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1. Introduction
During the past meetings, there has been some discussion on the support of 4-Tx with NAICS, with the main problem with the introduction of 4-Tx support being that RAN4 has not yet properly studied its feasibility or the related UE complexity. In this contribution we discuss some specific issues of 4-Tx support for CRS-based transmission modes, in particular in relation to additional signaling requirements compared to 2-Tx.
2. Discussion
Higher-layer signaling for NAICS has been extensively discussed and a number of agreements have been made on the higher-layer signaled parameters, while some issues are still open. In [1], we provide our views on the remaining signaling aspects concerning both 2-Tx and 4-Tx support of NAICS. Here we discuss some specific aspects of 4-Tx support.

PMI subset restriction
Concerns have been expressed on the UE complexity for 4-Tx support as the number of PMI hypotheses increases significantly compared to 2-Tx. In [2] we have evaluated the complexity of 4-Tx NAICS, showing a significant increase in the blind detection complexity, mainly driven by the increase in the number of PMI hypotheses. To reduce the number of PMI hypotheses, codebook subset restriction would be required. There could be also other possible benefits of codebook subset restriction as discussed in [3]: even if the UE would, from complexity perspective, be able to go through all hypotheses based on the 4-Tx codebook, if the network actually utilizes only a reduced subset of PMIs, it would be beneficial from performance perspective to signal the corresponding reduction in the PMI hypotheses to the UE. Furthermore, in a coordinated case (e.g. single eNB controlling the serving and interfering cells), codebook subset restriction would allow also rank restrictions and hence rank coordination for cell edge UEs. This would have performance benefits since the primary gains of NAICS are for rank-1 interference. Therefore, our proposal would be to include the possibility of signaling a codebook subset restriction in the higher-layer signaling, while RAN4 can determine how many PMI entries can be signaled to the UE in maximum in case of 4-Tx.
Observations:
· UE complexity in 4-Tx NAICS stems from the significantly increased number of PMI hypotheses.

· In addition to the complexity reduction, codebook subset restriction signaling may have also other benefits.

· E.g. enabling rank coordination (in a coordinated case).
PDSCH start symbol
Signaling of PDSCH start symbol has been discussed extensively for 2-Tx. As we have discussed in [1], there are cases where CFI does not necessarily match with the actual PDSCH start symbol, and therefore at least optional signaling of the PDSCH start symbol is required. The main question is then whether the signaling is optional, i.e. whether in some cases the UE is supposed to decode CFI from the interfering cell, or whether the UE should always be provided with a higher-layer signaled PDSCH start symbol value.
Also it has been proposed that no signaling is needed because the UE might simply start the interference cancellation from a conservative value, e.g. from the fourth OFDM symbol. For the 2-Tx case this could be a viable option. However, in case of 4-Tx there are some additional problems in particular for the large delay CDD precoding scheme in TM3. In TM3, the precoder Ck  (as denoted in TS 36.211) is cycled every υ REs, where υ denotes the number of transmission layers, and there are four distinct precoders Ck. Thus with rank-2 transmission, the periodicity of precoder cycling is 8 REs. Hence, if the assumed PDSCH start symbol is incorrect, there may be a shift of 4 REs in the precoder cycling phase. This problem is illustrated in Figure 1.
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Figure 1. Illustration of the TM3 LD-CDD precoder cycling phase mismatch in case of 4-Tx due to a wrong assumption about the PDSCH start symbol at the UE side. The numbers indicate the index of the assumed/used precoder Ck as in TS 36.211.
Thus we observe that considering 4-Tx and TM3, the UE will need to remain aware of the exact PDSCH start symbol. If the UE is not aware of the exact PDSCH start symbol, the number of transmission scheme hypotheses need to be increased at the UE side to cover all possibilities of the LD-CDD precoder phase, increasing UE complexity further.
Observation:

· For 4-Tx and TM3, the UE needs to be aware of the exact PDSCH start symbol.
· E.g. starting the interference cancellation always from a conservative (4th) OFDM symbol will not work as it causes confusion with TM3 LD-CDD precoder cycling.
Resource allocation aspects
A similar issue with 4-Tx is faced with TM3 due to resource allocation ambiguities. Basically, since the periodicity of 8 REs does not match with the 12 subcarriers of one PRB, the precoder cycling phase may change from PRB to another PRB. This is illustrated in Figure 2.
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Figure 2. Illustration of the LD-CDD precoder cycling phase mismatch due to mismatched resource allocation in the aggressor cell compared to UE's own PRB allocation. The numbers indicate the index of the precoder Ck as in TS 36.211.
There may not be any straightforward solution as basically restrictions in the resource allocation would be required, and also since non-ideal backhaul is assumed such that coordination of scheduling decisions can not be assumed. On the other hand, if nothing is done, the number of different transmission hypotheses at the UE side will need to be increased, again increasing the UE complexity in supporting 4-Tx NAICS. So our proposal at this phase would be that further discussion is required on this issue.
3. Conclusion 
Based on the discussion in this contribution, our proposals regarding 4-Tx support are as follows:
Proposals:

· Include in the higher-layer signaling a possibility of indicating a codebook subset restriction for each interfering cell.

· It is up to RAN4 to define how many entries can be signaled in case of 4-Tx.

· Discuss further how to handle TM3 precoder cycling ambiguities due to possible PDSCH start symbol uncertainties, and due to mismatching PRB allocation.
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