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1 Introduction

As agreed at RAN1#46 and RAN2#56, separate transport blocks will be transmitted on each stream when dual-stream transmission is used in MIMO mode, with independent HARQ acknowledgements and retransmissions.  This requires an increase in the number of available HARQ processes. 

2 Number of HARQ processes required

In Rel-5, 8 HARQ processes are provided. In fact, no more than 6 processes are required in order to achieve continuous transmission, which would require 3 signalling bits. However, as 3 signalling bits can equally well accommodate 8 processes, Rel-5 allows up to 8 processes, though not all of these have to be configured. 

Similarly for Rel-7 MIMO, we suggest not to allow more than the minimum number of HARQ processes needed for continuous transmission, unless more can be accommodated without increasing the number of signalling bits on the HS-SCCH. 

Note that 6 processes per stream would imply a total of 12 processes for dual-stream transmission, while 8 processes per stream would imply a total of 16 processes for dual-stream transmission. 

3 HARQ process signalling for single-stream transmission

When a UE in MIMO mode is sent only a single stream, the HS-SCCH needs to be able to signal any of the available HARQ processes, as retransmissions for any of the processes must be able to take place on the single stream. Regardless of whether a total of 12 or 16 processes are decided upon, this requires 4 HARQ Process ID bits on the single-stream format HS-SCCH. 

4 HARQ process signalling for dual-stream transmission

In general, the handling of the HARQ processes for dual-stream transmission is a trade-off between minimising the required number of HS-SCCH signalling bits to indicate the HARQ process ID, and avoiding unnecessarily inflexible restrictions on the scheduler. 

We examine 3 possibilities:

4.1 Full flexibility

For a total of N processes (minimum 2x6=12), full flexibility would require the ability to signal N values for the primary transport block, and N-1 values for the secondary transport block (as the same HARQ process would not be able to be active on both beams simultaneously) – i.e. a total of N(N-1) values. For 12 processes, this results in 132 combinations, requiring 8 HARQ process ID signalling bits on the HS-SCCH; 16 processes result in 240 combinations, which can also be signalled with 8 bits.

4.2 Proposal from [1]

In [1], it is proposed to group the available HARQ processes into pairs, denoted {1a, 1b} etc, so that there is a one-to-one mapping between the HARQ process used for the primary transport block
 and the HARQ process used for the secondary transport block. This means that only one HARQ Process ID would need to be signalled for a dual-stream transmission, thus limiting the number of bits required for this purpose on the HS-SCCH to just 3. This is highly efficient on signalling overhead, but it is necessary to examine whether the restrictions this would place on the scheduler are acceptable. 

One example of the type of restriction imposed by this scheme is shown in Error! Reference source not found. below. 
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Figure 1: Example of scheduler behaviour

As can be seen from Error! Reference source not found., the restriction imposed by this scheme is not significant (just delaying one retransmission by one TTI), so it seems acceptable for the sake of reducing the signalling overhead.  

4.3 Proposal from [2]

An alternative handling of the HARQ processes was proposed in [2], which is designed to avoid scheduling restrictions, while also reducing the number of HS-SCCH signalling bits compared to the case of full flexibility. 

According to this proposal, in dual-stream transmission half the HARQ processes are available for the primary transport block (process IDs 1 to N/2), and the other half (process IDs N/2+1 to N) are available for the secondary transport block. Any of the HARQ processes 1 to N/2 may be used simultaneously with any of processes N/2+1 to N, thus avoiding restrictions on the scheduler. 

The number of HARQ process ID combinations which need to be signalled on the HS-SCCH for dual stream transmission is therefore (N/2)2. For N=12 processes, this results in 36 combinations, while N=16 processes results in 64 combinations, both of which can be signalled with 6 HS-SCCH bits.

As an example, the following combinations may be signalled:

Table 1: Example signalling values for HARQ ID combinations

	First 3 HARQ Process ID signalling bits on HS-SCCH
	HARQ Process ID for primary transport block

	0 0 0
	1

	0 0 1
	2

	0 1 0
	3

	0 1 1
	4

	1 0 0
	5

	1 0 1
	6

	1 1 0
	7

	1 1 1
	8

	Second 3 HARQ Process ID signalling bits on HS-SCCH
	HARQ Process ID for secondary transport block

	0 0 0
	9

	0 0 1
	10

	0 1 0
	11

	0 1 1
	12

	1 0 0
	13

	1 0 1
	14

	1 1 0
	15

	1 1 1
	16


5 Conclusions

We have considered some possibilities for signalling the HARQ process ID on the HS-SCCH for single- and dual-stream transmission when the UE is configured in MIMO mode, considering the number of signalling bits required, and any impacts on the scheduler. 

Single-stream and dual-stream transmission cases were considered separately, as different HS-SCCH “Part 2” formats are used for each case. 

We suggest not to allow more than the minimum number of HARQ processes needed for continuous transmission, unless more can be accommodated without increasing the number of signalling bits on the HS-SCCH.

We observe that:

· In all the cases considered, the number of signalling bits required cannot be reduced by reducing the number of HARQ processes per stream from 8 to 6. Therefore we propose retaining 8 HARQ processes per stream, giving a total of 16 independent HARQ processes. 

· For single-stream transmission in MIMO mode, any of the 16 processes must be able to be transmitted, and therefore 4 signalling bits are required on the HS-SCCH. 

· For dual-stream transmission, the number of signalling bits required ranges from 3 to 8 depending on the degree of flexibility. In our view the restrictions imposed by limiting the number of signalling bits to 3 as proposed in section 4.2 (from [1]) seem acceptable, and we therefore propose that this approach using  3 signalling bits is adopted. However, if further flexibility is desired, we propose using 6 signalling bits as proposed in section 4.3 (from [2]).  
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� Note that the primary transport block is the transport block for which the precoding weight information is signalled explicitly; the precoding weight information for the secondary transport block is derived by a one-to-one mapping from the precoding weight information for the primary transport block. The modulation order and number of channelisation codes for the secondary transport block are less than or equal to the modulation order and number of channelisation codes for the primary transport block. 
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