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1. Introduction
In RAN4 #84, there was first discussion on the CRS-IM performance requirements for single Rx UE and agreed on the WF in [1].  As captured in the WF, target device is Cat.1bis UE and Cat.M2 UE, which was both defined in Rel-14 as low cost UEs targeting wearable device with single Rx chain.
· 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
For evaluation scenario, following was agreed. 

· 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.
In this contribution, we provide initial simulation results for CRS-IM performance of Cat.1bis UE and provide our view on the feasibility and target scenario for CRS-IM performance requirements.  
2. Discussion
2.1. PDSCH simulation results
For Cat.1bis UE, following was agreed for evaluation of PDSCH demodulation performance with Cat.1bis CRS-IM UE. 

· PDSCH TM4 and TM9 can be considered similar to the Rel-14 CRS-IM requirements.
· FRCs: Rank 1 + QPSK 1/3, Rank 1 + 16QAM ½, Rank 1 + 64QAM ½

Simulation was run in EVA5 low correlation channel with 20% RU in neighbor cells similar to Rel-14 CRS-IM tests. Figure 1 and 2 show PDSCH simulation results for 2 Tx and 4 Tx scenario. It was assumed that both serving and interfering cells have same number of Tx antennas. We can observe that CRS-IM receiver can provide around 1.5~2dB gain for all evaluated scenarios, which aligns with what we observed in Rel-14 CRS-IM WI 2 or 4 Rx antenna. 
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(a) TM4
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(b) TM9
Figure 1. PDSCH demodulation performance with 2 Tx scenario
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Figure 2. PDSCH demodulation performance with 4 Tx scenario

Observation 1. For PDSCH demodulation, CRS-IM receiver for single Rx UE can provide 1.5~2dB performance gain in all evaluated scenarios. 
From testability point of view, MCS 5 seems too low since it requires operation at very low CINR. On the other hand, MCS 14 seems too high since it requires UE to cancel very week interference cell. 

Proposal 1. Further evaluate MCS 12~13 for TM4 test and MCS 9~11 for TM9 test for MCS selection. 
2.2. PDCCH simulation results

For Cat.1bis UE, following was agreed for evaluation of PDCCH demodulation performance with Cat.1bis CRS-IM UE.

· PDCCH AL 2, 4, 8
· CFI = 1 or 2

Simulation was run in EPA5 low correlation channel like Rel-14 CRS-IM tests. Figure 3 and 4 show PDCCH simulation results for 2 Tx and 4 Tx scenario. It was assumed that both serving and interfering cells have same number of Tx antennas. We can observe that performance gain with CRS-IM receiver varies depending on CFI and interference scenarios. When CFI=2 in 2 Tx scenario, CRS-IM receiver provides relatively small gain of 2~3dB. When CRI=1 in 2 Tx scenario or in 4 Tx scenario, CRS-IM receiver provides large gain of 8~9dB. 
Observation 2. For PDCCH demodulation, CRS-IM receiver for single Rx UE can provide 2~3dB performance or 8~9dB performance gain depending on scenarios. 
2.3. Feasibility of CRS-IM requirements

From performance gain perspective, CRS-IM can provide clear gain in various operating scenarios. Trade-off between performance gain and power/complexity penalty could be subtler for low cost single Rx UE than 2/4 Rx LTE UE since single Rx UE implementation tends to be more sensitive to power consumption and hardware implementation complexity. Our view is that introduction of CRS-IM performance in RAN4 can be justified in that
· Power consumption penalty can be partially overcome by higher PDSCH demodulation performance since UE can be active less time to download the same amount of data. 
· Increased hardware complexity can be justified for some type of implementation as the silicon cost drops in the future. 
· If RAN4 specifies the requirement as optional feature for low cost UE, UE vendors can determine whether to implement this feature or not depending on their own assessment of benefit vs cost trade-off. 
Proposal 2. Introduce CRS-IM performance requirements for Cat.1bis UE in similar way as Rel-14 CRS-IM requirements for 2/4 Rx UE. 
· Specify separate feature for CRS-IM receiver for 2 Tx and 4 Tx scenario.
· Specify separate feature for CRS-IM receiver for PDSCH and PDCCH demodulation. 

3. Conclusion

In this contribution, we provided initial simulation results for CRS-IM performance of Cat.1bis UE and provided our view on the feasibility and target scenario for performance requirements. Our observations and proposals are
Observation 1. For PDSCH demodulation, CRS-IM receiver for single Rx UE can provide 1.5~2dB performance gain in all evaluated scenarios. 

Observation 2. For PDCCH demodulation, CRS-IM receiver for single Rx UE can provide 2~3dB performance or 8~9dB performance gain depending on scenarios. 

Proposal 1. Further evaluate MCS 12~13 for TM4 test and MCS 9~11 for TM9 test for MCS selection. 

Proposal 2. Introduce CRS-IM performance requirements for Cat.1bis UE in similar way as Rel-14 CRS-IM requirements for 2/4 Rx UE. 

· Specify separate feature for CRS-IM receiver for 2 Tx and 4 Tx scenario.

· Specify separate feature for CRS-IM receiver for PDSCH and PDCCH demodulation. 
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