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1. Introduction

The phase I evaluation on CRS-IM for NR UE in LTE/NR co-existence scenarios has been completed after RAN4#100e, and in RAN#93e, the following phase II objectives have been added in the revised WID in [1]:

· CRS interference handling in scenarios with overlapping spectrum for LTE and NR:

Phase I: …

Phase II: Define NR PDSCH demodulation requirements for neighbouring 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.
· Other aspects will be further discussed in RAN4 and RAN #94e.

Note: The 30 kHz SCS scenario will be discussed after RAN #94e meeting.
In this paper, we give our views on the necessity of network assistance signalling for CRS-IM and the necessity of CRS-IM capability signalling.
2. Discussion
2.1 Necessity of network assistance signalling
In the RAN#93e meeting, ‘Which parameters are needed to be known’ for the baseline LLR weighting process was discussed as summarized in [2]: 
Which parameters are needed to be known for LLR weighting?
· Option 1: presence and location of interference CRS 
· Option 2: presence of interference CRS
· Note: the presence information includes the presence of LTE cell, MBSFN configuration, CRS muting information, and the CRS location information includes LTE carrier frequency, bandwidth, v-shift, CRS port number.
In our simulation, the UE with LLR weighting only need to use the estimated interference power to adjust the calculated LLRs on the interfered REs. So, to perform LLR weighting, the UE only needs to know the presence of neighbour LTE. After that, it will be simple for the UE to do energy detection on all the REs in the OFDM symbols which are occupied by the LTE CRS in neighbour cell. 

Observation 1: LLR weighting only needs to know the presence of neighbour LTE CRS to perform CRS-IM.
During the RAN4#100-e discussion, there was also suggestion to consider the performance impact on misdetection of some network features/parameters if no network assistance signalling is considered [3].
Aspects to consider for simulations/analysis without NW assistance (For Information Only)

· Probability and potential impact of Mis-detection/No detection of CRS Muting, if CRS Muting is enabled.
· Probability and potential impact of Mis-detection/No detection of MBSFN configuration, and the potential scenario with different MBSFN configurations in neighbouring cells.
· Probability and potential impact of Mis-detection of number of CRS ports.
· ……
For CRS muting, if it means the network-based CRS interference mitigation in LTE, the probability of configuring CRS muting is very low in the real network. As we are focusing the typical network for CRS-IM, we do not think we need to consider such probability.
Observation 2: Not consider the scenario with CRS muting, if the CRS muting means the network-based CRS interference mitigation.
For MBSFN configuration, in scenario 1 (DSS scenario), typically in the real network, the MBSFN configuration is aligned for the neighbouring cells, e.g., MBSFN subframe is configured in the subframes with NR SSB to avoid the CRS interference to the NR SSB. So, in scenario 1, UE can assume the MBSFN configuration is the same with that of the target cell, which can be obtained from the Rel-15 CRS-RM message for the target cell. 
For scenario 2 (target NR + neighbour LTE), typically the MBSFN subframes are not configured because the neighbour cell is a pure LTE cell in this scenario.

Observation 3: For scenario 1, consider the typical scenario with MBSFN configuration aligned for the neighbouring cells, and UE can obtain the MBSFN configuration from the CRS-RM RRC message for the target cell. For scenario 2, MBSFN are not configured since the interference cell is a pure LTE cell in that case.
For CRS port number, as stated above, to perform LLR weighting, UE can perform energy detection on all the REs in the OFDM symbols containing LTE CRS, i.e., symbol #4, 7, 8, 11. Therefore, UE does not need to explicitly know the neighbour cell CRS port number.

Observation 4: For LLR weighting, UE can perform energy detection on all the REs in the OFDM symbols containing LTE CRS. Therefore, UE does not need to explicitly know the neighbour cell CRS port number.
In the RAN#93e meeting, it was also discussed that ‘How could UE obtain the information if not signalled by the network’ for the baseline LLR-weighting process as summarized in [2]:
2) How could UE obtain the information if not signalled by the network? 
· For LLR weighting: 
· Option 1: By inter-RAT measurement and PBCH decoding
· Option 2: By the configuration of serving cell CRS-RM, 7.5KHz shift, inter-RAT MO 
As for how the UE can know the presence of the interference CRS without network assistance signalling, 1) for scenario 1, UE can easily know the presence of the interference CRS by configured the Rel-15 CRS-RM message for the target cell; 2) for scenario 2, UE can also be indicated the presence of the interference CRS by the existing signalling including inter-RAT MO, 7.5KHz shift.
Observation 5: UE can know the presence of the interference CRS by the existing network signalling for both scenario 1 and scenario 2, e.g., by CRS-RM message for the target cell in scenario 1, and by inter-RAT MO, 7.5KHz shift in scenario 2. 
Based on the discussion above, we do not think we need to introduce additional network assistance signalling for UE CRS-IM process.
Proposal 1: Do not introduce additional network assistance signalling for UE CRS-IM process.
2.2 Necessity of Capability signalling
The necessity of UE CRS-IM capability signalling will also be discussed in phase II. For NR system under inter-cell LTE CRS interference, with gNB informed which UEs are capable of CRS-IM in the cell, they may achieve better overall performance by preventing UEs without CRS-IM capability from using the resources suffer LTE interference. Same time, even if the gNB cannot read the new added capability signalling because of late updating, the gNB just does not make use of the capability, and anyway it does no harm to the UE CRS-IM processing.
Proposal 2: Consider capability signalling for the CRS-IM UE feature.
3. Conclusions
In this paper, following proposals and observations are given on the necessity of network assistance signalling for CRS-IM and the necessity of CRS-IM capability signalling.
Observation 1: LLR weighting only needs to know the presence of neighbour LTE CRS to perform CRS-IM.
Observation 2: Not consider the scenario with CRS muting, if the CRS muting means the network-based CRS interference mitigation.
Observation 3: For scenario 1, consider the typical scenario with MBSFN configuration aligned for the neighbouring cells, and UE can obtain the MBSFN configuration from the CRS-RM RRC message for the target cell. For scenario 2, MBSFN are not configured since the interference cell is a pure LTE cell in that case.
Observation 4: For LLR weighting, UE can perform energy detection on all the REs in the OFDM symbols containing LTE CRS. Therefore, UE does not need to explicitly know the neighbour cell CRS port number.
Observation 5: UE can know the presence of the interference CRS by the existing network signalling for both scenario 1 and scenario 2, e.g., by CRS-RM message for the target cell in scenario 1, and by inter-RAT MO, 7.5KHz shift in scenario 2. 
Proposal 1: Do not introduce additional network assistance signalling for UE CRS-IM process.
Proposal 2: Consider capability signalling for the CRS-IM UE feature.
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