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1. Introduction
In RAN4#101-e meeting, the network assistant signaling related issues were discussed and a way forward was agreed in [1]. In RAN#94-e meeting, LLR weighting is defined as baseline reference receiver, the WID was revised in [2]. We copy the objectives in the revised WID as follows:
	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. Evaluate the feasibility of supporting 30 kHz scenario and specify performance requirements if needed.
· Note: Any cross WG impact shall be concluded before March 2022.
· Network assistant signaling will be further discussed in RAN4
· Note: The RAN2 work on “network assistant signaling part” can be triggered by RAN4 LS if needed pending on RAN4 discussion.


In this contribution, we further provide our views about network signaling assistance.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
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]
RAN4 discussed the implementation details for LLR weighting last meeting, we list it below for information
	Implementation details for LLR weighting
Option 1: Adopt CRS power into MMSE-IRC equalization processing
· Calculate the CRS power per receiving antenna and the power vector is ICRS
· Update the LLR of CRS REs by adding the diag (ICRS) to interference plus noise covariance in MMSE-IRC processing.
Option 2: Direct scaling of LLR without equalization processing involved
· Option 2A: 
· For each v-shift, calculate the average CRS power of all Rx antennas per PRB.
· Use the above CRS power to scale the LLRs on the interfered REs within this PRB, rather than using it in the MMSE-IRC equalization.
· Option 2B: (LLR weighting processing flow in section 2.1 of R4-2118004)
Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue


No matter the receiver implementation is based on Option 1 or Option 2, the receiver can work only with the information of the presence of CRS and CRS location. There is no need of CRS sequence information.
Proposal 1: In order to enable CRS-IM receiver (LLR weighting), only the information of the presence of CRS and CRS location is needed. 
How UE can obtain the identified parameters
For CRS presence information, UE can obtain the information as follows: 
· the presence of LTE cell
· For scenario 1: by serving cell CRS-RM configuration, 7.5kHz shift configuration 
· For scenario 2: by inter-RAT MO configuration
· CRS muting information
· Follow the assumption of no CRS muting
· MBSFN configuration information
· For scenario 1, follow the assumption of MBSFN configuration same as serving cell
· For scenario 2, follow the assumption of no MBSFN configuration
For CRS location information, UE can obtain the information as follows:
· v-shift and CRS port number
· For Scenario 1 and Scenario 2 with NR 15kHz SCS, UE can obtain the power difference, v-shift and CRS ports information through power difference detection, even if UE unaware of CRS ports in advanced. We give our simulation results and simulation assumptions in Appendix.
· For Scenario 2 with NR 30kHz SCS, based on our analysis in [3], UE can obtain the CRS port number through power difference detection per symbol level. There is no need to further identify the v-shift since all the REs on interfered symbols are interfered. 
· LTE carrier frequency and bandwidth
· For scenario 1, follow the assumption of Channel bandwidth and centre frequency aligned for the serving and neighboring cells
· For scenario 2, obtain the LTE neighbor cell carrier frequency through inter-RAT MO configuration, obtain the bandwidth through inter-RAT MO and PBCH decoding, or through power estimation.
Some potential issues are raised about above method in last meeting. 
1.	Whether inter-RAT MO can be always configured
From our view, the inter-RAT MO can be always configured if neighbour EUTRA cell exists.
2.	Whether PBCH decoding is always possible in inter-RAT measurement
In order to enable PBCH decoding, Inter-RAT MG should cover LTE subframe#0. This can be done by BS setting proper gap-offset and MGL.
Even if PBCH decoding is not possible in IRAT measurement, UE still can obtain the bandwidth information through power estimation.
Proposal 2: UE get the LLR weighting required parameters through the following method:
· the presence of LTE cell
· For scenario 1: by serving cell CRS-RM configuration, 7.5kHz shift configuration 
· For scenario 2: by inter-RAT MO configuration
· CRS muting information
· Follow the assumption of no CRS muting
· MBSFN configuration information
· For scenario 1, follow the assumption of MBSFN configuration same as serving cell
· For scenario 2, follow the assumption of no MBSFN configuration
For CRS location information, UE can obtain the information as follows:
· v-shift and CRS port number
· For Scenario 1 and Scenario 2 with NR 15kHz SCS, UE can obtain the power difference, v-shift and CRS ports information through power difference detection.
· For Scenario 2 with NR 30kHz SCS, UE can obtain the power difference and the CRS ports information through power difference detection. No need to further identify the v-shift information. 
· LTE carrier frequency and bandwidth
· For scenario 1, follow the assumption of Channel bandwidth and centre frequency aligned for the serving and neighboring cells
· For scenario 2, obtain the LTE neighbor cell carrier frequency through inter-RAT MO configuration, obtain the bandwidth through inter-RAT MO and PBCH decoding.
Whether to introduce network assistance signalling
In last meeting, we had achieved the agreement that network assistance signalling is needed when below assumption of network configuration is not aligned with NW configuration.
· 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
For both Scenario 1 and Scenario 2, there is no need to introduce additional network assistance signalling, since UE can acquire all required information by UE detection based on above analysis. 
Proposal 3: For Scenario 1 and Scenario 2, only introduce the network assistance signalling to inform UE when default assumption is not aligned with NW configuration
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
We support Option 2. First, in real network, the number of CRS ports in the serving and neighboring cells can be different. Second, even if UE unaware of CRS ports in advance, UE can detect CRS ports by power difference estimation. 
Proposal 4: The number of CRS ports in the serving and neighbouring cells can be different.
Whether to introduce CRS-IM UE capability signaling
· Agree to introduce UE capability signalling for CRS-IM.
· FFS on the details, including the granularity of the capability and other aspects if necessary.
For CRS-IM UE capability, the granularity should be per UE, and it is valid only in FR1 scenario.
For Scenario 1 and Scenario 2 with NR 15kHz SCS, The UE LLR implementation is mainly the same, no difference between duplex modes and application scenarios.
For Scenario 2 with NR 30kHz SCS, considering potential more complex receiver, we introduce another feature. No need to differentiate the duplex modes.
Therefore, we propose the UE capability as follows:
	UE capability
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	CRS-IM-15kHz
Indicates the UE supports LLR weighting based CRS-IM for serving cell SCS 15kHz.
	UE
	No
	No
	FR1 only

	CRS-IM-30kHz
Indicates the UE supports LLR weighting based CRS-IM for serving cell SCS 30kHz.
	UE
	No
	No
	FR1 only


Proposal 5: Introduce CRS-IM UE capability signaling as follows:
	UE capability
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	CRS-IM-15kHz
Indicates the UE supports LLR weighting based CRS-IM for serving cell SCS 15kHz.
	UE
	No
	No
	FR1 only

	CRS-IM-30kHz
Indicates the UE supports LLR weighting based CRS-IM for serving cell SCS 30kHz.
	UE
	No
	No
	FR1 only


3. Conclusion
In this contribution, we discuss whether and how to introduce network signaling assistance. The proposals are:
Proposal 1: In order to enable CRS-IM receiver (LLR weighting), only the information of the presence of CRS and CRS location is needed. 
Proposal 2: UE get the LLR weighting required parameters through the following method:
· the presence of LTE cell
· For scenario 1: by serving cell CRS-RM configuration, 7.5kHz shift configuration 
· For scenario 2: by inter-RAT MO configuration
· CRS muting information
· Follow the assumption of no CRS muting
· MBSFN configuration information
· For scenario 1, follow the assumption of MBSFN configuration same as serving cell
· For scenario 2, follow the assumption of no MBSFN configuration
For CRS location information, UE can obtain the information as follows:
· v-shift and CRS port number
· For Scenario 1 and Scenario 2 with NR 15kHz SCS, UE can obtain the power difference, v-shift and CRS ports information through power difference detection.
· For Scenario 2 with NR 30kHz SCS, UE can obtain the power difference and the CRS ports information through power difference detection. No need to further identify the v-shift information. 
· LTE carrier frequency and bandwidth
· For scenario 1, follow the assumption of Channel bandwidth and centre frequency aligned for the serving and neighboring cells
· For scenario 2, obtain the LTE neighbor cell carrier frequency through inter-RAT MO configuration, obtain the bandwidth through inter-RAT MO and PBCH decoding.
Proposal 3: For Scenario 1 and Scenario 2, only introduce the network assistance signalling to inform UE when default assumption is not aligned with NW configuration
Proposal 4: The number of CRS ports in the serving and neighbouring cells can be different.
Proposal 5: Introduce CRS-IM UE capability signaling as follows:
	UE capability
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	CRS-IM-15kHz
Indicates the UE supports LLR weighting based CRS-IM for serving cell SCS 15kHz.
	UE
	No
	No
	FR1 only

	CRS-IM-30kHz
Indicates the UE supports LLR weighting based CRS-IM for serving cell SCS 30kHz.
	UE
	No
	No
	FR1 only
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5. Appendix
We do the simulation with following assumption:
	2Tx ports configured
Interference cell PDSCH loading level: 20%
For the other necessary parameters, reuse the assumption in Phase I evaluation.
The transmission power on serving cell is fixed.
Simulated cases:
· UE blind detection of number of Tx ports 
Target test metric:
· Detection success rate
· Power difference 
· Assuming 2 CRS and 4 CRS ports are transmitted respectively, simulate the power difference for the 3 categories of symbols:
· Category A: Symbols with CRS port 0/1 in PDSCH region, i.e., symbols #4/7/11
· Category B: Symbols with CRS port 2/3 in PDSCH region, i.e., symbols #8
· Category C: other PDSCH symbols without CRS, i.e., symbols #3/5/6/9/10…
· the power is averaged among the symbols within the same category.
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