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1. Introduction
In RAN4#101bis-e meeting, CSI-IM for NR 30kHz SCS related issues were discussed, a way forward was agreed in [1]. In this contribution, we further provide our views about LLR implementation, CRS-IM gain, test setup and UE capability and so on. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1. CRS-IM feasibility for 30kHz SCS scenario
Implementation of LLR weighting in 30 kHz SCS scenario
· Option 1: Propose a LLR weighting method as follows
· Acquire the CRS time domain location by power detection
· Estimate the interference power distribution per RE level in the interfered symbols
· Calculate the actual SINR on these interfered REs
· Scaling the LLRs by post processing SINR value
· Option 2: UE should do power estimation three times for three types of REs with different interference models with several RBs granularity or the whole bandwidth and perform LLR weighting respectively. 
· In the NR 30kHz+ LTE15kHz deployment, the main interference contributing to kth of NR subcarrier are 2kth, (2k-1)th and (2k+1)th LTE subcarrier. 
· Interference pattern 1: Subcarrier index 0, 3, 6, 9…, 
· Interference pattern 2: Subcarrier index 1, 4, 7, 10,…, 
· Interference pattern 3: Subcarrier index 2, 5, 8, 11…, 
· Option 3: Measure the interference power on all REs within the symbol colliding with CRS REs and make the averaging with 1 PRB granularity. 
· Intel: we will not observe that selected REs are affected by CRS interference due to loss of orthogonality
· Option 4: Up to UE implementation 
· QC: Discuss the single DMRS scenario separately, since the front loaded DMRS will be totally interfered by CRS in 4 CRS port scenario.
· FFS which LLR weighting implementation is feasible
· FFS is it necessary to agree on one implementation as reference receiver based on the performance gain evaluation
We did the simulation for above options. For Option 1 and Option 3, the performance loss was observed. Based on our understanding, the performance loss is due to small sample numbers in power difference calculation, such as one RE/ one RB, large error of power difference estimation was introduced.
Observation 1: For Option 1 and Option 3, the performance loss was observed. The loss is due to inaccurate power difference detection, which has too small sample numbers.
Based on above observation, we revisit Option 1 and Option 3 as follows in order to find feasible LLR implementations. 
(Revisited)Option 1: Propose a LLR weighting method as follows
· Assume the CRS port number is 4
· Do power estimation for each subcarrier with several RBs granularity or the whole bandwidth and perform LLR weighting respectively.
· Calculate the actual SINR on these interfered REs
· Scaling the LLRs by post processing SINR value
(Revisited)Option 3: Measure the interference power on all REs within the symbol colliding with CRS REs and make the averaging with wideband granularity. 
The simulation results for Revisited Option1, Option 2, and Revisited Option 3 are in Table 1. We use MMSE-MRC as the baseline receiver.
Table 1. Simulation results for 1+1 DMRS configuration and channel estimation with 2DMRS
	
	Baseline Receiver（MRC）
	Revisited Option 1 with whole bandwidth averaging granularity
	Revisited Option 1 with 10RB averaging granularity
	Option 2 with whole bandwidth averaging granularity
	Revisited Option 3 with whole bandwidth averaging granularity

	SNR at 70% TP (dB)
	16
	7.1
	7.1
	7.2
	7.3


Based on the simulation results, (Revisited)Option 1, Option 2 and (Revisited)Option 3 can achieve similar performance gain. Besides, from receiver complexity perspective, all (Revisited)Option 1, Option 2 and (Revisited)Option 3 should estimate the power difference per RE level, but do the subsequent calculation different ways. Therefore, they have similar complexity. 
Based on all above analysis, we think (Revisited)Option 1, Option 2 and (Revisited)Option 3 are feasible LLR weighting implementations. There is no necessary to agree on one implementation as reference receiver. Hence, Option 4 is supported.
Observation 2: (Revisited)Option 1, Option 2 and (Revisited)Option 3 can achieve similar performance gain.
Observation 3: (Revisited)Option 1, Option 2 and (Revisited)Option 3 have similar power detection and processing complexity.
Proposal 1: LLR weighting implementation can up to UE implementation.
CRS port number information
· Option 1: UE verify the CRS port number and interfered symbols based on power comparison per symbol level.
· Option 1a: Further analyse the feasibility of blind detection if testable performance will be observed with all parameters known to UE
· Option 2: Need NWA since power detection is unreliable for higher SIR. 
· Option 3: Reuse the GTW agreement
· From RAN4 minimum performance requirements aspect, UE follow below default assumption without blind detection as baseline assumption 
· 4 CRS ports for scenario 2
· By default, number of CRS ports no need to be informed via signalling with following default assumption from RAN4 performance requirements aspect
· Number of CRS ports information can be included into NWA signalling (optional)
· Other Options are not precluded
We support Option 3. The CRS port is interference cell’s configuration, it has no relationship with the SCS of NR serving cell. Therefore, the default assumption which is used in NR Cell 15kHz SCS scenario can be reused in NR cell 30kHz SCS scenario.
Proposal 2: For CRS port number information, reuse the GTW agreement
· From RAN4 minimum performance requirements aspect, UE follow below default assumption without blind detection as baseline assumption 
· 4 CRS ports for scenario 2
· By default, number of CRS ports no need to be informed via signalling with following default assumption from RAN4 performance requirements aspect
· Number of CRS ports information can be included into NWA signalling (optional)
CRS frequency location information
· Option 1: There is no need to identify the CRS frequency location in Scenario 2 with NR 30 kHz.  
· CMCC: Almost all the NR REs in interfered symbols will be interfered by LTE CRS.
· Option 2: CRS location information should be configured with network assistance information. 
· Option 3: Further analyze the feasibility of blind detection if testable performance will be observed with all parameters known to UE 
· Option 4: Reuse the GTW agreement
· The baseline assumption: No need to introduce NWA signaling for v-shift information
We observe that Option 1 and Option 4 are not conflict options. According to our analysis in last meeting, almost all the NR REs in interfered symbols will be interfered by LTE CRS, and most of the companies share the same observation. Since no need to identify the frequency location for CRS interference, the v-shift information is not needed as well. The agreement in last meeting’s GTW can be reused.
Proposal 3: Reuse the baseline assumption from last meeting’s GTW agreement: No need to introduce NWA signaling for v-shift information.
2.2. CRS-IM test setup for 30kHz SCS scenario
CBW and SCS for target and interference cells
· Option 1: If 30kHz SCS is feasible, use TDD 30kHz/20MHz for target cell and TDD 15kHz/20MHz for interference cells
· Other options are not precluded
We support Option 1. First, the obvious CRS-IM gain can be observed since NR CBW can be fully overlapped by LTE CBW. Second, the typical bands for Scenario 2 with 30kHz SCS support 20MHz CBW.
Proposal 4: TDD 30kHz/20MHz for target cell and TDD 15kHz/20MHz for interference cells.
TDD configuration for target cell with 30kHz SCS
· Option 1: If 30kHz SCS is feasible, Use 7DS2U with S=6D+4G+4U for the target cell with TDD 30kHz SCS
· Other options are not precluded
We support Option 1. 7DS2U can guarantee UL/DL sync between NR serving cell and LTE interference cells.
Proposal 5: Use 7DS2U with S=6D+4G+4U for the target cell with TDD 30kHz SCS.
Time offsets for synchronized network
In NR serving cell 15kHz SCS scenario, we use 3 us for interfering cell 1 and -1 us for interfering cell 2 as the time offset. However, with such time offsets assumption, 3 us time offset will exceed CP length in serving cell 30kHz SCS scenario. Considering of network usually can achieve better performance than minimum accuracy requirement (3 us), we propose to tighten the time offset to less than CP. For example, the time offset for interfering cell 1 is 2 us, and time offset for interference cell 2 is -1 us.
Proposal 6: Tighten the time offset to less than CP. For example, the time offset for interfering cell 1 is 2 us, and the time offset for interference cell 2 is -1 us.
2.3. CRS-IM performance gain for 30kHz SCS scenario
Colliding of the DM-RS in serving cell with CRS in neighbouring cell
· If CRS ports is 4, then the front loaded DMRS will be totally interfered by CRS.
· FFS investigate the potential performance impact by the above observation.
We first do the simulation for 1+1 DMRS scenario. The CRS-IM receiver use both DMRS and additional DMRS to do the channel estimation separately. The results are:
For the scenario of DMRS 1+1:
	
	Baseline receiver
Use both DMRS for channel estimation
	Revisited Option 1 with whole bandwidth averaging granularity 
Use both DMRS for channel estimation
	Revisited Option 1 with whole bandwidth averaging granularity 
Use additional DMRS for channel estimation

	SNR at 70% TP (dB)
	16
	7.1
	7


Observation 4: No simulation result mis-alignment between using 2 or 1 DMRS for channel estimation
Proposal 7: Which DMRS will be used for channel estimation can up to UE implementation. 
We also do the simulation for 1+0 DMRS scenario. The results are:
	
	Baseline receiver
	Revisited Option 1 with whole bandwidth averaging granularity 

	SNR at 70% TP (dB)
	17.2
	9.9


Observation 5: Comparing with 1+1 DMRS configuration scenario, in 1+0 DMRS scenario, both baseline receiver and LLR receiver have performance loss.
Observation 6: LLR receiver can still achieve performance gain comparing with baseline receiver.
2.4. CRS-IM capability signaling for 30kHz SCS scenario
Applicability of UE CRS-IM Capability
· Option 1: FFS until feasibility to support CRS-IM for 30kHz SCS is confirmed
· Option 2: Define separate UE capability for 30kHz SCS CRS-IM, FR1 only, no FDD/TDD difference
Similar with CRS-IM 15kHz SCS in scenario 2, two separate UE capabilities can be defined, depends on whether UE is capable of obtaining LTE CBW information by PBCH decoding and/or power detection. The UE feature is optional with capability signaling, FR1 only, no FDD/TDD difference.
Proposal 8:
	UE capability
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	CRS-IM-30kHz-NR-Blind detection
Indicates the UE supports LLR weighting based CRS-IM for NR serving cell and LTE interference cell spectrum overlapping scenario, and UE capable of obtaining LTE CBW information by PBCH decoding and/or power detection. NR serving cell SCS is 30kHz
	UE
	No
	No
	FR1 only

	CRS-IM-30kHz-NR-NWA
Indicates the UE supports LLR weighting based CRS-IM for NR serving cell and LTE interference cell spectrum overlapping scenario, and UE not capable of obtaining LTE CBW information by PBCH decoding and/or power detection. NR serving cell SCS is 30kHz
	UE
	No
	No
	FR1 only


3. Conclusion
In this contribution, we discuss the receiver assumption for LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR. The proposals are:
Observation 1: For Option 1 and Option 3, the performance loss was observed. The loss is due to inaccurate power difference detection, which has too small sample numbers.
Observation 2: (Revisited)Option 1, Option 2 and (Revisited)Option 3 can achieve similar performance gain.
Observation 3: (Revisited)Option 1, Option 2 and (Revisited)Option 3 have similar power detection and processing complexity.
Proposal 1: LLR weighting implementation can up to UE implementation.
Proposal 2: For CRS port number information, reuse the GTW agreement
· From RAN4 minimum performance requirements aspect, UE follow below default assumption without blind detection as baseline assumption 
· 4 CRS ports for scenario 2
· By default, number of CRS ports no need to be informed via signalling with following default assumption from RAN4 performance requirements aspect
· Number of CRS ports information can be included into NWA signalling (optional)
Proposal 3: Reuse the baseline assumption from last meeting’s GTW agreement: No need to introduce NWA signaling for v-shift information.
Proposal 4: TDD 30kHz/20MHz for target cell and TDD 15kHz/20MHz for interference cells.
Proposal 5: Use 7DS2U with S=6D+4G+4U for the target cell with TDD 30kHz SCS.
Proposal 6: Tighten the time offset to less than CP. For example, the time offset for interfering cell 1 is 2 us, and the time offset for interference cell 2 is -1 us.
Observation 4: No simulation result mis-alignment between using 2 or 1 DMRS for channel estimation
Proposal 7: Which DMRS will be used for channel estimation can up to UE implementation. 
Observation 5: Comparing with 1+1 DMRS configuration scenario, in 1+0 DMRS scenario, both baseline receiver and LLR receiver have performance loss.
Observation 6: LLR receiver can still achieve performance gain comparing with baseline receiver.
Proposal 8:
	UE capability
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	CRS-IM-30kHz-NR-Blind detection
Indicates the UE supports LLR weighting based CRS-IM for NR serving cell and LTE interference cell spectrum overlapping scenario, and UE capable of obtaining LTE CBW information by PBCH decoding and/or power detection. NR serving cell SCS is 30kHz
	UE
	No
	No
	FR1 only

	CRS-IM-30kHz-NR-NWA
Indicates the UE supports LLR weighting based CRS-IM for NR serving cell and LTE interference cell spectrum overlapping scenario, and UE not capable of obtaining LTE CBW information by PBCH decoding and/or power detection. NR serving cell SCS is 30kHz
	UE
	No
	No
	FR1 only
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5. Appendix
Table 2. Simulation assumptions
	CBW and SCS
	Target cell 30kHz/20MHz
Interference cell 15kHz/20MHz

	TDD configuration for target and interference cells
	Use 7DS2U with S=6D+4G+4U for the target NR cell with TDD 30kHz SCS
Use DSUDDDSUDD with S = 10D+2G+2U for the interference LTE with TDD 15kHz SCS.

	Time offset and frequency shift
	Time offset: The serving cell is 2 us and -1 us for interfering cell 1 and cell 2 respectively
Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.

	Interference power level
	INR1 = 10.45 dB and INR2 = 4.6 dB

	PDSCH loading level on interference cell
	20% loading level with full PRB allocation will be used for defining requirements.

	CRS pattern
	Non-colliding CRS between the two interfering cells
–	For scenario 2, v-shift = 1, 2 for the two interference cells

	Transmission rank for the interference LTE
	rank 1 

	Modulation scheme for the interference PDSCH
	16 QAM randomly modulated symbols in the interfering PDSCH when exists

	Precoding scheme for the LTE interference PDSCH
	Random precoding

	MBSFN configuration for interference LTE PDSCH
	No MBSFN is configured on LTE carrier

	CRS muting for interference LTE
	Disable CRS muting on LTE carrier

	Centre frequency for the interference LTE cell
	Same between serving cell and neighboring cells

	LTE CRS port number
	4 CRS ports

	Rx antenna port number
	2Rx

	Propagation condition for target and interference cell
	TDLA30-10 ULA low

	Rank for target NR PDSCH
	Rank 1

	MCS for target NR PDSCH
	MCS 13

	Precoding scheme for the NR target PDSCH
	Random precoding (Single panel Type 1) with precoding granularity is 2, PRB bundling size is 2 with PRB bundling type is static

	HARQ process number for target NR PDSCH
	4 for FDD
8 for TDD

	PDSCH configuration for target NR
	PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data

	Symbol length (L) for the target PDSCH
	L = 12 for scenario 2

	CSI-RS configuration for the target NR
	Reuse the Rel-15 assumptions for ZP CSI-RS, NZP CSI-RS and TRS configuration in PDSCH demodulation requirements for the serving cell

	SSB configuration for target NR
	Configure the first SSB in slot #0 in every 20 ms, and the slot #0 in every 20 ms is not scheduled for PDSCH transmission
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Figure 1. Simulation results
Note: Due to limited time, only part of simulations has full curve.
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