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1 Introduction
In RAN 63 a WI was approved for NAICS with the following objectives for RAN 4 [1].
· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.
The intention of this objective is to conclude on the feasibility of parameters blind detection. The subsequent RAN 4 work will be to define performance requirements:

Specify demodulation and CSI feedback performance requirements based on the signalling of interference parameters as specified in the core part of the work item, as well as on the assumed UE blind detection as agreed in RAN4. 

· Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS
· Ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH, per PRB or PRB-pair based resource allocation for interference PDSCH,  and/or lack of higher-layer signalling, in a wide range of typical network deployment conditions (including also 4Tx) for both CRS based and DM-RS based TMs. 
In this paper we provide some insight on the importance to consider 4 CRS APs and to make sure that NAICS UEs allows for the expected performance improvements when passing from 2 CRS APs to 4CRS APs.  
2 Discussion

In documents [2] we have provided extensive simulation results on the effect of parameters blind detection covering both 2 CRS APs and 4 CRS APs. From complexity point of view, considering the limitation of 1 interferer to be suppressed/cancelled as assumed recently in RAN 4, the complexity is still acceptable even with 4 CRS APs (considering that 16 precoders are defined for both rank 1 and rank 2 compared to 4 and 2 precoders for rank 1 and rank 2 for 2 CRS APs). Note that for full rank transmission (for both 2 CRS APs and 4 CRS APS) the complexity of the E-IRC can be substantially reduced compared to other receivers wrt to PMI blind detection thanks to the unitary property of the codebook. 
So far RAN 4 has not sufficiently considered the 4 CRS APs case from a blind detection point of view.

In general a good performance improvement can be observed when passing from 2 TX APs to 4TX APs as observed in Figure 1. Figure 1 represents the performance obtained by considering a legacy test set up, i.e. the same conditions as in Section 8.2.1.4.1B  of 36.101, type A receiver with 2 CRS APs and 4 CRS APs (5MHz is considered rather than 10MHz for both 2x2 LOW and XPOL with high correlation). The results are provided in terms of throughput vs SNR.
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Figure 1. Performance improvements comparing 2 CRS APs case with 4 CRS APs case for test in Section 8.2.1.4.1B  of 36.101 ( 2x2 LOW and XPOL HIGH correlation).
When operators starts deploying 4CRS APs as an upgrade of 2CRS APs it is highly beneficial to ensure that the same relative gains can be approximately maintained even in the case when the UE supports NAICS. Otherwise, significant investments in multi-antenna technology may be wasted.
If NAICS work is limited only to 2 CRS AP, then 4 CRS APs deployment would be penalized as no NAICS gains could be assumed in case of 4 CRS APs. In fact, the performance with 2 CRS APs for a UE supporting NAICS could be better or similar to the performance obtained with 4 CRS APs without NAICS enabled and the expected gains when passing from 2 CRS APs to 4 CRS APs would vanish completely. This will have a severe negative impact on the operators’ investment as no or limited system gains would be achieved when upgrading the network.
This is shown by Figure 2 where the following plots are shown:

Common assumptions

· Phase I, modulations {5,5,5}, rank {1,1,1} results for 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1

· TM 4 with strongest interferer with colliding CRS as per agreed setting.
· Follow PMI for the serving cell

· Low correlation in Figure 2 and high correlation in Figure 3. 

· 3MHz bandwidth
Plots:

· 2 CRS APs with NAICS genie receiver and IRC
· 4 CRS APs with NAICS genie receiver and IRC 
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Figure 2. Comparison of 2 CRS APs with and without NAICS for 2CRSs and 4CRS APs, low antenna correlation
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Figure 3. Comparison of 2 CRS APs with and without SLIC for 2CRSs and 4CRS APs, high antenna correlation
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Figure 4. Comparison of 2 CRS APs with and without E-IRC for 2CRSs and 4CRS APs, high antenna correlation

From the figures it can be observed that indeed the performance obtained with NAICS receivers applied to a 2 CRS AP case could be better or similar than the case when 4 CRS APs are deployed without NAICS enabled, and the gains of passing from 2 CRS APs to 4 CRS APs are lost if NAICS is not enabled in both cases.  In addition the figure shows that NAICS receivers can provide gains also for 4 CRS APs in simulated scenario and approximately the same relative gains between 4 CRS APs and 2 CRS APs can be maintained with NAICS as without NAICS. It is important to note that these gains are obtained with fully colliding CRS, special MCS and rank conditions which may be an unusual situation in normal deployments.  
Furthermore, it should be noted that obtaining system throughput gain by depending on a UE capability such as NAICS is more challenging than depending on 4 CRS APs deployments, since eNB antenna configurations are fully under the control of the operator.
We also observe that the system level gains from 4 CRS APs could be greater than the link gains shown here, as spatial reuse among UEs is not captured in these link level simulations.  This is clearly shown in [3].
In summary we propose the following:
Proposal: Consider 4 CRS APs as an equally important case as 1 or 2  CRS APs and for which NAICS should be supported, i.e. NAICS feature should not penalize 4 CRS APs deployment compared to 1 or 2 CRS APs.  Furthermore NAICS supporting UEs should be capable to cancel/suppress interferers from cells that have different number of CRS ports than the serving cell.
3 Conclusions

In this paper we have discussed the need to consider 4 CRS APs within the NAICS work. It is important that operators’ investments in terms of network upgrades when passing from 2 CRS APs to 4 CRS APs translate into system gains also when advanced features such as NAICS are introduced.
Considering RAN 4 working assumption which limits the number of interferers to cancel to 1 it is considered that the complexity associated to PMI blind detection for 4 CRS APs is not a bottleneck. The proposal is as follows:

Proposal: Consider 4 CRS APs as an equally important case as 1 or 2  CRS APs and for which NAICS should be supported, i.e. NAICS feature should not penalize 4 CRS APs deployment compared to 1 or 2 CRS APs.  Furthermore NAICS supporting UEs should be capable to cancel/suppress interferers from cells that have different number of CRS ports than the serving cell.
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