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Introduction
In RAN #94e meeting, WID “Further enhancement on NR demodulation performance” was revised [1] and the following objective was agreed:
	· Define NR PDSCH demodulation requirements for neighboring cell LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR
· Use LLR weighting as baseline reference receiver.
· Focus on synchronous network scenario.
· 15 kHz SCS for NR is prioritized. Evaluate the feasibility of supporting 30 kHz scenario and specify performance requirements if needed.
· Note: Any cross WG impact shall be concluded before March 2022.
· Network assistant signaling will be further discussed in RAN4
· Note: The RAN2 work on “network assistant signaling part” can be triggered by RAN4 LS if needed pending on RAN4 discussion. 


Also, in the RAN4 #101-e, reference receiver assumptions were discussed and agreements were captured in WF [2].
In this paper we provide our view on receiver assumptions for CRS-IM processing and 30 kHz SCS case in scenarios with overlapping spectrum for LTE and NR.
Discussion on reference receiver
In the previous RAN4 meeting the following agreement was reached on CRS-IM receiver assumptions
	· Implementation details for LLR weighting
· 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.
· 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)
· Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue


For the first two options, different approaches can be considered for interference CRS power estimation:
· Option 1: Based on channel estimation of neighbouring cell(s)
· Step 1: Reconstruction of CRS Tx signal from the neighbouring cell(s)
· Step 2: LS channel estimation on the neighbouring cell(s) CRS REs
· Step 3: Calculate the average CRS power of all Rx antennas per PRB.
· Option 2: Based on power difference
· Step 1: Estimation of total receive signal power on CRS REs (Py)
· Step 2: Estimation of power of serving cell signal (use serving cell channel estimation) (PS)
· Step 3: Estimation of power of residual interference plus noise (use estimation from DMRS) (PR)
· Step 4: Estimate the difference between powers in steps 1,2 and 3 (PI = Py – PS – PR)
For performance analysis of different options, we consider the simulation assumptions:
· Scenario 1 with PDSCH duration 9 symbols
· Interference modelling
· Option 1: Loading 0%, INRs 15.81 and 10.51 dB
· Option 2: Loading 20%, INRs 10.45 and 4.6 dB
· Serving Cell FRC: Rank 1, MCS 4 and MCS 13
In Figure 1 we provide the summary of simulation results for different receiver assumptions:
· CRS-IM #1: Adopt CRS power into MMSE-IRC equalization processing
· CRS-IM #2: Direct scaling of LLR without equalization processing involved
	

	[bookmark: _Ref91077850]Figure 1. Comparison of different CRS-IM implementations for Scenario 1.


Observations #1:	Different methods of LLR weighting processing provide rather close performance.
Based on our performance analysis, we would like to conclude that it is rather hard to verify the exact CRS-IM method. Therefore, we suggest to leave it up to UE implementation the details of LLR weighting implementation.
Proposal 1:	Leave up to UE implementation the details of LLR weighting implementation.
Another issue, which was discussed for reference receiver assumptions, is methodology for interference-plus-noise covariance matrix estimation and the following options were listed in the WF
	· Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighboring cell for scenario 2 with LLR weighting
· Option 1: Not use DMRS REs for Ruu estimation which are overlapping with CRS REs
· Option 2: Use all DMRSs for Ruu estimation
· Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue


In Figure 2 we provide link level analysis of different interference-plus-noise covariance matrix estimation options for Scenario 2 with different serving MCS configuration and interference signal loading.
	

	[bookmark: _Ref92563141]Figure 2. Comparison of different CRS-IM implementations for Scenario 2.


Observations #2:	There is no big performance difference for scenarios with different interference-plus-noise covariance matrix estimation methods.
Based on our analysis, no significant difference is observed for scenarios with different interference-plus-noise covariance estimation methods. Therefore, we suggest to leave it up to UE implementation.
Proposal 2:	Leave up to UE implementation the details of interference-plus-noise covariance matrix estimation for CRS-IM processing.
Discussion on 30 kHz SCS scenario
One of the open topics for definition of CRS-IM requirements is whether to consider scenarios with 30 kHz SCS for serving cell. Therefore, we need to check the feasibility and performance benefits of CRS-IM processing for such scenarios. In Figure 4 we provide the illustration of OFDM symbols in time domain.
	

	[bookmark: _Ref91085802]Figure 3. Time domain OFDM symbols for different cells.


Based on our understanding, during the FFT processing from time to frequency domain at the UE side of 30 kHz SCS signal, the loss of orthogonality of 15 kHz SCS signal will be observed. Therefore, UE potentially will not observe that selected REs within OFDM symbol overlapped with OFDM symbol with CRS signal will be affected by interference and whole symbol will be affected by interference signal.
In case we consider LLR weighting method for CRS-IM processing, based on the discussion in the previous section, we can have two options for LLR weighting: channel estimation based and signals difference based. 
In case channel estimation based approach is considered, multiple FFT processing should be considered for channel estimation in 15 kHz SCS domain and conversion to 30 kHz SCS domain. Such processing is rather complicated and is not feasible from UE complexity point of view. Therefore, we suggest to consider signals difference based approach for further performance analysis. Also, based on our discussion above, UE potentially will observe the interference on all REs within the OFDM symbol overlapped with OFDM symbol with interference CRS signal.
In Figure 4 we provide our initial results for LLR weighting in scenario with 30 kHz serving signal SCS. We consider different interference loading options and serving cell FRCs.
	

	[bookmark: _Ref92566133]Figure 4. CRS-IM performance for scenario 2 with 30 kHz SCS.


Observations #3:	For Scenario 2 with 30 kHz SCS 
· CRS-IM provides 2.8-3.0 dB performance improvement for scenario with 0% interference cell loading
· CRS-IM provides 0.9-1.4 dB performance improvement for scenario with 10% interference cell loading
· CRS-IM provides 0.5-1.0 dB performance improvement for scenario with 20% interference cell loading
Based these results, we can observe that testable CRS-IM performance benefits (≥ 1dB) can be observed for all considered scenario with 0% loading and selected scenarios with 10% loading. Taking into account that this is the first meeting for discussion of this topic, we suggest to continue the discussion on receiver assumptions and scenarios to understand whether feasible CRS-IM performance can be observed for practical conditions (i.e. with non-zero interference loading).
Proposal 3:	Further study whether testable CRS-IM performance improvement (≥1 dB) can be achieved for practical scenarios with 30 kHz serving signal SCS.
Conclusion
In this paper we provided our views on different topics in scenarios with overlapping spectrum for LTE and NR and made the following proposals and observations:
Observations #1:	Different methods of LLR weighting processing provide rather close performance.
Proposal 1:	Leave up to UE implementation the details of LLR weighting implementation.
Observations #2:	There is no big performance difference for scenarios with different interference-plus-noise covariance matrix estimation methods.
Proposal 2:	Leave up to UE implementation the details of interference-plus-noise covariance matrix estimation for CRS-IM processing.
Observations #3:	For Scenario 2 with 30 kHz SCS 
· CRS-IM provides 2.8-3.0 dB performance improvement for scenario with 0% interference cell loading
· CRS-IM provides 0.9-1.4 dB performance improvement for scenario with 10% interference cell loading
· CRS-IM provides 0.5-1.0 dB performance improvement for scenario with 20% interference cell loading
Proposal 3:	Further study whether testable CRS-IM performance improvement (≥1 dB) can be achieved for practical scenarios with 30 kHz serving signal SCS.
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