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1. Introduction
In RAN#91-e, WID [1] was revised to include 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 objectives.
2. CRS Interference Scenarios
In scenarios with overlapping spectrum for LTE and NR, there are three situations possible:
· Case 1- Unloaded Interfering LTE Cell: In this case, NR sees only CRS interference from LTE cell. So, REs other than interfering cell’s CRS REs are interference free and NR cell’s PDSCH DMRS may not see any interference.
· Case 2- 100% loaded Interfering LTE Cell: In this case, both CRS and LTE PDSCH interfere with NR 100% of the time. So, NR cell’s PDSCH DMRS can see the interfering cell’s interference and reject it using MMSE-IRC or other advanced NR receivers.
· Case 3- X% (0<X<100) loaded Interfering LTE Cell: In this case, CRS interferes with NR 100% of the time as in Case 1 and LTE PDSCH interfere with NR only X% of the time. This may be the most common case in practice. So, NR cell’s PDSCH DMRS can see the interfering cell’s interference in case of PDSCH and reject it using MMSE-IRC or other advanced NR receivers. However, NR cell can’t reject the interference for slots where LTE cell is unloaded. So, any CRS-IM technique may or may not provide any advantage depending on how much loading is present on LTE cell.
Based on above discussion, we make following observations.
Observation 1: In case of 100% loaded interfering LTE cell, existing NR receivers can reject the LTE interference based on NR PDSCH DMRS.
Observation 2: In case of X% (0<X<100) loaded interfering LTE cell, existing NR receivers can reject the LTE interference for X% of the time based on NR PDSCH DMRS. So, benefit of any CRS-IM technique depends on how high X is.
Proposal 1: RAN4 should evaluate different cases of loading on interfering LTE cell. Starting values for loading on interfering LTE cell could be {0%, 20%, 50%, 100%}.
Apart from loading, another factor impacting the performance is how weak is the interfering cell compared to serving cell. In LTE, most of the IC related tests assumed strongest interfering cell to be within 3dB of serving cell to show the benefit. Therefore, we propose the following.
Proposal 2: Consider the power of interfering LTE cell to be at {0, -3, -6, -10} dB offset compared to serving cell to evaluate CRS interference handling techniques.
As RAN4 is considering the scenarios where LTE and NR have overlapping spectrum, it makes sense to start with the test setup in existing LTE-NR Coexistence test cases. Therefore, we propose the following.
Proposal 3: Use existing LTE-NR coexistence tests as starting point for test setup and remaining test parameters.
3. CRS Interference Handling Techniques
Rel-16 Rate Matching Pattern
In Rel-16, second rate matching pattern was introduced under eMIMO WI, which can be re-purposed to rate match around CRS from interfering LTE cell. This technique will not require UE to run additional algorithms to mitigate CRS interference and it should not impact UE processing timeline or UE power consumption. 
Observation 3: Rel-16 rate matching pattern does not impact UE processing timeline and UE power consumption.
Proposal 4: RAN4 should consider other CRS-IM techniques only if it provides significantly better performance compared to Rel-16 rate matching pattern.
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 or all REs depending on whether interfering cell is loaded or not.
· 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. We make following observations.
Observation 4: LTE UE processing timelines based on CRS are longer than NR.
Observation 5: Additional CRS based channel estimation on top of existing NR processing will increase the UE processing time and result in higher latency compared to Rel-15 NR.
Observation 6: 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 7: UE needs network assistance to know the interfering LTE cell’s cell ID, number of CRS ports, subframe boundary, MBSFN configuration, and loading information. Otherwise, UE will have to run the LTE searcher continuously on top of NR searcher and 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.
Proposal 5: Evaluate UE processing timeline impact due to additional processing for CRS interference cancellation.
Proposal 6: Consider network assistance to reduce UE power consumption and UE complexity if CRS interference cancellation is feasible from performance and processing timeline perspective.
4. Conclusions
This paper provides our views on evaluation of techniques to handle CRS interference in RAN4. Following has been observed and proposed.
CRS Interference Scenarios
Observation 1: In case of 100% loaded interfering LTE cell, existing NR receivers can reject the LTE interference based on NR PDSCH DMRS.
Observation 2: In case of X% (0<X<100) loaded interfering LTE cell, existing NR receivers can reject the LTE interference for X% of the time based on NR PDSCH DMRS. So, benefit of any CRS-IM technique depends on how high X is.
Proposal 1: RAN4 should evaluate different cases of loading on interfering LTE cell. Starting values for loading on interfering LTE cell could be {0%, 20%, 50%, 100%}.
Proposal 2: Consider the power of interfering LTE cell to be at {0, -3, -6, -10} dB offset compared to serving cell to evaluate CRS interference handling techniques.
Proposal 3: Use existing LTE-NR coexistence tests as starting point for test setup and remaining test parameters.
Rel-16 Rate Matching Pattern
Observation 3: Rel-16 rate matching pattern does not impact UE processing timeline and UE power consumption.
Proposal 4: RAN4 should consider other CRS-IM techniques only if it provides significantly better performance compared to Rel-16 rate matching pattern.
CRS Interference Cancellation
Observation 4: LTE UE processing timelines based on CRS are longer than NR.
Observation 5: Additional CRS based channel estimation on top of existing NR processing will increase the UE processing time and result in higher latency compared to Rel-15 NR.
Observation 6: 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 7: UE needs network assistance to know the interfering LTE cell’s cell ID, number of CRS ports, subframe boundary, MBSFN configuration, and loading information. Otherwise, UE will have to run the LTE searcher continuously on top of NR searcher and 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.
Proposal 5: Evaluate UE processing timeline impact due to additional processing for CRS interference cancellation.
Proposal 6: Consider network assistance to reduce UE power consumption and UE complexity if CRS interference cancellation is feasible from performance and processing timeline perspective.
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