFCI code words are repeated yielding 8 encoded TFCI bits per dot in
normal mode and 16 encoded TFCI bits per dlot in compressed mode. Mapping of repeated bitsto dotsis explained in
subclause 4.3.5.

4.3.4  Operation of TFCI in Hard Split Mode

If one of the DCH is 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 afunctionality shall be
indicated by higher layer signalling.

The TFCI is encoded by using punctured code of (32,10) sub-code of second order Reed-Muller code. The coding
procedure is as shown in figure 10.
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TECI Punctured code of TFCI code
(k bits) — p (32,10) sub-code of —— g word
a .a second order Reed- b. ‘s

1k1771,0 Muller code i
Punctured code of

TFC! (32,10) sub-code of TFCI code
(10-k bits) P> second order Reed- | > Wo‘rd
3510-k-1 82,0 Muller code b, ‘s

Figure 10: Channel coding of flexible hard split mode TFCI information bits

The code words of the punctured code of (32,10) sub-code of second order Reed-Muller code are linear combinations of
basi s sequences generated by puncturing 10 basis sequences defined in table 8 in section 4.3.3.

Thefirst set of TFCI information bits (a0, 8.1, 812, &3, ..., 8k1 Wherea o isLSB and ay .5 is MSB) shall correspond
to the TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the TFC of the DCH
CCTrCH in the associated DPCH radio frame.

The second set of TFCI information bits (a0, &1, &2, &3, -, & 10k1 Where g isLSB and &, 10«1 iSMSB) shall
correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the TFC of the
associated DSCH CCTrCH in the corresponding PDSCH radio frame.

The output code word bits are given by :

10-k-1
(

k-1
bj1 = Z(; (aln X M 771(k,i1),772(k,n)) mOd 2' bj2 = aZ,n X M 771(10—k,i2),772(10—k,n)) mOd 2
n=l

n=0

where i,=0,...,3xkand i,=0, ..., 30-3xk.

ly

Then, the relation between j; (or j,) and i, (or i,) isasfollows:

skl s k)Ll
Jl{3><k+1 (h+1 2{5J)+2J Lol {32—(3><k+1) ('2+2(l+{5D)+2J 1

Thefunctions 7z, 7z, are defined asshown in the following table 9.

Table 9. 7z, 7, functions

m 7 (m,i) fori=o0, ..., 3xm 7,(m,n) forn=0,..., m-1
3101,23,45,6,809,11 0,1,2

4 13,4,56,7,8,9,10,11, 12,13, 14, 15 0,123
510123,456,7,8,9,10,11, 12,13, 14, 30 0,1,2,3,5

6 10,1,2,3,4,57,8,9,12,15, 18, 21, 23, 25, 27, 28, 29, 30 0,1,2,3,4,5
710,1,2,3,4,5,6,7,9,10,11, 13, 14, 15, 17, 20, 21, 22, 24, 25, 28, 29 0,1,23,4,6,7
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4.3.5 Mapping of TFCI words

4.35.1 Mapping of TFCI word in normal mode

The bits of the code word are directly mapped to the dots of the radio frame. Within a dot the bit with lower index is
transmitted before the bit with higher index. The coded bits b, are mapped to the transmitted TFCI bits dy, according to
the following formula:

Ok = Bimod 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 by and bs; are not transmitted.

For downlink physical channels whose SF <128, k=0, 1, 2, ..., 119. Note that this means that bits b, to by are
transmitted four times and bits b, to bg; are transmitted three times.

4.35.2 Mapping of TFCI word in compressed mode

The mapping of the TFCI bitsin compressed mode is different for uplink, downlink with SF > 128 and downlink with
SF< 128.

43.5.2.1 Uplink compressed mode

For uplink compressed mode, the slot format is changed so that no TFCI coded bits are lost. The different slot formats
in compressed mode do not match the exact number of TFCI coded bits for all possible TGLs. Repetition of the TFCI
bitsis therefore used.

Denote the number of bits available in the TFCI fields of one compressed radio frame by D and the number of bitsin
the TFCI field in aslot by Nyg¢,. The parameter E is used to determine the number of the first TFCI bit to be repeated.

E= Nsir¢ N7ecy, if the start of the transmission gap is allocated to the current frame.
E =0, if the start of the transmission gap is allocated to the previous frame and the end of the transmission gap is
allocated to the current frame.

The TFCI coded bits by are mapped to the bitsin the TFCI fields di. The following relations define the mapping for each
compressed frame.

dk = bk
wherek=0, 1, 2, ..., min (31, D-1).
If D > 32, the remaining positions are filled by repetition (in reversed order):

o = b(E+ k) mod 32

wherek =0, ..., D-33.

43522 Downlink compressed mode

For downlink compressed mode, the slot format is changed so that no TFCI coded bits are lost. The different slot
formats in compressed mode do not match the exact number of TFCI bitsfor all possible TGLs. DTX istherefore used
if the number of bits available in the TFCI fields in one compressed frame exceeds the number of TFCI bits given from
the dot format. The block of bitsin the TFCI fields where DTX is used starts on the first TFCI field after the
transmission gap. If there are more bits available in the TFCI fields before the transmission gap than TFCI bits, DTX is
also used on the bitsin the last TFCI fields before the transmission gap.

Denote the number of bits available in the TFCI fields of one compressed radio frame by D and the number of bitsin
the TFCI field in aslot by Nyg¢. The parameter E is used to determine the position of the first bit in the TFCI field on
which DTX is used.

E = Nfirg¢ Ntrqy, if the start of the transmission gap is allocated to the current frame.

E =0, if the start of the transmission gap is allocated to the previous frame and the end of the transmission gap is
allocated to the current frame.
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Denote the total number of TFCI bitsto be transmitted by F. F = 32 for dot formatsnA or nB, wheren=0, 1, ..., 11
(seetable 11in[2]). Otherwise, F = 128. The TFCI coded bits by are mapped to the bitsin the TFCI fields d. The
following relations define the mapping for each compressed frame.

If E>0,
0k = By moa 32
wherek=0, 1, 2, ..., min (E, F)-1.
IfE<F,
Oeip-F = Dimod 32
wherek =E, ..., F -1.
DTX isused on dy wherek=min (E, F), ..., min(E, F) +D - F -1.

4.4 Compressed mode

In compressed frames, TGL dots from Ny« t0 Ny are not used for transmission of data. Asillustrated in figure 11, the
instantaneous transmit power isincreased 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 subclause 4.4.3). What frames are compressed, are decided by the network. When in compressed mode,
compressed frames can occur periodically, asillustrated in figure 11, or requested on demand. The rate and type of
compressed frames is variable and depends on the environment and the measurement requirements.

N —‘( I I I —‘( |

\
“Oneframe \
(10 ms) Transmission gap available for

inter-frequency measurements

Figure 11: Compressed mode transmission

4.4.1 Frame structure in the uplink

The frame structure for uplink compressed framesisillustrated in figure 12.

Slot # (N — 1) transmission gap Slot # (N + 1)

< > <€ > >
Data o o 0 00 Data
Pilot TFCI| FBI [TPC[® © o o o o Pilot TFCI| FBI [TPC

Figure 12: Frame structure in uplink compressed transmission
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4.4.2 Frame structure types in the downlink

There are two different types of frame structures defined for downlink compressed frames. Type A maximises the
transmission gap length and type B is optimised for power control. The frame structure type A or B is set by higher
layers independent from the downlink slot format type A or B.

- With frame structure of type A, the pilot field of the last dot in the transmission gap is transmitted. Transmission
isturned off during the rest of the transmission gap (figure 13(a)). In case the length of the pilot field is 2 bits
and STTD is used on the radio link, the pilot bitsin the last slot of the transmission gap shall be STTD encoded
assuming DTX indicators as the two last bitsin the Data2 field.

- With frame structure of type B, the TPC field of the first dot in the transmission gap and the pilot field of the last
slot in the transmission gap is transmitted. Transmission is turned off during the rest of the transmission gap
(figure 13(b)). In case the length of the pilot field is 2 bitsand STTD is used on the radio link, the pilot bitsin the
last dot of the transmission gap shall be STTD encoded assuming DTX indicators as the two last bits of the
Data2 field. Similarly, the TPC bits in the first slot of the transmission gap shall be STTD encoded assuming
DTX indicators as the two last bitsin the Datal field.

Slot # (Nfirg - 1 transmission Slot# (Njag + 1
( ( first ) )( gap )( ( last ) )
18 Che
Datal EC' Data? PL ¢ e o o o o p |Daal E Cl Data2 PL
(a) Frame structure type A
Slot # (Nfirg - 1 transmission Slot # (Njag + 1
<« ( first ) )( gap )( ( last ) )
I8 = T e
Datal] EC' Data2 PL (F; e e o o | p [Daal (P: cl Data2 PL

(b) Frame structure type B

Figure 13: Frame structure types in downlink compressed transmission

4.4.3 Transmission time reduction method

When in compressed mode, the information normally transmitted during a 10 ms frame is compressed in time. The
mechanisms provided for achieving this are puneturing;-reduction of the spreading factor by afactor of two , and higher
layer scheduling. In the downlink and the uplink, all methods are supported-white-compressed-mode-by-puncturing-s-
netused-in-the-uphink. The maximum idle length is defined to be 7 slots per one 10 ms frame. The dot formats that are
used in compressed frames are listed in [2].
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Annex B (informative):

Compressed mode idle lengths

The tables B.1-B.3 show the resulting idle lengths for different transmission gap lengths, UL/DL modes and DL frame
types. Theidle lengths given are calculated purely from the slot and frame structures and the UL/DL offset. They do not

contain margins for e.g. synthesizer switching.

B.1 Idle lengths for DL, UL and DL+UL compressed
mode
Table B.1: Parameters for DL compressed mode
TGL DL Spreading Idle length | Transmission time Idle frame
Frame Factor [ms] Reduction method Combining
Type
3 A 1.73-1.99 (S)
B 512 -4 1.60 —1.86 ; (D) =(1,2) or (2,1)
4 A 2.40 — 2.66 Spreading factor (S)
B 2.27-2.53 division by 2 or (D) =(1,3), (2,2) or (3,1)
5 A 3.07 - 3.33 Higher layer )
B 2.93-3.19 scheduling (D) = (1,4), (2,3), (3, 2) or
(4.1)
7 A 4.40 — 4.66 (S)
B 4.27 - 4.53 (D)=(1,6), (2,5), (3,4), (4,3),
(5,2) or (6,1)
10 A 6.40 — 6.66 (D)=(3,7), (4,6), (5,5), (6,4) or
B 6.27 — 6.53 (7,3)
14 A 9.07 —9.33 (D) =(7,7)
B 8.93-9.19
Table B.2: Parameters for UL compressed mode
TGL Spreading Idle length | Transmission time Idle frame
Factor [ms] Reduction method Combining
3 2.00 (S)
256 -4 Spreading factor (D) =(1,2) or (2,1)
4 2.67 division by 2 or (S)
Higher layer (D) =(1,3), (2,2) or (3,1)
5 3.33 scheduling (S)
(D) =(1,4), (2,3), (3,2) or
4.1)
7 4.67 (S)
(D)=(1,6), (2,5), (3,4), (4.3),
(5,2) or (6,1)
10 6.67 (D)=(3,7), (4,6), (5,5), (6,4) or
(7.3)
14 9.33 (D) =(7,7)
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Table B.3: Parameters for combined UL/DL compressed mode

TGL DL Spreading Idle length | Transmission time Idle frame
Frame Factor [ms] Reduction method Combining
Type
3 1.47-1.73 S
AorB DL: bL: (D) =(1,2) or (2,1)
4 512 -4 2.13-2.39 Puncturing, - (S)
Spreading factor (D) =(1,3), (2,2) or (3,1)
5 UL: 2.80 — 3.06 division by 2 or (S)
256 -4 Higher layer (D) = (1,4), (2,3), (3, 2) or
scheduling (4,1)
7 4.13-4.39 (S)
Uk (D)=(L6), (2.5), (3.4), (4.3),
Spreading-factor (5,2) or (6,1)
10 6.13-6.39 divisionby-2er  [(D)=(3)7), (4,6), (5.5), (6,4) or
; _ (D)=(3,7), ( ) (5.5), (6.4)
12 8.80 - 9.06 Scheddling (D) =(7,7)

(S): Single-frame method as shown in figure 14 (1).

(D): Double-frame method as shown in figure 14 (2). (x,y) indicates x: the number of idle slotsin the first frame,
y: the number of idle slots in the second frame.

NOTE: Compressed mode by spreading factor reduction is not supported when SF=4 is used in normal mode
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endif
A=n+1

end-do

4252 1% interleaver operation

The 1% interleaving is a block interleaver with inter-column permutations. The input bit sequence to the block
interleaver isdenoted by X |, X ,, X 5, K, X x, » wherei is TrCH number and X; the number of bits. Here X; is

guaranteed to be an integer multiple of the number of radio framesin the TTI. The output bit sequence from the block
interleaver is derived as follows:

(1) Select the number of columns C1 from table 4 depending on the TTI. The columns are numbered 0, 1, ..., C1-1
from left to right.

(2) Determine the number of rows of the matrix, R1 defined as
R1=X/C1.
The rows of the matrix are numbered 0, 1, ..., R1 - 1 from top to bottom.

(3) Write the input bit sequenceinto the R1 X C1 matrix row by row starting with bit X, ; in column O of row 0

and ending with bit X zq.cq) incolumnC1-1of row R1-1:

X1 X 2 X 3 K Xa
Xi (c1+1) X (c1+2) X (c1+3) KX 2xcyy
M 1 M K N

X (ripcisn) X (Ritei)  Xirieens) KX (rixen)

(4) Perform the inter-column permutation for the matrix based on the pattern <Plcl(j )> shown in table

iffo1K,c1-3
4, where Pl¢; (j) isthe original column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by VYik:

Yii VYirey Yiewre KYi (C1-1)xR1+1)

Yio VYireo Yiewrwz KKYicrowio
M M M K M

Yime Yiry Yiery K Vi

(5) Read the output bit sequence Y, 1, Y, 5. ¥; 5, K, Yi (cxryy Of the block interleaver column by column from the

inter-column permuted R1 X C1 matrix. Bit Y;; correspondsto row 0 of column O and bit Y; gy
correspondsto row R1 - 1 of column C1 - 1.

Table 4 Inter-column permutation patterns for 1st interleaving

TTI Number of columns C1 Inter-column permutation patterns
<P1ci1(0), P1lci(2), ..., P1ci(C1-1)>
10 ms 1 <0>
20ms 2 <0,1>
40 ms 4 <0,2,1,3>
80 ms 8 <0,4,2,6,1,5,3,7>
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4.25.3 Relation between input and output of 1* interleaving in uplink

The bitsinput to the 1 interleaving are denoted by t;,,t; ,,t; 5, K, t; 1 , wherei isthe TrCH number and T, the
number of bits. Hence, xZ k = tixand XZ = T,.

The bits output from the 1% interleaving are denoted by d, ;,d, ,,d, 5, K, di,T, ,and dix = Yik.

4254 Relation between input and output of 1% interleaving in downlink
If fixed positions of the TrCHsin aradio frame is used then the bitsinput to the 1% interleaving are denoted by

h,,h,,h; K, hiDi , wherei isthe TrCH number. Hence, xZx = hy and XZ = D,.

If flexible positions of the TrCHs in aradio frame is used then the bits input to the 1% interleaving are denoted by
i1 9i21 913, KK, G, » wherei isthe TrCH number. Hence, xZk = gk and XZ = G..

The bits output from the 1 interleaving are denoted by @y, 0},,G 5, K, G , wherei isthe TrCH number and Q isthe
number of bits. Hence, Qik = VYik, Qi = FiH; if fixed positions are used, and Q, = G; if flexible positions are used.

4.2.6 Radio frame segmentation

When the transmission time interval islonger than 10 ms, the input bit sequence is segmented and mapped onto
consecutive F; radio frames. Following rate matching in the DL and radio frame size equalisation in the UL the input bit
seguence length is guaranteed to be an integer multiple of F;.

Theinput bit sequenceis denoted by X, X ,, X5, K, Xx, Whereiisthe TrCH number and X; is the number bits. The

F; output bit sequences per TTI aredenoted by Y, 1, Vi 25 ¥in3: K, ¥i oy Whereniis the radio frame number in
current TT1 and Y; is the number of bits per radio frame for TrCH i. The output sequences are defined as follows:

yi,nik = Xi,((ni—l)ﬁ(i)+k ,n=1...F, k=1..Y,
where

Y = (X / F;) isthe number of bits per segment.

The n; -th segment is mapped to the n; -th radio frame of the transmission time interval.

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

Theinput bit sequence to the radio frame segmentation is denoted by d,,d,,,d;;, K, d;; , wherei isthe TrCH

number and T; the number of bits. Hence, Xx = dxand X, = T..

The output bit sequence corresponding to radio frame n; isdenoted by €,,€,,€5,K, €y, » Wherei isthe TrCH

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

4.2.6.2 Relation between input and output of the radio frame segmentation block in
downlink

The bits input to the radio frame segmentation are denoted by Q,G;», G5, K, Oiq » Wherei isthe TrCH number and Q

the number of bits. Hence, Xk = Qik and X; = Q.
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The output bit sequence corresponding to radio frame n isdenoted by  f,,, f;,, fi5, K, f;, , wherei isthe TrCH

number and V; is the number of bits. Hence, f;, = YincandVi =Y.

4.2.7 Rate matching

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

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 intervalsin 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 areinput 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 subclatluse 4.2.7 and subclauses:

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

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

Nf;” : Number of bitsin atransmission time interval before rate matching on TrCH i with transport format |.
Used in downlink only.

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

AN/ :  1f positive - number of bits to be repeated in each transmission timeinterval on TrCH i with transport
format I.

If negative - number of bits to be punctured in each transmission time interval on TrCH i with transport
format I.

Used in downlink only.
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Ny k=0te-F .~ Positive or null: number of bitsin theeaeh radio frame corresponding to the gap for

RM;:

PL:

Ndata,j :

n;:

P1e(n):

qn]:

compressed mode for the CCTrCH.

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.

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.

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

Number of TrCHsin the CCTrCH.

Intermediate calculation variable.

Number of radio framesin the transmission time interval of TrCH i.

Radio frame number in the transmission timeinterval of TrCH i (0 <n; < F)).

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.

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.

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

only.

TF,(J)
TFES(i)
TFCS

epI us
Eminus

Transport format of TrCH i for the transport format combination j.

The set of transport format indexes | for TrCH i.

The set of transport format combination indexesj.

Initial value of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
Increment of variable e in the rate matching pattern determination algorithm of subclause4.2.7.5.
Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
Indicates systematic and parity bits

b=1: Systematic bit. %, in subclause 4.2.3.2.1.

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

b=3: 2™ parity bit (from the lower Turbo constituent encoder). Zy 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 x and do Y = X,".

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

Z,, =0
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[[i RM %N, Nj |
Z..= m=1 | forali=1...1 (2)
; RM . * N,

AN.. =Z. . —Zi_l’j - Ni’j forali=1...1

1] 1]
42.7.1 Determination of rate matching parameters in uplink

42.7.1.1 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 all possible spreading factorsis given in [2]. Denote these val ues by
Noss, Niog, Nsa, 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, Ngata, then are { Nasg, Nizg, Nes, Naz, Nig, Ng, Ny 2XNg, 3XNy, 4%XNg, 5Ny, 6XNy} .

For aRACH CCTrCH SETO represents the set of Ny, Values alowed by the UTRAN, as set by the minimum SF
provided by higher layers. SETO may be a sub-set of { Nasg, N12g, Nes, N32 }. SETO does not take into account the UE’s

capability.

For other CCTrCHSs, SETO denotesthe set of Ngqa Values allowed by the UTRAN and supported by the UE, as part of
the UE’s capability. SETO can be asubset of { Nass, Niog, Nea, Naz, Nig, N5, Na 2XNg, 3XNy, 4XNyg, 5XNg, 6XNa} . Nyata |
for the transport format combination j is determined by executing the following algorithm:

|
SET1= { Ngata in SETO such that (LP)LI?{RM y}) X Ndata - Z RM X X NX,j isnon negative}
- =1

If SET1 isnot empty and the smallest element of SET1 requires just one PhCH then
Ndata,j =min SET1

else

[
SET2 ={ Ngaa in SETO such that (]TJQ{RM y}j X Ndala - PL x Z RM x X Nx,j isnon negative }

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

Nyata = follower of Nyaa in SET2

End while
Nataj = Ndata
End if

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

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, 4N; ;, within one radio frame for each TrCH i is calculated with
equation 1 for all possible transport format combinationsj and selected every radio frame. Nya iS given from
subclause 4.2.7.1.1.
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cm
data, j

cm

inEquation 1. Ny

In acompressed radio frame, N isreplaced by N isgiven asfollows:

data, j

In aradio frame compressed by higher layer scheduling, N

data,j 1S Obtained 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 normal mode.

N isthe number of transmitted slotsin a compressed radio frame and is defined by the following relation:

15-TGL , if Nfirst + TGL <15
= N .
tr first “in first frame if Nrst + TGL > 15

30-TGL- N,

, in second frame if Ngrst + TGL > 15

Nsi.« and TGL are defined in subclause 4.4.

Inaradio frame compressed by spreading factor reduction, Ngi, ; =2x (Ndata‘ i =N ) where
_15-N,
Nrow === * Naaa,

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

If AN;; # 0 the parameters listed in subclauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining &ni, €us, and
€minus (regardlessiif the radio frame is compressed or not).

427121 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# Oand2xR< N;j
thenq=[ N;;/R |
else
q=[Nj/(R-Ny) |
endif
-- note: q isasigned quantity.
if giseven
thenqg = q+ ged(l d , Fi)/ F; -- where ged (| f , F;) means greatest common divisor of | g and F;
-- note that ' is not an integer, but a multiple of 1/8
else
a=q
endif
forx=0toF;-1
Sl LxxqJ| mod F] = ( Lxxq| div F)
end for

ANi = ANi’j
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a=2
For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where :
X =N;;., and
€ni = (ax[P1g(n)]*|AN; | + 1) mod (al;).
€oius = AXN;
Eminus = @X|AN|

puncturing for AN <0, repetition otherwise.

427.1.2.2 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

:{LANH/ZJ, b=2

[aN /2], b=3

i
If AN, iscalculated as 0 for b=2 or b=3, then the following procedure and the rate matching al gorithm of
subclause 4.2.7.5 don't need to be performed for the corresponding parity bit stream.
Xi=LN;; 73],
q=LX/aNi| ]
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 q' is not an integer, but a multiple of 1/8
else g=q
endif
forx=0to F; -1
r=[xxq'| mod F;;
S (3xr+b-1) mod F;] =[xxq'| div F;;
endfor
endif

For each radio frame, the rate-matching pattern is calcul ated with the algorithm in subclause 4.2.7.5, where:
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X; is as above:
eni = (axYP1g(n;)] x]AN;| + X;) mod (axX;), if ey =0 then g, = axX;
€olus = AXX;

€hinus = aX |AN| |

4.2.7.2 Determination of rate matching parameters in downlink

For downlink channels other than the downlink shared channel(s) (DSCH), Ny does not depend on the transport
format combination j. Ngaa» 1S 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 Nyata »=P*15%(Ngata1+Naataz), Where Nyatan @nd Ngaraz 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 TTls 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 Ngaa - Values, where Ngqa « 1S the number of bits available to the CCTrCH in one radio frame and is given by
Naata x=P*15%(Ngata1+Naataz), WNere Ngaraa and Nyaraz are defined in [2]. Each Ngqa » 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 Ny Where the TFCS
taken into account in the calculationsiis restricted to the set of TFCs associated with Ngyya », @s configured by higher
layers. Therefore the amount of rate matching for a transport channel i for a TTI interval isafunction of the Ngaa *
value which shall be constant over the entire TTI as specified in section 4.2.14.

with-gap-instead-of—N where N- = Px15x (N‘ + N ) N N are-the Aumber-of_bits
ata,* data,* datal data2/ "'daxaland‘ "Vdata2

42721 Determination of rate matching parameters for fixed positions of TrCHs
427.21.1 Calculation of AN; max for normal mode and compressed mode by spreading factor
reduction

First an intermediate calculation variable N, « Iscaculated for all transport channelsi by the following formula:
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N.. =i><(max NT“)

t F 1oTFs(i)

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

AN, mex by the following formula, where AN, . isderived from N; . by the formulagiven at subclause 4.2.7:
AN, . =F xAN,,

If AN, max — O 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 :

OIOTFS() AN =0

If AN, ., # 0 the parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €us,
and eyjnus, and ANJ’_,rI )

427212 Colenlolione fopcopnopocencmads o sune i oVoid
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‘
15 ETEND
H N+ TGLE <15
ANTGL_:_<’ 15-Ngs 0
15 K'\'data,*
inf o : £ N
TGL—(15—Nﬁrg)VM,
XN

42.7.2.1.3 Determination of rate matching parameters for convolutionally encoded TrCHs

AN, =AN,

E | . AN, is-defi | as: g[|._—_QP|.Tr"°m'm . | of il . | ati

For each transmission time interval 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 inpult:

X; =N
Qni =1
eplus :ameax
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€

minus

=ax|AN,|

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

puncturing when the algorithm of subclause 4.2.7.5 is run. The resulting values of ANJr ' canbe represented with

following expression.

427214 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHSs, i.e. AN, . >0, the parametersin subclause 4.2.7.2.1.3 are
used.

If puncturing isto 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=1when b=3

The bitsindicated by b=1 shall not be punctured.

ANE = {LANim/zj, forb=2

(AN, /2], forb=3

- ul
= Iéﬂ%)((i)(Nn /3)

For each transmission time interval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithmin
subcaluse 4.2.7.5. The following parameters are used as inpult:

X, = NiT,TI /3

€ni = Noo

€pus = A% N
€rinus = AX|AN)

minus

The values of ANI'rI may be computed by counting puncturing when the algorithm of subclause 4.2.7.5 isrun. The

resulting val ues of ANH' can be represented with following expression.
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| AN [x X,

AN =- ‘
N

+05]|-

max

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.

42.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

427221 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 al transport channelsi and all transport format
combinations j by the following formula:

1
Ni; = Ex N ()

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

RF _ Ndata,* x RM
[ i=l i
max 3 (R, xN, )

JOTFCS -

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

ANiT' 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 Nyq, +. 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 ,T,r "is the definitive value.

The first phase defines the tentative temporary ANiT' for al transport channel i and any of its transport format | by
use of the following formula:

RF.*NJ/ Naso:* RM X N7
ANH‘=Fix{F_D“—NT:Fix S — |- N7
' Foxmac> (RM *N, )
The second phase is defined by the following a gorithm:
foral j inTFCSin ascending order of TFCI do --foral TFC
=N+ ANT
D= i.TF (1) 1.TF (1) -- CCTrCH bit rate (bits per 10ms) for TFCj
= F
if D> N, then
fori=1tol do --for al TrCH
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AN =F; XxAN; - AN, ; isderivedfrom N, ; by theformulagiven at subclause 4.2.7.

it ANT (;) > AN then
TTI —
AN, 1 ) =AN
end-if
end-for
end-if

end-for

If ANH' =0 then, for TrCH i a TF 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:’IrI # 0 the parameters listed in subclauses 4.2.7.2.2.2 and 4.2.7.2.2.3 shall be used for determining €, €nius,
and er'rinus-

427222 Determination of rate matching parameters for convolutionally encoded TrCHs
AN, =AN]™
a=2

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

X, =N

g, =1

€y = axN;"
Eines = @X|AN;|

min us

puncturing for AN, <0, repetition otherwise.

42.7.2.2.3 Determination of rate matching parameters for Turbo encoded TrCHs

I repetition is to be performed on turbo encoded TrCHs, i.e. AN,[" >0, the parametersin 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=1when b=3
The bitsindicated by b=1 shall not be punctured.

_[laN]" /2], b=2
‘{w /2], b=3
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For each transmission time interval 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,

€, = ax X,

plus

€

min us

= ax|AN;|

4.2.7.3 Bit separation and collection in uplink

The systematic hits of turbo encoded TrCHs shall not be punctured, the other bits may be punctured. The systematic
bits, first parity bits, and second parity bits in 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.

- FromO0to 2 first and/or second parity bits that are from turbo encoded TrCHs. 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 the first parity bitsthat 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 TrCHSs, 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 second and third sequences shall be of equal length, whereas the first sequence can contain from 0 to 2 more bits.
Puncturing is applied only to the second and third sequences.The bit separation function is transparent for
convolutionally encoded TrCHs and for turbo encoded TrCHs with repetition. The bit separation and bit collection are
illustrated in figures 5 and 6.
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Rate matching
E Xaik Yaik E
Radio frame | 1 [Bit separation Bit : TrCH
segmentation | €k} Xzih Rate matching yzih collection | fik{ | Multiplexing
i algorithm .
| _>X3ik Rate matching _>y3ik |
E algorithm i
......... >
Figure 5: Puncturing of turbo encoded TrCHs in uplink
Rate matching
Radio frame E Bit separation Bit i TrCH
segmentationjegy ! Xaik ' Viik_ | collection ffix | | Multiplexing
! Rate matching !
| algorithm !

____________________________________________________

Figure 6: Rate matching for convolutionally encoded TrCHs
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 a, for these sequences are listed in table 5.

Table 5: TTI dependent offset needed for bit separation

TTI (ms) a1 a [2¢]
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 :Bn, .
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Table 6: Radio frame dependent offset needed for bit separation

TTI (ms) 9 B B B B 5 P43 B
10 0 NA NA NA NA NA NA NA
20 0 1 NA NA NA NA NA NA
40 0 1 2 0 NA NA NA NA
80 0 1 2 0 1 2 0 1
42.7.3.1 Bit separation

The bits input to the rate matching are denoted by €, €, €5, K, €\, » Wherei isthe TrCH number and N; isthe
number of bits input 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 Xy, Xy 5, X3, K, Xy - 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 all other casesb is defined to be 1. X; is the number of bitsin each separated bit
sequence. The relation between € and Xpik is given below.

For turbo encoded TrCHs with puncturing:

Xiik = € a(k-141+(a,+ 4, ) mod3 k=123, ... X% X =LN /3]

XN szl = € gln 3k k=1, ...,Nymod 3 Note: When (N; mod 3) = 0 this row is not needed.
Xoik = € actyiniaepyymoas KL 230X X =LNi /3]
X3ik = € a(k-1+1+(ay+f, ymod3 k=1,2,3, ... % X =LN; /3]

For convolutionally encoded TrCHs and turbo encoded TrCHs with repetition:

Xl,i,k :q’k k:1,2,3,...,Xi Xi:Ni

42.7.3.2 Bit collection

The bits Xpjk are input to the rate matching algorithm described in subclause 4.2.7.5. The bits output from the rate
matching algorithm are denoted Yy, Yyiz» Yiizs K Yy -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,75, Z;3, K, Zyy, -
After bit collection, the bitsindicated as punctured are removed and the bits are then denoted by f,;, f;,, fi5, KK, £,
wherei isthe TrCH number and V= N;j+4N;;. The relations between Yhik, Zyik, and fik are given below.

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

Z 3k-nie(a+ gy mod3 — Yiik  K=L2,3,..Y

Z qn 3tk = YaiN /3 lk k=1,...,Nymod 3 Note: When (N; mod 3) = 0 thisrow is not needed.

Zi,3(k—1)+l+(0/2+,8ni )mod 3 = y2,i,k k= 1,23 .., Yi

Z ak-n+1+(ay+py ymod3 — Y3k K=L2,3,..Y
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After the bit collection, bits Z k with value &, where 6/£ 0, 1}, are removed from the bit sequence. Bit f; 1 corresponds to

the bit Z x with smallest index k after puncturing, bit fi,2 corresponds to the bit Z x with second smallest index k after
puncturing, and so on.

For convolutionally encoded TrCHs and turbo encoded TrCHs with repetition:

Z = Yiik k=123 ..., Y

When repetition is used, f x=z x and Y;=V..

When puncturing is used, Y;=X; and bits Z; x with value J, where 0/{ 0, 1}, are removed from the bit sequence. Bit fi 1
corresponds to the bit Z x with smallest index k after puncturing, bit f; 2 corresponds to the bit Z k 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 bits in the bit sequence input to the rate matching block are
therefore separated into three sequences of equal lengths.

The first 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 bits that are from turbo encoded TrCHs.

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

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

Rate matching
I Xiik ylil; |
Channel i |Bit separation Bit | 1% insertion of
coding |G Xzih Rate matchin yzih collection giq' DTX
! algorithm 9 | indication
i ﬁ‘ Rate matching ﬁﬁ i
i algorithm i

Figure 7: Puncturing of turbo encoded TrCHs in downlink
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Rate matching

Channel \ |Bit separation Bit | [1¥ insertion of
coding (Cik! Xaik Viik_ | collection [Jik | DTX

: Rate matching r indication

| algorithm :

Figure 8: Rate matching for convolutionally encoded TrCHs
and for turbo encoded TrCHs with repetition in downlink
42741 Bit separation

The bits input to the rate matching are denoted by C;;, C;,, C 5, KK, C, . 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= NiTr ' The bits after Separation are
denoted by X1, X, 25 X3, K<, Xyix, - 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 cases b is defined to be 1. X; isthe
number of bitsin each separated bit sequence. The relation between Cik and Xpik is given below.

For turbo encoded TrCHs with puncturing:

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

For convolutionally encoded TrCHs and turbo encoded TrCHs with repetition:

Xl,i,k :Ci,k k:1,2,3,...,Xi xi:Ei

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 Yy, Yiiz» Yiizs K Yaiy. -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7, 7,;,,Z;5, K, Zyy, -
After bit collection, the bits indicated as punctured are removed and the bits are then denoted by g;;, 9;,, 0;3, K, O, »

wherei isthe TrCH number and G;= NiT,TI +ANi1,_rI . The relations between Yhik, Znik, and Jik are given below.

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

i sk-141 = Yiik k=123 ...V
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Zi 3k-1p+2 = Yoik k=1,23,....Y,

4 3k-1+43 =~ Y3k k=123 ...V

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

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

For convolutionally encoded TrCHs and turbo encoded TrCHs with repetition:

Z = Yiik k=123 ..., Y

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

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

Xigy Xy X5, K, Xix, » wherei isthe TrCH number and the sequence is defined in 4.2.7.3 for uplink or in 4.2.7.4 for
downlink. Parameters Xi, €, €us, aNd Eninys @re given in 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=ey -- initial error between current and desired puncturing ratio

m=1 -- index of current bit

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

set bit x; m to Owhere {0, 1}

e=e+ ey --updateerror

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

dowhilem<=X;

€= e—Eminus -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit X m

e=e+ ey -- 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.

4.2.8 TrCH multiplexing

Every 10 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing. These radio frames are serially
multiplexed into a coded composite transport channel (CCTrCH).

The bitsinput to the TrCH multiplexing are denoted by f;, i, fi3, KK, f, , wherei is the TrCH number and V; isthe

number of bitsin the radio frame of TrCH i. The number of TrCHsis denoted by I. The bits output from TrCH

multiplexing are denoted by S, S,,S;, K, S, where Sisthe number of bits, i.e. S= Z:\/I . The TrCH multiplexing is
i

defined by the following relations:

s =f, k=12..,Vv
S = foevy K= ViHL Vi+2, L VitV

S = fgv(k_(vﬁvz)) k= (Vi+Vo)+1, (Va+Vo)+2, ..., (Vi+Vo)+ Vs
K

S( = fl (K= (Vy +V, +K 4V, ) k= (V1+V2+ ...+V|.1)+ 1, (V1+V2+ ...+V|_1)+ 2, ceny (V1+V2+ ...+V|_1)+V|

4.2.9 Insertion of discontinuous transmission (DTX) indication bits

In the downlink, DTX isused to fill up the radio frame with bits. The insertion point of DTX indication bits depends on
whether fixed or flexible positions of the TrCHs in the radio frame are used. It is up to the UTRAN to decide for each
CCTrCH whether fixed or flexible positions are used during the connection. DT X indication bits only indicate when the
transmission should be turned off, they are not transmitted.

4291 1% insertion of DTX indication bits

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

The bits from rate matching are denoted by ;;, 0;,, 9;5., K, Oig, » Where G; isthe number of bitsin one TTI of TrCH i.

Denote the number of bitsin one radio frame of TrCH i by H;. Denote D; the number of bits output of the first DTX
insertion block.

In TTIs containing no compressed frames or frames compressed by spreading factor reduction, H; is constant and
corresponds to the maximum number of bits from TrCH i in one radio frame for any transport format of TrCH i and D;
= F; x H;.

The bits output from the DTX insertion are denoted by h i1, hi,, his, ..., hipi Note that these bits are three valued. They
are defined by the following relations:
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he =0, k=123 ...G
h, =0 k=G+1,G+2,G+3,.., D

where DTX indication bits are denoted by o. Here Qi {0, 1} and 5 {0, 1}.

4292 2" insertion of DTX indication bits

The DTX indication bitsinserted in this step shall be placed at the end of the radio frame. Note that the DTX will be
distributed over all slots after 2™ interleaving.

The bitsinput to the DTX insertion block are denoted by S, S,, S;, K, Ss,where Sisthe number of bits from TrCH

multiplexing. The number of PhCHs is denoted by P and the number of bitsin one radio frame, including DTX
indication bits, for each PhCH by R..

N *
In non-compressed frames, R = % =15x (Ndalal +N daiaz) , Where Nyaa1 and Nyaap are defined in [2].

For compressed frames, N'aaa- isdefined @ Nyya. = PX15X (Nt + Nygas) - Ny and N, arethe

number of bitsin the data fields of the slot format used for the current compressed frame, i.e. slot format A or B as
defined in [2] corresponding to the spreading factor and the number of transmitted slotsin use.

In frames compressed by higher layer scheduling, additional DTX with respect to normal mode shall be inserted if the
transmission time reduction does not exactly create a transmission gap of the desired TGL.

The number of bits available to the CCTrCH in one radio frame compressed by spreading factor reduction or by higher

cm
data,*

P

layer scheduling isdenoted by Ngi.. and R=

N

1
cm — data,*

For frames compressed by spreading factor reduction N, . = 5

cm

For frames compressed by higher layer scheduling the exact value of Ndata,* is dependent on the TGL whichis

cm

signalled from higher layers. It can be calculated as Ny, . = Nya - = Ny, -

NqgL isthe number of bitsthat are located within the transmission gap and defined as:

r
TGL «N.
15 data, )
,if Nfirst + TGL <15
Ng. = < 15— Nypq N
data,*
15 ,in first frame if Ngst + TGL > 15
TGL-(15-N; ) ..
15 X data,*
\ , in second frame if Nsrst + TGL > 15

Nsi.« and TGL are defined in subclause 4.4.

The bits output from the DTX insertion block are denoted by W,, W, , W,, K, Wpr) - Note that these bits are four-
in-case-of compressed-mode-by-puncturing;-and-three valued-etherwise. They are defined by the following
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=s k=123 ..,5S
=0 k=S+1,5+2,S+3, ..., PR

where DTX indication bits are denoted by &. Here S, [0{ 0,1, p}and 5[1{ 0,1} .

4.2.10 Physical channel segmentation

When more than one PhCH is used, physical channel segmentation divides the bits among the different PhCHs. The bits
input to the physical channel segmentation are denoted by X, X,, X5, K, X, , where X is the number of bits input to
the physical channel segmentation block. The number of PhCHsis denoted by P.

The bits after physical channel segmentation are denoted Upq,Up .Uy 5,K, Uy, , where pis PhCH number and U is

the number of bitsin one radio frame for each PhCH, i.e. U={X—Ngg ~Nyqa s —N-gaia = )-+P—For-compressed-mode-
X

by-puncturing-and-U = — etherwise. The relation between Xk and Up k is given below.
P

For al modes, some bits of the input flow are mapped to each code until the number of bits on the code isU. Formedes

Bitson first PhCH after physical channel segmentation:

Uy k= Xﬁék_)K k= 1, 2, ceny U
Bits on second PhCH after physical channel segmentation:

Uz, k= Xk Ukt U k:1,2,...,U

Bits on the P" PhCH after physical channel segmentation:

Upk = Xtk (P-1)x)k+ (P-1)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 aredenoted by S, S,,S;, K, S . Hence, Xk = Scand Y =S

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

The bitsinput to the physical segmentation are denoted by M,WZ,Wg,K,V\/(PU) . Hence, Xk = Wi and Y = PU.
4211 2" interleaving

The 2™ interleaving is ablock interleaver and consists of bits input to a matrix with padding, the inter-column
permutation for the matrix and bits output from the matrix with pruning. The bits input to the block interleaver are
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denoted by U, ,,U,,,U, 3,
PhCH. The output bit sequence from the block interleaver is derived as follows:

K,u,y , where pis PhCH number and U is the number of bitsin one radio frame for one

(1) Assign C2 = 30 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2, ...,
C2 - 1 from left to right.

(2) Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:
U <R2xC2.
The rows of rectangular matrix are numbered 0, 1, 2, ..., R2 - 1 from top to bottom.

(3) Write the input bit sequence Upq,Up .U, 5, K, Uy intotheR2 X C2 matrix row by row starting with bit
Ypa incolumn O of row O

yp,l yp,2 yp,3 K yp,CZ
yp,((32+1) yp,(02+2) yp,((32+3) K yp,(ZxCZ)
M M M K |

Yore-npxc2+)  Yp(Re-pxc2+2) Y p (Re-1)xc2+3) Kyp,(RZxCZ)

where Yy, =u,, fork=1,2, ..., Uandif R2x C2> U, the dummy bits are padded such that y,, =0or1

fork=U+1,U+2, ...,R2xC2. Thesedummy bhits are pruned away from the output of the matrix after the
inter-column permutation.

(4) Perform the inter-column permutation for the matrix based on the pattern <P2(j )> that isshown in

ifo1K,c2-3
table 7, where P2(j) isthe origina column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by y',, -

Yoir Yoreny Yoporey KYpconmren

Yoo Yorez Ypowresz Y p(czowme2)
M 1 M K 1

Yore Yoery Yoory K Yocxr

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column
permuted R2 X C2 matrix. The output is pruned by deleting dummy bits that were padded to the input of the
matrix before the inter-column permutation, i.e. bits y', that correspondsto bits y,, with k>U are removed

from the output. The bits after 2 interleavi ng are denoted by Vp1:Vp2s K,v where Vp 1 corresponds to the

pu
bit y',, with smallestindex k after pruning, Vp,2 to the bit y* . with second smallest index k after pruning,

and so on.

Table 7 Inter-column permutation pattern for 2nd interleaving

Number of columns C2 Inter-column permutation pattern
< P2(0), P2(1), ..., P2(C2-1) >
<0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21,
6, 16, 26, 4, 14, 24,19,9, 29,12, 2,7, 22, 27, 17>

30

4.2.12 Physical channel mapping

The PhCH for both uplink and downlink is defined in [2]. The bitsinput to the physical channel mapping are denoted

by Vo1 Vp2s K,Vp’U , where p isthe PhCH number and U is the number of bitsin one radio frame for one PhCH. The
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hits Vp k are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending order with
respect to k.

In compressed mode, no bits are mapped to certain dots of the PhCH(S). If Ny,4 + TGL < 15, no bits are mapped to slots
Niirst 10 Niag. If Niirg + TGL > 15, i.e. the transmission gap spans two consecutive radio frames, the mapping isas
follows:

- Inthefirst radio frame, no bits are mapped to sots Nsrg, Nirg+1, Nirg+2, ..., 14.
- Inthe second radio frame, no bits are mapped to the dlots 0, 1, 2, ..., Niag-

TGL, Nii«, and N« are defined in subclause 4.4.

42121  Uplink

In uplink, the PhCHs used during aradio frame are either completely filled with bits that are transmitted over the air or
not used at al. The only exception is when the UE isin compressed mode. The transmission can then be turned off
during consecutive dots of the radio frame.

42122 Downlink

In downlink, the PhCHs do not need to be completely filled with bits that are transmitted over the air. Values Vp x {0,
1} correspond to DTX indicators, which are mapped to the DPCCH/DPDCH fields but are not transmitted over the air.

During compressed mode by reducing the spreading factor by 2, the data bits are always mapped into 7.5 slots within a
compressed frame. No bits are mapped to the DPDCH field as follows:

If Njirg + TGL < 15, i.e. the transmission gap spans one radio frame,
if Nprg +7<14
no hits are mapped to slots Ns;¢,Nfirs + 1, Nirg +2,..., Nfirg+ 6
no bits are mapped to the first (Npaat Npaa)/2 bit positions of slot Ng g+ 7
else
no bits are mapped to sots Ng;g, Niirg + 1, Niirgt + 2,..., 14
no bits are mapped to dots Ngrg - 1, Niirg - 2, Niirg - 3, ..., 8
no bits are mapped to the last (Npaa+ Npaap)/2 bit positions of slot 7
end if
If Ni;¢ + TGL > 15, i.e. the transmission gap spans two consecutive radio frames,

In the first radio frame, no bits are mapped to last (Npgat Npae2)/2 bit positionsin slot 7 aswell as  to slots 8, 9,
10, ..., 14.

In the second radio frame, no bits are mapped to slots 0, 1, 2, ..., 6 aswell asto first (Npgat Npas2)/2 bit positionsin
dot 7.

Npazand Npao are defined in [2].

4.2.13 Restrictions on different types of CCTrCHs

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

4.2.13.1 Uplink Dedicated channel (DCH)

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport blocks M;
on each transport channel, and the maximum val ue of the number of DPDCHs P are given from the UE capability class.
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4.2.13.2 Random Access Channel (RACH)

There can only be one TrCH in each RACH CCTrCH, i.e. 1=1, § = fixand S= V..

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

The transmission time interval is either 10 msor 20 ms.
Only one PRACH isused, i.e. P=1, Uik =S, andU =S,

The Static rate matching parameter RM; is not provided by higher layer signalling on the System information as
the other transport channel parameters. Any value may be used as there is one transport channel in the CCTrCH,
hence one transport channel per Transport Format Combination and no need to do any balancing between
multiple transport channels.

4.2.13.3 Common Packet Channel (CPCH)

There can only be one TrCH in each CPCH CCTrCH, i.e. 1=1, s, = fyy and S= V..

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

Only one PCPCH isused, i.e. P=1, Uk =S, and U =S

4.2.13.4 Downlink Dedicated Channel (DCH)

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport blocks M;
on each transport channel, and the maximum value of the number of DPDCHSs 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 of the associated DPCH.

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport
blocks M, on thetransport 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 inthe BCH CCTrCH, i.e. I=1, § = fi, and S= V..
There can only be one transport block in each transmission timeinterval, i.e. My = 1.

All transport format attributes have predefined values which are provided in [11] apart from the rate matching
RM;.

The Static rate matching parameter RM; is not provided by higher layer signalling neither fixed. Any value may
be used as there is one transport channel in the CCTrCH, hence one transport channel per Transport Format
Combination and no need to do any balancing between multiple transport channels.

Only one primary CCPCH isused, i.e. P=1.

4.2.13.7 Forward access and paging channels (FACH and PCH)

The maximum value of the number of TrCHs | in a CCTrCH and the maximum value of the number of transport
blocks M; on each transport channel are given from the UE capability class.

The transmission time interval for TrCHs of PCH typeis always 10 ms.

Only one secondary CCPCH is used per CCTrCH, i.e. P=1.
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4.2.13.8 High Speed Downlink Shared Channel (HS-DSCH) associated with a DCH
- Therecan beonly one TrCH inthe HS-DSCH CCTrCH, i.e. | =1,

There can only be one transport block in each transmission timeinterval, i.e. My = 1.

Thetransmission time interval for TrCHs of HS-DSCH typeis always 2 ms.

- The maximum value of the number of HS-PDSCHs P are given from the UE capability class.

4.2.13.9 Enhanced Dedicated Channel (E-DCH)
- Therecan beonly one TrCH inthe E-DCH CCTrCH, i.e. 1 = 1.
- Therecan only be one transport block in each transmission timeinterval, i.e. M; = 1.
- Thetransmission timeinterval for TrCHs of E-DCH typeis2 msor 10 ms.

- The maximum value of the number of E-DPDCHSs P are given from the UE capabilities.

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 Fax = 0,

where F,, denotes the maximum number of radio frames within the transmission time intervals of all transport
channels which are multiplexed into the same CCTrCH, including 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 aCCTrCH of DSCH type, a modification of number of bits Nyu,+ allocated on aradio frameisallowed if
the CFN verifies CFN mod F,» = 0, where F5, denotes the maximum number of radio frames within the
transmission time intervals of al 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 or
one E-DCH.

2) CCTrCH of common type, corresponding to the result of the coding and multiplexing of a common channel,
RACH in the uplink, DSCH, HS-DSCH, BCH, or FACH/PCH for the downlink.
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42141 Allowed CCTrCH combinations for one UE

42.14.1.1 Allowed CCTrCH combinations on the uplink
The following CCTrCH combinations for one UE are allowed:
1) one CCTrCH of dedicated type or
1a) two CCTrCHs of dedicated type, one being of DCH type and the other one of E-DCH type or

2) one CCTrCH of common type.

4.2.14.1.2 Allowed CCTrCH combinations on the downlink
The following CCTrCH combinations for one UE are allowed:

- X CCTrCH of dedicated type + y CCTrCH of common type. The allowed combination of CCTrCHs of dedicated
and common type are given from UE radio access capabilities. There can be a maximum of one CCTrCH of
common type for DSCH. The maximum number of CCTrCHs of common type for FACH is determined from
UE capabilities. With one CCTrCH of common type for DSCH, there shall be only one CCTrCH of dedicated

type.

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

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

NOTE 3: inthe current release, only 1 CCTrCH of dedicated type is supported.

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 thereis at |east one other TrCH i', hereafter called guiding
TrCH, such that:

- theguiding TrCH hasthe same TTI duration asthe 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 contain more than one transport format 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 a DPCH associated with a PDSCH, the DPCCH shall include TFCI.
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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 al of the following restrictions are fulfilled:

1. either only one CCTrCH isreceived, or one CCTrCH of dedicated type and one CCTrCH of common type for
HS-DSCH are received by the UE;

If only one CCTrCH isreceived by the UE, the following conditions apply to that CCTrCH and those TrCHs that
are multiplexed onthe CCTrCH. If one CCTrCH of dedicated type and one CCTrCH of common type for HS-
DSCH are received by the UE, the following conditions apply to the dedicated type CCTrCH and the TrCHsthat are
multiplexed on the dedicated type CCTrCH.

. 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;

2
3
4
5. convolutional coding is used on all explicitly detectable TrCHSs;
6. CRC with non-zero length is appended to all transport blocks on all explicitly detectable TrCHs;
7. at least onetransport block shall be transmitted per TT1 on each explicitly detectable TrCH;

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

9. for dl explicitly detectable TrCHsi, the number of code blocksinone TTI (C;) shall not exceed 1;

10. the sum of the transport format set sizes of all explicitly detectable TrCHS, is 16 or less. The transport format set
sizeis 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.

4.3.1a Single transport format detection

When no TFCI is available, then single transport format detection shall be applied on al TrCHs within the CCTrCH
that have atransport format set not containing more than one transport format with more than zero transport blocks and
that do not use guided detection. The UE shall only be required to support single transport format detection if the
following restrictions are fulfilled:

1. For each transport channel that is single transport format detected, CRC with non-zero length is appended to all
transport blocks within the non-zero transport block transport format;

2. fixed positions of the transport channelsis used on the CCTrCH to be detectable.

4.3.2  Transport format detection based on TFCI

If aTFCI isavailable, then TFCI based detection shall be applicable to all TrCHs within the CCTrCH. The TFCI
informs the receiver about the transport format combination of the CCTrCHs. As soon as the TFCI is detected, the
transport format combination, and hence the transport formats of the individual transport channels are known.

If higher layersindicate that S-CCPCHs can be soft combined, then the same TFC is used on those SS=CCPCHs during
the radio frames when soft combining is possible. The UE may therefore detect TFCI on one S-CCPCH to determine
the TFC on all S-=CCPCHSs that can be soft combined. (S-CCPCH soft combining is further specified in [4]).
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4.3.3 Coding of Transport-Format-Combination Indicator (TFCI)

The TFCI isencoded using a (32, 10) sub-code of the second order Reed-Muller code. The coding procedureis as
shown in figure 9.

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

Figure 9: Channel coding of TFCI information bits

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

The code words of the (32,10) sub-code of second order Reed-Muller code are linear combination of 10 basis
sequences. The basis sequences are as in the following table 8.

Table 8: Basis sequences for (32,10) TFCI code

i Mio | Mix | Miz | Miz | Mig | Mis | Mig | Miz | Mig | Mig
0 1 0 0 0 0 1 0 0 0 0
1 0 1 0 0 0 1 1 0 0 0
2 1 1 0 0 0 1 0 0 0 1
3 0 0 1 0 0 1 1 0 1 1
4 1 0 1 0 0 1 0 0 0 1
5 0 1 1 0 0 1 0 0 1 0
6 1 1 1 0 0 1 0 1 0 0
7 0 0 0 1 0 1 0 1 1 0
8 1 0 0 1 0 1 1 1 1 0
9 0 1 0 1 0 1 1 0 1 1
10 1 1 0 1 0 1 0 0 1 1
11 0 0 1 1 0 1 0 1 1 0
12 1 0 1 1 0 1 0 1 0 1
13 0 1 1 1 0 1 1 0 0 1
14 1 1 1 1 0 1 1 1 1 1
15 1 0 0 0 1 1 1 1 0 0
16 0 1 0 0 1 1 1 1 0 1
17 1 1 0 0 1 1 1 0 1 0
18 0 0 1 0 1 1 0 1 1 1
19 1 0 1 0 1 1 0 1 0 1
20 0 1 1 0 1 1 0 0 1 1
21 1 1 1 0 1 1 0 1 1 1
22 0 0 0 1 1 1 0 1 0 0
23 1 0 0 1 1 1 1 1 0 1
24 0 1 0 1 1 1 1 0 1 0
25 1 1 0 1 1 1 1 0 0 1
26 0 0 1 1 1 1 0 0 1 0
27 1 0 1 1 1 1 1 1 0 0
28 0 1 1 1 1 1 1 1 1 0
29 1 1 1 1 1 1 1 1 1 1
30 0 0 0 0 0 1 0 0 0 0
31 0 0 0 0 1 1 1 0 0 0

The TFCI information bitsay, &, &, &, &, &, 8, &, 8g, & (Where & isLSB and a, is MSB) shall correspond to the
TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the TFC of the CCTrCH in the
associated DPCH radio frame.

The output code word bits b; are given by:

b=>(@>xM,)mod2
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wherei =0, ..., 3L
The output bits are denoted by b, k=0, 1, 2, ..., 3L

In downlink, when the SF < 128 the encoded TFCI code words are repeated yielding 8 encoded TFCI bits per dot in
normal mode and 16 encoded TFCI bits per dlot in compressed mode. Mapping of repeated bitsto dotsis explained in
subclause 4.3.5.

4.3.4  Operation of TFCI in Hard Split Mode

If one of the DCH is 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 afunctionality shall be
indicated by higher layer signalling.

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

TECI Punctured code of TFCI code

(k bits) —— (32,10) sub-code of L p» word
a a second order Reed- b ‘s
therma0 Muller code i

TEC) Punctured code of TFCI code

. (32,10) sub-code of
(10-k bits) » second order Reed- > word

35104k1 82,0 Muller code b, ‘s

Figure 10: Channel coding of flexible hard split mode TFCI information bits

The code words of the punctured code of (32,10) sub-code of second order Reed-Muller code are linear combinations of
basi s sequences generated by puncturing 10 basis sequences defined in table 8 in section 4.3.3.

Thefirst set of TFCI information bits (a0, 8.1, 812, &3, ..., k1 Wherea o isLSB and &y .; is MSB) shall correspond
to the TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the TFC of the DCH
CCTrCH inthe associated DPCH radio frame.

The second set of TFCI information bits (a0, &1, &2, &3, -, & 10k1 Where g isLSB and &, 10«1 IS MSB) shall
correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the TFC of the
associated DSCH CCTrCH in the corresponding PDSCH radio frame.

The output code word bits are given by :

10

k-1 -k-1
bh - Z(;‘ (aln * M M(k’il),ﬂz(kvn)) mod2; biz = (aZn x M M(lo‘kviz)v”z(lo‘kvn)) mod 2
n=l

n=0

where i,=0,...,3xkand i,=0, ..., 30-3xk.

ly

Then, the relation between j; (or j,) and i, (or i,) isasfollows:

stk s k)L
Jl{3><k+1 (h+1 2{5J)+2J Lol {32—(3><k+1) ('2+2(l+{5D)+2J 1

Thefunctions 7z, 77, are defined asshown in the following table 9.

3GPP



Release 6 34 3GPP TS 25.212 V6.4.0 (2005-03)

Table 9. 7z, 7, functions

m i (m,i) fori=o0, ..., 3xm 7,(m,n) forn=0,...,m-1
31]101,23,45,6,8,9,11 0,1,2

4 13,4,56,7,8,9,10,11, 12, 13, 14, 15 0,1,23
5101,23/4,5,6,7,8,9,10, 11, 12, 13, 14, 30 0,1,23,5

6 10,1,2,3,4,57,8,9,12,15, 18, 21, 23, 25, 27, 28, 29, 30 0,1,2,3,4,5
710,1,23,4,56,7,9,10,11, 13, 14, 15, 17, 20, 21, 22, 24, 25, 28, 29 0,1,2,3,4,6,7

4.3.5 Mapping of TFCI words

4351 Mapping of TFCI word in normal mode

The bits of the code word are directly mapped to the dots of the radio frame. Within a slot the bit with lower index is
transmitted before the bit with higher index. The coded bits by, are mapped to the transmitted TFCI bits dy, according to
the following formula:

Ok = Bxmod 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 by and bs; are not transmitted.

For downlink physical channels whose SF < 128, k=0, 1, 2, ..., 119. Note that this means that bits by to b,; are
transmitted four times and bits b, to bs; are transmitted three times.

4.35.2 Mapping of TFCI word in compressed mode

The mapping of the TFCI bitsin compressed mode is different for uplink, downlink with SF = 128 and downlink with
SF < 128.

43521 Uplink compressed mode

For uplink compressed mode, the slot format is changed so that no TFCI coded bits are lost. The different slot formats
in compressed mode do not match the exact number of TFCI coded bits for all possible TGLs. Repetition of the TFCI
bitsis therefore used.

Denote the number of bits availablein the TFCI fields of one compressed radio frame by D and the number of bitsin
the TFCI field in aslot by Nyg¢. The parameter E is used to determine the number of the first TFCI bit to be repeated.

E= Nsir¢ N1ecy, if the start of the transmission gap is alocated to the current frame.
E =0, if the start of the transmission gap is allocated to the previous frame and the end of the transmission gap is
allocated to the current frame.

The TFCI coded bits b, are mapped to the bits in the TFCI fields dy. The following relations define the mapping for each
compressed frame.

dk = bk
wherek=0, 1, 2, ..., min (31, D-1).
If D > 32, the remaining positions are filled by repetition (in reversed order):

Opge1 = b(E+ k) mod 32

wherek =0, ..., D-33.
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43522 Downlink compressed mode

For downlink compressed mode, the slot format is changed so that no TFCI coded bits are lost. The different slot
formats in compressed mode do not match the exact number of TFCI bitsfor all possible TGLs. DTX istherefore used
if the number of bits available in the TFCI fields in one compressed frame exceeds the number of TFCI bits given from
the dot format. The block of bitsin the TFCI fields where DTX is used starts on the first TFCI field after the
transmission gap. If there are more bits available in the TFCI fields before the transmission gap than TFCI bits, DTX is
also used on the bitsin the last TFCI fields before the transmission gap.

Denote the number of bits available in the TFCI fields of one compressed radio frame by D and the number of bitsin
the TFCI field in aslot by Nyg¢. The parameter E is used to determine the position of the first bit in the TFCI field on
which DTX is used.

E = Nfirg¢ N7rqy, if the start of the transmission gap is allocated to the current frame.
E =0, if the start of the transmission gap is allocated to the previous frame and the end of the transmission gap is
allocated to the current frame.

Denote the total number of TFCI bitsto be transmitted by F. F = 32 for dot formats nA or nB, wheren=0, 1, ..., 11
(seetable 11in[2]). Otherwise, F = 128. The TFCI coded bits by are mapped to the bitsin the TFCI fields dy. The
following relations define the mapping for each compressed frame.

If E>0,
0k = By moa 32
wherek=0, 1, 2, ..., min (E, F)-1.
If E<F,
Oirp-F = Bkmod 32
wherek=E, ..., F -1.
DTX isused on dy wherek=min (E, F), ..., min(E, F) +D - F -1.

4.4 Compressed mode

In compressed frames, TGL dots from N4 t0 N4 @€ not used for transmission of data. Asillustrated in figure 11, the
instantaneous transmit power isincreased 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 subclause 4.4.3). What frames are compressed, are decided by the network. When in compressed mode,
compressed frames can occur periodically, asillustrated in figure 11, or requested on demand. The rate and type of
compressed frames is variable and depends on the environment and the measurement requirements.

O e s e e s e e s s 1 e B

\
“ Oneframe \
(10 ms) Transmission gap available for

inter-frequency measurements

Figure 11: Compressed mode transmission
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4.4.1 Frame structure in the uplink

The frame structure for uplink compressed framesisillustrated in figure 12.

Slot # (N — 1) transmission gap Slot # (Nt + 1)

< > < > >
Data o o e o o o Data
Pilot TFCI|FBI [TPC|® © © © o o Pilot TFCI| FBI [TPC

Figure 12: 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 frames. Type A maximises the

transmission gap length and type B is optimised for power control. The frame structure type A or B is set by higher
layers independent from the downlink slot format type A or B.

- With frame structure of type A, the pilot field of the last dot in the transmission gap is transmitted. Transmission
isturned off during the rest of the transmission gap (figure 13(a)). In case the length of the pilot field is 2 bits
and STTD isused on the radio link, the pilot bitsin the last slot of the transmission gap shall be STTD encoded
assuming DTX indicators as the two last bitsin the Data2 field.

- With frame structure of type B, the TPC field of the first ot in the transmission gap and the pilot field of the last
slot in the transmission gap is transmitted. Transmission is turned off during the rest of the transmission gap
(figure 13(b)). In case the length of the pilot field is 2 bitsand STTD is used on theradio link, the pilot bitsin the
last slot of the transmission gap shall be STTD encoded assuming DTX indicators as the two last bits of the
Data2 field. Similarly, the TPC bitsin the first slot of the transmission gap shall be STTD encoded assuming
DTX indicators as the two last bitsin the Datal field.

< Slot # (Nrirs - 1) > < transmission gap >< Slot # (Niag + 1) >

TF

cl Data2 PL| © © o o o o|p |Daar|P|T}

Datal Cl Data? PL

[@hvks!

[@hvks!

(a) Frame structure type A

< Slot # (Nfirg - 1) > < transmission gap > < Slot # (Njog + 1) >
T ITF T T TF
Datal] EQ Data2 PL E ® e o o | p [Daal E Cl Data2 PL

(b) Frame structure type B

Figure 13: Frame structure types in downlink compressed transmission

4.4.2A Frame structure in the downlink for F-DPCH

Thereisonly one type of frame structure defined for downlink F-DPCH compressed frames. transmission is turned off
during the whole transmission gap i.e. in 9 ots Nyjrg t0 Njag.
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4.4.3 Transmission time reduction method

When in compressed mode, the information normally transmitted during a 10 ms frame is compressed in time. The
mechanisms provided for achieving this are puneturing;-reduction of the spreading factor by afactor of two , and higher
layer scheduling. In the downlink_and the uplink, all methods are supported-white-compressed-mode-by-puncturing+s-
netused-in-the-uphink. The maximum idle length is defined to be 7 slots per one 10 ms frame. The dot formats that are
used in compressed frames are listed in [2].

In case F-DPCH is configured in the downlink, no transmission time reduction method is needed during compressed
frames. The same slot format is used in compressed frames and normal frames.
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Annex B (informative):
Compressed mode idle lengths

The tables B.1-B.3 show the resulting idle lengths for different transmission gap lengths, UL/DL modes and DL frame
types when DPCCH/DPDCH are used in the uplink and DPCH in the downlink. The idle lengths given are calculated
purely from the slot and frame structures and the UL/DL offset. They do not contain margins for e.g. synthesizer
switching.

B.1 Idle lengths for DL, UL and DL+UL compressed
mode for DPCH

Table B.1: Parameters for DL compressed mode

TGL DL Spreading Idle length | Transmission time Idle frame
Frame Factor [ms] Reduction method Combining
Type
3 A 1.73-1.99 Puncturing; (S)
B 512 -4 1.60 —1.86 Spreading factor (D) =(1,2) or (2,1)
4 A 2.40 — 2.66 division by 2 or (S)
B 2.27-2.53 Higher layer (D) =(1,3), (2,2) or (3,1)
5 A 3.07-3.33 scheduling (S)
B 2.93-3.19 (D) =(1,4), (2,3), (3,2) or
(4.1)
7 A 4.40 — 4.66 (S)
B 427 -4.53 (D)=(1,6), (2,5), (3,4), (4,3),
(5,2) or (6,1)
10 A 6.40 — 6.66 (D)=(3,7), (4,6), (5,5), (6,4) or
B 6.27 — 6.53 (7,3)
14 A 9.07 —9.33 (®) =(7,7)
B 8.93-9.19

Table B.2: Parameters for UL compressed mode

TGL Spreading Idle length | Transmission time Idle frame
Factor [ms] Reduction method Combining
3 2.00 (S)
256 -4 Spreading factor (D) =(1,2) or (2,1)
4 2.67 division by 2 or (S)
Higher layer (D) =(1,3), (2,2) or (3,1)
5 3.33 scheduling (S)
(D) =(1,4), (2,3), (3,2) or
(4.1)
7 4.67 (S)
(D)=(1,6), (2,5), (3,4), (4.3),
(5,2) or (6,1)
10 6.67 (D)=(3,7), (4,6), (5,5), (6,4) or
(7.3)
14 9.33 (D) =(7,7)
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Table B.3: Parameters for combined UL/DL compressed mode

TGL DL Spreading Idle length | Transmission time Idle frame
Frame Factor [ms] Reduction method Combining
Type
3 1.47-1.73 S
AorB DL: bL: (D) =(1,2) or (2,1)
4 512 -4 2.13-2.39 Puncturing, - (S)
Spreading factor (D) =(1,3), (2,2) or (3,1)
5 UL: 2.80 — 3.06 division by 2 or (S)
256 -4 Higher layer (D) = (1,4), (2,3), (3, 2) or
scheduling (4,1)
7 4.13-4.39 (S)
Uk (D)=(L6), (2.5), (3.4), (4.3),
Spreading-factor (5,2) or (6,1)
10 6.13-6.39 divisionby-2er  [(D)=(3)7), (4,6), (5.5), (6,4) or
; _ (D)=(3,7), ( ) (5.5), (6.4)
12 8.80 - 9.06 Scheddling (D) =(7,7)

(S): Single-frame method as shown in figure 14 (1).

(D): Double-frame method as shown in figure 14 (2). (x,y) indicates x: the number of idle slotsin the first frame,
y: the number of idle slots in the second frame.

NOTE: Compressed mode by spreading factor reduction is not supported when SF=4 is used in normal mode
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5.2.1.3 Power control in compressed mode

The aim of downlink power control in uplink or/and downlink compressed mode is to recover asfast aspossible a
signal-to-interference ratio (SIR) close to the target SIR after each transmission gap.

The UE behaviour is the same in compressed mode as in normal mode, described in subclause 5.2.1.2, except that the
target SIR is offset by higher layer signalling. However due to transmission gaps in uplink compressed frames there
may be incomplete sets of TPC commands when DPC_MODE=1.

UTRAN behaviour is as stated in section 5.2.1.2.2 except for DPC_MODE = 1 where missing TPC commands in the
UL may lead the UTRAN to changing its power more frequently than every 3 dots.

In compressed mode, compressed frames may occur in either the uplink or the downlink or both. In downlink
compressed frames, the transmission of downlink DPDCH(s) and DPCCH shall be stopped during transmission gaps.

The power of the DPCCH and DPDCH in the first ot after the transmission gap should be set to the same value asin
the dot just before the transmission gap.

During compressed mode except during downlink transmission gaps, UTRAN shall estimate the k:th TPC command
and adjust the current downlink power P(k-1) [dB] to anew power P(K) [dB] according to the following formula:

P(K) = P(k - 1) + Prpc(K) + Pgr(K) + Poa(K),

where Prpc(K) is the k:ith power adjustment due to the inner loop power control, Pggr(K) isthe k-th power adjustment due
to the downlink target SIR variation, and P,y (k) [dB] is a correction according to the downlink power control procedure
for balancing radio link powers towards a common reference power. The power balancing procedure and control of the

procedure is described in [6].

Due to transmission gaps in uplink compressed frames, there may be missing TPC commands in the uplink.

For DPC_MODE = 0 if no uplink TPC command is received, Prpc(k) derived by the Node B shall be set to zero.
Otherwise, Prpc(K) is calculated the same way asin norma mode (see sub-clause 5.2.1.2.2) but with a step size Asrep
instead of Arpc.

For DPC_MODE = 1, the sets of dots over which the TPC commands are processed shall remain aligned to the frame
boundaries in the compressed frame. If this results in an incomplete set of TPC commands, the UE shall transmit the
same TPC commandsin all slots of the incomplete set.

The power control step size Asrep = Arp.trc during RPL slots after each transmission gap and Asrep = Arpc Otherwise,
where;

- RPL isthe recovery period length and is expressed as a number of sots. RPL is equal to the minimum value out
of the transmission gap length and 7 dlots. If atransmission gap is scheduled to start before RPL dlots have
elapsed, then the recovery period shall end at the start of the gap, and the value of RPL shall be reduced
accordingly.

-= DAgrp.1rc is caled the recovery power control step size and is expressed in dB. Agp.1rc iS equal to the minimum
value of 3 dB and 2A7pc.

The power offset Pggr(K) = 0Pgyr - OPpre,, Where 8P, and 0Py, are respectively the value of &P in the current slot and
the most recently transmitted slot and dP is computed as follows:

OP = max (AP1_compression, ..., APn_compression) + AP1 _coding + AP2_coding

where n isthe number of different TTI lengths amongst TTls of al TrChs of the CCTrCh, where AP1_coding and
AP2_coding are computed from uplink parameters DeltaSIR1, DeltaSIR2, DeltaS| Rafterl, DeltaS|Rafter2 signaled by
higher layers as.

- APl _coding = DeltaSIRL1 if the start of the first transmission gap in the transmission gap pattern is within the
current frame.

- AP1_coding = DeltaSIRafterl if the current frame just follows a frame containing the start of the first
transmission gap in the transmission gap pattern.

3GPP



- AP2_coding = DeltaSIR2 if the start of the second transmission gap in the transmission gap pattern is within the
current frame.

- AP2_coding = DeltaSIRafter2 if the current frame just follows a frame containing the start of the second
transmission gap in the transmission gap pattern.

- AP1 coding = 0dB and AP2_coding = 0dB in all other cases.
and APi_compression is defined by :

- APi_compression = 3 dB for downlink frames compressed by reducing the spreading factor by 2.

- APi_compression =0 dB in all other cases.

In case several compressed mode patterns are used simultaneously, a P offset is computed for each compressed mode
pattern and the sum of al dP offsetsis applied to the frame.

For al time slots except those in transmissions gaps, the average power of transmitted DPDCH symbols over one
timeslot shall not exceed Maximum_DL_Power (dB) by more than 6P, nor shall it be below Minimum_DL_Power
(dB). Transmitted DPDCH symbol means here a complex QPSK symbol before spreading which does not contain DTX.
Maximum_DL_Power (dB) and Minimum_DL_Power (dB) are power limits for one channelisation code, relative to the
primary CPICH power [6].

3GPP



3GPP TSG-RAN1 Meeting #41 Tdoc $8R1-050525
Athens, Greece, 9 - 13 May 2005

CR-Form-v7.1

CHANGE REQUEST
¥ 25.214 CR 389 grev _ 3 Current version: 6.5.0 ¥

For HELP on using this form, see bottom of this page or look at the pop-up text over the ¥ symbols.

Proposed change affects:  UICC apps&e|:| ME Radio Access Network Core Network|:|
Title: ¥ Feature clean up: Removal of the ‘compressed mode by puncturing'
Source: ¥ RANWG1
Work item code: 3 TEI6 Date: 3 18/04/2005
Category: ¥ C Release: 3 Rel-6
Use one of the following categories: Use one of the following releases:
F (correction) Ph2 (GSM Phase 2)
A (corresponds to a correction in an earlier R96 (Release 1996)
release) R97 (Release 1997)
B (addition of feature), R98 (Release 1998)
C (functional modification of feature) R99 (Release 1999)
D (editorial modification) Rel-4  (Release 4)
Detailed explanations of the above categories can Rel-5 (Release 5)
be found in 3GPP TR 21.900. Rel-6  (Release 6)

Rel-7 (Release 7)

Reason for change: ¥ RAN #27 decision in RP-050144 to remove the feature 'CM by puncturing'.

Summary of change: 3 Text regarding Compressed Mode by puncturing is removed. Minor editorial
changes are made to improve consistency.

Consequences if ¥ The RAN #27 decision would be violated.
not approved:

Clauses affected: ¥ 5213

Y|N
Other specs ¥ X Other core specifications ¥ 25.101, 25.133, 25.211, 25.212, 25.215,
25.331, 25.423, 25.433
affected: Test specifications
X| O&M Specifications

Other comments: ¥ Contents of this CR is unchanged compared to R1-050479.

How to create CRs using this form:
Comprehensive information and tips about how to create CRs can be found at http://www.3gpp.org/specs/CR.htm.
Below is a brief summary:

1) Fill out the above form. The symbols above marked 3 contain pop-up help information about the field that they are
closest to.

2) Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word
"revision marks" feature (also known as "track changes") when making the changes. All 3GPP specifications can be

CR page 1



downloaded from the 3GPP server under ftp://ftp.3gpp.org/specs/ For the latest version, look for the directory name
with the latest date e.g. 2001-03 contains the specifications resulting from the March 2001 TSG meetings.

3) With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification just in front of
the clause containing the first piece of changed text. Delete those parts of the specification which are not relevant to
the change request.

CR page 2



5.2.1.3 Power control in compressed mode

The aim of downlink power control in uplink or/and downlink compressed mode is to recover asfast aspossible a
signal-to-interference ratio (SIR) close to the target SIR after each transmission gap.

The UE behaviour is the same in compressed mode as in normal mode, described in subclause 5.2.1.2, except that the
target SIR for aDPCH is offset by higher layer signalling. However due to transmission gaps in uplink compressed
frames there may be incomplete sets of TPC commands when DPC_MODE=1.

UTRAN behaviour is as stated in section 5.2.1.2.2 except for DPC_MODE = 1 where missing TPC commands in the
UL may lead the UTRAN to changing its power more frequently than every 3 dots.

In compressed mode, compressed frames may occur in either the uplink or the downlink or both. In downlink
compressed frames, the transmission of downlink DPDCH(s), DPCCH and F-DPCH shall be stopped during
transmission gaps.

The power of the DPCCH and DPDCH in the first dot after the transmission gap, or the power of the F-DPCH in the
first slot after the transmission gap, should be set to the same value asin the slot just before the transmission gap.

During compressed mode except during downlink transmission gaps, UTRAN shall estimate the k:th TPC command
and adjust the current downlink power P(k-1) [dB] to anew power P(K) [dB] according to the following formula:

P(K) = P(k - 1) + Prpc(K) + Pgr(K) + Pua(K),

where Prpc(K) isthe k:ith power adjustment due to the inner loop power control, Pgr(K) is the k-th power adjustment due
to the downlink target SIR variation, and P,y (k) [dB] is a correction according to the downlink power control procedure
for balancing radio link powers towards a common reference power. The power balancing procedure and control of the

procedure is described in [6].

Due to transmission gaps in uplink compressed frames, there may be missing TPC commands in the uplink.

For DPC_MODE = 0 if no uplink TPC command is received, Prpc(k) derived by the Node B shall be set to zero.
Otherwise, Prpc(K) is calculated the same way asin norma mode (see sub-clause 5.2.1.2.2) but with a step size Asrep
instead of Arpc.

For DPC_MODE = 1, the sets of dots over which the TPC commands are processed shall remain aligned to the frame
boundaries in the compressed frame. If this results in an incomplete set of TPC commands, the UE shall transmit the
same TPC commandsin all slots of the incompl ete set.

The power control step size Asrep = Arp.trc during RPL slots after each transmission gap and Asrep = Arpc Otherwise,
where;

- RPL isthe recovery period length and is expressed as a number of sots. RPL is equal to the minimum value out
of the transmission gap length and 7 dlots. If atransmission gap is scheduled to start before RPL dlots have
elapsed, then the recovery period shall end at the start of the gap, and the value of RPL shall be reduced
accordingly.

-= Arprpc IS called the recovery power control step size and is expressed in dB. Arp.1pc iS €qual to the minimum
value of 3 dB and 2A+pc.

For F-DPCH, Pgr(K) = 0.

For DPCH, the power offset Pgr(K) = 0Pcur - OPyrev, Where P, and 0P, are respectively the value of dP in the
current slot and the most recently transmitted slot and &P is computed as follows:

OP = max (AP1_compression, ..., APn_compression) + AP1_coding + AP2_coding

where n isthe number of different TTI lengths amongst TTIs of al TrChs of the CCTrCh, where AP1_coding and
AP2_coding are computed from uplink parameters DeltaSIR1, DeltaSIR2, DeltaSIRafterl, DeltaS|IRafter2 signaled by
higher layers as:

- APl coding = DeltaSIR1 if the start of the first transmission gap in the transmission gap pattern is within the
current frame.
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- AP1_coding = DeltaSIRafterl if the current frame just follows a frame containing the start of the first
transmission gap in the transmission gap pattern.

- AP2_coding = DeltaSIR2 if the start of the second transmission gap in the transmission gap pattern is within the
current frame.

- AP2_coding = DeltaSIRafter2 if the current frame just follows a frame containing the start of the second
transmission gap in the transmission gap pattern.

- APl _coding = 0dB and AP2_coding =0 dB in al other cases.

and APi_compression is defined by :

- APi_compression = 3 dB for downlink frames compressed by reducing the spreading factor by 2.

- APi_compression =0 dB in all other cases.

In case several compressed mode patterns are used simultaneously, a P offset is computed for each compressed mode
pattern and the sum of all &P offsetsis applied to the frame.

For al time slots except those in transmissions gaps, the average power of transmitted DPDCH symbols over one
timeslot shall not exceed Maximum_DL_Power (dB) by more than 6P, nor shall it be below Minimum_DL_Power
(dB). Transmitted DPDCH symbol means here a complex QPSK symbol before spreading which does not contain DTX.
Maximum_DL_Power (dB) and Minimum_DL_Power (dB) are power limits for one channelisation code, relative to the
primary CPICH power [6].

For F-DPCH, for al time slots except those in transmissions gaps the power of the transmitted symbol over one timeslot
for agiven UE shall not exceed Maximum_DL_Power (dB), nor shall it be below Minimum_DL_Power (dB).
Transmitted symbol means here a complex QPSK symbol before spreading which does not contain DTX.

3GPP



3GPP TSG RAN WG1 Meeting #41 Tdoc $8R1-050525
Athens, Greece, May 9-13, 2005

CR-Form-v7.1

CHANGE REQUEST
¥ 25.215 CR 164 grev _ 3 Current version: 56.0 ¥

For HELP on using this form, see bottom of this page or look at the pop-up text over the ¥ symbols.

Proposed change affects:  UICC apps&e|:| ME Radio Access Network Core Network|:|
Title: ¥ Feature clean up: Removal of the ‘compressed mode by puncturing’
Source: ¥ RANWG1
Work item code: 3 TEI5 Date: 3 18/04/2005
Category: ¥ C Release: 3 Rel-5
Use one of the following categories: Use one of the following releases:
F (correction) Ph2 (GSM Phase 2)
A (corresponds to a correction in an earlier R96 (Release 1996)
release) R97 (Release 1997)
B (addition of feature), R98 (Release 1998)
C (functional modification of feature) R99 (Release 1999)
D (editorial modification) Rel-4  (Release 4)
Detailed explanations of the above categories can Rel-5 (Release 5)
be found in 3GPP TR 21.900. Rel-6  (Release 6)

Rel-7 (Release 7)

Reason for change: ¥ The feature 'compressed mode by puncturing' is not used in real networks.
Furthermore, as compressed mode by puncturing is only applicable for fixed
positions in DL, it not expected to be the best way of handling compressed mode
measurements with future services.

RAN #27 decided with RP-050144 to remove this feature.

Summary of change: 3 The method for generating the downlink compressed mode gap by puncturing is
removed.

Consequences if ¥ Simplification of specifications, reduction of complexity and easier evolution
not approved: chance would be missed and a RAN #27 decision would be violated.

Clauses affected: ¥ 6.1.1.2

Y [N
Other specs 3#| X Other core specifications ¥ 25.101, 25.133, 25.211, 25.212, 25.214,
25.331, 25.423, 25.433
affected: Test specifications
X | O&M Specifications

Other comments: ¥ Contents of this CR is unchanged compared to R1-050479.

How to create CRs using this form:
Comprehensive information and tips about how to create CRs can be found at http://www.3gpp.org/specs/CR.htm.
Below is a brief summary:

CR page 1



1)

2)

3)

Fill out the above form. The symbols above marked 3§ contain pop-up help information about the field that they are
closest to.

Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word
"revision marks" feature (also known as "track changes") when making the changes. All 3GPP specifications can be
downloaded from the 3GPP server under ftp://ftp.3gpp.ora/specs/ For the latest version, look for the directory name
with the latest date e.g. 2001-03 contains the specifications resulting from the March 2001 TSG meetings.

With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification just in front of
the clause containing the first piece of changed text. Delete those parts of the specification which are not relevant to
the change request.

CR page 2



Release 5 3 3GPP TS 25.215 V5.6.0 (2005-03)

6.1.1 Compressed mode

6.1.1.1 Use of compressed mode for monitoring

On command from the UTRAN, a UE shall monitor cells on other FDD frequencies and on other modes and radio
access technologies that are supported by the UE (i.e. TDD, GSM). To allow the UE to perform measurements,
UTRAN shall command that the UE entersin compressed mode, depending on the UE capabilities.

The UE capabilities define whether a UE requires compressed mode in order to monitor cells on other FDD frequencies
and on other modes and radio access technologies. UE capabilities indicate the need for compressed mode separately
for the uplink and downlink and for each mode, radio access technology and frequency band.

A UE shall support compressed mode for all cases for which the UE indicates that compressed mode is required.

A UE does not need to support compressed mode for cases for which the UE indicates that compressed mode is not
required. For these cases, the UE shall support an alternative means of making the measurements.

The UE shall support one single measurement purpose for one transmission gap pattern sequence. The measurement
purpose of the transmission gap pattern sequenceis signalled by higher layers.

The following subclause provides rules to parameterise the compressed mode.

6.1.1.2 Parameterisation of the compressed mode
In response to arequest from higher layers, the UTRAN shall signal to the UE the compressed mode parameters.

A transmission gap pattern sequence consists of consecutive occurrences of transmission gap pattern 1, where
transmission gap pattern 1 consists of one or two transmission gaps. See figure 1.

The following parameters characterise a transmission gap pattern:

- TGSN (Transmission Gap Starting Slot Number): A transmission gap pattern beginsin aradio frame,
henceforward called first radio frame of the transmission gap pattern, containing at least one transmission gap
slot. TGSN isthe slot number of the first transmission gap slot within the first radio frame of the transmission

gap pattern;

- TGL1 (Transmission Gap Length 1): Thisisthe duration of the first transmission gap within the transmission
gap pattern, expressed in number of dots;

- TGL2 (Transmission Gap Length 2): Thisisthe duration of the second transmission gap within the transmission
gap pattern, expressed in number of dots. If this parameter is not explicitly set by higher layers, then TGL2 =
TGL1Z,;

- TGD (Transmission Gap start Distance): Thisisthe duration between the starting slots of two consecutive
transmission gaps within a transmission gap pattern, expressed in number of sots. The resulting position of the
second transmission gap within its radio frame(s) shall comply with the limitations of [2]. If this parameter is not
set by higher layers, then there is only one transmission gap in the transmission gap pattern;

- TGPL1 (Transmission Gap Pattern Length): Thisis the duration of transmission gap pattern 1, expressed in
number of frames.

The following parameters control the transmission gap pattern sequence start and repetition:

- TGPRC (Transmission Gap Pattern Repetition Count): This is the number of transmission gap patterns within
the transmission gap pattern sequence;

- TGCFN (Transmission Gap Connection Frame Number): Thisisthe CFN of the first radio frame of the first
pattern 1 within the transmission gap pattern sequence.

In addition to the parameters defining the positions of transmission gaps, each transmission gap pattern sequence is
characterised by:

- UL/DL compressed mode selection: This parameter specifies whether compressed modeis used in UL only, DL
only or both UL and DL;
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- UL compressed mode method: The methods for generating the uplink compressed mode gap are spreading factor
division by two or higher layer scheduling and are described in [2];

- DL compressed mode method: The methods for generating the downlink compressed mode gap are puncturing;-
spreading factor division by two or higher layer scheduling and are described in [2];

- downlink frame type: This parameter definesif frame structure type 'A’ or 'B' shall be used in downlink
compressed mode. The frame structures are defined in [2];

- scrambling code change: This parameter indicates whether the aternative scrambling code is used for
compressed mode method 'SF/2'. Alternative scrambling codes are described in [3];

- RPP: Recovery Period Power control mode specifies the uplink power control algorithm applied during recovery
period after each transmission gap in compressed mode. RPP can take 2 values (0 or 1). The different power
control modes are described in [4];

- ITP: Initial Transmit Power mode selects the uplink power control method to calculate the initial transmit power
after the gap. I TP can take two values (0 or 1) and is described in [4].

The UE shall support simultaneous compressed mode pattern sequences which can be used for different measurements.
The following measurement purposes can be signalled from higher layers:

- FDD

- TDD

- GSM carrier RSSI measurement
- Initial BSIC identification

- BSIC re-confirmation.

The UE shall support one compressed mode pattern sequence for each measurement purpose while operating in FDD
mode, assuming the UE needs compressed mode to perform the respective measurement. In case the UE supports
severa of the measurement purposes, it shall support in parallel one compressed mode pattern sequence for each
supported measurement purpose where the UE needs compressed mode to perform the measurement. The capability of
the UE to operate in compressed mode in uplink and downlink is given from the UE capabilities.

The GSM measurements Initial BSIC identification and BSIC re-confirmation are defined in [20].

Higher layers will ensure that the compressed mode gaps do not overlap and are not scheduled to overlap the same
frame. The behaviour when an overlap occursis described in [11]. UE is not required to support two compressed mode
gapsin aframe.

In al cases, higher layers have control of individual UE parameters. Any pattern sequence can be stopped on higher
layers command.

The parameters TGSN, TGL1, TGL2, TGD, TGPL1, TGPRC and TGCFN shall al be integers.
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#1 #2 #3 #5 #TGPRC
TG pattern1 | TG pattern 1| TG pattern 1 | TG pattern 1| TG pattern 1 TG pattern 1
TG pattern 1
Transmission Transmission
gap 1 gap 2
TGSN
<+—> —»
TGL1 TGL2
< >
TGD
< >

TGPL1

Figure 1: lllustration of compressed mode pattern parameters
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6.1.1 Compressed mode

6.1.1.1 Use of compressed mode for monitoring

On command from the UTRAN, a UE shall monitor cells on other FDD frequencies and on other modes and radio
access technologies that are supported by the UE (i.e. TDD, GSM). To allow the UE to perform measurements,
UTRAN shall command that the UE entersin compressed mode, depending on the UE capabilities.

The UE capabilities define whether a UE requires compressed mode in order to monitor cells on other FDD frequencies
and on other modes and radio access technologies. UE capabilities indicate the need for compressed mode separately
for the uplink and downlink and for each mode, radio access technology and frequency band.

A UE shall support compressed mode for all cases for which the UE indicates that compressed mode is required.

A UE does not need to support compressed mode for cases for which the UE indicates that compressed mode is not
required. For these cases, the UE shall support an alternative means of making the measurements.

The UE shall support one single measurement purpose for one transmission gap pattern sequence. The measurement
purpose of the transmission gap pattern sequenceis signalled by higher layers.

The following subclause provides rules to parameterise the compressed mode.

6.1.1.2 Parameterisation of the compressed mode
In response to arequest from higher layers, the UTRAN shall signal to the UE the compressed mode parameters.

A transmission gap pattern sequence consists of  consecutive occurrences of transmission gap pattern 1, where
transmission gap pattern 1 consists of one or two transmission gaps. See figure 1.

The following parameters characterise a transmission gap pattern:

- TGSN (Transmission Gap Starting Slot Number): A transmission gap pattern beginsin aradio frame,
henceforward called first radio frame of the transmission gap pattern, containing at least one transmission gap
slot. TGSN isthe slot number of the first transmission gap slot within the first radio frame of the transmission

gap pattern;

- TGL1 (Transmission Gap Length 1): Thisisthe duration of the first transmission gap within the transmission
gap pattern, expressed in number of dots;

- TGL2 (Transmission Gap Length 2): Thisisthe duration of the second transmission gap within the transmission
gap pattern, expressed in number of dots. If this parameter is not explicitly set by higher layers, then TGL2 =
TGL1Z,;

- TGD (Transmission Gap start Distance): Thisisthe duration between the starting slots of two consecutive
transmission gaps within a transmission gap pattern, expressed in number of sots. The resulting position of the
second transmission gap within its radio frame(s) shall comply with the limitations of [2]. If this parameter is not
set by higher layers, then there is only one transmission gap in the transmission gap pattern;

- TGPL1 (Transmission Gap Pattern Length): Thisis the duration of transmission gap pattern 1, expressed in
number of frames;

The following parameters control the transmission gap pattern sequence start and repetition:

- TGPRC (Transmission Gap Pattern Repetition Count): This is the number of transmission gap patterns within
the transmission gap pattern sequence;

- TGCFN (Transmission Gap Connection Frame Number): Thisisthe CFN of the first radio frame of the first
pattern 1 within the transmission gap pattern sequence.

In addition to the parameters defining the positions of transmission gaps, each transmission gap pattern sequence is
characterised by:

- UL/DL compressed mode selection: This parameter specifies whether compressed modeis used in UL only, DL
only or both UL and DL;
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- UL compressed mode method: The methods for generating the uplink compressed mode gap are spreading factor
division by two or higher layer scheduling and are described in [2];

- DL compressed mode method: The methods for generating the downlink compressed mode gap are puncturing;-
spreading factor division by two or higher layer scheduling and are described in [2];

- downlink frame type: This parameter definesif frame structure type 'A’ or 'B' shall be used in downlink
compressed mode. The frame structures are defined in [2];

- scrambling code change: This parameter indicates whether the aternative scrambling code is used for
compressed mode method 'SF/2'. Alternative scrambling codes are described in [3];

- RPP: Recovery Period Power control mode specifies the uplink power control algorithm applied during recovery
period after each transmission gap in compressed mode. RPP can take 2 values (0 or 1). The different power
control modes are described in [4];

- ITP: Initial Transmit Power mode selects the uplink power control method to calculate the initial transmit power
after the gap. I TP can take two values (0 or 1) and is described in [4].

The UE shall support simultaneous compressed mode pattern sequences which can be used for different measurements.
The following measurement purposes can be signalled from higher layers:

- FDD

- TDD

- GSM carrier RSSI measurement
- Initial BSIC identification

- BSIC re-confirmation.

The UE shall support one compressed mode pattern sequence for each measurement purpose while operating in FDD
mode, assuming the UE needs compressed mode to perform the respective measurement. In case the UE supports
severa of the measurement purposes, it shall support in parallel one compressed mode pattern sequence for each
supported measurement purpose where the UE needs compressed mode to perform the measurement. The capability of
the UE to operate in compressed mode in uplink and downlink is given from the UE capabilities.

The GSM measurements Initial BSIC identification and BSIC re-confirmation are defined in [20].

Higher layers will ensure that the compressed mode gaps do not overlap and are not scheduled to overlap the same
frame. The behaviour when an overlap occursis described in [11]. UE is not required to support two compressed mode
gapsin aframe.

In al cases, higher layers have control of individual UE parameters. Any pattern sequence can be stopped on higher
layers command.

The parameters TGSN, TGL1, TGL2, TGD, TGPL1, TGPRC and TGCFN shall al be integers.
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#1 #2 #3 #5 #TGPRC
TG pattern1 | TG pattern 1| TG pattern 1 | TG pattern 1| TG pattern 1 TG pattern 1
TG pattern 1
Transmission Transmission
gap 1 gap 2
TGSN
<+—> —»
TGL1 TGL2
< >
TGD
< >

TGPL1

Figure 1: lllustration of compressed mode pattern parameters
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