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Introduction
In the previous RAN4 meeting WF on CRS-IM requirements for scenarios with 30 kHz SCS was agreed [1][2].
In this paper we provide our view on open questions for 30 kHz SCS case in scenarios with overlapping spectrum for LTE and NR. This paper is a resubmission of our paper in the last meeting.
Discussion
One of the open topics for scenarios with 30 kHz SCS is CRS-IM performance benefits and reference receiver assumptions. In the previous RAN4 meeting the following agreements were reached:
	· 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. 
· Option 4: Up to UE implementation 
· 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


In Figure 1 we provide the illustration of OFDM symbols in time domain.
	

	[bookmark: _Ref91085802]Figure 1. Time domain OFDM symbols for different cells.


Based on our understanding, during the FFT processing from time to frequency domain at the UE side of 30 kHz SCS signal, the loss of orthogonality of 15 kHz SCS signal will be observed. Therefore, UE potentially will not observe that selected REs within OFDM symbol overlapped with OFDM symbol with CRS signal will be affected by interference and whole symbol will be affected by interference signal.
Based on such observation, we think that Option 3 is more reasonable implementation for 30 kHz SCS case. However, to understand the performance difference of different implementation options, we prepared link level analysis for Option 2 and 3 and summary is presented in Figure 2. Results for different DMRS configuration are also provided. We would like to note that Option 1 is not considered because it is not clear how to get accurate estimate of power with per RE granularity without averaging of estimation over multiple REs.
	

	

	[bookmark: _Ref92566133]Figure 2. CRS-IM performance for scenario 2 with 30 kHz SCS.


Observations #1:	Different LLR weighting algorithms have rather same performance for different scenarios. 
Observations #2:	For Scenario 2 with 30 kHz SCS and 1+1 DMRS configuration
· 0% loading: CRS-IM provides 2.7-4.0 dB performance improvement
· 10% loading: CRS-IM provides 1.4-1.8 dB performance improvement
· 20% loading: CRS-IM provides 0.8-1.2 dB performance improvement.
Observations #3:	For Scenario 2 with 30 kHz SCS and 1 DMRS configuration
· 0% loading: CRS-IM provides 2.0-3.6 dB performance improvement
· 10% loading: CRS-IM provides 0.7-1.1 dB performance improvement
· 20% loading: CRS-IM provides 0.0-0.6 dB performance improvement.
Based these results, we can observe that testable CRS-IM performance benefits (≥ 1dB) can be observed for all considered scenario with 0% loading and scenarios with 1+1 DMRS configuration and 10% loading. Based on these results we can conclude that CRS-IM requirements for scenario with 30 kHz SCS can be defined for scenario with 10% loading and 1+1 DMRS configuration.
Proposal 1:	Define CRS-IM requirements for scenario with 30 kHz SCS using 10% interference loading assumptions and 1+1 DMRS configuration.
Another open question is how UE obtains information about CRS interference structure (CRS port number information and CRS frequency location information). The following agreements were reached in the previous meeting:
	· 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

· CRS frequency location information
· Option 1: There is no need to identify the CRS frequency location in Scenario 2 with NR 30 kHz.  
· Option 2: CRS location information should be configured with network assistance information. 
· Option 3: Further analyse the feasibility of blind detection if testable performance will be observed with all parameters known to UE 
· Option 4: Reuse the GTW agreement


First, we need to understand whether information about these parameters is required for CRS-IM processing in scenario with 30 kHz SCS. 
As for CRS port number information, we think that this information is needed to identify the OFDM symbols which can be affected by CRS interference signal. As for procedure, how UE can obtain information about this parameter, we can reuse the agreement from 15 kHz discussion, i.e. assume 4 CRS ports as default setting and include information about CRS ports as optional field which can be signalled in case default settings are not true.
As for CRS frequency location information, it includes LTE carrier frequency, bandwidth and v-shift for scenario with 15 kHz. However, based on our understanding of interference structure observed by UE and described above, we think that information about v-shift is not required. UE is just needed to get information about LTE carrier frequency and channel bandwidth to identify the affected REs/PRBs. For these parameters, we suggest to reuse the assumptions which will be agreed for 15 kHz SCS.
Proposal 2:	Assume that the following information about interference structure is required for CRS-IM processing in scenario with 30 kHz SCS: LTE carrier frequency, bandwidth and CRS port number
Proposal 3:	For scenario with 30 kHz SCS use the same as for 15 kHz SCS procedure for obtaining the information about interference parameters required for CRS-IM processing.
Conclusion
In this paper we provided our views on 30 kHz requirements in scenarios with overlapping spectrum for LTE and NR and made the following proposals and observations:
Observations #1:	Different LLR weighting algorithms have rather same performance for different scenarios. 
Observations #2:	For Scenario 2 with 30 kHz SCS and 1+1 DMRS configuration
· 0% loading: CRS-IM provides 2.7-4.0 dB performance improvement
· 10% loading: CRS-IM provides 1.4-1.8 dB performance improvement
· 20% loading: CRS-IM provides 0.8-1.2 dB performance improvement.
Observations #3:	For Scenario 2 with 30 kHz SCS and 1 DMRS configuration
· 0% loading: CRS-IM provides 2.0-3.6 dB performance improvement
· 10% loading: CRS-IM provides 0.7-1.1 dB performance improvement
· 20% loading: CRS-IM provides 0.0-0.6 dB performance improvement.
Proposal 1:	Define CRS-IM requirements for scenario with 30 kHz SCS using 10% interference loading assumptions and 1+1 DMRS configuration.
Proposal 2:	Assume that the following information about interference structure is required for CRS-IM processing in scenario with 30 kHz SCS: LTE carrier frequency, bandwidth and CRS port number
Proposal 3:	For scenario with 30 kHz SCS use the same as for 15 kHz SCS procedure for obtaining the information about interference parameters required for CRS-IM processing.
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