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1 Introduction

In RAN4#71 meeting it was agreed in RAN4 to keep studying the following scenario for NAICS WI [1].

· RAN4 is continuing to study the joint blind detection feasibility for the following scenarios: 
· Mixed TM scenarios. 

· Non-colliding CRS pattern for the dominant interferer

· Randomized interference model

· 4 CRS APs for CRS-based TMs

In general it’s very important to have long term plan for 4CRS in Rel-12 for NAICS. From deployment point of view 4 CRS can achieve much better system performance as the antennas are utilized in a more optimized way. They can be widely used in all typical scenarios as an evolved system based on legacy 2 CRS configurations. Also as shown in [2-4] 4 CRS AP (with either EIRC or SLIC receiver) the relative TP gain wrt IRC receiver is comparable with 2 CRS AP under same condition. In many conditions 4CRS APs achieve better performance compared to 2CRS APs, which is expected with larger degree of fredom. If NAICS with support of 4CRS is pushed to Rel-13, with the consideration on some delay in Rel-12, that functionality will come least another 2~3 years later. Already today operators plan 4 CRS and mature deployment will soon appear. Therefore it seems reasonable that NAICS should also support 4CRS from Rel-12. 

In this contribution we provide more simulation results with blind detection for 4 CRS APs in serving cell and interfering cells and also a scenario with mixed 2 CRS AP and 4 CRS AP. These two scenarios can be taken as most typical network deployments in Rel-12 timeframe, considering legacy release capable UE with the support of 2 CRS APs to evolve to later phase release with the support of 4 CRS APs. 
2 Simulation results
2.1 TM4, 4 CRS AP
In the rest of the paper the following notation is used for CRS APs, MCS and RI: ‘A’= [x,y,z] means that parameter ‘A’ takes value ‘x’ for the serving cell, ‘y’ for the first interferer and ‘z’ for the second interferer. 
Figure 1 and 2 show the TP results for SLIC and E-IRC based on TM4 with CRS AP=[4,4,4], MCS= [5,5,5], RI= [1,1,1], 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1 with follow PMI tput results for interfering cell with Rank 1.

Figure 3 and 4 show the TP results for SLIC and E-IRC based on TM4 with CRS AP=[4,4,4] , MCS= [5,5,5], RI= [1,2,2], 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1 with follow PMI tput results for interfering cell with Rank 2.
In all simulations in this contribution the CRS-IC is assumed based on the agreement in [8] that CRS-IC should be taken as one of the NAICS functionalities.
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Figure 1 TP for SLIC TM= [4 4 4] CRS= [4 4 4] MCS= [5 5 5] RI= [1 1 1]
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Figure 2 TP for EIRC TM= [4 4 4] CRS= [4 4 4] MCS= [5 5 5] RI= [1 1 1]
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Figure 3 TP for SLIC TM= [4 4 4] CRS= [4 4 4] MCS= [5 5 5] RI= [1 2 2]
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Figure 4 TP for EIRC TM= [4 4 4] CRS= [4 4 4] MCS= [5 5 5] RI= [1 2 2]

As can be seen from the figures above the performance gain of NAICS is of similar order as for 2 CRS deployment, between 1dB and 2.5dB depending on the setup. 
2.2 TM4 mixed 2 CRS AP and 4 CRS AP
Figure 5 and 6 show the TP results for SLIC and E-IRC based on TM4 with mixed CRS AP= [2 4 2], MCS= [5,5,5], RI= [1,1,1], 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1 with follow PMI tput results for interfering cell with Rank 1. Figure 7 shows the reliability results for each dynamic parameter for SLIC receiver.
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Figure 5 TP for SLIC TM= [4 4 4] CRS= [2 4 2] MCS= [5 5 5] RI= [1 1 1]
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Figure 6 TP for EIRC TM= [4 4 4] CRS= [2 4 2] MCS= [5 5 5] RI= [1 1 1]
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Figure 7 Reliability for TM= [4 4 4] CRS= [2 4 2] MCS= [5 5 5] RI= [1 1 1]
Figure 8 and 9 show the TP results for SLIC and E-IRC based on TM4 with mixed CRS AP=[2 4 2], MCS= [5,5,5], RI= [1,2,2], 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1 with follow PMI tput results for interfering cell with Rank 2. Figure 10 shows the reliability results for each dynamic parameter for SLIC receiver.
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Figure 8 TP for SLIC TM= [4 4 4] CRS= [2 4 2] MCS= [5 5 5] RI= [1 2 2]
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Figure 9 TP for EIRC TM= [4 4 4] CRS= [2 4 2] MCS= [5 5 5] RI= [1 2 2]
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Figure 10 Reliability for TM= [4 4 4] CRS= [2 4 2] MCS= [5 5 5] RI= [1 2 2]
All simulations shown in Figure 1~10 are using Phase 1 scenario with TM 4 and the strongest interferer with colliding CRS. The blind detection is based on joint blind detection of dynamic parameters including TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and semi-static parameters including PDSCH starting (CFI).
From the simulation results listed above and results in [3] we can observe the following.

Observation 1: With 4 CRS AP or mixed 2 CRS AP and 4 CRS AP the relative TP gain with SLIC or EIRC receiver wrt IRC receiver is comparably good when compared to 2 CRS AP with under condition as shown in [3]. 

Observation 2: The joint blind detection of dynamic parameters including TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and semi-static parameters including PDSCH starting (CFI) can achieve comparable gains with 1PRB pair based blind detection as the blind detection applied to 2 CRS APs case as shown in [3]. The performance still achieve good NAICS gain when the PMI detection probability is 60%, which is due to that the precoders are close for 4CRS AP.
Observation 3:  SLIC and EIRC receiver with blind detection achieve similar performance (less than 0.5dB difference) for all simulated cases.

The difficulty to consider 4 CRS AP for NAICS in Rel-12 is neither performance nor the complexity of the blind detection. Performance wise it’s proved to provide good gains as shown by the results above. Analysis in [5] shows that the complexity associated to the support of 4 CRS APs is not a bottleneck. Hence from technical point of view there is no obstacle to exclude the usage of 4 CRS AP for NAICS in Rel-12. Furthermore, it was studied in [7] with consideration on codebook subset restriction that good system level gain can still be achieved and in the meanwhile the UE complexity can be reduced dramatically.
With the above observations we propose the following. More highlighted proposals are captured in [6].
Proposal 1: Consider 4 CRS APs as an equally important case as 1 or 2 CRS APs with NAICS functionality.  Furthermore, mixed 2 CRS AP and 4 CRS AP scenario should be considered during NAICS WI in order to make sure legacy deployment with the support of 2 CRS AP will be able to  evolve to later phase release with the support of 4 CRS AP.

Proposal 2: Codebook subset restriction can be considered to further reduce the UE complexity for NAICS for 4 CRS AP.
3 Conclusions

In this contribution we provide the simulation results for NAICS with 4 CRS AP and mixed 2 CRS AP and 4 CRS AP demodulation tests together with observations and proposals. Our observations and proposals are summarized below.

Observation 1: With 4 CRS AP or mixed 2 CRS AP and 4 CRS AP the relative TP gain with SLIC or EIRC receiver wrt IRC receiver is comparably good when compared to 2 CRS AP with under condition as shown in [3]. 

Observation 2: The joint blind detection of dynamic parameters including TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and semi-static parameters including PDSCH starting (CFI) can achieve comparable gains with 1PRB pair based blind detection as the blind detection applied to 2 CRS APs case as shown in [3]. The performance still achieve good NAICS gain when the PMI detection probability is 60%, which is due to that the precoders are close for 4CRS AP.
Observation 3:  SLIC and EIRC receiver with blind detection achieve similar performance (less than 0.5dB difference) for all simulated cases.

Proposal 1: Consider 4 CRS APs as an equally important case as 1 or 2 CRS APs with NAICS functionality.  Furthermore, mixed 2 CRS AP and 4 CRS AP scenario should be considered during NAICS WI in order to make sure legacy deployment with the support of 2 CRS AP will be able to  evolve to later phase release with the support of 4 CRS AP.

Proposal 2: Codebook subset restriction can be considered to further reduce the UE complexity for NAICS for 4 CRS AP.
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