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Background
As per [1], RAN 4 agreed to introduce NWA for CRS-IM receiver with 15 kHz SCS, but there are still some open issues left. In this paper, we provide our analysis on these open issues.
Discussions
LTE channel bandwidth for scenario 2
The open issues for LTE channel bandwidth for scenario 2 are listed as follows:
	LTE channel bandwidth for scenario 2
Option 1 (baseline assumption):
· For scenario 2, LTE channel bandwidth information can be awared by following possible ways:
· With inter-RAT MO configured, 1) UE can use PBCH decoding to obtain channel bandwidth information for CRS-IM if PBCH is within the configured measurement gap, or 2) UE can use power difference detection to obtain channel bandwidth information
· For UE capable of obtaining LTE CBW information by PBCH decoding and/or power detection, inter-RAT MO information is needed to perform CRS-IM otherwise UE not expected to perform CRS-IM.
· LTE channel bandwidth information can be informed to UE by NWA signalling (optional)
· For UE not capable of obtaining LTE CBW information by PBCH decoding and/or power detection, NWA signalling on LTE CBW is needed to perform CRS-IM otherwise UE not expected to perform CRS-IM.
· Separate capability will be introduced for UE capable of performing CRS-IM in scenario 2 without the above new NWA signalling on LTE channel bandwidth.
· Enabling CRS-IM receiver should not impact on existing RRM procedure and RRM requirements
· In the next meeting, discuss whether the test requirement for the following schemes can be the same:
· Scheme #1: CRS-IM with Inter-RAT MO configured and perform PBCH decoding and/or power difference detection
· Scheme #2: CRS-IM with NWA signaling
· Further discuss the following test setup for scenario 2 in the next meeting:
· Option 1: Define one set of test setup with both Inter-RAT MO and the new NMA signaling configured by the network
· Option 2: Define 2 sets of test setup: 1) Only Inter-RAT MO is configured, and; 2) Only the new NWA signaling is configured.
· FFS the applicability of the 2 sets of test setup 
· Option 3: Define one set of test setup: Only the new NWA signaling is configured.
Other options are not precluded.


In order to discuss whether test requirement for CRS-IM with Inter-RAT MO with PBCH decoding/ power difference detection and NWA can be same, we did a simulation to evaluate it. In the simulations, four different options are used:
· Baseline: Inter-RAT MO is not configured and UE perform demodulation without CRS interference mitigating
· LLR weighting with option 1: Inter-RAT MO is not configured and UE perform LLR weighting with network assistance signalling.
· LLR weighting with option 2: Inter-RAT MO is configured and UE perform LLR weighting with PBCH decoding to acquire the LTE bandwidth. It is noted that PBCH decoding is not simulated since PBCH has higher robust than PDSCH and there is no interference when UE is decoding PBCH. Therefore, we think PBCH performance can be always guaranteed at SNR range targeted for PDSCH.
· LLR weighting with option 3: Inter-RAT MO is configured and UE perform LLR weighting per PRB without PBCH decoding.
Observation 1: PBCH has higher robust than PDSCH and there is no interference when UE is decoding PBCH. Therefore, PBCH performance can be always guaranteed at SNR range targeted for PDSCH.
For Inter-RAT MO pattern, we used ID 1 in Table 9.4.1-1 in TS 38.133. I.e. MGL=6ms and MGRP=40ms. It is noted that the first 0.5ms and last 0.5ms of measurement gap should be used for switching. The measurement gap pattern for FDD can be descripted in Figure 1:
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Figure 1: Measurement gap pattern for FDD
The measurement gap for TDD is descripted in Figure 2. It is noted that LTE is delayed by 2 subframes compared to NR.
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Figure 2: Measurement gap pattern for TDD
The simulation results are shown in Figure 3 (For FDD) and Figure 4(For TDD). Based on the simulation results, we can observe that three options have same performance. Hence, the requirements for scheme#1 (CRS-IM with Inter-RAT MO configured and perform PBCH decoding and/or power difference detection) and scheme#2 (CRS-IM with NWA signalling) can be same.
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Figure 4: Simulation results for LLR weighting with NWA and Inter-RAT MO (TDD)
Proposal 1: Define one set of performance requirements for scheme#1 (CRS-IM with Inter-RAT MO configured and perform PBCH decoding and/or power difference detection) and scheme#2 (CRS-IM with NWA signalling)
We propose to define one test setup for UE supporting different capabilities to reduce the effort. We prefer to define one test setup that Inter-RAT MO is used for acquiring the LTE frequency information and PBCH decoding and NWA signalling only include LTE bandwidth information. It is applicable for UEs with different capability.  
Proposal 2: Define one set of test setup with both Inter-RAT MO and the new NMA signalling configured by the network:
· Inter-RAT MO is used for acquiring LTE frequency information and PBCH decoding.
· NWA only include LTE bandwidth information.
UE capability 
The UE capability for 15 kHz are listed as follows:
	Granularity of UE CRS-IM Capability
· Option 1: Introduce granularity of per CC, per band, per band combination
· Option 2: Introduce granularity of per UE 
· Option 3: Introduce granularity of per UE, but only applicable for the bands that are overlapping with LTE spectrum
· Option 1: Introduce granularity of per band, per band combination
Applicability of UE CRS-IM Capability
· For 15kHz SCS:
· Option 1: FR1 only, no FDD/TDD difference
· Option 2: UE capabilities are applicable whenever they are signaled
•	For scenario 1 and 2:
–	Option 1: Further discuss whether to introduce single or separate features for Scenario 1 and Scenario 2 
–	Option 2: Not to differentiate Scenario 1 and Scenario 2 with 15kHz


For granularity of UE CRS-IM capability, we support option 3. We think it is too complex for UE to report CRS-IM capability per band. 
Proposal 3: Define the UE CRS-IM capability with granularity of per UE but only applicable for the bands that are overlapping with LTE spectrum.

Conclusion
In this paper, we provide our analysis on NWA signalling for CRS-IM receiver with 15 kHz SCS. The observations and proposals are:
Observation 1: PBCH has higher robust than PDSCH and there is no interference when UE is decoding PBCH. Therefore, PBCH performance can be always guaranteed at SNR range targeted for PDSCH.
Proposal 1: The requirements for scheme#1 (CRS-IM with Inter-RAT MO configured and perform PBCH decoding and/or power difference detection) and scheme#2 (CRS-IM with NWA signalling) can be same
Proposal 2: Define one set of test setup with both Inter-RAT MO and the new NMA signalling configured by the network:
· Inter-RAT MO is used for acquiring LTE frequency information and PBCH decoding.
· NWA only include LTE bandwidth information.
Proposal 3: Define the UE CRS-IM capability with granularity of per UE but only applicable for the bands that are overlapping with LTE spectrum.
Reference 
[1]   R4-2203131 WF on general part and 15 kHz NR SCS scenario for CRS-IM receiver.
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