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gaps, the CFNs of the radio frames containing the last empty slot, the respective positions Nfirst and Nlast within these frames of the first and last empty slots of the transmission gaps, and the transmission gap lengths can be calculated with the compressed mode parameters described in [5].
TrCH number: The transport channel number identifies a TrCH in the context of L1. The L3 transport channel identity (TrCH ID) maps onto the L1 transport channel number. The mapping between the transport channel number and the TrCH ID is as follows: TrCH 1 corresponds to the TrCH with the lowest TrCH ID, TrCH 2 corresponds to the TrCH with the next lowest TrCH ID and so on.

3.2
Symbols

For the purposes of the present document, the following symbols apply:
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Nfirst 
The first slot in the TG, located in the first compressed radio frame if the TG spans two frames.

Nlast
The last slot in the TG, located in the second compressed radio frame if the TG spans two frames. 

Ntr
Number of transmitted slots in a radio frame.

Unless otherwise is explicitly stated when the symbol is used, the meaning of the following symbols is:

i
TrCH number

j
TFC number
k
Bit number

l
TF number

m
Transport block number

ni
Radio frame number of TrCH i.

p
PhCH number

r
Code block number

I
Number of TrCHs in a CCTrCH.

Ci
Number of code blocks in one TTI of TrCH i.

Fi 
Number of radio frames in one TTI of TrCH i.

Mi
Number of transport blocks in one TTI of TrCH i.
Ndata,j
Number of data bits that are available for the CCTrCH in a radio frame with TFC j.
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Number of data bits that are available for the CCTrCH in a compressed radio frame with TFC j.
P
Number of PhCHs used for one CCTrCH.
PL
Puncturing Limit for the uplink. Signalled from higher layers
RMi
Rate Matching attribute for TrCH i. Signalled from higher layers.

Temporary variables, i.e. variables used in several (sub)clauses with different meaning.

x, X

y, Y

z, Z

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

ARQ
Automatic Repeat Request

BCH
Broadcast Channel

BER
Bit Error Rate

BLER
Block Error Rate

BS
Base Station

CCPCH
Common Control Physical Channel

CCTrCH
Coded Composite Transport Channel

CFN
Connection Frame Number
CRC
Cyclic Redundancy Check

DCH
Dedicated Channel

DL
Downlink (Forward link)

DPCCH
Dedicated Physical Control Channel

DPCH
Dedicated Physical Channel

DPDCH
Dedicated Physical Data Channel

DS-CDMA
Direct-Sequence Code Division Multiple Access

DSCH
Downlink Shared Channel

DTX
Discontinuous Transmission

FACH
Forward Access Channel
F-DPCH
Fractional Dedicated Physical Channel
FDD
Frequency Division Duplex

FER
Frame Error Rate

GF
Galois Field

HARQ
Hybrid Automatic Repeat reQuest

HS-DPCCH
Dedicated Physical Control Channel (uplink) for HS-DSCH
HS-DSCH
High Speed Downlink Shared Channel

HS-PDSCH
High Speed Physical Downlink Shared Channel

HS-SCCH
Shared Control Channel for HS-DSCH

MAC
Medium Access Control

Mcps
Mega Chip Per Second

MS
Mobile Station

OVSF
Orthogonal Variable Spreading Factor (codes)

PCCC
Parallel Concatenated Convolutional Code

PCH
Paging Channel

PhCH
Physical Channel

PRACH
Physical Random Access Channel

RACH
Random Access Channel

RSC
Recursive Systematic Convolutional Coder
RV
Redundancy Version
RX
Receive

SCH
Synchronisation Channel

SF
Spreading Factor

SFN
System Frame Number

SIR
Signal-to-Interference Ratio

SNR
Signal to Noise Ratio

TF
Transport Format

TFC
Transport Format Combination

TFCI
Transport Format Combination Indicator

TPC
Transmit Power Control

TrCH
Transport Channel

TTI
Transmission Time Interval

TX
Transmit

UL
Uplink (Reverse link)
4
Multiplexing, channel coding and interleaving
4.1
General

Data stream from/to MAC and higher layers (Transport block / Transport block set) is encoded/decoded to offer transport services over the radio transmission link. Channel coding scheme is a combination of error detection, error correcting, rate matching, interleaving and transport channels mapping onto/splitting from physical channels.
4.2
General coding/multiplexing of TrCHs

This section only applies to the transport channels: DCH, RACH, CPCH, DSCH, BCH, FACH and PCH. Other transport channels which do not use the general method are described separately below.

-------------------------------------------------Next modified section --------------------------------------------------------------------

Denote the total number of TFCI bits to be transmitted by F. F = 32 for slot formats nA or nB, where n = 0, 1, …, 11 (see table 11 in [2]). Otherwise, F = 128. The TFCI coded bits bk are mapped to the bits in the TFCI fields dk. The following relations define the mapping for each compressed frame.
If E > 0,
dk = bk mod 32
where k = 0, 1, 2, …, min (E, F)-1.

If E < F,

dk+D-F  = bk mod 32
where k = E, ..., F -1.

DTX is used on dk where k = min (E, F), ..., min (E, F) +D - F -1.

4.4
Compressed mode

In compressed frames, TGL slots from Nfirst to Nlast are not used for transmission of data. As illustrated in figure 11, the instantaneous transmit power is increased in the compressed frame in order to keep the quality (BER, FER, etc.) unaffected by the reduced processing gain. The amount of power increase depends on the transmission time reduction method (see subclause 4.4.3). What frames are compressed, are decided by the network. When in compressed mode, compressed frames can occur periodically, as illustrated in figure 11, or requested on demand. The rate and type of compressed frames is variable and depends on the environment and the measurement requirements.
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Figure 11: Compressed mode transmission

4.4.1
Frame structure in the uplink

The frame structure for uplink compressed frames is illustrated in figure 12.
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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 slot in the transmission gap is transmitted. Transmission is turned 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 bits in the last slot of the transmission gap shall be STTD encoded assuming DTX indicators as the two last bits in the Data2 field.

-
With frame structure of type B, the TPC field of the first slot in the transmission gap and the pilot field of the last slot in the transmission gap is transmitted. Transmission is turned off during the rest of the transmission gap (figure 13(b)). In case the length of the pilot field is 2 bits and STTD is used on the radio link, the pilot bits in 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 bits in the first slot of the transmission gap shall be STTD encoded assuming DTX indicators as the two last bits in the Data1 field.
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(a) Frame structure type A
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(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

There is only one type of frame structure defined for downlink F-DPCH compressed frames: transmission is turned off during the whole transmission gap i.e. in slots Nfirst to Nlast.
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 puncturing, 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. The slot 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.
4.4.3.1
Compressed mode by puncturing

Rate matching is applied for creating a transmission gap in one or two frames. The algorithm for rate matching as described in subclause 4.2.7 is used.

4.4.3.2
Compressed mode by reducing the spreading factor by 2

The spreading factor (SF) can be reduced by 2 during one compressed radio frame to enable the transmission of the information bits in the remaining time slots of the compressed frame. This method is not supported for SF=4.
On the downlink, UTRAN can also order the UE to use a different scrambling code in a compressed frame than in a non-compressed frame. If the UE is ordered to use a different scrambling code in a compressed frame, then there is a one-to-one mapping between the scrambling code used in the non-compressed frame and the one used in the compressed frame, as described in [3] subclause 5.2.1.
4.4.3.3
Compressed mode by higher layer scheduling
Compressed frames can be obtained by higher layer scheduling. Higher layers then set restrictions so that only a subset of the allowed TFCs are used in a compressed frame. 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. Note that in the downlink, the TFCI field is expanded on the expense of the data fields and this shall be taken into account by higher layers when setting the restrictions on the TFCs. Compressed mode by higher layer scheduling shall not be used with fixed starting positions of the TrCHs in the radio frame.
4.4.4
Transmission gap position

Transmission gaps can be placed at different positions as shown in figures 14 and 15 for each purpose such as interfrequency power measurement, acquisition of control channel of other system/carrier, and actual handover operation.
The restrictions listed below apply to DPCCH/DPDCH in the uplink and DPCH or F-DPCH in the downlink.
When using single frame method, the transmission gap is located within the compressed frame depending on the transmission gap length (TGL) as shown in figure 14 (1). When using double frame method, the transmission gap is located on the center of two connected frames as shown in figure 14 (2).
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Figure 14: Transmission gap position

Parameters of the transmission gap positions are calculated as follows.

TGL is the number of consecutive idle slots during the compressed mode transmission gap:
TGL = 3, 4, 5, 7, 10, 14
Nfirst specifies the starting slot of the consecutive idle slots,

Nfirst = 0,1,2,3,…,14.

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

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

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

When the transmission gap spans two consecutive radio frames, Nfirst and TGL must be chosen so that at least 8 slots in each radio frame are transmitted.
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Figure 15: Transmission gap positions with different Nfirst

4.5
Coding for HS-DSCH

Data arrives to the coding unit in form of a maximum of one transport block once every transmission time interval. The transmission time interval is 2 ms which is mapped to a radio sub-frame of 3 slots.

The following coding steps can be identified:

-
add CRC to each transport block (see subclause 4.5.1);

-
bit scrambling (see subclause 4.5.1a);

-
code block segmentation (see subclause 4.5.2);
-
channel coding (see subclause 4.5.3);
------------------------------------------------Next modified section --------------------------------------------------------------------

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 Frame
Type
	Spreading Factor
	Idle length [ms]
	Transmission time
Reduction method
	Idle frame

Combining

	3
	A
	512 – 4
	1.73 – 1.99
	Puncturing, 
Spreading factor division by 2 or

Higher layer scheduling
	(S)

(D) =(1,2) or (2,1)

	
	B
	
	1.60 – 1.86
	
	

	4
	A
	
	2.40 – 2.66
	
	(S)

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

	
	B
	
	2.27 – 2.53
	
	

	5
	A
	
	3.07 – 3.33
	
	(S)

(D) = (1,4), (2,3), (3, 2) or (4,1)

	
	B
	
	2.93 – 3.19
	
	

	7
	A
	
	4.40 – 4.66
	
	(S)

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

	
	B
	
	4.27 – 4.53
	
	

	10
	A
	
	6.40 – 6.66
	
	(D)=(3,7), (4,6), (5,5), (6,4) or (7,3)

	
	B
	
	6.27 – 6.53
	
	

	14
	A
	
	9.07 – 9.33
	
	(D) =(7,7)

	
	B
	
	8.93 – 9.19
	
	


Table B.2: Parameters for UL compressed mode

	TGL


	Spreading Factor
	Idle length [ms]
	Transmission time
Reduction method
	Idle frame

Combining

	3
	256 – 4
	2.00
	Spreading factor division by 2 or

Higher layer scheduling
	(S)

(D) =(1,2) or (2,1)

	4
	
	2.67
	
	(S)

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

	5
	
	3.33
	
	(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)


Table B.3: Parameters for combined UL/DL compressed mode

	TGL


	DL Frame
Type
	Spreading Factor
	Idle length [ms]
	Transmission time
Reduction method
	Idle frame

Combining

	3
	A or B
	DL:
512 – 4

UL:

256 – 4
	1.47 – 1.73
	DL:

Puncturing, 
Spreading factor division by 2 or

Higher layer scheduling

UL:

Spreading factor division by 2 or

Higher layer scheduling
	(S)

(D) =(1,2) or (2,1)

	4
	
	
	2.13 – 2.39
	
	(S)

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

	5
	
	
	2.80 – 3.06
	
	(S)

(D) = (1,4), (2,3), (3, 2) or (4,1)

	7
	
	
	4.13 – 4.39
	
	(S)

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

	10
	
	
	6.13 – 6.39
	
	(D)=(3,7), (4,6), (5,5), (6,4) or (7,3)

	14
	
	
	8.80 – 9.06
	
	(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 slots in 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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