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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 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. Simultaneous transmission of one or two transport blocks is supported regardless of whether the NodeB 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. Codeword to Layer Mapping during Retransmission

The problem with the decided codeword to layer mapping is that it is not complete when HARQ operation with retransmissions is considered. The following example illustrates a situation which triggers the problem

1. Channel rank is three or four during first transmission attempt and two codewords are transmitted.

2. The codeword mapped to two layers pass the transmission while the other one fails.

3. The data buffer is empty so the scheduler clearly wants to retransmit only the single codeword that failed the transmission.

In the above example, the codeword to be retransmitted originally used two layers but for the retransmission, the only possibility to transmit a single codeword is to use the rank one mapping, which in Figure 1 is seen to imply only a single layer. This not only precludes chase combining but also means that the retransmission is limited to half as many coded bits as the original transmission. For high coding rates in the first transmission, this can represent a substantial loss of coding gain. This would be fine if the channel rank had fallen to one so the NodeB anyway would have no choice but to use the rank one mapping. In addition, if the channel rank is two or higher by the time of retransmission (as reported by the UE), the NodeB would be forced to perform rank override with resulting increase in CQI inaccuracy (the CQI is measured per codeword) and loss because the decided 4 Tx precoding codebook does not give the possibility to freely choose which precoder vector to pick out of the precoder matrix reported by the UE (it may need to pick the precoder vector with the lesser gain).

Note that dynamically varying channel rank may also lead to similar problems since the channel rank (which describes the maximum number of layers the channel supports) may very well have fallen, compared with a higher used transmission rank during the initial transmission attempt, to e.g. rank two by the time of retransmission.
3. Summary and Conclusions

To circumvent retransmission problems such as above, we propose, at least for retransmission, that the codeword to layer mappings should be extended with the rank two mapping given in Figure 2. This would give the benefits of not precluding chase combining, avoiding the loss of coding gain and reduce the need for rank override and its associated problems as described above.
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Figure 2: Additional codeword to layer mapping needed for efficient retransmission.
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