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1. Introduction
E-UTRA downlink supports the use of multi codeword transmission via the use of spatial multiplexing. Up to two transport blocks can simultaneously be transmitted when spatial multiplexing is used. This is regardless of whether eNodeB is configured to use 2 or 4 antenna ports. There are eight HARQ processes available when single transport block operation is performed. To support asynchronous HARQ, 3 bits is needed as part of the downlink scheduling assignment to determine the HARQ process number in case of a single transport block. This contribution addresses the problem of how to operate the HARQ functionality in order to support simultaneous transmission of up to two transport blocks.

2. HARQ functionality for Spatial Multiplexing

One approach for the HARQ operation would be to use completely separate process numbers for the two transport blocks that can be transmitted in the same subframe. This would however double the signaling overhead for process numbering to six bits in the PDCCH. Maximum scheduling flexibility is achieved but it is not clear that the flexibility gives any significant benefits in terms of performance justifying the very substantial increase in overhead. 

To reduce the overhead, it seems appealing to reuse the approach from MIMO HSDPA of having a shared main process number for both transport blocks and then let the first and second transport block correspond to subprocess A and B, respectively.  An illustration of such HARQ functionality is provided in Figure 1. A major advantage is of course that the process number field remains at 3 bits, thus saving 3 bits of overhead compared with a separate process number approach. A possible drawback is that the scheduling flexibility is reduced. Consider again Figure 1 which shows a situation in which a shared process number may result in some unused resources if the channel rank is time-varying. In case of separate process numbers, the unused layers could have been used for scheduling another process, e.g. 2A. This flexibility is however in practice more difficult to utilize than it seems at a first glance because transport blocks originating from different subframes may differ substantially in number of allocated RBs. Since co-scheduled codewords must share the same RBs, co-scheduling such retransmissions would in many cases be outruled anyway because it would imply extreme rate matching ratios, greatly reducing the usefulness of the retransmission.
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Figure 1: Shared process numbers with sub-processes A and B.
Regardless of the process number approach, for retransmissions there is a need to swap the transport blocks so that the HARQ sub-process A and B may alternatively be associated with codeword 2 and 1, respectively. This provides the ability to cope with time-varying CQI situations in which by the time of retransmission, the codeword with the previously highest CQI then has the lower CQI.

Although it has been claimed that the point

· Full flexibility for mapping between HARQ process ID and CW (working assumption)
in the MIMO session summary of TSG RAN1 #47bis ‎[1] implies separate HARQ process numbers, we believe it refers to the above way of swapping the transport blocks. This is also indicated by the context in which the working assumption appears in - codeword to layer mapping discussions, which did not focus on HARQ operation and the in that case relevant timing related events. 

Each transport block seems to need a separate retransmission sequence number or alternatively new data indicator and redundancy version. In case of situations where the channel supports multiple layers for a long time, this would enable uninterrupted transmissions on all layers.

3. Summary and Conclusions

This contribution discussed multiple-antenna related content of the downlink scheduling assignment. HARQ operation for two transport blocks in spatial multiplexing transmission was considered and we propose to have signaling support as listed below

· Shared process number for first and second transport block: 3 bits

· First and second transport block corresponds to sub-process A and B similarly as in MIMO HSDPA

· Should be possible to swap 1st and 2nd transport block in codeword to layer mapping: 1 bit

· Separate signaling of redundancy version and new data indicator (alternatively retransmission sequence number (RSN)) for each transport block
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