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Introduction
During the last RAN4#101-e meeting, good progress was made with relation to the receiver assumptions for CRS-IM. 
For Phase II NR PDSCH demodulation requirements for neighbouring cell LTE-CRS interference mitigation, log-likelihood ratio (LLR) weighting has been selected by RAN/RAN4 to be used as the baseline CRS-IM reference receiver [3]. The LLR weighting receiver may estimate the power of neighbouring LTE CRS interference and apply the weight to the estimated LLRs for REs/symbols which are occupied with LTE CRS. 

Two scenarios are defined: Scenario 1 (LTE and NR DSS) and Scenario 2 (NR and LTE deployed in neighbouring BSs/areas).
In the following sections we will discuss the remaining open issues and provide our observations and proposals to progress the topic of receiver assumptions.
[bookmark: _Hlk88742629]

Discussion on WF on receiver assumptions for CRS-IM
Reference receiver for CRS-IM
For reference receiver for CRS-IM, the following agreements and FFS can be found in the WF [1]:
	Reference receiver for CRS-IM
· Confirm LLR weighting as the baseline reference receiver for both scenario 1 and scenario 2.
· FFS for CRS-IC:
· Option 1: Further discuss pending on the conclusion of NWA for LLR weighting
· Option 2: Further discuss pending on the conclusion of NWA signalling, UE processing time impact and performance benefits over LLR weighting.
· [bookmark: _Hlk88743152]Option 3: Possible introduction of CRS-IC can be discussed in Rel-18 performance enhancement part.



During RAN4#101-e performance benefits of CRS-IC over LLR weighting was discussed for Rel-17 CRS-IM candidate receivers, however it was later agreed in RAN-94e to not include CRS-IC in Rel.17 [2].

It was agreed in RAN-94e to not include CRS-IC in Rel.17.

UE processing time impact of CRS-IC
The processing time impact of CRS-IC were still open after RAN#4-101e. The following FFS is from the WF [1]:
	UE processing time impact of CRS-IC
· FFS whether the using of CRS-IC receiver have impact on PDSCH processing time defined in TS38.214



As referenced in above observation, discussions related to CRS-IC should not be handled in Rel-17.
As per RAN decision, UE processing time impact of CRS-IC should not be included in Rel-17.

Implementation details for LLR weighting
During RAN4#101-e different implementation preferences for different companies were discussed, e.g., if the MMSE-IRC equalization processing should be involved in LLR-weighting or not.
The WF[1] states: 
	Implementation details for LLR weighting
1. Option 1: Adopt CRS power into MMSE-IRC equalization processing
· Calculate the CRS power per receiving antenna and the power vector is ICRS
· Update the LLR of CRS REs by adding the diag (ICRS) to interference plus noise covariance in MMSE-IRC processing.
2. Option 2: Direct scaling of LLR without equalization processing involved
· Option 2A: 
· For each v-shift, calculate the average CRS power of all Rx antennas per PRB.
· Use the above CRS power to scale the LLRs on the interfered REs within this PRB, rather than using it in the MMSE-IRC equalization.
· Option 2B: (LLR weighting processing flow in section 2.1 of R4-2118004)
3. Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue



In general, RAN4 does not specify how individual UE vendors should implement the LLR weighting, unless a specific implementation directly requires assistant information from the network and there are other implementations with comparable efficiency and performance that do not require the same NWA complexity level.
If an actual implementation of LLR weighting does not require additional NWA parameters compared to implementations of comparable efficiency and performance, the implementation using the minimum complexity level of NWA should be selected.
As long as there is no requirement for additional NWA parameters, RAN4 should leave the LLR-weighting implementation details to the UE, if simulation results delivered in this meeting show no misalignment (Option 3 from WF).


Handling of colliding of the 2nd DMRS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
In scenario 2 (NR and LTE deployed in neighbouring BSs/areas) a situation could occur, where the NR DMRS on symbol#11 will be impacted by CRS from the LTE. 
The WF [1] states the following, where Ruu refers to the interference-plus-noise covariance matrix:
	Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
1.  Option 1: Not use DMRS REs for Ruu estimation which are overlapping with CRS Res
2. Option 2: Use all DMRSs for Ruu estimation
3. Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue



In Scenario 1, where DSS is used, this is not an issue, as part of the Rate Matching functionality includes an option to move the DMRS from symbol#11 to symbol#12. Since this shift from symbol#11 to symbol#12 is linked to Rate Matching, it is not possible to utilize the shift in scenario 2 for CRS-IM (LLR Weighting/CRS-IC). There does not seem to be any specific reason for this RM dependency.
The impact of CRS colliding with the 2nd DMRS in symbol#11 is already handled in DSS (RM) where the 2nd DMRS can be shifted to symbol#12.
It is not possible to use the shift of the 2nd DMRS symbol when Rate Matching is not enabled.
However, the current issue is with scenario 2.
While it could be proposed to RAN1 to also enable the shift of the 2nd DMRS to symbol#12 for situations where Rate Matching is not used (e.g., an Option 2a: Enable shift of 2nd DMRS to symbol#12 and use all DMRSs for Ruu estimation), it was previously agreed to not consider solutions with RAN1 impact.
Hence, we see it most in line with practical deployments to leave the handling of such an overlap environment fully up to the UE implementation of the CRS-IM receiver, unless a significant (>2dB) misalignment in simulation results is observed due to this CRS to DMRS interference for symbol #11.
The handling should be left to the UE if simulations do not show any misalignments (Option 3 from WF).

Conclusion
In this contribution we have provided our views on various open issues with relation to the receiver assumptions for CRS-IM. 

We have made the following observations and proposals:

Reference receiver for CRS-IM
1. It was agreed in RAN-94e to not include CRS-IC in Rel.17.

UE processing time impact of CRS-IC
As per RAN decision, UE processing time impact of CRS-IC should not be included in Rel-17.

Implementation details for LLR weighting
If an actual implementation of LLR weighting does not require additional NWA parameters compared to implementations of comparable efficiency and performance, the implementation using the minimum complexity level of NWA should be selected.
1. As long as there is no requirement for additional NWA parameters, RAN4 should leave the LLR-weighting implementation details to the UE, if simulation results delivered in this meeting show no misalignment (Option 3 from WF).

Handling of colliding of the 2nd DMRS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
The impact of CRS to the 2nd DMRS in symbol#11 is already handled in DSS (RM) where the 2nd DMRS can be shifted to symbol#12.
It is not possible to use the shift of the 2nd DMRS symbol when Rate Matching is not enabled.
The handling should be left to the UE if simulations do not show any misalignments (Option 3 from WF).
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