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1   Background
In RAN4#84 meeting, WF on 1Rx CRS-IM performance was agreed in [1]. According to the WF, both of Cat1bis and CatM2 should be investigated:
· Investigate 1RX CRS-IM feasibility and then discuss whether to specify requirements for the following UE types:
· Cat1bis (UE Cat 1 with 1 RX)
· CatM2
In this contribution, we present analyses and evaluations for 1Rx CRS-IM performance.
2   Discussion
2.1   Scenarios and assumptions
· Physical channels
· Investigate 1RX CRS-IM feasibility for the following physical channels:
	Physical channels
	UE categories

	
	Cat1bis
	CatM2

	PDSCH
	· PDSCH TM4 and TM9 can be considered similar to the Rel-14 CRS-IM requirements. 
· FRCs: Rank 1 + QPSK 1/3; Rank 1 + 16QAM 1/2; Rank 1 + 64QAM ½
	· TM6 can be considered at the initial stage. FFS if TM9 and TM2 requirements are needed. 
· FRCs: QPSK 1/3; 16QAM 1/2
· Focus on CE mode A
· Single repetition level as the starting point. FFS for other repetition levels.
· Frequency hopping is FFS
· Reuse TS 36.101 test case 8.11.1.1.1.1 as the starting point

	DL control channels
	· PDCCH AL 2, 4, 8
· CFI = 1 or 2 
	· Focus on CE mode A
· Single repetition level as the starting point. FFS for other repetition levels.


· CRS scenarios
· 2 and 4 CRS APs
· Non-colliding CRS dominant interferer and Colliding CRS 2nd dominant interferer (Cell ID pattern (S, I1, I2) = (0,1,6))
· Interference models
· PDSCH: Reuse Rel-13/14 CRS-IM interference model with per-TTI interference presence modelling. Further evaluate performance for the case of 0%, 10%, 20% and 30% RU.
· MPDCCH: Same model as for PDSCH.
· PDCCH: Reuse Rel-13 CCIM interference model and power profiles.
2.2   Reference receivers
· Reference 1RX CRS-IM receiver assumptions 
· Single dominant interference cancellation
· Assume CRS assistance is available for studies / requirements definition. Further discuss blind detection of CRS parameters.
2.3   Evaluation results

Figure 1 and Figure 2 present the results for Cat1bis with RU=0% and RU=30 respectively. For the MCS selection, rank1+QPSK 1/3, rank 1+16QAM 1/2 and rank1+64QAM 1/2 are considered.
Figure 3 and Figure 4 present the results for CatM2 with RU = 0% and RU=30 respectively. For the MCS selection, rank1+QPSK 1/3 and rank 16QAM 1/2 are considered.
For Cat1bis, rank 1+QPSK 1/3 with RU=0% and rank1+64QAM 1/2 with RU=30% can be considered as the test case since the gain is observable. Although the gain is smaller for RU=30%, it is more practical so we should also consider this scenario.
Proposal 1: For Cat1bis, rank 1+QPSK 1/3 with RU=0% and rank1+64QAM 1/2 with RU=30% can be considered as the test case.
For CatM2, rank 1+16QAM 1/2 with RU=0% and rank1+QPSK1/3 with RU=30% can be considered as the test case.

Proposal 2: For CatM2, rank 1+16QAM 1/2 with RU=0% and rank1+QPSK1/3 with RU=30% can be considered as the test case.
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                                     (a) Rank 1 + QPSK 1/3                                                      (b) Rank 1 + 16QAM 1/2
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(c) Rank 1 + 64QAM 1/2
Figure 1: Evaluation results for TM4 RU= 0% 
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                                           (a) Rank 1 + QPSK 1/3                                                   (b) Rank 1 + 16QAM 1/2
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(c) Rank 1 + 64QAM
Figure 2: Evaluation results for TM4 RU =  30%
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                                           (a) Rank 1 + QPSK 1/3                                                   (b) Rank 1 + 16QAM 1/2
Figure 3: Evaluation results for TM6 RU =  0%
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                                           (a) Rank 1 + QPSK 1/3                                                   (b) Rank 1 + 16QAM 1/2
Figure 4: Evaluation results for TM6 RU =  30%
3   Conclusions
In this contribution, we give analyses for 1Rx CRS-IM and propose that:
Proposal 1: For Cat1bis, rank 1+QPSK 1/3 with RU=0% and rank1+64QAM 1/2 with RU=30% can be considered as the test case.

Proposal 2: For CatM2, rank 1+16QAM 1/2 with RU=0% and rank1+QPSK1/3 with RU=30% can be considered as the test case.
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