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1. Introduction
To exploit the potential capacity boost offered by multiple antennas, the LTE downlink supports spatial multiplexing with codebook based precoding. The further inclusion of rank adaptation means the number of layers simultaneously transmitted to one UE can be adapted to match current channel characteristics. Each layer consists of a symbol stream originating from the modulated bits of a codeword, where a codeword refers to the coded bits of one transport block, which in turn is tied to a corresponding HARQ process. Simultaneous transmission of one or two transport blocks is supported regardless of whether the eNodeB uses two or four antenna ports. 

Mapping codewords to layers is trivial in the case of two antenna ports, since the number of layers equals the number of codewords. However, in the four antenna port case, there are potentially fewer codewords than layers so the codewords need to be mapped to the layers in some prescribed way. The decided mapping is described in [1] and is also illustrated in Figure 1. As seen, the mapping depends on the transmission rank and for rank three and four, some codewords are distributed over two layers.
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Figure 1: Codeword to layer mapping as given in spec [1].

2. The Artificially Created Problem of Retransmissions for 4-Tx MIMO
It is in general natural to allow retransmissions to have the possibility of occupying the same, or at least similar, resources as the first transmission. The number of information bits in the transport block is after all the same also for the retransmission and deviating too far from this reasonable assumption could for example risk enforcing excessive coding rates or complicating the scheduler. This requirement is indeed fulfilled for all 1 Tx and 2 Tx transmission schemes. 
But for 4 Tx, if the codeword to layer mapping depicted in Figure 1 is taken literally to also be used for all retransmissions, then codewords mapped to two layers, as in transmission rank 3 and transmission rank 4, cannot be retransmitted using transmission rank 2, even if the channel would support such a transmission rank. This not only imposes an unnecessary restriction on the scheduler, but also presents a problem whenever the channel rank drops from rank 3 or rank 4 to rank 2, or if one of the HARQ processes is emptied before the other HARQ process and that HARQ process was originally transmitting a two-layer codeword. In all these cases, the eNodeB would have to perform rank-override and instead use the rank 1 codeword-to-layer-mapping to transmit a transport block originally mapped to two layers. The use of rank override, although necessary at times, should however not be triggered unnecessarily as it is detrimental to the CQI accuracy and thus implies a waste of resources.  Forcing such single-layer transmission on a transport block originally intended for two-layer transmission could in addition easily lead to excessive coding rates, thus limiting the gains from incremental redundancy and HARQ.
Precluding transmitting a single two-layer codeword during a retransmission is obviously a very artificial constraint and it seems unlikely that this was the intention when the decision on the codeword to layer mapping was taken in the MIMO session, where the implications on retransmissions were only briefly touched upon during the discussions. 
3. Conclusions

To avoid the above mentioned problems of retransmissions in the case of  4-Tx MIMO, we propose that is should be possible to retransmit a HARQ process with the same number of layers as for the original transmission. This is a very natural feature and can easily be signaled at a minimal signaling overhead cost by e.g. reserving a single TBS entry to mean that the associated HARQ process should not be transmitted.
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