[bookmark: Title][bookmark: DocumentFor][bookmark: _Toc193024528][bookmark: OLE_LINK23]3GPP TSG-RAN WG4 Meeting # 101-bis-e	R4-2200984
Electronic Meeting, Jan.17-25,2022


[bookmark: OLE_LINK25]Title: 	Discussion on necessity of NWA on CRS-IM receiver for 15 kHz SCS
Source: 	Huawei, HiSilicon
Agenda item:	6.12.2.3.2
Document for:	Discussion
Background
According to WF [1], there is no agreement whether to introduce the NWA on CRS-IM receiver. In this paper, we provide our discussions on corresponding open issues.
Discussions
LLR weighting schemes
Before discussing the NWA on CRS-IM receiver, we should analyse LLR weighting performance with or without CRS sequence firstly since it is related to the content of the network signalling and in the last meeting, it was agreed to bring the corresponding simulation results in this meeting. Figure 1 shows the performance for LLR weighting with or without CRS sequence and baseline receiver (Without any CRS interference mitigate). For CRS power estimation, three different schemes are included:
· Scheme 1: UE estimates CRS power by CRS based channel estimation with sequence.
· Scheme 2: UE estimates CRS power by power difference of CRS RE, serving cell and noise, the details can be shown as:
· Step 1: Estimates the power of all REs that CRSs are probably transmitted (i.e. vshift 0, 1, 2 in symbol 0/1/4/7/8/11 with 4 CRS ports) per port, per vShift and per serval RBs. 
· Step 2: Estimates the power of serving cell RE by using DMRS based channel estimation 
· Step 3: Estimates the noise power by using DMRS based noise estimation.
· Step 4: Derive the CRS power of each port and vShift by the difference between CRS RE power, serving cell’s power and noise power.
· Step 5: Perform LLR weighting per 4RBs per vShift per CRS port 
· Scheme 3: UE estimates CRS power by power difference of CRS RE and non- CRS RE, the details can be shown as:
· Step 1: Estimates the power of all REs that CRSs are probably transmitted (i.e. vshift 0, 1, 2 in symbol 0/1/4/7/8/11 with 4 CRS ports) per port, per vShift and per serval RBs. 
· Step 2: Estimates the power of REs in symbol 2/3/5/9 that without CRS transmission 
· Step 3: Derive the CRS power of each port and vShift by the difference between CRS RE power and non-CRS RE power.
· Step 4: Perform LLR weighting per serval RBs per vShift per CRS port 
	[image: ]
	[image: ]


Figure 1: Simulation results for LLR weighting with different CRS power estimation schemes
The summary of results are captured in Table 1:
Table 1: Summary of simulation results for LLR weighting with different CRS power estimation schemes
	
	Baseline
	LLR weighting with scheme 1(Target SNR)
	LLR weighting with scheme 1(Performance gain)
	LLR weighting with scheme 2(Target SNR)
	LLR weighting with scheme 2(Performance gain)
	LLR weighting with scheme 3
	LLR weighting with scheme 3(Performance gain)

	MCS 13
	Scenario 1
	6.7
	2.93
	3.77
	4.43
	2.27
	4.32
	2.38

	
	Scenario 2
	6.28
	3.57
	2.71
	4.37
	1.91
	4.19
	2.09


Based on the simulation results, LLR weighting with sequence always has better performance than that without sequence and it is more obvious in scenario 1. However, there is still large performance gain over baseline receiver for LLR weighting without sequence, hence we don't think CRS sequence information is necessary. 
Observation 1: LLR weighting with sequence always has better performance than that without sequence bur there is still large performance gain over baseline receiver for LLR weighting without sequence
Proposal 1: It is not necessary for UE to acquire the CRS sequence information.
CRS ports number
In the last meeting, it was agreed to bring the simulation results based on the assumptions without and with knowledge of number of CRS ports and following three cases are included:
· 2Tx ports configured
· Simulated cases:
· Case 1: UE assuming 4Tx ports 
· Case 2: UE aware of 2Tx ports
· Case 3:  UE blind detection of number of Tx ports 
Figure 2 shows the results for throughput for above three cases based on the LLR weighting with CRS sequence and Figure 3 shows the results for throughput for Case 1 and Case 3 based on the LLR weighting without CRS sequence.
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Figure 2: Simulation results for LLR weighting with CRS sequence for UE with/without CRS ports information 
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Figure 3: Simulation results for LLR weighting without CRS sequence for UE with/without CRS ports information 
Based on the simulation results we can observe that for LLR weighting with CRS sequence, the performance are same for UE has knowledge of CRS ports, always assume 4 ports and CRS port number blind detection. For LLR weighting without CRS sequence, the performance are same for UE has knowledge of CRS ports and always assume 4 ports. Therefore, to avoid the blind detection with high complexity, the best way for UE which doesn't have CRS port knowledge is always assuming 4 CRS ports. Therefore, information of number of CRS ports is not necessary for LLR weighting.
Observation 2: The performance are same for UE has knowledge of CRS ports, always assume 4 ports and CRS port number blind detection.
The simulation results also implicitly indicate that CRS presence information has no impact on performance so UE can always perform LLR weighting with the assumptions of 4 CRS ports if CRS-IM is turned on without any information of CRS presence information. i.e. CRS muting configuration, MBSFN configuration, number of CRS ports.
Proposal 2: Consider UE always perform LLR weighting with the assumptions of 4 CRS ports if CRS-IM is turned on without any information of CRS presence information. i.e. CRS muting configuration, MBSFN configuration, number of CRS ports 
Inter-RAT MO
Whether inter-RAT MO is needed
Based on our understanding, inter-RAT MO should be configured if there is neighbouring EUTRA cell deployed and serious interference from LTE. Now the test of CRS-IM is trying to mitigate the interference from LTE by setting proper INR1=10.45dB, INR2=4.45dB value, this test setup is aligned with the condition that inter-RAT MO should be configured. Meanwhile, we think inter-RAT MO configuration has nothing to do with condition of turning on CRS-IM receiver since it is up to UE implementation.
Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
Based on our understanding on the core specification as extracted below, if UE is configured with following parameters, UE will perform inter-RAT measurement: 
· Inter-RAT MO,
· Reporting configurations
· Measurement identities
· Quantity configurations 
· Measurement gaps.
The details are captured in clause 5.5.3 from 38.331. As for the concern that UE may not perform inter-RAT measurement when serving cell’s RSRP is lower than certain threshold, it can be avoided by not configuring IE s-MeasureConfig.
Whether PBCH decoding is always possible in inter-RAT measurement
This can be guaranteed by setting MGL to 6ms and gap offset to 0 so that PBCH can always be detected within the measurement gap
Proposal 3: Configure Inter-RAT measurement for both scenario 1 and scenario 2
Summary 
Based on the analysis above, the possible ways for UE to acquire information are summarized as Table 1 for scenario 1 and Table 2 for scenario 2.
Table 1: Possible ways for UE to acquire information for scenario 1
	
	LLR weighting algorithm

	
	Power estimation with CRS sequence
	Power estimation by without CRS sequence

	
	Need or not?
	How to acquire if needed
	Need or not?
	How to acquire if needed

	The presence of LTE cell:
	Yes
	Configure Inter-RAT MO
	Yes
	Configure Inter-RAT MO

	Cell ID
	Yes
	Configure Inter-RAT MO , UE can acquire the cell ID by detecting PSS/SSS
	No
	N/A

	vShifts
	Yes
	Configure Inter-RAT MO , UE can acquire the vShift with cell ID
	Yes
	Configure Inter-RAT MO , UE can acquire the vShift with cell ID

	MBSFN configuration
	No, UE can assume CRS is presence with 4 ports 
	N/A
	No, UE can assume CRS is presence with 4 ports 
	N/A

	CRS muting information
	No, UE can assume CRS is presence with 4 ports 
	N/A
	No, UE can assume CRS is presence with 4 ports 
	N/A

	LTE carrier frequency:
	Yes
	Same as serving cell
	Yes
	Same as serving cell

	Bandwidth
	Yes
	Same as serving cell
	Yes
	Same as serving cell

	Cell ID
	Yes
	Configure Inter-RAT MO , UE can acquire the cell ID by detecting PSS/SSS
	No
	N/A

	vShift
	Yes
	Configure Inter-RAT MO , UE can acquire the vShift with cell ID
	Yes
	Configure Inter-RAT MO , UE can acquire the vShift with cell ID

	Slot number
	Yes
	Blind detection, it is noted that only one time blind detection is enough.
	No
	N/A

	Number of CRS ports
	No, UE can always assume 4 ports 
	N/A
	No, UE can always assume 4 ports 
	N/A


Table 2: Possible ways for UE to acquire information for scenario 2
	
	LLR weighting algorithm

	
	Power estimation with CRS sequence
	Power estimation by without CRS sequence

	
	Need or not?
	How to acquire if needed
	Need or not?
	How to acquire if needed

	The presence of LTE cell:
	Yes
	Configure Inter-RAT MO
	Yes
	Configure Inter-RAT MO

	Cell ID
	Yes
	Configure Inter-RAT MO , UE can acquire the cell ID by detecting PSS/SSS
	No
	N/A

	vShifts
	Yes
	Configure Inter-RAT MO , UE can acquire the vShift with cell ID
	Yes
	Configure Inter-RAT MO , UE can acquire the vShift with cell ID

	MBSFN configuration
	No, UE can assume CRS is presence with 4 ports
	N/A
	No, UE can assume CRS is presence with 4 ports 
	N/A

	CRS muting information
	No, UE can assume CRS is presence with 4 ports 
	N/A
	No, UE can assume CRS is presence with 4 ports 
	N/A

	LTE carrier frequency:
	Yes
	Decode LTE PBCH
	No ,UE can estimate CRS power per serval RBs
	N/A

	Bandwidth
	Yes
	Decode LTE PBCH
	No, UE can estimate CRS power per serval RBs
	N/A

	Slot number
	Yes
	Blind detection, it is noted that only one time blind detection is enough.
	No
	N/A

	Number of CRS ports
	No, UE can always assume 4 ports 
	N/A
	No, UE can always assume 4 ports 
	N/A


Therefore, we don’t think it is necessary to introduce network assistance signalling.
Proposal 4: Not Consider NWA for Rel-17 CRS-IM receiver 
Conclusion
Observation 1: LLR weighting with sequence always has better performance than that without sequence bur there is still large performance gain over baseline receiver for LLR weighting without sequence
Proposal 1: It is not necessary for UE to acquire the CRS sequence information.
Observation 2: The performance are same for UE has knowledge of CRS ports, always assume 4 ports and CRS port number blind detection.
Proposal 2: Consider UE always perform LLR weighting with the assumptions of 4 CRS ports if CRS-IM is turned on without any information of CRS presence information. i.e. CRS muting configuration, MBSFN configuration, number of CRS ports. 
Proposal 3: Configure Inter-RAT measurement for both scenario 1 and scenario 2
Proposal 4: Not Consider NWA for Rel-17 CRS-IM receiver 
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