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1 Introduction

In RAN4#71 meeting it was agreed 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

· RAN4 is discussing fall back operation to ensure no loss compared to Rel-11 MMSE-IRC receivers.

This is in line with our consideration in [2], where we highlight the importance of supporting the evolution of networks towards DMRS based TMs. For a long time there will be both legacy UE, only supporting CRS based TMs, and new UEs, supporting both CRS and DMRS based TMs, in the network. Therefore, it is an important aspect to make sure that NAICS functionality applies also to cases when the network uses a mixture of CRS and DMRS based TMs. 

In this contribution we provide simulation results for the scenario with mixture between CRS and DMRS based TMs with NAICS functionality. Furthermore we confirm that it is necessary to support mixed TM with blind detection for NAICS.
2 Simulation results
In the rest of the paper the following notation is used for CRS APs, TM, 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 mixed TM= [4 9 9], CRS AP= [2 2 2], MCS= [5,5,5], RI= [1,1,1], 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1 with follow PMI throughput results. 
All the simulations in Figure 1~6 are using Phase 1 scenario with mixed TM but with no prior knowledge of TM, and the strongest interferer is 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). No dual decoding is considered in the simulation.
Also in all simulations in this contribution the CRS-IC is assumed based on the agreement in [4] that CRS-IC should be taken as one of the NAICS functionalities.
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Figure 1 TP for SLIC TM= [4 9 9] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1]
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Figure 2 TP for EIRC TM= [4 9 9] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1]
Figure 3 and 4 show the TP results for SLIC and E-IRC based on TM=[4,9,9], MCS=[5,5,5], , CRS APs=[2,2,2], RI=[2,1,1] 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1 with follow PMI tput results.
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Figure 3 TP for SLIC TM= [4 9 9] CRS= [2 2 2] MCS= [5 5 5] RI= [2 1 1]
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Figure 4 TP for EIRC TM= [4 9 9] CRS= [2 2 2] MCS= [5 5 5] RI= [2 1 1]
Figure 5 and 6 show the TP results for SLIC and E-IRC based on TM=[9,4,4], MCS=[5,5,5], , CRS APs=[2,2,2], RI=[1,1,1] 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1 with follow PMI throughput results and bandwidth as 3MHz for simplicity.
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Figure 5 TP for SLIC TM= [9 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1]
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Figure 6 TP for EIRC TM= [9 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1]
From the simulation results under mixed TM scenarios with CRS based TM as the serving cell and DMRS based TM as the interfering cell we have the following observations.
Observation 1: Under mixed TM scenarios with CRS based TM as the serving cell and DMRS based TM as the interfering cell the relative TP gain with SLIC or EIRC receiver is as good as CRS based TM only scenarios. 

Observation 2: Under mixed TM scenarios with CRS based TM as the serving cell and DMRS based TM as the interfering cell, 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)) with 1PRB pair does not degrade the genie aided performance for the simulated conditions.
However under mixed TM scenarios with DMRS based TM at the serving cell and CRS based TM for the interfering cells, a NAICS receiver without dual decoder has worse performance than IRC receiver. This is due to the fact that IRC receiver gets better performance based on the DMRS interference estimation which sees the same interference characteristic as PDSCH, but for NAICS receivers the channel estimation is based on CRS which is interfered from the serving cell and hence has bad quality.

The performance part of the NAICS WID [3] requires “Ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH”.  Given that receivers can have worse performance than LMMSE-IRC when a serving DMRS based TM is interfered by a CRS based TM, it is essential to test receivers using this TM combination. Otherwise, it will be uncertain if the UE implements the needed techniques (such as dual decoding) to guarantee this requirement.
Observation 3: Under mixed TM scenarios with DMRS based TM as the serving cell and CRS based TM as the interfering cells, SLIC or EIRC receiver without dual decoder gives worse performance than IRC receiver.  Therefore it is essential to test UE performance with serving DMRS based TMs and interfering CRS based TMs in order to meet the NAICS WID requirement [3] to “ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH”.
With the above observation we propose the following.
Proposal 1: Dual decoding capability should be considered to guarantee the minimum UE performance as IRC receiver in NAICS WI.

Proposal 2: Confirm the mixed TM scenarios between CRS based and DMRS based TM (including both CRS based TM as serving cell and DMRS based TM as serving cell) to be included for NAICS WI with the goal to set up RAN4 performance requirement.

3 Conclusions

In this contribution we provide the simulation results for mixed TM scenarios between CRS based TM and DMRS based TM together with observations and proposals which are summarized below.

Observation 1: Under mixed TM scenarios with CRS based TM as the serving cell and DMRS based TM as the interfering cell the relative TP gain with SLIC or EIRC receiver is as good as CRS based TM only scenarios. 

Observation 2: Under mixed TM scenarios with CRS based TM as the serving cell and DMRS based TM as the interfering cell, 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)) with 1PRB pair does not degrade the genie aided performance for the simulated conditions.
Observation 3: Under mixed TM scenarios with DMRS based TM as the serving cell and CRS based TM as the interfering cells, SLIC or EIRC receiver without dual decoder gives worse performance than IRC receiver.  Therefore it is essential to test UE performance with serving DMRS based TMs and interfering CRS based TMs in order to meet the NAICS WID requirement [3] to “ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH”.
Proposal 1: Dual decoding capability should be considered to guarantee the minimum UE performance as IRC receiver in NAICS WI.

Proposal 2: Confirm the mixed TM scenarios between CRS based and DMRS based TM (including both CRS based TM as serving cell and DMRS based TM as serving cell) to be included for NAICS WI with the goal to set up RAN4 performance requirement.
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