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1. Introduction 
In RAN4#101-e CRS interference mitigation in NR was discussed and way forward [1] was agreed. The WID for Further enhancement of NR demodulation performance was revised in RAN#94-e [2]. In this contribution we present our views on necessity of network assistance and UE capability signaling for CRS-IM.  
2. Discussion
UE Capability Signaling for CRS-IM
In RAN4#101-e the following agreements were made for UE capability signaling:
	Whether to introduce CRS-IM UE capability signaling
· Agree to introduce UE capability signaling for CRS-IM.
· FFS on the details, including the granularity of the capability and other aspects if necessary.



In our companion paper for UE feature list [3] we provide our inputs for introducing UE capability signaling for CRS-IM. 
Granularity: For granularity of UE capability for CRS-IM it should be per CC, per band, per band combination. UE would need to support this feature only in CCs and bands that are overlapping with LTE spectrum. UE should be able to indicate capability of indicating this at a per CC, per band, per band combination granularity.  
Proposal #1: Introduce granularity of per CC, per band, per band combination for UE capability for CRS-IM.

Notes: Currently we only have agreement for introducing this for 15KHz SCS. Since the applicability for 30KHz is going to be discussed stating this meeting, we prefer to include note that its only applicable to 15KHz SCS until we have conclusion on feasibility for 30KHz SCS.
Proposal #2: UE capability for CRS-IM is only applicable for 15KHz SCS until feasibility to support this confirmed for 30KHz SCS.

Network Assistance Signaling
The agreements in [1] related to network signaling:
	Parameters needed for LLR weighting
· Enable CRS-IM receiver (LLR weighting), below parameters/information needed:
· The presence of CRS information including: the presence of LTE cell, MBSFN configuration, [CRS muting information] if configured
· CRS location information including: LTE carrier frequency, bandwidth, v-shift, CRS port number
· FFS CRS sequence information needed or not which including: Cell ID, [slot number within radio frame information]
Assumptions on the network configuration: Part I (excepting CRS port number)
For scenario 1 and 2, by default, UE follow below assumption of Network configuration for CRS-IM receiver
· no CRS muting, 
· MBSFN configuration same as serving cell for scenario 1; NO MBSFN configuration for scenario 2
· Channel bandwidth and centre frequency aligned for the serving and neighbouring cells for scenario 1
If above assumption not aligned with NW configuration: 
- Network can inform to UE by NWA signalling. FFS for the details of NWA signalling 




CRS sequence information
In [1] it was encouraged to provide evaluation results for with and without CRS sequence information. 
For the simulation assumptions used in Phase 1 evaluation, we evaluated the performance with and without CRS sequence information.

Table 1: Evaluation results for LTE sequence for scenario 1
	Antenna Config
	Disable IM
	Known CRS Seq
	Unknown CRS Seq

	4x2
	12.8
	11.3
	11.8

	4x4
	10.4
	9.1
	9.5



The INR levels used for Phase 1 evaluation are high. For high INR we observe that without CRS sequence information the performance degradation is around 0.5 dB. Our analysis is only for certain INR levels and loading but in reality, the UE would experience a range of INR and LTE cell loading in actual deployment. We expect that for lower INR values and LTE cell loading, the degradation with unknown CRS sequence is more.  
Observation #1: For INR and loading values used in Phase 1 evaluation the degrade without CRS sequence information is around 0.5 dB. With lower INR and LTE cell loading we could expect higher degradation. 
It is not straightforward to conclude that LLR weighting with unknown CRS sequence would provide good results in all scenarios in actual deployment. Hence, we recommend proceeding with assumption that LTE CRS sequence is required for LLR weighting. 
Proposal #3: Include LTE CRS sequence information in parameters needed for LLR weighting. 
Number of CRS Ports
There was discussion in RAN4#101-e whether information on number of CRS ports was needed for LLR weighting and the impact it would have on performance. 
	Assumptions on the network configuration: Part II (CRS port number)
· On CRS port number in scenario 1:
· Option 1: The same number of CRS ports in the serving and neighbouring cells 
· Option 2: The number of CRS ports in the serving and neighbouring cells can be different 
· To be decided in the next meeting



In scenario 1 UE cannot assume that number of CRS ports of neighbor is same as serving cell. There would be performance degradation is there is a mismatch in assumption of number of CRS ports from LTE interference and number of ports used for CRS-IM.
Observation #2: UE cannot assume same number of ports between serving and neighbor LTE cell in scenario 1. 
In case the number of CRS ports if not indicated to the UE, the UE would need to do PBCH decoding during measurement gap to obtain the number of CRS ports from MIB. This is additional complexity and processing for the UE. The measurement gap length might not always include LTE PBCH. For LTE inter-RAT measurement UE typically uses port 0 for LTE cell measurements, so in the worst case the UE would assume single CRS port for CRS-IM as well.
Observation #3: Information on number of CRS ports if not indicated by network assistance information would be challenging for UE to obtain.
Observation #4: If interference LTE CRS port information is not provided, the UE would assume single port (port 0) for CRS-IM.
We evaluate the performance with LTE transmission with 4 CRS ports, but CRS-IM on single port.

Table 2: Evaluation results for num CRS ports for scenario 1
	Antenna Config
	Disable IM
	4 CRS ports 
	Port 0 only

	4x2
	12.8
	11.3
	12.2

	4x4
	10.4
	9.1
	9.7



When CRS-IM is on 1 port only, we observe that with 2 RX the performance degrade is > 1dB and with 4 RX degradation is 0.6 dB. 
Observation #5: With single CRS port assumption the performance degrade is > 1dB with 2RX and 0.6 dB for 4RX compared to 4 CRS ports for CRS-IM. 
With the results and observations above, we recommend that we assume hat CRS port information is needed for CRS-IM.
Proposal #4: RAN4 proceeds with assumption that number of CRS ports are needed for CRS-IM. 
How UE obtains information
Discussion in last meeting from [1] is summarized below:
	How could UE obtain the identified parameters if not signalled by the network
· Option 1: By inter-RAT measurement, PBCH decoding
· Option 2:
· For scenario 1, by the configuration of serving cell CRS-RM
· For scenario 2, by the configuration of 7.5KHz shift and inter-RAT MO
· Further discuss the related technical aspects
· Whether inter-RAT MO can be always configured
· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
· Whether PBCH decoding is always possible in inter-RAT measurement
· On centre frequency and bandwidth of LTE carrier for scenario 2:
· How to blindly detect the MBSFN configuration (if needed)



Presence information: the presence of LTE cell, MBSFN configuration, [CRS muting information] if configured
For MBSFN configuration and CRS muting if configured we have agreement in last meeting that NW will inform UE via NWA that configuration is different from RAN4 assumption. 
Observation #6: In RAN4#101-e there was agreement to include NWA if MBSFN or CRS muting configuration is different from RAN4 assumption.
Presence of LTE cell is the first information that UE needs to perform CRS-IM. UE needs to have some indication or LTE neighbor cell, such as LTE MO for inter-RAT measurements, otherwise there is no way UE would be aware of presence of LTE cell. Either LTE MO or network indication of LTE neighbor cell is needed for UE to know presence of LTE cell.
Observation #7: UE would be aware of presence of LTE cell by either network assistance information or from LTE MO.
We propose that NWA is included to inform UE of presence of LTE neighbor cell in both scenario 1 and scenario 2.
Proposal #5: UE is informed via network assistance of presence of LTE neighbor cell to perform CRS-IM in both scenario 1 and scenario 2.
If network assistance is not configured, then UE would have to rely on LTE-MO to know about presence of LTE neighbor cell. Hence, we propose that if NWA is not configured, UE is required to perform CRS-IM only if LTE MO is configured. 
Proposal #6: If network assistance is not configured for UE to inform of presence of LTE neighbor cell, then UE is required to perform CRS-IM only if LTE MO is configured. 
CRS location information: LTE carrier frequency, bandwidth, v-shift, CRS port number
LTE carrier frequency should be informed to UE either via network assistance or from LTE MO.
LTE bandwidth and CRS port number would need PBCH decoding which is not always guaranteed even if LTE-MO is configured, so UE needs network assistance to obtain that information. 
VShift would be known if LTE Cell ID is known from inter-RAT measurement or if UE is provided information via network assistance. 
Observation #8: If LTE MO is configured UE would be able to obtain LTE carrier frequency and vshift information, it cannot obtain LTE bandwidth and CRS port number information. 
Observation #9: UE needs network assistance to obtain CRS location information – LTE carrier frequency, bandwidth, vshift and CRS port number. 
Based on the observations UE cannot obtain all the CRS location information if it relies only on LTE MO. It is too much of additional complexity and processing for the UE to obtain information of LTE bandwidth and number of ports if this information is not conveyed via network assistance. 
Observation #10: If UE is not configured the required CRS location information via network assistance, it is additional complexity for UE to obtain this information on its own. 
Hence, we propose to introduce network assistance information to inform UE of LTE CRS location for LTE carrier frequency, bandwidth, v-shift, CRS port number.
Proposal #7: UE is informed of all LTE CRS location information via network assistance. 
If NWA cannot be configured and UE is supposed to rely on LTE-MO for the required information, then UE assumes 1 CRS port and some channel BW, which might not be correct.
Proposal #8: If UE is not configured NWA and is expected to rely on LTE-MO, it assumed CRS port 0 and any channel BW of CRS-IM. 
CRS sequence information: Cell ID, [slot number within radio frame information]
It is still FFS if CRS sequence information is required for CRS-IM. Based on our analysis in previous section, we believe that CRS sequence information is required. UE needs this information from network assistance, otherwise the performance of CRS-IM might not be guaranteed in real deployment. 
Proposal #9: UE is informed of LTE sequence information via network assistance, otherwise performance of CRS-IM cannot be guaranteed in real deployment. 

3. Conclusion
In this paper, we provide our views on necessity of network assistance and UE capability signaling for CRS-IM. Our observations and proposals are captured below:
UE Capability Signaling
Proposal #1: Introduce granularity of per CC, per band, per band combination for UE capability for CRS-IM.
Proposal #2: UE capability for CRS-IM is only applicable for 15KHz SCS until feasibility to support this confirmed for 30KHz SCS.
Network Assistance Signaling
Observation #1: For INR and loading values used in Phase 1 evaluation the degrade without CRS sequence information is around 0.5 dB. With lower INR and LTE cell loading we could expect higher degradation. 
Proposal #3: Include LTE CRS sequence information in parameters needed for LLR weighting. 
Observation #2: UE cannot assume same number of ports between serving and neighbor LTE cell in scenario 1. 
Observation #3: Information on number of CRS ports if not indicated by network assistance information would be challenging for UE to obtain.
Observation #4: If interference LTE CRS port information is not provided, the UE would assume single port (port 0) for CRS-IM.
Observation #5: With single CRS port assumption the performance degrade is > 1dB with 2RX and 0.6 dB for 4RX compared to 4 CRS ports for CRS-IM. 
Proposal #4: RAN4 proceeds with assumption that number of CRS ports are needed for CRS-IM. 
Observation #6: In RAN4#101-e there was agreement to include NWA if MBSFN or CRS muting configuration is different from RAN4 assumption.
Observation #7: UE would be aware of presence of LTE cell by either network assistance information or from LTE MO.
Proposal #5: UE is informed via network assistance of presence of LTE neighbor cell to perform CRS-IM in both scenario 1 and scenario 2.
Proposal #6: If network assistance is not configured for UE to inform of presence of LTE neighbor cell, then UE is required to perform CRS-IM only if LTE MO is configured. 
Observation #8: If LTE MO is configured UE would be able to obtain LTE carrier frequency and vshift information, it cannot obtain LTE bandwidth and CRS port number information. 
Observation #9: UE needs network assistance to obtain CRS location information – LTE carrier frequency, bandwidth, vshift and CRS port number. 
Observation #10: If UE is not configured the required CRS location information via network assistance, it is additional complexity for UE to obtain this information on its own. 
Proposal #7: UE is informed of all LTE CRS location information via network assistance. 
Proposal #8: If UE is not configured NWA and is expected to rely on LTE-MO, it assumed CRS port 0 and any channel BW of CRS-IM. 
Proposal #9: UE is informed of LTE sequence information via network assistance, otherwise performance of CRS-IM cannot be guaranteed in real deployment. 
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