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1. Introduction
In RAN4#100-e, WF [1] listed several open issues regarding evaluation of techniques to cope with CRS interference in scenarios with overlapping spectrum for LTE and NR. In this paper, we provide our views on those issues.
2. CRS Interference Mitigation Techniques
CRS Interference Cancellation
In this technique, UE will have to perform the following steps:
· Step 1: Get the interfering LTE cell ID, number of CRS ports, subframe boundary and/or loading information.
· Step 2: Using the cell id and subframe index information, estimate the channel on REs containing CRS from interfering LTE based on interfering cell’s CRS 
· Step 3: Subtract out LTE interference from CRS REs.
· Step 4: Perform regular NR processing based on PDSCH DMRS.
Performing first 3 steps will take some processing time on top of existing UE processing timelines. Based on our analysis on CRS processing time, we make following observations.
Observation 1: LTE UE processing timelines based on CRS are longer than NR.
Observation 2: Additional CRS based channel estimation on top of existing NR processing will increase the UE processing time by ~1ms and result in higher latency compared to Rel-15 NR. Hence, it will have significant RAN1 impact.
Observation 3: Typical UE implementation has completely separate processing for NR and LTE. So, it is difficult to reuse the CRS processing from LTE in NR processing and may increase cost of the UE.
Observation 4: CRS-IC scheme will need significant work from RAN1 to evaluate UE processing time and will also increase UE complexity significantly compared to LLR scaling.
Observation 5: WID [2] clearly states: “Priority will be given to solutions not having RAN1 specification impact.”
Based on above observations, our preference is to consider rate matching or LLR weighting techniques in Rel-17 since they provide significant gains compared to not doing any mitigation for CRS interference with minimal RAN1 impact. CRS-IC technique can be considered in future releases as further enhancement, if needed. Therefore, we propose the following.
Proposal 1: Consider only LLR weighting technique in Rel-17 for CRS interference mitigation.
Proposal 2: Do not consider CRS interference cancellation technique in Rel-17.
Proposal 3: Evaluate UE processing timeline impact in RAN1 due to additional processing for CRS interference cancellation, if that scheme is agreed in Rel-17.
3. Network Assistance
For detecting the presence of CRS, UE will have to rely on Inter-RAT RRM measurements. However, those measurements do not provide any information about the following:
· Number of CRS ports
· Presence of MBSFN
· Presence of CRS muting
If UE were to detect the above information, it will increase UE complexity and may also increase processing time and power consumption. If this network assistance is not provided and UE mis-detects it, it will have following consequences.
Number of CRS ports
If number of CRS ports on LTE interfering cell is mis-detected, UE will either apply LLR weighting on more REs (if 2 ports is mis-detected as 4 ports) or less REs (if 4 ports is mis-detected as 2 ports). This will have severe performance degradation.
Observation 6: If UE mis-detects number of CRS ports, LLR weighting performance will degrade.
Presence of MBSFN
If MBSFN configuration is not detected, UE will apply LLR scaling on wrong RE locations and will still see MBSFN interference. This will degrade the performance further compared to not doing any mitigation.
Observation 7: If UE is not aware of neighbor LTE cell MBSFN configuration, performance will degrade compared to not doing any mitigation.
Presence of CRS muting
In below table, we present the simulation results to quantify the performance loss when UE is not aware of CRS muting on the neighbor LTE cell. We compare the performance with no interference (i.e., CRS muting) with the case when UE still performs LLR weighting (assuming INR1 = 10.45dB and INR2 = 4.6dB) because UE is not aware of CRS muting on neighbor LTE cell.
Table 1: SNR (dB) at 70% of peak throughput for comparing perf loss due to CRS muting mis-detection
	Case
	No Interference
	No Interference + LLR Weighting
	Performance Loss

	Scenario 1, 4x2, MCS4
	-2.89
	-0.42
	2.47

	Scenario 1, 4x2, MCS13
	4.49
	7.45
	2.96

	Scenario 1, 4x4, MCS4
	-5.57
	-3.25
	2.32

	Scenario 1, 4x4, MCS13
	1.40
	4.07
	2.67



Based on above results, we have following observation.
Observation 8: If UE is not aware of CRS muting on neighbor LTE cell and still applies LLR weighting, performance degrades by ~2.5dB compared to doing nothing.
Based on above discussion, we have following observations and proposals.
Observation 9: UE needs network assistance to know the interfering LTE cell’s cell ID, number of CRS ports, MBSFN configuration, and CRS muting information. Otherwise, UE will have to run hypothesis testing to figure out all the needed information. It will increase the UE power consumption significantly and will further extend the UE processing time.
Observation 10: If UE mis-detects the needed parameters or CRS presence, it will severely impact the UE performance for CRS-IM schemes.
Observation 11: It was discussed and agreed to provide such network assistance in LTE for CRS interference cancellation.
Proposal 4: Consider below network assistance to reduce UE power consumption and UE complexity and improve network performance with CRS-IM schemes:
· Number of CRS ports and cell id for neighbor LTE cell
· Presence of MBSFN on neighbor LTE cell
· Presence of CRS Muting on neighbor LTE cell

4. Simulation Results for LLR Weighting
Based on simulation assumptions in [1], we provide the simulation results below for LLR weighting scheme assuming NW assistance.
Table 2: SNR in dB at 70% of peak throughput for Scenario 1, LLR Weighting with NW assistance
	Case
	Alignment SNR
	Impairment SNR

	4x2, MCS4
	2.38
	4.88

	4x2, MCS13
	9.84
	12.34

	4x4, MCS4
	-1.36
	1.14

	4x4, MCS13
	6.01
	8.51



Table 3: SNR in dB at 70% of peak throughput for Scenario 2, LLR Weighting with NW assistance
	Case
	Alignment SNR
	Impairment SNR

	4x2, MCS4
	
	

	4x2, MCS13
	
	

	4x4, MCS4
	
	

	4x4, MCS13
	
	


5. Conclusions
This paper provides our views on evaluation of techniques to handle CRS interference in RAN4 and simulation results for LLR weighting scheme. Following has been observed and proposed.
CRS Interference Cancellation
Observation 1: LTE UE processing timelines based on CRS are longer than NR.
Observation 2: Additional CRS based channel estimation on top of existing NR processing will increase the UE processing time by ~1ms and result in higher latency compared to Rel-15 NR. Hence, it will have significant RAN1 impact.
Observation 3: Typical UE implementation has completely separate processing for NR and LTE. So, it is difficult to reuse the CRS processing from LTE in NR processing and may increase cost of the UE.
Observation 4: CRS-IC scheme will need significant work from RAN1 to evaluate UE processing time and will also increase UE complexity significantly compared to LLR scaling.
Observation 5: WID [2] clearly states: “Priority will be given to solutions not having RAN1 specification impact.”
Proposal 1: Consider only LLR weighting technique in Rel-17 for CRS interference mitigation.
Proposal 2: Do not consider CRS interference cancellation technique in Rel-17.
Proposal 3: Evaluate UE processing timeline impact in RAN1 due to additional processing for CRS interference cancellation, if that scheme is agreed in Rel-17.
Network Assistance
Observation 6: If UE mis-detects number of CRS ports, LLR weighting performance will degrade.
Observation 7: If UE is not aware of neighbor LTE cell MBSFN configuration, performance will degrade compared to not doing any mitigation.
Observation 8: If UE is not aware of CRS muting on neighbor LTE cell and still applies LLR weighting, performance degrades by ~2.5dB compared to doing nothing.
Observation 9: UE needs network assistance to know the interfering LTE cell’s cell ID, number of CRS ports, MBSFN configuration, and CRS muting information. Otherwise, UE will have to run hypothesis testing to figure out all the needed information. It will increase the UE power consumption significantly and will further extend the UE processing time.
Observation 10: If UE mis-detects the needed parameters or CRS presence, it will severely impact the UE performance for CRS-IM schemes.
Observation 11: It was discussed and agreed to provide such network assistance in LTE for CRS interference cancellation.
Proposal 4: Consider below network assistance to reduce UE power consumption and UE complexity and improve network performance with CRS-IM schemes:
· Number of CRS ports and cell id for neighbor LTE cell
· Presence of MBSFN on neighbor LTE cell
· Presence of CRS Muting on neighbor LTE cell
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