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1. Introduction
HARQ operation for MIMO has been discussed in several contributions. Several different proposals exist, all with its pros and cons. In this contribution we discuss the different options and look at their properties. In short, two main properties are of interest here. The number of bits needed in Part II of HS-SCCH for signaling and the restrictions a certain scheme will impose on the scheduler.

2. HARQ process signaling

The main differences between HARQ operation for MIMO and non-MIMO HSDPA are the fact that two parallel processes can be transmitted in dual-stream mode. The other difference is that a larger number of processes need to be addressed even if only a single transport block is transmitted. This is due to the rank adaptation that is present in the MIMO mode.

3. Single-stream transmission

When only single stream transmission is used, the HS-SCCH needs to be able to signal any of the available HARQ processes. This since retransmissions for any process can take place in single stream mode. This will require 4 HARQ ID bits in the single-stream format of the HS-SCCH.

4. Dual-stream transmission

For the dual-stream case several options have been presented e.g. ‎[1], ‎[3]. Next we will discuss pros and cons for the different possibilities.

4.1.  Full flexibility

For full flexibility 4 bits per stream (in total 8 bits) is needed for addressing HAPs in the dual stream case. One reason for this is that the quality of the two streams is varying. The initial transmission of a packet may be on the primary stream (which has equal or higher order modulation than the secondary) while the retransmission may occur on the secondary stream. This will happen if a new transport block with higher modulation order should be transmitted at the same time. This situation is illustrated in Figure 1 below.


[image: image1.emf] 

1  

8  

1  

5  

NACK on TB in process 1  

Retran smission of 1, and  new data in 5  

9  

3  


Figure 1: Example when full flexibility is needed.
4.2. Schemes with reduced flexibility

In general, HARQ process handling is a trade-off between number of bits needed for HAP ID signaling and restrictions on the scheduler. By imposing some restrictions less bits are needed for HAP signaling. Next we will give a few examples how this can be done.
In ‎[3] it was proposed that a subset of the available HARQ processes could be allocated to each stream. For example, process 0-7 could be associated with the primary stream while 8-15 is used on the secondary. This means that 3+3=6 bits is needed for the HAP signaling, hence a saving of 2 bits compared to the fully flexible case described above.

This will, on the other hand, impose some restrictions on the scheduler. If the initial transmission is a primary transport block (HAP ID 0-7) it can not be retransmitted as a secondary (HAP ID 8-15). For example, referring to Figure 1, it is now not possible to retransmit process 1 on the secondary stream since this process “belongs” to the primary stream.

Yet another scheme with even less signaling was proposed in ‎[1] (see also ‎[2]). This scheme requires only 3 HAP bits on the HS-SCCH for dual stream transmission. The main idea here is to group the available HAP into pairs {0A,0B}, …, {7A,7B}  and couple “A” and “B” to the primary and secondary stream, respectively.  Even though the signaling is very efficient it will put restrictions on the scheduler.  One example where this restriction is limiting the performance is shown in Figure 2. Here it is noted that only one transport block (1B) can be scheduled when the channel quality once again allow for dual stream transmission since only pairs of  processes can be scheduled simultaneously (1A is not available). The retransmission of  HAP 2A has to be delayed  to the next TTI.
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Figure 2: Example of scheduler restriction.
One way to limit the restrictions put on the scheduler in the above scheme would be to add another bit to indicate which “sub-process” A or B that belongs to the primary or secondary stream. In this case 3 bits would be required to signal the process number (0-7) and one bit is used to indicate which of A or B that belongs to the primary stream. This will not overcome the problem depicted in Figure 2, it will however overcome the problem where a primary transport block can not be retransmitted as a secondary because the “order” of the streams have changed.

5. Discussion and conclusions

Different ways of reducing the signaling overhead for HARQ processing has been presented. In general, imposing more restrictions on the scheduler means a better possibility for saving on the signaling overhead. It is our view that reducing the overhead by 2 bits (3+3 scheme) would not justify the restrictions put on the scheduler. If there is a need to reduce the number of bits for HAP handling (this will affect Part II of the MIMO HS-SCCH), the saving should be substantial and hence we propose that the 3+1 scheme is adopted. If the restrictions on the scheduler are considered to large, we propose to adopt the fully flexible solution and then reduce the number of bits needed in the HS-SCCH by other means. For example, merging RV constellation version and NDI to a shorter retransmission sequence number as in E-DPCCH is one possible way of reducing the number of bits in Part II ‎[4]. This can of course be done regardless of which HAP handling that is adopted and hence a large reduction of bits in the HS-SCCH is possible.
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