[bookmark: _Toc130629555]3GPP TSG-RAN WG4 Meeting #93                                      R4-1913323
Reno, NV, USA, 18th – 22nd Nov, 2019

Agenda item:			9.11.2.1
Source:			Samsung
Title:	Further Discussion on L1-SINR Measurement and Reporting
Document for:		Discussion
1	Introduction
The Rel-16 MIMO enhancement work item was approved in RAN#80 with a list of enhancement areas including L1-SINR measurement and reporting. Back to very early discussion of Rel-16 eMIMO, RAN1 has concluded that L1-SINR is confirmed to be supported while L1-RSRQ is excluded to be measured and reported. 
During last RAN4 meeting, the following agreement is achieved for L1-SINR measurement and reporting related RRM requirement [3]:
	<Agreement from RAN4#92Bis RRM Session>
· L1-SINR Measurement: 
· L1-SINR measurement procedure: 
· Measurement period: 
· For L1-SINR measurements based on CMR only, define L1-SINR measurement period as a number of CMR periodicities and reuse the requirements on L1-RSRP measurement period for both FR1 and FR2. FFS for L1-SINR measurements based on CMR and IMR.
· Measurement restriction: 
· Define L1-SINR measurement restriction requirement by applying the same principles as for L1-RSRP measurement. 
· Scheduling restriction: 
· Define L1-SINR scheduling restriction requirement by applying the same principles as for L1-RSRP measurement.
· UE capability on L1-SINR: 
· L1-SINR measurement requirement should be based on applicability rule depending on UE capability to support this feature.
· SINR measurement reporting table: 
· Extend current L3 SS-SINR measurement reporting table for L1 SS-SINR and L1 CSI-SINR usage, with maintaining the range and quantization of SINR mapping. 
· Introduce differential SS-SINR and CSI-SINR measurement (for L1 reporting) report mapping table. 
· Side condition for L1-SINR measurement
· CMR only scenarios: reuse side condition for L1-RSRP measurement
· CMR + IMR scenarios: FFS 

<Way Forward for L1-SINR Measurement> 
· L1-SINR measurement procedure:
· FFS measurement period requirement for L1-SINR measurements based on CMR and IMR.
· Scenarios of L1-SINR measurement for RRM requirement:
· In RAN4#93, RAN4 study and conclude which scenario(s) shall be included for L1-SINR measurement requirement and evaluation (i.e., measurement period and measurement accuracy).
· Down-selecting scenarios to define L1-SINR measurement requirement from following possible scenarios: 
· Scenario 1: L1-SINR measured on CMR only (when dedicated IMR is not configured)
· Scenario 1A: CSI-RS based CMR (only with density 3 REs/RB)
· Scenario 2: L1-SINR measured on CMR+IMR (when dedicated IMR is configured)
· Scenario 2A: SSB based CMR + ZP-IMR
· Scenario 2B: CSI-RS based CMR + ZP-IMR
· Scenario 2C: SSB based CMR + NZP-IMR (only with density 3 REs/RB)
· Scenario 2D: CSI-RS based CMR + NZP-IMR (only with density 3 REs/RB)
· Other options are not excluded, depending on RAN1 agreement. 
· At least the following aspects are identified to be needed for consideration: 
· Question-1: Whether to define separate requirements for CMR only and CMR+IMR?
· Question-2: Whether to define separate requirements for SSB-based CMR and CSI-RS based CMR?
· Question-3: Whether to define separate requirements for different IMR configuration?


Hence, in this discussion paper, we would like to further provide our analysis and view for outstanding issues for L1-SINR measurement and reporting related RRM requirement.

2 Discussion 
To continue the RAN4 discussion in RAN4#92Bis, we would like to further share our understanding of RAN1-defined L1-SINR and corresponding impact on RAN4 RRM core requirement in TS38.133. 
2.1 Contents in Beam Measurement Reports
In addition to the content analysed in our previous discussion paper [4], additional agreements are achieved for L1-SINR reporting content in beam measurement reports in RAN1#92Bis: 
	<RAN1 agreement>
Agreement made in RAN1#98Bis
· The bit length is fixed to be 4 bits for differential L1-SINR
· The step size is fixed to be 1 dB for differential L1-SINR


Considering RAN4 agreement that “Extend current L3 SS-SINR measurement reporting table for L1 SS-SINR and L1 CSI-SINR usage, with maintaining the range and quantization of SINR mapping.” And “Introduce differential SS-SINR and CSI-SINR measurement (for L1 reporting) report mapping table.” We can conclude that the following differential L1-SINR table is needed to be introduced.
Proposal-1: For L1-SINR measurement, RAN4 introduce differential SS-SINR and CSI-SINR measurement as below table: 
	Reported value
	Measured quantity value (difference in measured SINR from largest SINR)
	Unit

	DIFFSINR_0
	0≥ΔSINR>-1
	dB

	DIFFSINR_1
	-1≥ΔSINR >-2
	dB

	DIFFSINR_2
	-2≥ΔSINR >-3
	dB

	DIFFSINR_3
	-3≥ΔSINR >-8
	dB

	DIFFSINR_4
	-4≥ΔSINR >-10
	dB

	DIFFSINR_5
	-5≥ΔSINR >-12
	dB

	DIFFSINR_6
	-6≥ΔSINR>-14
	dB

	DIFFSINR_7
	-7≥ΔSINR >-16
	dB

	DIFFSINR_8
	-8≥ΔSINR >-18
	dB

	DIFFSINR_9
	-9≥ΔSINR >-20
	dB

	DIFFSINR_10
	-10≥ΔSINR >-22
	dB

	DIFFSINR_11
	-11≥ΔSINR >-24
	dB

	DIFFSINR_12
	-12≥ΔSINR >-26
	dB

	DIFFSINR_13
	-13≥ΔSINR >-28
	dB

	DIFFSINR_14
	-14≥ΔSINR >-30
	dB

	DIFFSINR_15
	-15≥ΔSINR
	dB



2.2 Scenarios of L1-SINR measurement
We would like to firstly go back to RAN1 agreement till last meeting, and based on that, the possible scenario is summarized. 
	<RAN1 agreement>
Agreement made in RAN1#97
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· Note: CSI-RS above is CSI-RS for BM

Agreement made in RAN1#98
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
· CMR and IMR are 1-to-1 mapped from signaling perspective

Agreement made in RAN1#98Bis
For NZP-IMR based interference measurement, option 1a is supported
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped
· For each SINR, interference is measured based on each associated NZP-IMR only
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Whether QCL-TypeD can be configured to each NZP IMR
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· FFS: Additional support of option 2a (without RRC signalling impact)
Note: There is no consensus in RAN1 on the support of option 2b/2c (which introduces IMR index reporting for L1-SINR)



Based on the above RAN1 discussion, it has been agreed that gNB can configure Channel Measurement Resource (CMR) only or CMR as well as Interference Measurement Resource (IMR) for L1-SINR measurement.
• Scenario 1: L1-SINR measured on CMR only (when dedicated IMR is not configured)
- Scenario 1A: CSI-RS based CMR (only with density 3 REs/RB)
 Note: SSB-based CMR can only be used for the scenario where dedicated IMR is configured, and CSI-RS-based CMR can be used for both scenarios where dedicated IMR is configured and not configured. If IMR is not configured and CMR is based on CSI-RS, only CSI-RS with density = 3 REs/RB can be configured.
• Scenario 2: L1-SINR measured on CMR+IMR (when dedicated IMR is configured)
- Scenario 2A: SSB based CMR + ZP-IMR
- Scenario 2B: CSI-RS based CMR + ZP-IMR
- Scenario 2C: SSB based CMR + NZP-IMR (only with density 3 REs/RB)
- Scenario 2D: CSI-RS based CMR + NZP-IMR (only with density 3 REs/RB)
 Note: RAN1 agree to introduce ZP-IMR only and NZP-IMR only for interference measurement. 
Furthermore, detailed RAN1 discussion on how to configure CMR/IMR provide the conclusion that, CMR/IMR association is based on 1-to-1 mapping for both ZP-IMR only and NZP-IMR only scenarios.
Proposal-1: Accordingly based on RAN1 agreement, RAN4 define RRM requirement for L1-SINR measurement for following scenarios:
• Scenario 1: L1-SINR measured on CMR only (when dedicated IMR is not configured)
- Scenario 1A: CSI-RS based CMR (only with density 3 REs/RB)
• Scenario 2: L1-SINR measured on CMR+IMR (when dedicated IMR is configured)
- Scenario 2A: SSB based CMR + ZP-IMR
- Scenario 2B: CSI-RS based CMR + ZP-IMR
- Scenario 2C: SSB based CMR + NZP-IMR (only with density 3 REs/RB)
- Scenario 2D: CSI-RS based CMR + NZP-IMR (only with density 3 REs/RB)

Furthermore, in previous RAN4 discussion, the following questions are proposed. 
- Question-1: Whether to define separate requirements for CMR only and CMR+IMR?
- Question-2: Whether to define separate requirements for SSB-based CMR and CSI-RS based CMR?
- Question-3: Whether to define separate requirements for different IMR configuration?
Similar to L1-RSRP measurement requirement, SSB-based and CSI-RS based measurement requirements needs to be defined separately, while CMR only and CMR+IMR provide another dimension to separate measurement requirements. For both ZP-IMR and NZP-IMR for interference measurement, we expect that the same L1-SINR measurement requirement shall be applied, so no need to further discriminate for different IMR configurations. Accordingly, we propose to use the following structure for L1-SINR measurement. 
Proposal-2: L1-SINR measurement requirements for different scenarios shall be defined based on following structure:
· L1-SINR reporting with CSI-RS based CMR and no dedicated IMR configured
· L1-SINR reporting with SSB based CMR and dedicated IMR configured
· L1-SINR reporting with CSI-RS based CMR and dedicated IMR configured

2.2.1 L1-SINR reporting with CSI-RS based CMR and no dedicated IMR configured (CMR only)
As mentioned above, for Scenario 1A (CSI-RS based CMR and no dedicated IMR configured), the following agreement is achieved during last RAN4 meeting: 
	<Agreement from RAN4#92Bis RRM Session>
· L1-SINR Measurement: 
· L1-SINR measurement procedure: 
· Measurement period: 
· For L1-SINR measurements based on CMR only, define L1-SINR measurement period as a number of CMR periodicities and reuse the requirements on L1-RSRP measurement period for both FR1 and FR2. FFS for L1-SINR measurements based on CMR and IMR.
· Side condition for L1-SINR measurement
· CMR only scenarios: reuse side condition for L1-RSRP measurement



Based on the above agreement, we expect the measurement period (namely, TL1-SINR_Measurement_Period_CSI-RS_CMR_only) shall be the same as measurement period for CSI-RS based L1-RSRP defined in Section 9.5.4.2. 
Proposal-3: For L1-SINR reporting with CSI-RS based CMR and no dedicated IMR configured, the measurement period requirements for FR1 and FR2 shall be defined as the below tables: 
Table x: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_Only for FR1
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_Only (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-SINR measurement is transmitted with Density = 3.



Table y: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_Only for FR2
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_Only (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-SINR measurement is transmitted with Density = 3.


Where the variable M, P, N are the same as Section 9.5.4.2 for L1-RSRP reporting. 

2.2.2 L1-SINR reporting with SSB based CMR and dedicated IMR configured (SSB CMR+IMR)
For the scenario of L1-SINR reporting with SSB based CMR and dedicated IMR (either ZP-IMR only or NZP-IMR only), RAN1 agree that CMR and IMR are 1-to-1 mapped from signaling perspective for both ZP-IMR only and NZP-IMR only.
Observation-1: For both ZP-IMR only and NZP-IMR only scenarios, CMR/IMR association is based on 1-to-1 mapping.
Accordingly, for SSB-based CMR with IMR configured, it is reasonable to assume that for L1-SINR measurement period as a number of CMR periodicities and reuse the requirements on SSB-based L1-RSRP measurement period for both FR1 and FR2.
Proposal-4: For SSB-based CMR with IMR configured, L1-SINR measurement period as a number of CMR periodicities and reuse the requirements on SSB-based L1-RSRP measurement period for both FR1 and FR2 as defined in Section 9.5.4.1.

2.2.3 L1-SINR reporting with CSI-RS based CMR and dedicated IMR configured (SSB CMR+IMR)
For the scenario of L1-SINR reporting with SSB based CMR and dedicated IMR (either ZP-IMR and NZP-IMR), the CMR/IMR 1-to-1 mapping relationship is also valid, and we propose that CSI-RS based L1-RSRP requirement can be resued:
Proposal-5: For CSI-RS-based CMR with IMR configured, L1-SINR measurement period as a number of CMR periodicities and reuse the requirements on CSI-RS-based L1-RSRP measurement period for both FR1 and FR2 as defined in Section 9.5.4.2.

2.3 Measurement restriction and scheduling availability
In previous meeting’s RAN4 agreement, the same principles as for L1-RSRP measurement is needed to be used for L1-SINR measurement.   
	<Agreement from RAN4#92Bis RRM Session>
· Measurement restriction: 
· Define L1-SINR measurement restriction requirement by applying the same principles as for L1-RSRP measurement. 
· Scheduling restriction: 
· Define L1-SINR scheduling restriction requirement by applying the same principles as for L1-RSRP measurement.


For SSB as reference signal for L1-SINR measurement, SSB is only possible to be configured as CMR. Therefore, the measurement restriction requirement can be defined as: 
	<Captured from accompanying CR>
9.x.5.1	Measurement restriction if SSB configured for L1-SINR Measurement
For FR1, when the SSB configured as CMR for L1-SINR measurement is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement, 
-	If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for L1-SINR measurement without any restriction;
-	If SSB and CSI-RS have different SCS,
-	If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for L1-SINR measurement without any restriction;
-	If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both SSB for L1-SINR measurement and CSI-RS. Longer measurement period for SSB based L1-SINR measurement is expected, and no requirements are defined.
For FR2, when the SSB configured as CMR for L1-SINR measurement is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement, UE is required to measure one of but not both SSB for L1-SINR measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.




However, it could be a more complex for CSI-RS which is possible to be configured as CMR or IMR (either ZP-IMR or NZP-IMR). Then, at least the following questions needs to be answered: 
For CSI-RS configured as CMR: 
Q1: For CSI-RS configured as CMR in FR2, is that possible to configure CSI-RS with “repetition = on”? 
Q2: If answer to Q1 is yes, does measurement restriction is applied if this CSI-RS with “repetition = on” is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement. 
For simplicity, RAN4 can define requirement based on “yes to Q1 and Q2”, similar to L1-RSRP measurement. However, the scenario of CSI-RS configured as CMR in FR2 with “repetition = on” is somehow questionable. 
Proposal-6: For CSI-RS configured as CMR with “repetition = on”, measurement restriction is applied if this CSI-RS is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement.

For CSI-RS configured as NZP-IMR: 
Q3: For CSI-RS configured as NZP-IMR in FR2, is that possible to configure CSI-RS with “repetition = on”? 
Based on our understanding, the scenario of CSI-RS configured as NZP-IMR with “repetition = on” is questionable, since it is not meaningful to instruct UE to train RX beam for interference, while RX beam refinement should be always based on CMR. 
Proposal-7: The scenario of CSI-RS configured as NZP-IMR with “repetition = on” should be excluded in RAN4 requirement. 

For CSI-RS configured as ZP-IMR: 
Q4: For CSI-RS configured as ZP-IMR in FR2, is that possible to configure CSI-RS with “repetition = on”? 
From our understanding, the configuration for CSI-RS configured as ZP-IMR in FR2 with “repetition = on” is wrong configuration. 
Proposal-8: The scenario of CSI-RS configured as ZP-IMR with “repetition = on” should be excluded in RAN4 requirement. 

Since we expect more discussion on the scheduling availability and measurement restriction for CSI-RS configured as IMR, in our corresponding CR, the related content is marked in square bracket. 

3 Conclusion
In this paper, we provided our views on L1-SINR measurement and reporting, with the following observations and proposals achieved:
Proposal-1: For L1-SINR measurement, RAN4 introduce differential SS-SINR and CSI-SINR measurement as below table: 
	Reported value
	Measured quantity value (difference in measured SINR from largest SINR)
	Unit

	DIFFSINR_0
	0≥ΔSINR>-1
	dB

	DIFFSINR_1
	-1≥ΔSINR >-2
	dB

	DIFFSINR_2
	-2≥ΔSINR >-3
	dB

	DIFFSINR_3
	-3≥ΔSINR >-8
	dB

	DIFFSINR_4
	-4≥ΔSINR >-10
	dB

	DIFFSINR_5
	-5≥ΔSINR >-12
	dB

	DIFFSINR_6
	-6≥ΔSINR>-14
	dB

	DIFFSINR_7
	-7≥ΔSINR >-16
	dB

	DIFFSINR_8
	-8≥ΔSINR >-18
	dB

	DIFFSINR_9
	-9≥ΔSINR >-20
	dB

	DIFFSINR_10
	-10≥ΔSINR >-22
	dB

	DIFFSINR_11
	-11≥ΔSINR >-24
	dB

	DIFFSINR_12
	-12≥ΔSINR >-26
	dB

	DIFFSINR_13
	-13≥ΔSINR >-28
	dB

	DIFFSINR_14
	-14≥ΔSINR >-30
	dB

	DIFFSINR_15
	-15≥ΔSINR
	dB


Proposal-1: Accordingly based on RAN1 agreement, RAN4 define RRM requirement for L1-SINR measurement for following scenarios:
• Scenario 1: L1-SINR measured on CMR only (when dedicated IMR is not configured)
- Scenario 1A: CSI-RS based CMR (only with density 3 REs/RB)
• Scenario 2: L1-SINR measured on CMR+IMR (when dedicated IMR is configured)
- Scenario 2A: SSB based CMR + ZP-IMR
- Scenario 2B: CSI-RS based CMR + ZP-IMR
- Scenario 2C: SSB based CMR + NZP-IMR (only with density 3 REs/RB)
- Scenario 2D: CSI-RS based CMR + NZP-IMR (only with density 3 REs/RB)
Proposal-2: L1-SINR measurement requirements for different scenarios shall be defined based on following structure:
· L1-SINR reporting with CSI-RS based CMR and no dedicated IMR configured
· L1-SINR reporting with SSB based CMR and dedicated IMR configured
· L1-SINR reporting with CSI-RS based CMR and dedicated IMR configured
Proposal-3: For L1-SINR reporting with CSI-RS based CMR and no dedicated IMR configured, the measurement period requirements for FR1 and FR2 shall be defined as the below tables: 
· Table x: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_Only for FR1
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_Only (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-SINR measurement is transmitted with Density = 3.


· 
· Table y: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_Only for FR2
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_Only (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-SINR measurement is transmitted with Density = 3.


· Where the variable M, P, N are the same as Section 9.5.4.2 for L1-RSRP reporting. 
Observation-1: For both ZP-IMR only and NZP-IMR only scenarios, CMR/IMR association is based on 1-to-1 mapping.
Proposal-4: For SSB-based CMR with IMR configured, L1-SINR measurement period as a number of CMR periodicities and reuse the requirements on SSB-based L1-RSRP measurement period for both FR1 and FR2 as defined in Section 9.5.4.1.
Proposal-5: For CSI-RS-based CMR with IMR configured, L1-SINR measurement period as a number of CMR periodicities and reuse the requirements on CSI-RS-based L1-RSRP measurement period for both FR1 and FR2 as defined in Section 9.5.4.2.
Proposal-6: For CSI-RS configured as CMR with “repetition = on”, measurement restriction is applied if this CSI-RS is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement.
Proposal-7: The scenario of CSI-RS configured as NZP-IMR with “repetition = on” should be excluded in RAN4 requirement. 
Proposal-8: The scenario of CSI-RS configured as ZP-IMR with “repetition = on” should be excluded in RAN4 requirement. 
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