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Introduction

In HSDPA, TFRI (transport format and resource related information) carries several parameters such as MS (modulation scheme), code allocation, and TBS (transport block set) size.

In this document, TFRI signalling method similar to Rel-99 TFCI is proposed.

Ctfc (calculated transport format combination)

CTFC is a tool for efficient signalling of transport format combinations.

Let I be the number of transport channels that are included in the transport format combination. Each transport channel TrCHi, i = 1, 2, …, I, has Li transport formats, i.e. the transport format indicator TFIi can take Li values, 
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, where i = 1, 2, …, I, and L0 = 1.

Let TFC(TFI1, TFI2, …, TFII) be the transport format combination for which TrCH1 has transport format TFI1, TrCH2 has transport format TFI2, etc. The corresponding CTFC(TFI1, TFI2, …, TFII) is then computed as:
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For FACH and PCH transport channels, "TrCH1" corresponds to the transport channel listed at the first position in IE "FACH/PCH information" in IE "Secondary CCPCH System Information", "TrCH2" corresponds to the transport channel listed at the second position in IE "FACH/PCH information" and so on.

For all other transport channels in FDD and for all configured transport channels of the same transport channel type (i.e. DCH, DSCH, USCH) in TDD, "TrCH1" corresponds to the transport channel having the lowest transport channel identity in the transport format combination mapped to the TFCI field. "TrCH2" corresponds to the transport channel having the next lowest transport channel identity, and so on.

TFRI signalling

Eventhough the possible contents of TFRI have been discussed during the last several meetings, it is not determined yet. However, some kinds of information such as MS and code allocation seems to be included in TFRI. Moreover the possibility that TFRI also includes information about TBS (transport block set) size is raised and discussed.

This section describes efficient TFRI signalling method that is similar to release 99 CTFC signalling.

Following Figure 1 illustrates the concept of TFRI signalling method similar to release 99 CTFC signalling.
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Figure 1. TFRI signaling method.

In Figure 1 CTFRC (calculated transport format and resource related combination) is newly defined value for efficient TFRI signalling. It is computed by MS index, code allocation index and TBS size index. If UE and Node B shares these index values, they can compute same CTFRC separately. After compute CTRFC, Node B may inform UE available CTFRC by RRC signalling message and then UE and Node B can also share the same TFRI.

Equations for computing CTRFC are easily defined by modifying the equations given in the above section for computing CTFC.

Let 
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It is assumed that MS index has 
[image: image8.wmf]MS

L

 elements, i.e. 
[image: image9.wmf]MS

i

 can take 
[image: image10.wmf]MS

L

 values, 
[image: image11.wmf]}

1

,...,

2

,

1

,

0

{

-

Î

MS

MS

L

i

. Similary it is also assumed 
[image: image12.wmf]}

1

,...,

2

,

1

,

0

{

-

Î

CA

CA

L

i

 and 
[image: image13.wmf]}

1

,...,

2

,

1

,

0

{

-

Î

TBS

TBS

L

i


Define 
[image: image14.wmf]1

=

MS

P

, 
[image: image15.wmf]MS

CA

L

P

=

 and 
[image: image16.wmf]CA

MS

TBS

L

L

P

´

=

.

Let TFRC(iMS,iCA,iTBS) be the transport format and resource related combination for which each index has iMS, iCA, and iTBS. The corresponding CTFRC(iMS,iCA,iTBS) is then computed as;
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How UE and Node B can share the MS index, code allocation index, and TBS size index is explained in the following sections.

MS indexing

During setup HSDPA service, Node B may inform UE available set of MS. MS can be easily indexed as appeared order.

Following Figure 2 is the example of MS indexing.

	MS
	(
	MS index

	QPSK
	(
	0

	8PSK
	(
	1

	16QAM
	(
	2

	64QAM
	(
	3


Figure 2. Example of MS indexing.

Code allocation indexing
This section describes the efficient way to compute code allocation index. It is assumed that UE and Node B already share the information on overall code space to be allocated for HS-PDSCH. It is out of scope of this document how both entities share such information. It seems to be the simplest solution that Node B informs UE of overall code space when HSDPA service is setup.

The basic idea of the efficient code allocation indexing is to associate iCA with a possible code allocation. Figure 3 shows a possible assocation between code space allocated to a UE and iCA. For the clarification of explanation, it is assumed that 10 codes (SF=16) are allocated for HS-PDSCH from Cch,16,6 to Cch,16,15.
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Figure 3. Logical value association with code allocation.
NC in Figure 2 represents the number of codes allocated to UE.

The only one event for code allocation is possible when NC is equal to the overall code space (=10). When NC is one less than the overall code space, there are 2 possible events, because the code space allocated is bounded by the overall code space. Similary there are 3 cases when NC is two less than the overall code space. Therefore in the case of 10 codes for the overall code space, the total number of possible events is 55. Table 1 below lists up those events. SP in Table 1 is starting point of code allocation.

	Event
	iCA
	Event
	iCA

	SP
	NC
	
	SP
	NC
	

	Cch,16,6
	10
	0
	Cch,16,6
	3
	28

	Cch,16,6
	9
	1
	Cch,16,7
	3
	29

	Cch,16,7
	9
	2
	Cch,16,8
	3
	30

	Cch,16,6
	8
	3
	Cch,16,9
	3
	31

	Cch,16,7
	8
	4
	Cch,16,10
	3
	32

	Cch,16,8
	8
	5
	Cch,16,11
	3
	33

	Cch,16,6
	7
	6
	Cch,16,12
	3
	34

	Cch,16,7
	7
	7
	Cch,16,13
	3
	35

	Cch,16,8
	7
	8
	Cch,16,6
	2
	36

	Cch,16,9
	7
	9
	Cch,16,7
	2
	37

	Cch,16,6
	6
	10
	Cch,16,8
	2
	38

	Cch,16,7
	6
	11
	Cch,16,9
	2
	39

	Cch,16,8
	6
	12
	Cch,16,10
	2
	40

	Cch,16,9
	6
	13
	Cch,16,11
	2
	41

	Cch,16,10
	6
	14
	Cch,16,12
	2
	42

	Cch,16,6
	5
	15
	Cch,16,13
	2
	43

	Cch,16,7
	5
	16
	Cch,16,14
	2
	44

	Cch,16,8
	5
	17
	Cch,16,6
	1
	45

	Cch,16,9
	5
	18
	Cch,16,7
	1
	46

	Cch,16,10
	5
	19
	Cch,16,8
	1
	47

	Cch,16,11
	5
	20
	Cch,16,9
	1
	48

	Cch,16,6
	4
	21
	Cch,16,10
	1
	49

	Cch,16,7
	4
	22
	Cch,16,11
	1
	50

	Cch,16,8
	4
	23
	Cch,16,12
	1
	51

	Cch,16,9
	4
	24
	Cch,16,13
	1
	52

	Cch,16,10
	4
	25
	Cch,16,14
	1
	53

	Cch,16,11
	4
	26
	Cch,16,15
	1
	54

	Cch,16,12
	4
	27
	


Table 1. Example of code allocation indexing.

TBS size indexing

RAN1 decided that Transport Block size is the semi static value, and will not change during a call. So if the number of transport blocks in a TTI is known to the receiver, the receiver can induce the total number of information bit to be delivered to the higher layer in a TTI with a simple calculation. 

Based on several parameters, Node B can determine the maximum number of TBS size. If maximum data rate of approximately 10Mbps and transport block size of 320 bits are assumed, then about 60 TBS size neet to be difined to avoid any padding. It is also out of scope of this document how and when UE and Node B share the maximum number of TBS size. However, it seems to be the simplest solution that Node B informs UE of the maximum number of TBS size when HSDPA service is setup. 

If UE and Node B share such maximum number of TBS size, both entities also compute correnspong index as follows;

iTBS = TBS size –1, where TBS size = 0, 1,…, maximum TBS size

Mapping between TFRI and CTFRC

Following parameters are assumed to be signalled just for the clarification of explanation;

· MS set = {QPSK, 8PSK, 16QAM, 64QAM}

· codes for HS-PDSCH = Cch,16,6 ~ Cch,16,15

· transport block size = 320 bits

· maximum number of TBS size = 30

Then UE and Node B can get the following parameters based on the above information;

· LMS = 4, LCA = 55, LTBS = 30

· PMS = 1, PCA = 4, PTBS = 220

· corresponding index of each elements (iMS, iCA, iTBS)

Also given TFRC(iMS, iCA, iTBS), Node B can compute corresponding CTFRC. And UE can rebuild TFRC(iMS, iCA, iTBS) for given CTFRC.

In case of the above example, maximum number of CTFRC is 6599 (LMS*LCA*LTBS - 1). If the length of TFRI is 13, each CTFRC can be mapped to TFRI value. So additional signalling would not be required. However, if the length of TFRI is less than 13 some of CTFRC can’t have corresponding TFRI value. To resolve this problem, TFRCS (trasport format and resource related combination set) can be used similar to release 99 TFCS (transport format combination set). It means that UTRAN can inform UE about subset of CTRFC, which will be used. So UE and UTRAN shall have mapping table between TFRI and CTFRC similar to release 99 TFCI in this case.

Efficiency evaluation

This section evaluates efficiency of the proposed TFRI signalling method and also compares with TFRI signalling method with reserved bit fields within TFRI.

For the clarification of evaluation and comparison, the example parameters given in the prior section are assumed.

Following Table 2 summarizes and compares bit lengths of TFRI. It is assumed that all of CTFRC is mapped to TFRI value, i.e. TFRCS scheme is not applied.

	
	Proposed
	Reserved bit fields

	MS
	-
	2

	code allocation
	-
	8

	TBS size
	-
	5

	TFRI
	13
	15


Table 2. Comparison of TFRI bit length.

As shown in Table 2, the proposed method signals TFRI more efficiently than TFRI signalling method with reserved bit fields. Moreover, the proposed method has another possibility that TFRI length can be reduced if TFRCS scheme is applied.

Conclusion

In this contribution, new TFRI signalling method similar to release 99 TFCI was descrived in detail. Moreover, it was clarified that the proposed scheme could signal TFRI information more efficiently than TFRI signalling method with reserved bit fields.

It is our proposal that the proposed TFRI signalling method be adopted for downlink signalling of HSDPA.
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그림 2 Association of Logical Value Approach
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