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1 Introduction 
A new WI on 4-branch MIMO for HSDPA was approved at RAN#53 [1]. At the start of this WI, some key design issues need to be addressed. 
A key aspect that affects much of the physical layer design, especially the control signalling, is the number of codewords to be supported and the way in which they are mapped to layers. 
2 Discussion
2.1 Number of codewords
Currently in HSDPA with 2x2 MIMO, one transport block is mapped to each codeword and each codeword is mapped to one layer for transmission. This means that there is separate control signalling for each layer (MCS in the downlink and ACK/NACK in the uplink). 
In principle, two alternatives exist for extension to higher numbers of layers:
1. One codeword per layer

2. Max 2 codewords in total, with each codeword mapped across more than one layer. 

The advantages that may be envisaged for continuing to use one codeword per layer are the possibility to reuse the control signalling design from 4C/8C HSDPA (at least for a maximum of 1 or 2 carriers respectively; the WID notes that existing functionality should be re-used unless non-re-use can be justified by clear benefits), and theoretically improved link adaptation efficiency arising from better matching of the MCS and available transmit power to the capacity of each layer (e.g. by water-filling techniques). The use of one codeword per layer also facilitates the implementation of interference-cancelling receivers (e.g. using SIC), but it was shown for LTE [2] that with advanced receiver structures such as QR-decomposition sphere detectors [3] there is little difference in performance between the two alternatives. 
On the other hand, applying a limitation to the number of codewords (e.g. 2) and mapping each codeword across multiple layers saves control signalling overhead in both uplink and downlink. It also provides some diversity gain across the layers. Additionally, this method is more easily forward-compatible with any possible future extensions to HSDPA; indeed, although the main scope of the WI is to specify 4-branch MIMO for the case when all layers are transmitted from the same HS-DSCH cell, the WI already also includes an assessment of the benefits of supporting 4-branch MIMO in combination with multi-carrier operation, and, if the benefits are deemed sufficient, specifying operation of 4-branch MIMO in combination with up to 4 carriers. The combination of 4-branch MIMO with 4 carriers leads to 16 A/Ns and 16 MCSs to be indicated in every subframe. This already goes beyond what can be achieved by re-use of existing control channel designs. 

Moreover, even if it does not take place in Rel-11, it needs to be considered that 4x4 MIMO functionality may in a future release be extended to 8C HSDPA (potentially leading to 32 codewords per subframe) and even to 8x8 MIMO in line with LTE-A capabilities (potentially leading to 32 codewords per subframe). Clearly the continued use of a single codeword to single layer mapping with such extensibility is unsustainable and would lead to unacceptably high signalling overhead. 
Observation 1: The use of a single codeword per layerfor higher-order MIMO leads to high signalling overhead and is not forward compatible in a reasonable way . 

Restricting the maximum number of codewords to two would, however, have some additional specification impact: 

· the transport block sizes would need to be increased; however, this has been done in the past for 64QAM and has not been difficult; 

· a codeword-to-layer mapping function would need to be specified in the physical layer; however, this has been done for LTE in a relatively simple way which could be replicated in HSDPA. 

Observation 2: The specification impact of limiting the number of codewords to 2 is not expected to be problematic . 

The trade-offs between a single codeword per layer and multiple codewords per layer were extensively studied for LTE [2, 4-13]. Although there were differing views expressed, the results showed that the performance difference is very small between 2-codeword and 4-codeword transmission and is dependent on the particular receiver architecture. On the other hand, the signalling overhead is a significant factor in favour of limiting the number of codewords; additionally, it is desirable to avoid the uplink power limitation imposing a coverage constraint on 4x4 DL MIMO. It was therefore decided to adopt a maximum of two codewords for 4x4 MIMO in LTE, and this principle was maintained for 8x8 MIMO in LTE-Advanced. 
We do not see a fundamental difference of principle between LTE and HSDPA in this respect. Therefore it seems reasonable to take instruction from the extensive analysis carried out for LTE and adopt a maximum of 2 codewords for higher-order MIMO in HSDPA also. 

Observation 3: Extensive analysis for LTE showed little performance difference between 2- and 4-codeword transmission for 4x4 MIMO. 2-codeword transmission was adopted to constrain the feedback overhead. 
Therefore we make the following proposal:

Proposal 1: A maximum of two codewords should be adopted for 4-branch MIMO HSDPA.. 

2.2 Codeword-to-layer mapping
In order to keep the specification work and system design simple, we do not see any need to map one codeword to more than two layers for 4x4 MIMO. 
Observation 4: There is no need to map one codeword to more than 2 layers for 4x4 MIMO. 

Therefore we propose to adopt the same codeword-to-layer mapping functionality as in LTE, which is illustrated in Figure 1: 
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Figure 1: Codeword-to-layer mapping from LTE
Proposal 2: Adopt the same codeword-to-layer mapping as in LTE, as shown in Figure 1. 

3 Conclusion

In discussing the number of codewords and codeword-to-layer mapping for 4-branch MIMO for HSDPA, we have made the following observations:

Observation 1: The use of a single codeword per layerfor higher-order MIMO leads to high signalling overhead and is not forward compatible in a reasonable way . 

Observation 2: The specification impact of limiting the number of codewords to 2 is not expected to be problematic . 

Observation 3: Extensive analysis for LTE showed little performance difference between 2- and 4-codeword transmission for 4x4 MIMO. 2-codeword transmission was adopted to constrain the feedback overhead. 

Observation 4: There is no need to map one codeword to more than 2 layers for 4x4 MIMO. 

In the light of these observations, we make the following proposals:
Proposal 1: A maximum of two codewords should be adopted for 4-branch MIMO HSDPA.. 

Proposal 2: Adopt the same codeword-to-layer mapping as in LTE, as shown in Figure 1. 
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