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1. Introduction
In RAN#73 a new WI on enhanced CRS and SU-MIMO interference mitigation was agreed. Regarding the CRS-IM the objectives are as following.
	· Investigate feasibility and specify requirements for the CRS-IM receivers for the generic scenarios with different number of CRS APs (2, 4) and different number of UE receive antennas for synchronous networks:

· Stage 1: Investigate performance benefits and feasibility of using CRS-IM receivers:

· Identify target scenarios including deployment scenarios, interference models, and others

· Reuse Rel-12 NAICS and Rel-13 CRS-IM WIs assumptions as the starting point

· Evaluate the CRS-IM performance benefits

· Identify reference CRS-IM receiver structure assumptions including at least number of cancelled cell(s), and IM algorithm.

· The tradeoff between complexity and performance should be analyzed in order to define reference receivers.

· Stage 2: Specify UE demodulation and CSI reporting performance requirements to verify practical CRS-IM operation for the identified scenarios based on the outcome of Stage 1.

· The work should be done under the following assumptions:

· The following scenarios are prioritized:

· 2 RX antennas UEs with 4 CRS APs in the serving and interference cell(s)

· 2 RX antennas UEs with a mix of 2 and 4 CRS APs in the serving and interference cell(s)

· 4 RX antennas UEs with 2 and 4 CRS APs in the serving and interference cell(s)

· CRS-IM can be used for different downlink physical channels:

· First priority: PDSCH (both CRS- and DMRS-based transmission modes)

· Second priority: DL control channels including PDCCH, PCFICH, PHICH and EPDCCH

· Non-colliding CRS scenarios are primarily considered. 

· Colliding CRS scenarios are not precluded.

· Homogeneous deployment scenarios are primarily considered

· Heterogeneous deployment scenarios are not precluded.

· Single carrier case.

· Reference PDSCH receiver structure: LMMSE-IRC with CRS-IM.


In this contribution, we provided high level views on the enhance CRS-IM objectives. 
2. Discussion
Deployment scenarios and interference level
It is stated in the WID that reusing Rel-12 NAICS and Rel-13 CRS-IM WIs assumptions as the starting point. It is also suggested that homogeneous deployment scenarios are primarily considered. Though HetNet is not precluded it seems it is down prioritized. Our view is that we focus on homogeneous network during the WI phase, but the conclusion could be reused in HetNet. From receiver point of view, the mean difference of impact between homogeneous network and heterogeneous is the interference level. With different interference level the performance gain would be different however the CRS-IM receiver could still be working properly.

During the CRS-IM WI, the number of interference modeled is 2 but due to the choice of interference profile is not very suitable for UE to cancel 2 cells which require UE have advanced searcher in the end the requirements are define for UE cancelling only one interference cell. Therefore system level simulation is needed to decide the number of interferers and corresponding interference level for this WI. It may not be very useful to just rerun the system level simulation of what have been done in CRS-IM. We may need to carefully consider the parameters in the simulation to reflect the practical deployment. 
Proposal 1:  System level simulation is needed to decide number of interferers and corresponding interference levels.
Reference IM receiver

In CRS-IM, the baseline receiver is MMSE-IRC + CRS-IC. However it is only for 2 CRS antenna ports. In this WI, following scenarios are prioritized.
· 2 RX antennas UEs with 4 CRS APs in the serving and interference cell(s)

· 2 RX antennas UEs with a mix of 2 and 4 CRS APs in the serving and interference cell(s)

· 4 RX antennas UEs with 2 and 4 CRS APs in the serving and interference cell(s)

It means 4 CRS antenna ports is the main case to be considered. MMSE-IRC can still be used for interference rejection, but for CRS-IC, it may need study on how many CRS antenna ports that need to be cancelled. Generally it is better to cancel 4 CRS ports which may bring more performance gains. However due to less resource occupied by CRS antenna ports 3 and 4 the gain would be not large. Therefore evaluation on performance gains of cancelling 4 CRS ports over cancelling 2 CRS ports is needed.  Meanwhile we also need to take UE implementation complexity into consideration.

As for the number of interference cells to be cancelled it should be the outcome of system level simulation study together with interference level.
Proposal 2:  USE MMSE-IRC + CRS-IC receiver as baseline for enhanced CRS-IM. Study number of CRS antenna ports to be cancelled. Number of interference cell to be cancelled depends on system level evaluation.
Downlink physical channels
Both data channels and control channels are included in the WI. 

· CRS-IM can be used for different downlink physical channels:

· First priority: PDSCH (both CRS- and DMRS-based transmission modes)

· Second priority: DL control channels including PDCCH, PCFICH, PHICH and EPDCCH

During the downlink control channel IM WI the (E) MMSE-IRC + CRS-IC receiver was used for 2 CRS antennal ports with 2Rx antenna ports. There is large performance gain due to CRS interference mitigation. For the 4 CRS antenna ports the control channel resource is further reduced due to extra resources used by CRS antenna ports 3 and 4. It is very important to use advanced receiver to improve the control channel performance in order to obtain higher control channel capacity, which is important for the improvement of system capacity.
It may have concern that under 4Rx case the working SINR would be very low that it may not be appropriate to use interference mitigation receiver. This may need further study to justify. At least for the 2Rx antenna with 4CRS AP or mixed 2CRS AP and 4CRS AP, interference mitigation is needed for control channels.

For the data channel both CRS based and DMRS based transmission should be evaluated.
Proposal 3:  CRS-IM is used for 4CRS antennal ports case for downlink control channels including PDCCH, PCFICH, PHICH and EPDCCH, FFS for 4Rx antenna receiver.
3. Conclusion
In this contribution, we provided high level views on the enhance CRS-IM objectives.  Following proposals are present.
Proposal 1:  System level simulation is needed to decide number of interferers and corresponding interference levels.

Proposal 2:  USE MMSE-IRC + CRS-IC receiver as baseline for enhanced CRS-IM. Study number of CRS antenna ports to be cancelled. Number of interference cell to be cancelled depends on system level evaluation.
Proposal 3:  CRS-IM is used for 4CRS antennal ports case for downlink control channels including PDCCH, PCFICH, PHICH and EPDCCH, FFS for 4Rx antenna receiver.
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