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1 Introduction

Two different transmission time reduction methods can currently be used for obtaining transmission gaps in compressed mode [1]. Either the coding rate can be increased or the spreading factor decreased by a factor of two. The first method is referred to as method A and the latter as method B. Unfortunately, none of these two methods can guarantee compressed mode for all possible cases. 

Method A is only intended for obtaining transmission gap lengths (TGLs) up to 4 slots [1] and it can for example not be used if a transport channel is uncoded. Consequently, method A alone can not be used for obtaining compressed mode.

With method B, the spreading factor is reduced by a factor two and the physical channel rate therefore doubled. One disadvantage is that the UE in normal mode can not receive at the highest physical channel rate that it supports since the highest physical channel rate is needed for compressed mode. Method B will therefore have to be used together with some other method if compressed mode should be guaranteed for all scenarios.

A third method for obtaining compressed mode is to reduce the bitrate of the TrCHs on higher layers. This is only possible for TrCHs that can be scheduled or TrCHs with sources that are under the control of UTRAN. 

2 Compressed mode by higher layer scheduling

2.1 Transmission gap on DPDCH

Higher layers can obtain lower bitrate on a CCTrCH by setting a maximum bitrate restriction on the TFCs [2]. This means that only TFCs with this maximum bitrate or lower are allowed. Note that no new TFCs are needed. The reduction in bitrate can currently not be used on layer 1 for obtaining a transmission gap. If the bitrate of the CCTrCH is reduced, then in uplink the spreading factor is increased and/or repetition is used to fill up the complete radio frame and no transmission gap will therefore result. In downlink the DTX is increased but it is distributed over all slots and can therefore not be used for obtaining a transmission gap. In order to support compressed mode by higher layer scheduling, the following changes are needed in [1]: 

Uplink

· The rate matching should not fill up the complete frame when a radio frame is compressed.

Downlink

· With flexible positions of the TrCHs in the radio frame, DTX is inserted after TrCH multiplexing and before physical channel segmentation. The amount of DTX indication bits should be reduced so that a transmission gap can be obtained. It is proposed that DTX always is inserted so that the number of bits (including DTX indication bits) is a multiple of the number of physical channels used. If this is not done then the physical channel segmentation becomes more complicated.

· With fixed positions of the TrCHs in the radio frame, DTX should not be inserted to fill up the complete 1st interleaving matrix. Blind transport format detection is still possible since the receiver anyway have to know if a radio frame is compressed. DTX should now only be inserted to make sure that the number of bits (including DTX indication bits) after DTX insertion always equals the maximum number of allowed bits on the TrCH in compressed mode. Also, in order to avoid TrCH equalization it is proposed that a complete row in the 1st interleaving matrix always is filled up with DTX indication bits. This must be taken into account by higher layers when calculating the length of the transmission gap that results from a certain restriction.

When higher layers signal the restrictions on what TFCs that are allowed in compressed mode they may choose to allow several TFCs. Further, the TFC with highest allowed bitrate in compressed mode does not need to exactly match the physical channel bitrate with the TGL subtracted. Consequently, DTX is needed in downlink compressed mode for both fixed and flexible positions. From a hardware perspective it is highly undesirable to introduce additional functionality in the already complicated multiplexing chain. It is therefore proposed that DTX in compressed mode is handled with functionality already available in the multiplexing chain. 

For flexible positions this means that DTX indication bits should be inserted in the ordinary insertion point to fill up all transmitted slots. For compressed mode with fixed positions, DTX indication bits are inserted on transmission time interval basis to fill up each TrCHs to the highest bitrate allowed on that TrCH in compressed mode. It is proposed that additional DTX can be inserted in the DTX insertion point currently only used for flexible positions. Inserting all DTX at the DTX insertion point used for fixed positions is viewed as more complicated since it means that a rule for dividing the “extra DTX bits” between the different TrCHs is needed. If the insertion point for flexible positions is used the “extra DTX bits” is instead placed in the end of the radio frame (and then distributed over the slots in the 2nd interleaving).

It is proposed that radio frame segmentation is kept as it is currently specified. Consequently, if a TrCH has a transmission time interval larger than 10 ms and compressed mode by higher layer scheduling is used, the number of bits is reduced in several frames although only one radio frame is in compressed mode. 

Changing the radio frame segmentation so that the number of bits only is reduced in one radio frame would have several implications:

· Rate matching and rate matching patterns would have to be recalculated in both uplink and downlink. If the bitrate on the other hand is reduced in several radio frames, the downlink rate matching in normal mode can be used in compressed mode as well.

· If two TrCHs in a CCTrCH have different TTI, the radio frame segmentation rule becomes complicated. It seems likely that higher layers would like to limit the restrictions on TFCs to one radio frame. From this radio frame, the restrictions on the TF of each TrCH can be derived. The restriction on the compressed radio frame will affect one TTI of each TrCH. Consider for example a TrCH with TTI of 40 ms multiplexed with a TrCH with TTI of 20 ms. Should the distribution of the additional bits in radio frames without transmission gaps then be calculated when the TTI of the first TrCH starts and then recalculated when the TTI of the second TrCH starts?

· The TFCI will have a different meaning in radio frames before and/or after the radio frame with the transmission gap if the TTI of a TrCH is larger than 10 ms.

It may be possible to solve above implications but it is recommended that the scheme is kept simple and the radio frame segmentation kept unchanged. 

2.2 Transmission gap on DPCCH

Additional uplink frame formats were proposed in [3] and agreed by WG1. These slot formats can also be used for compressed mode by higher layer scheduling. The contribution [3] only covered compressed mode by reducing the spreading factor by two. In downlink, the additional slot formats proposed contained twice as many bits and can not be used for compressed mode by higher layer scheduling. 

For downlink compressed mode by puncturing, additional frame formats are needed. Slot formats were proposed [4] for compressed mode by puncturing and agreed by WG1. These formats are for reference shown below.

Table 1: DPDCH and DPCCH fields in compressed mode when puncturing 4 slots

Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/Frame
Bits/ Slot
DPDCH Bits/Slot
DPCCH
Bits/Slot
Extra DPDCH symbols for DTX




DPDCH
DPCCH
TOT

NData1
NData2
NTFCI
NTPC
NPilot


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

30
15
256
160
44
220
20
2
14
0
2
2
16

30
15
256
140
74
220
20
0
141
21
2
2
6

30
15
256
140
66
220
20
2
12
0
2
4
14

30
15
256
120
96
220
20
0
121
21
2
4
4

30
15
256
100
110
220
20
2
8
0
2
8
10

30
15
256
80
140
220
20
0
81
21
2
8
0

60
30
128
340
66
440
40
6
28
0
2
4
34

60
30
128
320
96
440
40
41
28
21
2
4
24

60
30
128
300
110
440
40
6
24
0
2
8
30

60
30
128
280
140
440
40
41
24
21
2
8
20

120
60
64
600
252
880
80
41
56
81,2
4
8
28

240
120
32
1400
252
1760
160
201
120
81,2
4
8
108

480
240
16
2880
384
3520
320
481
240
81,2
8
16
256

960
480
8
6080
384
7040
640
1121
496
81,2
8
16
576

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

1) This figure does not take into account the extra TFCI bits from deleted slots

2) If TFCI bits are not used, then DTX shall be used in TFCI field
Note: Compressed mode with puncturing cannot be used for SF=512 with TFCI

Table 2: DPDCH and DPCCH fields in compressed mode frame when puncturing 3 slots

Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/Frame
Bits/ Slot
DPDCH Bits/Slot
DPCCH
Bits/Slot
Extra DPDCH symbols for DTX




DPDCH
DPCCH
TOT

NData1
NData2
NTFCI
NTPC
NPilot


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

30
15
256
160
48
240
20
2
14
0
2
2
32

30
15
256
140
78
240
20
0
141
21
2
2
22

30
15
256
140
72
240
20
2
12
0
2
4
28

30
15
256
120
102
240
20
0
121
21
2
4
18

30
15
256
100
120
240
20
2
8
0
2
8
20

30
15
256
80
150
240
20
0
81
21
2
8
10

60
30
128
340
72
480
40
6
28
0
2
4
68

60
30
128
320
102
480
40
41
28
21
2
4
58

60
30
128
300
120
480
40
6
24
0
2
8
60

60
30
128
280
150
480
40
41
24
21
2
8
50

120
60
64
600
264
960
80
41
56
81,2
4
8
96

240
120
32
1400
264
1920
160
201
120
81,2
4
8
256

480
240
16
2880
408
3840
320
481
240
81,2
8
16
552

960
480
8
6080
408
7680
640
1121
496
81,2
8
16
1192

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

1) This figure does not take into account the extra TFCI bits from deleted slots

2)  If TFCI bits are not used, then DTX shall be used in TFCI field
Note: Compressed mode with puncturing cannot be used for SF=512 with TFCI

There are a number of unclear things with these formats:

· The formats above only consider the cases with transmission in 11 or 12 slots of the radio frame. With adjustable position of the transmission gaps, transmission in 8 to 15 slots will be possible. 

· It is unclear where the “extra DPDCH symbols for DTX” are inserted.

· It is unspecified how the TFCI mapping is done when Nfirst ( 0. (The proposal in [3] was only a generalization of the TFCI mapping figures to include the case when there are 8 TFCI bits per slot. It did not generalize the concept to include other TGLs or Nfirst values.)

It is therefore proposed that the above tables are substituted by Table 3 below. The different fields of Table 3 are illustrated in Figure 1. If the number of available TFCI bits in the TFCI fields is larger than needed it is proposed that DTX is used. From an implementation point of view this is a very simple solution. The power of the TFCI field is set independent of other DPCCH fields in the downlink and repetition of TFCI bits is therefore not needed. Table 3 also includes the slot formats for compressed mode by spreading factor reduction as proposed in [3] (formats C in Table 3 below).
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Figure 1: Frame structure for downlink DPCH in compressed mode.
Table 3: DPDCH and DPCCH fields.

Slot Format #i
Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/Frame
Bits/ Slot
DPDCH Bits/Slot
DPCCH
Bits/Slot
Transmitted slots per radio frame

NTr





DPDCH
DPCCH
TOT

NData1
NData2
NTFCI1
NTFCI2
NTPC
NPilot


0
15
7.5
512
60
90
150
10
2
2
0
0
2
4
15

0A
15
7.5
512
4NTr
6NTr
10NTr
10
2
2
0
0
2
4
8-14

0C
30
15
256
8NTr
12NTr
20NTr
20
4
4
0
0
4
8
8-14

1
15
7.5
512
30
120
150
10
0
2
2
0
2
4
15

1A
15
7.5
512
NTr
9NTr
10NTr
10
0
1
3
0
2
4
10-14

1C
30
15
256
4NTr
16NTr
20NTr
20
0
4
4
0
4
8
8-14

2
30
15
256
240
60
300
20
2
14
0
0
2
2
15

2A
30
15
256
16NTr
4NTr
20NTr
20
2
14
0
0
2
2
8-14

2C
60
30
128
32NTr
8NTr
40NTr
40
4
28
0
0
4
4
8-14

3
30
15
256
210
90
300
20
0
14
2
0
2
2
15

3A
30
15
256
13NTr
7NTr
20NTr
20
0
13
2
1
2
2
10-14

3B
30
15
256
13NTr
7NTr
20NTr
20
0
12
2
2
2
2
8-9

3C
60
30
128
28NTr
12NTr
40NTr
40
0
28
4
0
4
4
8-14

4
30
15
256
210
90
300
20
2
12
0
0
2
4
15

4A
30
15
256
14NTr
6NTr
20NTr
20
2
12
0
0
2
4
8-14

4C
60
30
128
28NTr
12NTr
40NTr
40
4
24
0
0
4
8
8-14

5
30
15
256
180
120
300
20
0
12
2
0
2
4
15

5A
30
15
256
11NTr
9NTr
20NTr
20
0
11
2
1
2
4
10-14

5B
30
15
256
10NTr
10NTr
20NTr
20
0
10
2
2
2
4
8-9

5C
30
15
128
24NTr
16NTr
40NTr
40
0
24
4
0
4
8
8-14

6
30
15
256
150
150
300
20
2
8
0
0
2
8
15

6A
30
15
256
10NTr
10NTr
20NTr
20
2
8
0
0
2
8
8-14

6C
60
30
128
20NTr
20NTr
40NTr
40
4
16
0
0
4
16
8-14

7
30
15
256
120
180
300
20
0
8
2
0
2
8
15

7A
30
15
256
7NTr
13NTr
20NTr
20
0
7
2
1
2
8
10-14

7B
30
15
256
6NTr
14NTr
20NTr
20
0
6
2
2
2
8
8-9

7C
60
30
128
16NTr
24NTr
40NTr
40
0
16
4
0
4
16
8-14

8
60
30
128
510
90
600
40
6
28
0
0
2
4
15

8A
60
30
128
34NTr
6NTr
40NTr
40
6
28
0
0
2
4
8-14

8C
120
60
64
68NTr
12NTr
80NTr
80
12
56
0
0
4
8
8-14

9
60
30
128
480
120
600
40
4
28
2
0
2
4
15

9A
60
30
128
31NTr
9NTr
40NTr
40
3
28
3
0
2
4
10-14

9B
60
30
128
30NTr
10NTr
40NTr
40
2
28
4
0
2
4
8-9

9C
120
60
64
64NTr
16NTr
80NTr
40
8
56
4
0
4
8
8-14

10
60
30
128
450
150
600
40
6
24
0
0
2
8
15

10A
60
30
128
30NTr
10NTr
40NTr
40
6
24
0
0
2
8
8-14

10C
120
60
64
60NTr
20NTr
80NTr
80
12
48
0
0
4
16
8-14

11
60
30
128
420
180
600
40
4
24
2
0
2
8
15

11A
60
30
128
27NTr
13NTr
40NTr
40
3
24
3
0
2
8
10-14

11B
60
30
128
26NTr
14NTr
40NTr
40
2
24
4
0
2
8
8-9

11C
120
60
64
56NTr
24NTr
80NTr
80
8
48
4
0
4
16
8-14

12
120
60
64
900
300
1200
80
4
56
8*
0
4
8
15

12A
120
60
64
56NTr
24NTr
80NTr
80
0
56
12*
0
4
8
10-14

12B
120
60
64
52NTr
28NTr
80NTr
80
0
52
16*
0
4
8
8-9

12C
240
120
32
120NTr
40NTr
160NTr
160
8
112
16*
0
8
16
8-14

13
240
120
32
2100
300
2400
160
20
120
8*
0
4
8
15

13A
240
120
32
136NTr
24NTr
160NTr
160
16
120
12*
0
4
8
10-14

13B
240
120
32
132NTr
28NTr
160NTr
160
12
120
16*
0
4
8
8-9

13C
480
240
16
280NTr
40NTr
320NTr
320
40
240
16*
0
8
16
8-14

14
480
240
16
4320
480
4800
320
48
240
8*
0
8
16
15

14A
480
240
16
284NTr
36NTr
320NTr
320
44
240
12*
0
8
16
10-14

14B
480
240
16
280NTr
40NTr
320NTr
320
40
240
16*
0
8
16
8-9

14C
960
480
8
576NTr
64NTr
640NTr
640
96
480
16*
0
16
32
8-14

15
960
480
8
9120
480
9600
640
112
496
8*
0
8
16
15

15A
960
480
8
604NTr
36NTr
640NTr
640
108
496
12*
0
8
16
10-14

15B
960
480
8
600NTr
40NTr
640NTr
640
104
496
16*
0
8
16
8-9

15C
1920
960
4
1216NTr
64NTr
1280NTr
1280
224
992
16*
0
16
32
8-14

16
1920
960
4
18720
480
19200
1280
240
1008
8*
0
8
16
15

16A
1920
960
4
1244NTr
36NTr
1280NTr
1280
236
1008
12*
0
8
16
10-14

16B
1920
960
4
1240NTr
40NTr
1280NTr
1280
232
1008
16*
0
8
16
8-9

*)
If TFCI bits are not used, then DTX shall be used in TFCI field
Note1: Transmission in less than 10 slots for SF=512, with TFCI, is only supported with compressed mode by spreading factor reduction. 

Note2: Compressed mode by spreading factor reduction is not supported for SF=4.

3 Conclusion

Compressed mode by higher layer scheduling is part of WG2’s specifications [2] and it is proposed that it also should be supported by layer 1. An overview of the changes that this would require has been given and it is proposed that the text proposals in Section 5 and 6 are included in WG1’s specifications.

4 References
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[2] TSG RAN WG2, “TS 25.302 Services provided by the Physical Layer”.
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5 Text proposal for 25.212
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Figure 2: Transport channel multiplexing structure for downlink
-- SNIP --

4.2.7.1.2
Determination of parameters needed for calculating the rate matching pattern
The number of bits to be repeated or punctured, (Nij, within one radio frame for each TrCH i is calculated with Equation 1  for all possible transport format combinations j and selected every radio frame. Ndata,j is given from section 4.2.7.1.1. In compressed mode 
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Nfirst and TGL are defined in Section 4.4.

Additionally, for determining eini, the following parameters are needed (regardless if the radio frame is compressed or not):

-- snip --
4.2.9
Insertion of discontinuous transmission (DTX) indication bits

In the downlink, DTX is used 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. DTX indication bits only indicate when the transmission should be turned off, they are not transmitted. 
4.2.9.1
1st insertion of DTX indication bits
This step of inserting DTX indication bits is used only if the positions of the TrCHs in the radio frame are fixed. With fixed position scheme a fixed number of bits is reserved for each TrCH in the radio frame. 

The bits from rate matching are denoted by 
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, where Gi is the number of bits in one TTI of TrCH i. Denote the number of bitsin one radio frame of TrCH i by Hi. In normal or compressed mode by spreading factor reduction, Hi is constant and corresponds to the maximum number of bits from TrCH i in one radio frame for any transport format of TrCH i. In compressed mode by higher layer scheduling, only a subset of the TFC Set is allowed. From this subset it is possible to derive which TFs on each TrCH that are allowed. The maximum number of bits belonging to TrCH i for the allowed TFs is denoted by Xi. Hi is then calculated as 
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The bits output from the DTX insertion are denoted by
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where DTX indication bits are denoted by (. Here gik ({0, 1} and ( ({0, 1}.

4.2.9.2
2nd insertion of DTX indication bits
Note: Below, it is assumed that all physical channels belonging to the same CCTrCH use the same SF. Hence, Up=U=constant.
The DTX indication bits inserted in this step shall be placed at the end of the radio frame. Note that the DTX will be distributed over all slots after 2nd interleaving. 

The bits input to the DTX insertion block are denoted by 
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,where S is the number of bits from TrCH multiplexing. The number of PhCHs is denoted by P and the number of bits in one radio frame, including DTX indication bits, for each PhCH by U. The number of available bits on the PhCH is denoted by Ndata and Ndata=Ndata1+Ndata2, where Ndata1 and Ndata2 are defined in [25.211]. In normal mode U=Ndata. In compressed mode Ndata is changed. The exact value of Ndata is dependent on the TGL that is signalled from higher layers. The number of bits that the transmission is turned off is denoted by NTGL and defined as:
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Nfirst and TGL are defined in Section 4.4.

Denote the number of bits that should be transmitted on each PhCH in compressed mode by Y, where Y=Ndata1+Ndata2-NTGL. In compressed mode, DTX should only be inserted to so that a transmission gap results and so that the total number of bits is a multiple of the number of PhCHs. Hence, 
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The bits output from the DTX insertion block are denoted by 
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. Note that these bits are threevalued. They are defined by the following relations:
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where DTX indication bits are denoted by (.. Here sk ({0,1}and ( ({0,1}.

4.2.10
Physical channel segmentation

Note: Below, it is assumed that all physical channels belonging to the same CCTrCH use the same SF. Hence, Up=U=constant.
When more than one PhCH is used, physical channel segmentation divides the bits among the different PhCHs. The bits input to the physical channel segmentation are denoted by 
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, where Y is the number of bits input to the physical channel segmentation block. The number of PhCHs is denoted by P.
The bits after physical channel segmentation are denoted 
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, where p is PhCH number and U is the number of bits in one radio frame for each PhCH, i.e. 
[image: image30.wmf]P

Y

U

=

. The relation between xk and upk is given below. 
Bits on first PhCH after physical channel segmentation:
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Bits on second PhCH after physical channel segmentation:
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Bits on the Pth PhCH after physical channel segmentation:
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4.2.10.1
Relation between input and output of the physical segmentation block in uplink

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

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

<Ericsson’s note: Even without the changes proposed due to compressed mode, this text is not needed. If fixed positions are used then S=PU and the block is transparent.> 


The bits input to the physical segmentation are denoted by 
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. Hence, xk = wk and Y = PU.
-- snip --

4.2.12
Physical channel mapping
The PhCH for both uplink and downlink is defined in [2]. The bits input to the physical channel mapping are denoted by 
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, where p is the PhCH number and U is the number of bits in one radio frame for one PhCH. The bits vpk 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 slots of the PhCH(s). If Nfirst + TGL ( 15, no bits are mapped to slots Nfirst to Nlast. If Nfirst + TGL > 15, i.e. the transmission gap spans two consecutive radio frames, the mapping is as follows: 

· In the first radio frame, no bits are mapped to slots Nfirst, Nfirst+1, Nfirst+2, …, 14.

· In the second radio frame, no bits are mapped to the slots 0, 1, 2, …, Nlast.

TGL, Nfirst, and Nlast are defined in Section 4.4.
4.2.12.1
Uplink

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

4.2.12.2
Downlink

In downlink, the PhCHs do not need to be completely filled with bits that are transmitted over the air. Bits vpk ({0, 1} are not transmitted. 

The following rules should be used for the selection of fixed or flexible positions of the TrCHs in the radio frame:

· For TrCHs not relying on TFCI for transport format detection (blind transport format detection), the positions of the transport channels within the radio frame should be fixed. In a limited number of cases, where there are a small number of transport format combinations, it is possible to allow flexible positions.
· For TrCHs relying on TFCI for transport format detection, higher layer signal whether the positions of the transport channels should be fixed or flexible.
-- snip --

4.3.5.3
Mapping of TFCI in compressed mode

The mapping of the TFCI bits in compressed mode is dependent on the transmission time reduction method. Denote the TFCI bits by c0, c1, c2, c3, c4, …, cC, where: 
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, when there are 8 TFCI bits in each slot.
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, in split mode when there are 2 TFCI bits in each slot.
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, in split mode when there are 8 TFCI bits in each slot.

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




















4.3.5.3.1
Uplink compressed mode

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

Denote the number of bits available in the TFCI fields of one compressed radio frame by D, the repeated bits by dk, and the number of bits in the TFCI field in a slot by NTFCI. Let E=29-(NfirstNTFCI)mod30. If Nlast(14, then E corresponds to the number of the first TFCI bit in the slot directly after the TG. The following relations then define the repetition.
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The bits are mapped to the slots in descending order starting with the original bits and followed by the repeated ones, i.e. c29 is sent as first bit in the TFCI field of the first transmitted slot and d0 as last bit in the TFCI field of the last transmitted slot.

4.3.5.3.2
Downlink compressed mode

<Ericssson’s note: In (99)e86 is was proposed that DTX should be used in TFCI fields not needed but this was not accepted by WG1. From an implementation point of view this is a very simple solution. The power of the TFCI field is set independent of other DPCCH fields in the downlink and repetition of TFCI bits is therefore not needed. This issue need to be settled and if no other proposals are presented, it is Ericsson’s opinion that the text below should be inserted.>
For downlink compressed mode by puncturing or higher layer scheduling, the slot format is changed so that no TFCI bits are lost. The different slot formats in compressed mode can not match the exact number of TFCI bits for all possible TGLs. DTX is therefore used in the last TFCI fields.

The bits are mapped to the slots in descending order, i.e. cC is sent as first bit in the TFCI field of the first transmitted slot and c0 as the last bit. If the TFCI fields can contain more than C bits, DTX is used for the last bits in the last transmitted slot(s).
-- snip --

4.4.2
Transmission time reduction method

<Ericsson’s note: It is proposed that the different transmission methods are referred to with an explanation rather than with A and B. The frame structure types are also referred to as A and B and keeping A and B for the tranmission time reduction methods could therefore cause confusion.>
When in compressed mode, the information normally transmitted during a 10 ms frame is compressed in time. The mechanisms provided for achieving this arepuncturing,reduction of the spreading factor by a factor of two , and higher layer scheduling. In the downlink, all methods  are supported while compressed mode by puncturing is not  used in the uplink. The maximum idle length is defined to be 7 slots per one 10 ms frame.
4.4.2.1
Compressed mode by puncturing

During compressed mode, rate matching (puncturing) is applied for  creating transmission gap in one frame. The algorithm for rate matching (puncturing) as described in Section 4.2.7 is used. 
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4.4.2.2
compressed mode by reducing the spreading factor by 2 

During compressed mode, the spreading factor (SF) can be reduced by 2 during a radio frame to enable the transmission of the information bits in the remaining time slots of a compressed frame.

On the downlink, UTRAN can also order the UE to use a different scrambling code in compressed mode than in normal mode. If the UE is ordered to use a different scrambling code in compressed mode, then there is a one-to-one mapping between the scrambling code used in normal mode and the one used in compressed mode, as described in TS 25.213 section 5.2.1.
<Ericsson’s note: It is proposed that this table is moved to 25.211.>

































































































































































4.4.2.3 
Compressed mode by higher layer scheduling
Compressed mode can be obtained by higher layer scheduling. Higher layers then set restrictions so that only a subset of the allowed TFCs is used in compressed mode. The maximum number of bits that will be delivered to the physical layer during the compressed radio frame is then known and a transmission gap can be generated.
4.4.4
Transmission gap position
-- snip --

4.4.4.3
Parameters for downlink compressed mode

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

Table 15 shows the detailed parameters for each transmission gap length for the different transmission time reduction methods.
Table 15: Parameters for compressed mode
TGL


Type


Adjustable/fixed gap position
Spreading Factor
Idle length[ms]
Transmission time
Reduction method
Idle frame

Combining

3
A
 Adjustable

Or

Fixed


512 – 4
1.73-1.99
Puncturing
Spreading factor reduction by 2
Higher layer scheduling
(S)
(D) =(1,2),(2,1)


B

256- 4
1.60-1.86



4
A

512 - 4
2.40-2.66

(S)

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


B

256- 4
2.27-2.53



7
A

512 -4 
4.40-4.66

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


B

256- 4
4.27-4.53



10
A

512 - 4
6.40-6.66

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


B

256- 4
6.27-6.53



14
A
Fixed
512 - 4
9.07-9.33

(D) =(7,7)


B

256- 4
8.93-9.19



 (S): Single-frame method as shown in Figure 19 (1).

(D): Double-frame method as shown in Figure 19 (2). (x,y) indicates x: the number of idle slots in the first frame, y: the number of idle slots in the second frame.
Note: Details for the use of the spreading factor reduction method with SF=4 are FFS
-- snip --

6 Text proposal for 25.211

5.2.1
Dedicated uplink physical channels
-- snip --

There are two types of Uplink 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 2. In compressed mode, DPCCH slot formats with TFCI fields are changed. There are two possible compressed slot formats for each normal slot format. They are labeled A and B and the selection between them is dependent on the number of slots that are transmitted in each frame in compressed mode. The channel bit and symbol rates given in Table 2 are the rates immediately before spreading.

Table 2: DPCCH fields.
Slot Format #i
Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/

Frame
Bits/

Slot
Npilot
NTPC
NTFCI
NFBI
Transmitted slots per radio frame

0
15
15
256
150
10
6
2
2
0
15

0A
15
15
256
150
10
5
2
3
0
10-14

0B
15
15
256
150
10
4
2
4
0
8-9

1
15
15
256
150
10
8
2
0
0
8-15

2
15
15
256
150
10
5
2
2
1
15

2A
15
15
256
150
10
4
2
3
1
10-14

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

3
15
15
256
150
10
7
2
0
1
8-15

4
15
15
256
150
10
6
2
0
2
8-15

5
15
15
256
150
10
5
1
2
2
15

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

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














































































The pilot bit pattern is described in Table 3 and Table 4. The shadowed part can be used as frame synchronization words. (The value of the pilot bit other than the frame synchronization word shall be “1”.)

-- snip --

5.3.2
Dedicated downlink physical channels

There is 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 a downlink DPDCH and a downlink DPCCH, compare Section 5.2.1. It is the UTRAN that determines if a TFCI should be transmitted, hence making it is mandatory for all UEs to support the use of TFCI in the downlink.

Figure 10 and 11 show the frame structure of the downlink DPCH. Each frame of length 10 ms is split into 15 slots, each of length Tslot = 2560 chips, corresponding to one power-control period. A super frame corresponds to 72 consecutive frames, i.e. the super-frame length is 720 ms. 
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Figure 10: Frame structure for downlink DPCH.
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Figure 11: Frame structure for downlink DPCH in compressed mode.

The parameter k in Figure10 and 11 determines the total number of bits per downlink DPCH slot. It is related to the spreading factor SF of the physical channel as SF = 512/2k. The spreading factor may thus range from 512 down to 4. 

The exact number of bits of the different downlink DPCH fields (Npilot, NTPC, NTFCI1, NTFCI2, Ndata1 and Ndata2) is determined in Table11.The overhead due to the DPCCH transmission has to be negotiated at the connection set-up and can be re-negotiated during the communication, in order to match particular propagation conditions.

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. In compressed mode, DPCCH slot formats with TFCI fields are changed. There are three possible compressed DPCCH slot formats for each normal slot format. Table 11 also includes the compressed DPDCH slot formats. The slot formats are numbered A to C and the selection between them is dependent on the number of slots that are transmitted in each frame in compressed mode. Slot formats A and B are used with compressed mode by higher layer scheduling and format C is used with compressed mode by spreading factor reduction. The channel bit and symbol rates given in Table 11  are the rates immediately before spreading.
<Ericssson’s note: Slot formats C were proposed in (99)e86 but not accepted. The formats are the same regardless if DTX or repetition is used. It has been agreed that compressed mode by spreading factor reduction should be supported and it is therefore proposed that the corresponding slot formats are inserted.>
Table 11: DPDCH and DPCCH fields.






































































































































































































































































Slot Format #i
Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/Frame
Bits/ Slot
DPDCH Bits/Slot
DPCCH
Bits/Slot
Transmitted slots per radio frame

NTr





DPDCH
DPCCH
TOT

NData1
NData2
NTFCI1
NTFCI2
NTPC
NPilot


0
15
7.5
512
60
90
150
10
2
2
0
0
2
4
15

0A
15
7.5
512
4NTr
6NTr
10NTr
10
2
2
0
0
2
4
8-14

0C
30
15
256
8NTr
12NTr
20NTr
20
4
4
0
0
4
8
8-14

1
15
7.5
512
30
120
150
10
0
2
2
0
2
4
15

1A
15
7.5
512
NTr
9NTr
10NTr
10
0
1
3
0
2
4
10-14

1C
30
15
256
4NTr
16NTr
20NTr
20
0
4
4
0
4
8
8-14

2
30
15
256
240
60
300
20
2
14
0
0
2
2
15

2A
30
15
256
16NTr
4NTr
20NTr
20
2
14
0
0
2
2
8-14

2C
60
30
128
32NTr
8NTr
40NTr
40
4
28
0
0
4
4
8-14

3
30
15
256
210
90
300
20
0
14
2
0
2
2
15

3A
30
15
256
13NTr
7NTr
20NTr
20
0
13
2
1
2
2
10-14

3B
30
15
256
13NTr
7NTr
20NTr
20
0
12
2
2
2
2
8-9

3C
60
30
128
28NTr
12NTr
40NTr
40
0
28
4
0
4
4
8-14

4
30
15
256
210
90
300
20
2
12
0
0
2
4
15

4A
30
15
256
14NTr
6NTr
20NTr
20
2
12
0
0
2
4
8-14

4C
60
30
128
28NTr
12NTr
40NTr
40
4
24
0
0
4
8
8-14

5
30
15
256
180
120
300
20
0
12
2
0
2
4
15

5A
30
15
256
11NTr
9NTr
20NTr
20
0
11
2
1
2
4
10-14

5B
30
15
256
10NTr
10NTr
20NTr
20
0
10
2
2
2
4
8-9

5C
30
15
128
24NTr
16NTr
40NTr
40
0
24
4
0
4
8
8-14

6
30
15
256
150
150
300
20
2
8
0
0
2
8
15

6A
30
15
256
10NTr
10NTr
20NTr
20
2
8
0
0
2
8
8-14

6C
60
30
128
20NTr
20NTr
40NTr
40
4
16
0
0
4
16
8-14

7
30
15
256
120
180
300
20
0
8
2
0
2
8
15

7A
30
15
256
7NTr
13NTr
20NTr
20
0
7
2
1
2
8
10-14

7B
30
15
256
6NTr
14NTr
20NTr
20
0
6
2
2
2
8
8-9

7C
60
30
128
16NTr
24NTr
40NTr
40
0
16
4
0
4
16
8-14

8
60
30
128
510
90
600
40
6
28
0
0
2
4
15

8A
60
30
128
34NTr
6NTr
40NTr
40
6
28
0
0
2
4
8-14

8C
120
60
64
68NTr
12NTr
80NTr
80
12
56
0
0
4
8
8-14

9
60
30
128
480
120
600
40
4
28
2
0
2
4
15

9A
60
30
128
31NTr
9NTr
40NTr
40
3
28
3
0
2
4
10-14

9B
60
30
128
30NTr
10NTr
40NTr
40
2
28
4
0
2
4
8-9

9C
120
60
64
64NTr
16NTr
80NTr
40
8
56
4
0
4
8
8-14

10
60
30
128
450
150
600
40
6
24
0
0
2
8
15

10A
60
30
128
30NTr
10NTr
40NTr
40
6
24
0
0
2
8
8-14

10C
120
60
64
60NTr
20NTr
80NTr
80
12
48
0
0
4
16
8-14

11
60
30
128
420
180
600
40
4
24
2
0
2
8
15

11A
60
30
128
27NTr
13NTr
40NTr
40
3
24
3
0
2
8
10-14

11B
60
30
128
26NTr
14NTr
40NTr
40
2
24
4
0
2
8
8-9

11C
120
60
64
56NTr
24NTr
80NTr
80
8
48
4
0
4
16
8-14

12
120
60
64
900
300
1200
80
4
56
8*
0
4
8
15

12A
120
60
64
56NTr
24NTr
80NTr
80
0
56
12*
0
4
8
10-14

12B
120
60
64
52NTr
28NTr
80NTr
80
0
52
16*
0
4
8
8-9

12C
240
120
32
120NTr
40NTr
160NTr
160
8
112
16*
0
8
16
8-14

13
240
120
32
2100
300
2400
160
20
120
8*
0
4
8
15

13A
240
120
32
136NTr
24NTr
160NTr
160
16
120
12*
0
4
8
10-14

13B
240
120
32
132NTr
28NTr
160NTr
160
12
120
16*
0
4
8
8-9

13C
480
240
16
280NTr
40NTr
320NTr
320
40
240
16*
0
8
16
8-14

14
480
240
16
4320
480
4800
320
48
240
8*
0
8
16
15

14A
480
240
16
284NTr
36NTr
320NTr
320
44
240
12*
0
8
16
10-14

14B
480
240
16
280NTr
40NTr
320NTr
320
40
240
16*
0
8
16
8-9

14C
960
480
8
576NTr
64NTr
640NTr
640
96
480
16*
0
16
32
8-14

15
960
480
8
9120
480
9600
640
112
496
8*
0
8
16
15

15A
960
480
8
604NTr
36NTr
640NTr
640
108
496
12*
0
8
16
10-14

15B
960
480
8
600NTr
40NTr
640NTr
640
104
496
16*
0
8
16
8-9

15C
1920
960
4
1216NTr
64NTr
1280NTr
1280
224
992
16*
0
16
32
8-14

16
1920
960
4
18720
480
19200
1280
240
1008
8*
0
8
16
15

16A
1920
960
4
1244NTr
36NTr
1280NTr
1280
236
1008
12*
0
8
16
10-14

16B
1920
960
4
1240NTr
40NTr
1280NTr
1280
232
1008
16*
0
8
16
8-9

*)
If TFCI bits are not used, then DTX shall be used in TFCI field
Note1: Transmission in less than 10 slots for SF=512, with TFCI, is only supported with compressed mode by spreading factor reduction. 

Note2: Compressed mode by spreading factor reduction is not supported for SF=4.
The pilot symbol pattern is described in Table 12. The shadowed part can be used as frame synchronization words. (The symbol pattern of the pilot symbols other than the frame synchronization word shall be “11”.) In Table 12, the transmission order is from left to right. (Each two-bit pair represents an I/Q pair of QPSK modulation.)

In downlink compressed mode through spreading factor reduction, the number of bits in the TPC and Pilot fields are doubled. Symbol repetition is used to fill up the fields. Denote the bits in one of these fields in normal mode by x1, x2, x3, …, xX. In compressed mode the following bit sequence is sent in corresponding field: x1, x2, x1, x2, x3, x4, x3, x4,…, xX,.
Table 12: Pilot Symbol Pattern.
-- snip --
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