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1. Introduction

For FDD, it has been agreed to base the Rel-7 MIMO scheme on the D-TxAA approach. The antenna weight code book for 2 Tx antennas will be identical to that used for closed loop transmit diversity mode 1 and the applied antenna weights will be signaled in the down-link [1], [2]. Furthermore, some of the HS-SCCH information (such as e.g. modulation info, HARQ process info, and transport block size) must be given for both streams in dual-stream mode. Therefore, additional down-link signaling is needed to support the proposed MIMO scheme, as already discussed in e.g. [3].

In this contribution we discuss the advantages and disadvantages of different HS-SCCH format options that support the D-TxAA MIMO scheme and indicate the preferred HS-SCCH format choices from complexity and performance viewpoint. 

2. Down-link control information

2.1. Current HS-SCCH structure

The following list describes the current (Rel-5) HS-SCCH structure, and the overall coding chain for HS-SCCH is shown in Figure 1.

Part I:

· Channelization-code-set information (ccs)
7 bits

· Modulation scheme information (ms)
1 bit

· UE identity (ue)



16 bits (only for masking)
Part II:

· Transport-block size information (tbs)
6 bits

· Hybrid-ARQ process information (hap)
3 bits

· Redundancy and constellation version (rv)
3 bits

· New data indicator (nd)


1 bit

· UE identity (ue)



16 bits

2.2. Additional down-link control information in HS-SCCH for D-TxAA MIMO

In dual-stream mode, the following information must be given for both streams, which implies a doubling of the number of respective bits:


· Modulation scheme information (ms)





· Transport-block size information (tbs)

· Hybrid-ARQ process information (hap)

· Redundancy and constellation version (rv)


· New data indicator (nd)

Here, we have assumed symmetric code allocation on the two streams. If asymmetric code allocation is considered, the channelization-code-set information (ccs) must also be given for both streams (although this should not require a doubling of the number of bits if suitable restrictions are applied such as keeping the same starting code).

In addition, a single/dual stream flag and the applied antenna weights (i.e. the pre-coding matrix, and the chosen column in the single-stream mode) should be signaled. We use the term antenna weight indicator (awi) to denote this information field. In Table 1, we present a possible mapping for these (awi) bits. Another possibility to distinguish between single and dual stream cases is to reserve one specific combination of  (ms, tbs, hap, rv, nd) that is not allowed as a regular scheduling combination (e.g. QPS and maximum tbs and hap all ones or similar). When such a non-valid combination would be indicated for one stream, this could imply that only the other stream is present. This would reduce the number of awi bits to two.
	awi1

(single/dual str.)
	awi2

(matrix sel.)
	awi3

(column sel.)
	Nr of streams
	Pre-coding matrix
	Column

	0
	0
	0
	1
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	N/A
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	(0)
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	N/A


Table 1: Suggested mapping of the (awi) bits.

3. One HS-SCCH in total vs. one HS-SCCH per stream

As suggested in [3], there are two main options for the new HS-SCCH structure to support MIMO: 

1. transmitting one HS-SCCH in single-stream mode and two HS-SCCHs in dual-stream mode, or

2. transmitting one HS-SCCH to each scheduled UE regardless if whether the UE is in single- or dual-stream mode.

The main advantage with option 1, transmitting two HS-SCCHs in the dual-stream mode, is that even if one of the HS-SCCHs is erroneously decoded, the other stream can still be demodulated. Since separate HARQ processes are implemented on the two streams, this will contribute to more efficient system resource usage. The signaling format per-stream will also be very similar to that of Rel-5. The main disadvantage is that some information (channelization-code-set information and UE identity) is transmitted in both HS-SCCHs, causing some additional overhead. Another minor disadvantage, when considering UE implementation complexity, is that one additional physical channel must be processed at the receiver when the UE is receiving data in dual-stream mode. This implies that e.g. an additional set of despreaders in a RAKE receiver must be allocated to the second HS-SCCH. 

The main advantage of option 2 would be more efficient resource usage, since repetitive transmission of the same information is avoided, giving a reduction in overhead of around 30%. If the increase in the effective convolutional coding rate is acceptable, option 2 also gives a 50% reduction in code usage. Whether this can be achieved without needing to lower the SF to 64 is considered in Table 2. 
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Figure 1: Overall coding chain for current (Rel-5) HS-SCCH structure.

4. Part I / Part II structure

In Rel-5, the first slot of the HS-SCCH constitutes the Part I, and the following two slots the Part II. Figure 2 demonstrates the current relative timing relation between the HS-SCCH and the associated HS-PDSCH.
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Figure 2: Timing relation between the HS-SCCH and the associated HS-PDSCH.

This structure allows for an efficient receiver design, since the UE can determine whether it needs to process the given TTI before the data on HS-PDSCH starts arriving, and the demodulator may be set up to process data on the fly. If the Part I / Part II structure were to be abandoned in a future MIMO-HS-SCCH structure, the UE would have to decode the entire HS-SCCH before it could begin to set up the demodulator for HS-PDSCH reception. This in turn imply that a RAKE receiver in the UE needs to constantly despread and buffer all HS-PDSCH codes whenever the UE is in the HDSPA mode, which requires significant additional buffering and causes notable extra power consumption. 

Therefore, we consider it important that the Part I / Part II structure of the HS-SCCH be maintained in the MIMO context. We also note that the single/dual stream flag and the applied antenna weights (i.e. the awi information field) must be supplied in Part I, since this information is necessary to set up the demodulation. Also, the staggered timing of HS-SCCH and HS-PDSCH should be preserved, since the utilization of Part I would otherwise be impossible.

In Table 2, we present the comparative coding rates for Parts I and II in the current and candidate MIMO HS-SCCH structures. We can see that the introduction of the extra fields to support the second stream does not affect the effective coding rates prohibitively and the slightly reduced channel coding protection could be compensated by a corresponding HS-SCCH transmit power increase. Reverting to SF64 in the single-HS-SCCH case could also be considered as an option.

	Format
	Part
	Fields
	Bits
	Rate (SF128)
	Rate (SF64)

	Current: 1 HS-SCCH
	Part I
	ccs(7)+ms(1)+ue(16)
	24
	0.6
	-

	
	Part II
	tbs(6)+hap(3)+rv(3)+nd(1)+ue(16)
	29
	0.36
	-

	MIMO: 1 HS-SCCH

(option 2 of Section 3)
	Part I
	ccs(7)+2*ms(1)+awi(3)+ue(16)
	28
	0.7
	0.35

	
	Part II
	2*(tbs(6)+hap(3)+rv(3)+nd(1))+ue(16)
	42
	0.53
	0.26

	MIMO: 2 HS-SCCH

(option 1 of Section 3)
	Part I
	ccs(7)+ms(1) +awi(3)+ue(16)
	27
	0.68
	-

	
	Part II
	tbs(6)+hap(3)+rv(3)+nd(1)+ue(16)
	29
	0.36
	-


Table 2: Comparative coding rates for Parts I and II in the current and candidate MIMO HS-SCCH structures.

It may be argued that some savings in the effective number of signaled bits could be achieved by joining Parts I and II into a common structure and avoiding separately embedding the UE ID in Part I and Part II. However, the impact to the UE implementation, as explained above, would be considerable and in our opinion such a change would not be warranted. In addition, it may be considered to exclude the UE ID from Part II if the effective number of signaled bits must be reduced.

5. Discussion and conclusions

In view of the reduced overhead, we propose that a single HS-SCCH carrying signalling information for both streams should be designed. 

We also suggest that the Part I / Part II structure of the HS-SCCH be preserved, including the time relation between HS-SCCH and HS-DSCH subframes. We also propose that Part I should contain channelization-code-set information, modulation scheme information, UE identity, and antenna weight indicator. This ensures that we maximize the time available for the scheduled UE to set up the demodulator before HS-PDSCH reception, and minimizes buffering and power consumption in the UE.

The exact number of bits in each field on the HS-SCCH is discussed in detail in other contributions. 
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