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1. Introduction 
In RAN4#99-e CRS interference handling in NR was discussed and way forward [1] was agreed. In this contribution we present our views on CRS interference mitigation and handling for scenarios with overlapping spectrum with LTE and NR.  
2. Discussion
In RAN4#99e, it was agreed to consider 2 scenarios –
· Scenario 1: LTE and NR DSS
· Scenario 2: NR and LTE deployed in neighboring BS/areas
Open issues related to CRS interference mitigation in [1]:
· TDD 15KHz for Scenario 2
· Neighbor LTE CRS-IM for PDCCH
· Network assistance information

TDD 15KHz
For initial evaluation only FDD 15KHz was prioritized and TDD with 15KHz and 30KHz SCS was de-prioritized. Based on operators input TDD 15KHz deployments could be see interference from CRS in non-DSS, where NR and LTE are deployed in neighboring areas. In FDD with synchronized network, the slots between NR and LTE are aligned and CRS-IC could be performed on NR based on the CRS pattern. With TDD the uplink-downlink configuration could be different between LTE and NR and the DL slots need not be aligned. The NR UE needs to detect the TDD config for LTE before doing any CRS-IM. Without any network assistance, NR UE would need to decode SIB1 from LTE cell to determine the TDD config and do CRS-IM in NR DL slots that overlap with LTE DL slots in addition to PBCH for MIB. 
Observation #1: Without network assistance in TDD, UE needs to decode SIB from LTE neighbor to determine LTE TDD config, in addition to MIB decoding. 
Decoding SIB from LTE neighbor cell for NR UE is not possible. Hence, we propose not to further discuss this case for CRS-IM without network assistance. 
Proposal #1: Do not consider case of TDD 15KHz for CRS-IM without network assistance. 
One feasible option for this scenario would be to enable CRS rate matching on the LTE DL slots for NR DL slots based on the neighboring LTE interference. This approach would also be favorable for TDD 30KHz scenario is considered. 
Proposal #2: In case CRS interference handling needs to be considered for TDD 15KHz, introduce requirements with CRS rate matching on LTE DL slots for NR DL slots. 
Proposal #3: In case TDD 30KHz scenario is considered for CRS interference handling, consider CRS rate matching on LTE DL slots for NR DL slots. 


Neighbor cell LTE CRS-IM for PDCCH
In DSS scenario the NR PDCCH should not see interference from CRS as PDCCH is not transmitted on CRS symbols.  For the non-DSS case, there might be interference from CRS, but PDCCH should not be significantly affected since it is a robust channel. 
Observation #2: In DSS PDCCH shouldn’t be affected by CRS interference. In non-DSS, PDCCH should be robust to CRS interference. 
Hence, we propose not to consider CRS-IM for PDCCH.
Proposal #4: Do not consider CRS-IM for PDCCH. 

Network Assistance
The topic of network assistance was extensively discussed in RAN4#99e, but there was no conclusion on it. 
	· Assumption on CRS-IM
· Both CRS-IC and LLR weighting for the initial performance evaluation
· FFS for performance requirements definition.
· FFS NW assistant information existed or not, companies are encouraged to bring analysis with different options.
· UE processing time
· Encourage further analysis on UE processing time in RAN4 #100e for CRS-IC and LLR deweighting respectively.



If CRS-IM is the preferred way forward for interference handling for CRS in NR, and no network assistance is provided, the UE needs to detect the LTE cells, decode PBCH/MIB to determine the number of TX antenna/ CRS ports and perform CRS-IC. This is significant processing and complexity at the UE side. In the last meeting companies were encouraged to bring analysis with and without network assistance information and also UE processing time. In RAN4 there is no benchmark to show UE complexity or UE processing time, hence it would be hard to evaluate based on such criteria. 
Observation #3: There is no benchmark in RAN4 to evaluate UE processing time or UE complexity
For non DSS scenario, we provide some performance results with and without network assistance for QPSK and 16QAM. With network assistance UE has full information from LTE CRS cell. Without network assistance, we emulate some decoding error for LTE and some error in LTE config. 
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Figure 1:Performance in non-DSS with and without network assistance
From the results in the figure above we observe that without network assistance the performance gain from CRS-IC for QPSK. For 16QAM, around 70% max TP, the performance degradation with no network assistance is almost 1 dB. 
Observation #4: For CRS-IC without network assistance performance degradation of 1-2dB is observed compared to with network assistance. 
For further study and evaluation, we recommend introducing network assistance on LTE configuration of the neighbor cells.  
Proposal #5: Introduce network assistance on neighbor cell LTE config to enable CRS-IC in NR. 
The network assistance should have the following information from LTE neighbor cell:
· Neighbor Cell-ID
· LTE carrier frequency
· LTE channel BW
· Number of CRS ports 
· LTE MBSFN subframe configuration
Proposal #6: Include the following configuration parameters on LTE neighbor cell for network assistance for CRS-IC:
· Neighbor Cell-ID
· LTE carrier frequency
· LTE channel BW
· Number of CRS ports 
· LTE MBSFN subframe configuration

3. Simulation Results 
3.1 DSS Scenario
For the simulation results agreed in [1], we present results for 20% interference loading on LTE cell. We provide SNR @ 70% of Max TP, SNR gain compared to reference and TP gain.
Reference: Rel-15 serving cell CRS-RM, no IC or RM for interference cells
Scheme #1: Rel-16 CRS-RM for 1 interference cell (case A the rate matched CRS is always the first dominant interference)
Scheme #3: Rel-15 RB symbol level CRS-RM for 2 interference cells
Scheme #4: CRS-IM using CRS-IC WITH NW assist
Scheme #5: CRS-IM using CRS-IC WITHOUT NW assist


Table 1: SNR @ 70% Max TP for DSS
	Antenna Config
	MCS index
	Reference
	Scheme #1
	Scheme #3
	Scheme #4
	Scheme #5

	4Tx 2Rx Low
	MCS4
	5.3
	4.8
	5.4
	4.1
	4.3

	
	MCS13
	11.9
	11.1
	12.8
	8.3
	9.1

	4Tx 4Rx Low
	MCS4
	2.9
	2.0
	2.2
	1.7
	1.8

	
	MCS13
	8.8
	7.2
	8.1
	4.6
	5.5



Table 2: SNR Gain for DSS
	Antenna Config
	MCS index
	Scheme #1
	Scheme #3
	Scheme #4
	Scheme #5

	4Tx 2Rx Low
	MCS4
	0.6
	-0.1
	1.3
	1.0

	
	MCS13
	0.8
	-1.0
	3.6
	2.7

	4Tx 4Rx Low
	MCS4
	0.8
	0.6
	1.2
	1.1

	
	MCS13
	1.5
	0.7
	4.2
	3.3



Table 3: Absolute TP Gain in Mbps for DSS
	Antenna Config
	MCS index
	Scheme #1
	Scheme #3
	Scheme #4
	Scheme #5

	4Tx 2Rx Low
	MCS4
	0.074
	-0.011
	0.139
	0.125

	
	MCS13
	0.367
	-0.273
	1.132
	1.018

	4Tx 4Rx Low
	MCS4
	0.122
	0.091
	0.166
	0.160

	
	MCS13
	0.900
	0.298
	1.767
	1.596



For DSS case we observe that for symbol level rate matching shows slight performance degradation compared to reference due to high code rate. 
CRS-IM performance with network assistance shows gains over no network assistance in all cases.
Better gains are observed for MCS13 with CRS-IC where SNR levels are higher and comparable to INR.
Observation #5: For DSS symbol level rate matching shows slight performance degradation compared to reference due to high code rate. 
Observation #6: For DSS case with network assistance performance is better than no network assistance in all cases. 
Observation #7: For DSS case better gains are observed for MCS13 with CRS-IC where SNR levels are higher and comparable to INR.
3.2 Non- DSS Scenario

For the simulation results agreed in [1], we present results for 20% interference loading on LTE cell. We provide SNR @ 70% of Max TP (relative), SNR gain compared to reference and relative TP gain.
Reference: No CRS-RM, no IC or RM for interference cells
Scheme #1: Rel-15 CRS-RM for 1 interference cell (case A the rate matched CRS is always the first dominant interference)
Scheme #3: Rel-16 CRS-RM for 2 interference cells
Scheme #4: CRS-IM using CRS-IC WITH NW assist
Scheme #5: CRS-IM using CRS-IC WITHOUT NW assist
For non-DSS scenario the maximum TP are different due to rate matching for some cases. So, we compare the relative performance among different schemes. The SNR is at 70% of max TP for each of the cases. The SNR gain and relative TP gain are with respect to the reference. 
Proposal #7: For non-DSS case use SNR @ max TP for each scheme for SNR gain and relative TP increase to compare performance.  

Table 4: SNR @ 70% Max TP for Non-DSS
	Antenna Config
	MCS index
	Reference
	Scheme #1
	Scheme #3
	Scheme #4
	Scheme #5

	4Tx 2Rx Low
	MCS4
	4.6
	4.5
	4.9
	3.7
	4.7

	
	MCS13
	10.3
	9.2
	10.1
	8.5
	9.5

	4Tx 4Rx Low
	MCS4
	1.6
	1.9
	2.0
	0.8
	2.2

	
	MCS13
	6.2
	5.5
	5.8
	4.3
	5.6



Table 5: SNR Gain for Non-DSS
	Antenna Config
	MCS index
	Scheme #1
	Scheme #3
	Scheme #4
	Scheme #5

	4Tx 2Rx Low
	MCS4
	0.1
	-0.3
	0.9
	-0.2

	
	MCS13
	1.1
	0.2
	1.8
	0.8

	4Tx 4Rx Low
	MCS4
	-0.3
	-0.4
	0.8
	-0.7

	
	MCS13
	0.7
	0.4
	1.8
	0.5



Table 6: Relative TP Gain in percent for Non-DSS
	Antenna Config
	MCS index
	Scheme #1
	Scheme #3
	Scheme #4
	Scheme #5

	4Tx 2Rx Low
	MCS4
	0.33
	-1.55
	4.62
	-0.99

	
	MCS13
	5.81
	0.67
	7.88
	4.57

	4Tx 4Rx Low
	MCS4
	-1.37
	-2.12
	4.96
	-4.70

	
	MCS13
	6.23
	2.97
	12.51
	5.15



For some cases we observe that CRS-IC with no network assistance performs worse than reference. 
Rate matching for strong interferer cell gives better performance than CRS-IC with no network assistance performs worse than reference in some cases.
Network assistance performance is better than no network assistance in all cases.
Better gains are observed for MCS13 with CRS-IC where SNR levels are higher and comparable to INR.
Observation #8: For non-DSS CRS-IC with no network assistance performs worse than reference in some cases.
Observation #9: For non-DSS rate matching for strong interferer cell gives better performance than CRS-IC with no network assistance performs worse than reference in some cases.
Observation #10: For non-DSS case with network assistance performance is better than no network assistance in all cases. 
Observation #11: For non-DSS case better gains are observed for MCS13 with CRS-IC where SNR levels are higher and comparable to INR.

4. Conclusion
In this paper, we provide our views on the remaining open issues related to CRS interference mitigation and handling for scenarios with overlapping spectrum with LTE and NR. Our observations and proposals are captured below:
TDD in 15KHz
Observation #1: Without network assistance in TDD, UE needs to decode SIB from LTE neighbor to determine LTE TDD config, in addition to MIB decoding. 
Proposal #1: Do not consider case of TDD 15KHz for CRS-IM without network assistance. 
Proposal #2: In case CRS interference handling needs to be considered for TDD 15KHz, introduce requirements with CRS rate matching on LTE DL slots for NR DL slots. 
Proposal #3: In case TDD 30KHz scenario is considered for CRS interference handling, consider CRS rate matching on LTE DL slots for NR DL slots. 
 
CRS-IM for PDCCH
Observation #2: In DSS PDCCH shouldn’t be affected by CRS interference. In non-DSS, PDCCH should be robust to CRS interference. 
Proposal #4: Do not consider CRS-IM for PDCCH. 

Network Assistance for CRS-IC
Observation #3: There is no benchmark in RAN4 to evaluate UE processing time or UE complexity
Observation #4: For CRS-IC without network assistance performance degradation of 1-2dB is observed compared to with network assistance. 
Proposal #5: Introduce network assistance on neighbor cell LTE config to enable CRS-IC in NR. 
Proposal #6: Include the following configuration parameters on LTE neighbor cell for network assistance for CRS-IC:
· Neighbor Cell-ID
· LTE carrier frequency
· LTE channel BW
· Number of CRS ports 
· LTE MBSFN subframe configuration

Simulation Results
Observation #5: For DSS symbol level rate matching shows slight performance degradation compared to reference due to high code rate. 
Observation #6: For DSS case with network assistance performance is better than no network assistance in all cases. 
Observation #7: For DSS case better gains are observed for MCS13 with CRS-IC where SNR levels are higher and comparable to INR.
Proposal #7: For non-DSS case use SNR @ max TP for each scheme for SNR gain and relative TP increase to compare performance.  
Observation #8: For non-DSS CRS-IC with no network assistance performs worse than reference in some cases.
Observation #9: For non-DSS rate matching for strong interferer cell gives better performance than CRS-IC with no network assistance performs worse than reference in some cases.
Observation #10: For non-DSS case with network assistance performance is better than no network assistance in all cases. 
Observation #11: For non-DSS case better gains are observed for MCS13 with CRS-IC where SNR levels are higher and comparable to INR.

Reference
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