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1. Introduction
In RAN4 #76, WF [1] was agreed to revisit feasibility of CRS-IM requirements in colliding CRS interference scenario. 
· Companies are encouraged to provide further evaluation and analysis on the performance gain when CRS-colliding with reasonable reference receiver
· Baseline receiver: MMSE-IRC 
· CRS-IM receiver: MMSE-IRC +CRS-IC
· Whether introducing demodulation requirements for CRS-colliding case depends on further study in RAN4.
· The agreed assumptions for non-TM10 non-colliding cases are suggested to be reused, except for CRS configuration
· First interference cell colliding, second non-colliding.
In this contribution, we provide our analyses on potential performance gain of CRS-IM receiver for colliding CRS interference scenario. 
2. Discussion
2.1. Reference receiver
In WF [1], receiver architecture based on MMSE-IRC + CRS-IC was proposed as reference receiver for CRS-IM receiver. Even though same receiver architecture is assmed, potential benefit of CRS-IC and MMSE-IRC operation is different between colliding and non-colliding interference scenario. 
In non-colliding CRS interference scenario, CRS of serving cell is interfered by data tone of neighbor cell that may or may not be present depending on PDSCH loading in the interference cell. Since UE cannot cancel out data tone from interference cell, UE should make it sure that serving cell CRS channel estimation is not severely corrupted due to strong data interference when neighbor cell PDSCH is loaded. On the other hand, CRS tones from neighbor cell hit data tones of serving cell. Therefore, cancelling CRS interference will directly improve signal quality of data tones hit by neighbor cell CRS. On the other hand, in colliding CRS case, CRS tone of serving cell is hit by CRS tone of neighbor cell. Therefore, cancelling CRS interference from neighbor cell only improves channel estimation quality of serving cell but there would no direct SINR improvement on data tone. 
Observation 1. CRS-IC can only improve serving cell CRS channel estimation quality in colliding CRS scenario.

Performance gain of CRS-IC in the presence of colliding CRS interference was established for Rel-11 FeICIC receiver. However, it should be noted that interference condition for FeICIC and CRS-IM is different due to cell range expansion in FeICIC. For example, in TM2 FeICIC test, colliding CRS interference cell has 12dB SNR while serving cell is operating at 3.4dB SNR. Therefore, cancelling colliding CRS interference could provide rather big performance gain just by improving channel estimation. But, in homogeneous network, interference cell can be only 2~3dB stronger than serving cell. Channel estimation improvement will have only small impact on overall performance gain. 
Observation 2. Impact of channel estimation improvement will have small impact on overall demodulation performance since interference cell can be marginally stronger than serving cell in homogeneous network. 

For MMSE-IRC operation, it is essential to have reliable estimate of interference covariance matrix. In non-colliding CRS case, UE can estimate interference covariance matrix from serving cell CRS since CRS tone is interfered by neighbor cell data tones. On the other hand, in colliding CRS case, interference covariance matrix measured over serving cell CRS will have different statistics than actual data tone interference. It is up to UE implementation how to resolve interference covariance mismatch issue and RAN4 did not specify any performance requirement for this case for Rel-11 MMSE-IRC receiver. In ABS subframe of FeICIC scenario, UE can remove CRS interference from colliding CRS neighbor for noise covariance estimation since it is guaranteed by RRC signaling that PDSCH will be blanked. In homogeneous network, UE cannot rely on ABS signaling. 
Observation 3. For colliding CRS interference, UE will have wrong estimate of interference covariance if serving cell CRS is used for estimation. There is no RAN4 requirement for improved interference covariance estimation for colliding CRS. 
2.2. Simulation results
Simulation was run to evaluate the performance gain of CRS-IM receiver in colliding CRS scenario. Following is assumed for interference modeling. 
· Two interference cells are modeled in the simulation with INR1=10.45dB and INR2=4.6dB

· First interference cell has colliding CRS and second interference cell has non-colliding CRS. 

· Interference cell has 20% RU with random ON/OFF modeling of PDSCH interference. 
· For interference cell, 16QAM modulation is used with 80% rank 1 probability. 

Figure 1 shows TM2 simulation results in colliding CRS scenario. We can observe that
· Cancelling colliding CRS interference provides only 0.2~0.3dB gain
· Cancelling weaker interference cell with non-colliding CRS provides additional 0.3~0.4dB gain. 

· CRS-IM gain shrinks as operating SNR is increased. 

Observation 4. CRS-IM provides marginal performance gain in colliding-CRS interference scenario. 
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Figure 1. TM2 CRS-IM performance in colliding CRS scenario
3. Conclusions

In this contribution, we provided analyses and simulation result for performance gain in colliding CRS interference scenario. Our observations are 
Observation 1. CRS-IC can only improve serving cell CRS channel estimation quality in colliding CRS scenario.

Observation 2. Impact of channel estimation improvement will have small impact on overall demodulation performance since interference cell can be marginally stronger than serving cell in homogeneous network. 

Observation 3. For colliding CRS interference, UE will have wrong estimate of interference covariance if serving cell CRS is used for estimation. There is no RAN4 requirement for improved interference covariance estimation for colliding CRS. 

Observation 4. CRS-IM provides marginal performance gain in colliding-CRS interference scenario. 

Based on this observation, our proposal is

Proposal 1. RAN needs not specify CRS-IM performance requirements for colliding CRS scenario. 
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