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1 Introduction

The information to be carried in the HS-SCCH Part 1 for MIMO comprises Channelisation Code Set (CCS) information, Modulation Scheme indicators and Precoding Weight Information (PWI), as shown in the agreed RAN1 CR [1]. In Rel-5/6, the CCS information is signalled using 7 bits, of which 4 bits indicate the number of codes (in a contiguous block) and 3 bits indicate the starting-code offset. This enables every combination of code offsets and numbers of codes to be signalled. 

In order to reduce the number of bits required in Part 1 of the HS-SCCH for MIMO, in this document we consider ways of reducing the number of CCS bits carried on the MIMO-type HS-SCCH. 

2 Discussion

The set of 120 combinations of numbers of channelisation codes for HS-DSCH and starting code offsets that are signalled on HS-SCCH in Rel-5/6 is illustrated in Figure 1.
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Figure 1: CCS signalling in Rel-5/6 HS-SCCH

One method to reduce the number of signalling bits required is to puncture certain combinations out of this set. This would mean that certain numbers of codes and/or starting code offsets would not be able to be signalled in conjunction with some or all modulation schemes. This inevitably imposes some constraints on the scheduler, which may or may not be considered acceptable depending on the magnitude and nature of the constraints. 

However, it may be possible to reduce the number of CCS bits required by configuring some additional parameters of each HS-SCCH by higher-layer (RRC) signalling, thus avoiding restrictions on the number of codes that can be allocated to each user. 

We assume that it is sufficient to be able to allocate any required number of codes to a given user in a contiguous block, but that it is not necessary to be able to signal all possible positions for this resource in the code space. i.e. any given block of N codes is as good as any other block. 

In terms of the number of combinations of code resources, 15 codes allocated to HSDPA is “worst” case (i.e. the most difficult for the signalling, so we focus discussion here on this case.

On this basis, we propose introducing a ’low overhead’ HS-SCCH format, and the way this would operate is described in the following example. Consider the case of two HS-SCCHs being configured. If one of the HS-SCCHs is pre-configured by RRC signalling to indicate a starting-code offset of 1, and the other HS-SCCH is pre-configured by RRC signalling to indicate an ending-code offset of 15, then all possible CCS combinations can be addressed using only 4 bits on each HS-SCCH (to indicate the number of codes). This is illustrated in Figure 2.
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Figure 2: CCS signalling with 2 preconfigured HS-SCCHs

Another way to describe the RRC signalling is to say that each HS-SCCH is preconfigured with a starting code offset and a “direction of counting” – i.e. the first HS-SCCH would be preconfigured with a starting code offset of 1 and a direction of counting = “up”, while the second HS-SCCH would be preconfigured with a starting code offset of 15 and a direction of counting = “down”. 

If a smaller number of codes were allocated for HSDPA, this can easily be accommodated by setting a different value for the preconfigured starting code offsets. For example, if codes 1 to 3 were required for DCH use, a starting code offset of 4 would be preconfigured for the first HS-SCCH. 

We can generalise the above example to show how larger numbers of HS-SCCHs can be configured with a low number of CCS bits. For the case of three HS-SCCHs the necessary range of resource combinations can be accommodated by using 5 CCS bits instead of 4. This would enable up to 32 CCS combinations to be dynamically configured by HS-SCCH Part 1 signalling.  Two different HS-SSCH CCS mappings would be needed to signal all the required CCS combinations, as shown for example in Figure 3(a) and (b)
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(a)
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(b)

Figure 3: Examples of CCS signalling with 5 bits

Note that for both mappings shown in Figure 3, the starting code offset signalled dynamically by Part 1 of the HS-SCCH is in addition to the starting code offset configured by higher-layer signalling. For example, using the mapping in Figure 3(b) an HS-SCCH preconfigured by RRC signalling with a UE-specific starting code offset of 2 could signal starting code offsets anywhere between 2 and 2+6=8.  RRC signalling would indicate the mapping to be used for any HS-SCCH.

The mapping shown in Figure 3(a) only requires 4 bits, so in principle there would be one spare bit in the HS-SCCH part 1 if 5 bits were available in total.

In summary, this approach would allow any combination of code resource size to be signalled using three HS-SCCHs. The method also applies to any number of configured HS-SCCHs (still using only 5 bits for the CCS).    

Some examples with more than 2 HS-SCCHs configured are given below. 

It should be mentioned that in order to be able to take full advantage of configuring individual parameter ranges for each HS-SCCH, it would be desirable that the UE should always be able to monitor several HS-SCCHs, even during HS-DSCH transmission. This would be achieved if the restriction is relaxed which requires that adjacent HS-DSCH transmissions to the same UE should be signalled using the same HS-SCCH. This should be no problem for the high-end UE’s envisaged for MIMO and 64QAM.  

Note that it would be entirely feasible to configure UE’s to monitor HS-SCCHs of different releases simultaneously, provided they are within the UE capability. 

2.1 Signalling details

As shown in Figure 3 above, each HS-SCCH would be configured so as to indicate the CCS of the HS‑DSCH by means of one of two CCS mappings. Within each mapping, the HS-SCCH Part 1 would signal the exact combination of number of codes and starting-code offset using 5 bits. 

The mappings could be defined either in tabular form or algebraically. Let P denote the number of codes and Q denote the dynamic part of the starting-code offset. Then for example:

Mapping 1: (as shown in Fig 3a)

	Number of codes P
	Signalled value on HS-SCCH Part 1
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i.e. Q = 0, and signalled value on HS-SCCH = P ;  .

Mapping 2: (as shown in Fig 3b)
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i.e. 
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The following parameters would be configured by RRC signalling for each HS-SCCH:

· CCS mapping (1 or 2)

· Static part of starting-code offset (1 … 15)

· Direction of use of code space from the starting code (up or down).

2.2 Example with 3 HS-SCCHs configured

One way to configure three HS-SCCHs would be as follows (allowing up to 3 UEs to be scheduled simultaneously in each TTI):

HS-SCCH #1:

	CCS mapping
	1

	Static part of starting-code offset
	1

	Direction of use of code space
	Up


HS-SCCH #2:

	CCS mapping
	1

	Static part of starting-code offset
	15

	Direction of use of code space
	Down


HS-SCCH #3:

	CCS mapping
	2

	Static part of starting-code offset
	2

	Direction of use of code space
	Up


Then, for example, 3 UEs could be signalled each with 5 codes by indicating P=5 on HS-SCCH #1 and HS‑SCCH #2, and indicating P=5 and Q=4 (giving a starting-code offset of 2+4=6) on HS‑SCCH #3.

Some other examples are given below:

	
	Scheduled UEs
	Values signalled on HS-SCCHs

	
	UE “A”
	UE “B”
	UE “C”
	HS-SCCH #1
	HS-SCCH #2
	HS-SCCH #3

	Example 1
	1 code
	7 codes 
	7 codes
	P=7
	P=7
	P=1, Q=6

	Example 2
	4 codes 
	4 codes
	7 codes
	P=7
	P=4
	P=4, Q=6

	Example 3
	10 codes
	5 codes 
	Not scheduled
	P=10
	P=5
	not transmitted


2.3 Example with 4 HS-SCCHs configured

One way to configure four HS-SCCHs would be as follows (allowing up to 4 UEs to be scheduled simultaneously in each TTI):

HS-SCCH #1:

	CCS mapping
	1

	Static part of starting-code offset
	1

	Direction of use of code space
	Up


HS-SCCH #2:

	CCS mapping
	1

	Static part of starting-code offset
	15

	Direction of use of code space
	Down


HS-SCCH #3:

	CCS mapping
	2

	Static part of starting-code offset
	1

	Direction of use of code space
	Up


HS-SCCH #4:

	CCS mapping
	2

	Static part of starting-code offset
	2

	Direction of use of code space
	Up


Some examples of how UEs could then be scheduled are given below:

	
	Scheduled UEs
	Values signalled on HS-SCCHs

	
	UE “A”
	UE “B”
	UE “C”
	UE “D”
	HS-SCCH #1
	HS-SCCH #2
	HS-SCCH #3
	HS-SCCH #4

	Example 4
	1 code
	7 codes 
	6 codes
	1 code
	P=6
	P=7
	P=1, Q=6
	P=1, Q=6

	Example 5
	2 codes
	2 codes
	3 codes
	8 codes
	P=3
	P=8
	P=2, Q=3
	P=2, Q=4


It is straightforward to show that with the mappings defined in section 2.1 above, any combination of CCSs can be signalled with any number of configured HS-SCCHs, without imposing any restrictions on the scheduler in terms of the number of codes that may be signalled with any particular modulation scheme. 

3 Conclusions

We have shown that a significant reduction can be achieved in the number of dynamic CCS bits in Part 1 of the MIMO-type HS-SCCH by allowing a UE specific starting-code offset and mapping of code resources to be preconfigured for each HS-SCCH by higher layer signalling. This avoids imposing any restrictions on the scheduler, while enabling a significant reduction in the Part 1 overhead. 

This would enable the HS-SCCH Part 1 to be comprised of only 11 bits even when 64QAM is included, without restricting the CCS combinations that can be arranged by the scheduler:

CCS1: 5  bits

PWI: 2 bits

MS + CCS2: 3 bits if 64QAM not configured; 4 bits if 64QAM is configured. 

Total: 11 bits
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