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Introduction
RAN 4 has started the discussion on the performance requirements for NAICS. 
In the last meeting a set of simulation conditions were agreed with the scope to align the performance results among companies. However, in parallel RAN 4 has to move on to define detailed conditions for the definition of the test set up. In particular in the last meeting it was decided to study the introduction of a test for CRS-IC. In particular the following was agreed:
· Consider the verification of NAICS receiver with CRS-IC in non-colliding scenario with the scope of verifying the CRS-IC UE implementation, according to the following high level conditions:
· 2CRS AP
· For DMRS based transmission modes in both serving and interfering cells
· including PDSCH-IC
· non colliding dominant interferer
· PDSCH interference model for the interfering cells are always ON 
In this paper we provide simulation results and detailed simulation set up.
 Discussion and results
RAN 4 acknowledged that NAICS feature is the result of PDSCH IC and CRS-IC. Hence, while it is important to test that the UE implements PDSCH IC part, it seems clear that a test is needed to make sure that a NAICS UE implements properly CRS-IC. In this paper we focus the discussion on a test which makes sure that the UE implements CRS-IC. Other tests can be used in order to verify that the UE implements PDSCH IC as discussed in [1]. 
In order to do the analysis the following set up is considered:
· TM=[9,9,9], CRS APs=[2,2,2], 5-25% geometry level; 
· NC PDSCH allocation: 30% and 100% in frequency domain and  NC PDSCH is ON in all subframes. 
· I1/No@50 and 80%tile with CRS non colliding.
· SC MCS=14 and RI=1. 
· NCs MCS=5  and RI=1 
· CSI-RS present with 1 NZP CSI-RS configuration and 3 ZP CSI-RS configurations. 
· Serving cell PA use -3dB
· CellID (0,1,2)
· PA signal set (-6,-3,0) with -3dB being transmitted 
· PB set 1 for all cells
· TM Set: TM2, TM3, TM4, TM6, TM8, TM9
· MBSFN configuration not used
· Resource allocation set to 1 

It should be noted that in the context of previous features where CRS-IC module was already in use in specific conditions, the tests are defining by assuming that the UE is capable of cancelling the 2 strongest CRS interferers. It is important to clarify that also in the case of NAICS the requirement should be defined by assuming that the UE cancels 2 CRS interferers. However, under NAICS feature the second strongest interferer is very low compared to the first dominant interferer, hence with the current INR values it is difficult to properly discriminate between a UE that cancels 1 interferer or 2 interferers.  RAN 4 can discuss further whether there is the need to change the interference conditions in terms of INR in order to verify that the UE is capable of cancelling 2 CRS interferers.
Proposal 1: the 2 strongest CRS interferer should be cancelled. RAN 4 can discuss further whether there is the need to change the interference conditions in terms of INR in order to verify that the UE is capable of cancelling 2 CRS interferers.
Figure 1 shows the performance results for the above setting for 100% PDSCH allocation in frequency domain and always ON PDSCH in time domain, fixed modulation and rank for the interference. Figure 1 shows the throughput results for IRC receiver, IRC receiver+CRS-IC, Blind SLIC (PDSCH-IC+CRS-IC) and Genie SLIC. The figure shows that when PDSCH is allocated over 100% of the RBs for all the subframes the relative gain due to CRS IC cancellation is small and hence it might be difficult to set a proper test point. In fact the number of REs where CRSs create interference on PDSCH is small compared to the total amount of REs. Hence, in Figure 2 we study the effect of partial RB allocation for the same conditions as above. Figure 2 shows the throughput results for IRC receiver, IRC receiver+CRS-IC, Blind SLIC (PDSCH-IC+CRS-IC) and Blind SLIC without CRS-IC (PDSCH-IC only).  In this example 30% RB allocation is considered with 50%and 80%tile interference condition. Figure 2 shows that the relative gains increase in this case.  However it seems that 50%tile interference, while showing clearly some gains, is not enough to set a test point, i.e. 80%tile interference conditions seem needed. 
The scope of this test is to make sure that the UE implements CRS-IC, hence the test should be defined in a way to make sure that no wrong behaviours can fulfil the tests: In this case the following is considered as a wrong behaviour:
· The UE implements only IRC
· The UE implements only PDSCH-IC without CRS-IC
For this reason Figure 2 shows also the performance of SLIC without CRS-IC. When considering 80%tile interference condition it can be observed that CRS-IC gain is 1.5dB for a UE implementing IRC receiver and 1.1dB gain for a UE implementing SLIC receiver, which is probably too low to set a reasonable test point. In order to make sure that the relative gains of CRS-IC is more visible a lower PDSCH RB allocation could be considered. Figure 3 shows the results for the same setting as above for 10% PDSCH RB allocation. From the figure it can be observed that CRS-IC gain is 2.5dB for a UE implementing IRC receiver and 1.70dB gain for a UE implementing SLIC receiver. This can be considered as a valid set up for a test whose purpose is to verify that the UE implements CRS-IC.
From the simulation results presented in this paper the following can be concluded:
Observation 1: TM 9,9,9, MCS 14, 5,5,  RI=1,1,1 with 10% NC PDSCH allocation in every subframe, 80%tile interference condition can be considered as a candidate for the definition of a test whose purpose is to verify that the UE correctly implements CRS-IC in all the subframes. 
Note that it is assumed that the UE is capable of implementing CRS-IC in blanked subframes. RAN 4 might need to discuss whether the model should include some ON/OFF interference modelling in order to verify that the UE can implement CRS-IC independently of whether the NC PDSCH is present or not.


[image: cid:image001.png@01D0371F.9BE8BF20] 
Figure 1. IRC performance, IRC+CRS-IC, SLIC+CRS-IC results for 100% NC PDSCH allocation and MCS 14/5/5, RI 1/1/1, 50%tile.
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Figure 2. IRC performance, IRC+CRS-IC, SLIC+CRS-IC results for 30% NC PDSCH RB allocation and MCS 14/5/5, RI 1/1/1, 50%tile and 80%tile
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Figure 3. IRC performance, IRC+CRS-IC, SLIC+CRS-IC results for 10% NC PDSCH RB allocation and MCS 14/5/5, RI 1/1/1, 80%tile

Conclusions
In this paper we discuss the candidates conditions for the definition of a test set up whose purpose is to verify the correct implementation of CRS-IC.
It is important to clarify that the requirement should be defined by assuming that the UE cancels 2 CRS interferers. RAN 4 can discuss further whether there is the need to change the interference conditions in terms of INR in order to verify that the UE is capable of cancelling 2 CRS interferers.
Proposal 1: the 2 strongest CRS interferer should be cancelled. RAN 4 can discuss further whether there is the need to change the interference conditions in terms of INR in order to verify that the UE is capable of cancelling 2 CRS interferers.
Simulation results were provided in order to verify whether the proposed conditions could be used for a test set up. The following observation is drawn:
Observation 1: TM 9,9,9, MCS 14, 5,5,  RI=1,1,1 with 10% NC PDSCH allocation in every subframe, 80%tile interference condition can be considered as a candidate for the definition of a test whose purpose is to verify that the UE correctly implements CRS-IC in all the subframes. 
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