	
[bookmark: _GoBack]3GPP TSG RAN WG1#100-e			R1-2000634
e-Meeting, 24th February – 6th March, 2020

[bookmark: Source]Agenda item:	7.2.6.3
Source: 	Samsung
Title: 	On Rel.16 support for multi-beam operation
[bookmark: DocumentFor]Document for:	Discussion and Decision

Issues and proposed solutions
0. L1-SINR
The following agreements were made in Rel.16 for NR-eMIMO, compared side-by-side with the associated description from the current version of TS 38.214 V16.0.0 [1]:
	Agreement
· 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
· Note: CSI-RS above is CSI-RS for BM

Agreement
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
1. CMR and IMR are 1-to-1 mapped from signaling perspective
	5.2.1.2	Resource settings
...
The UE may assume that the NZP CSI-RS resource(s) for channel measurement and the CSI-IM resource(s) for interference measurement configured for one CSI reporting are resource-wise QCLed with respect to 'QCL-TypeD'. When NZP CSI-RS resource(s) is used for interference measurement, the UE may assume that the NZP CSI-RS resource for channel measurement and the CSI- IM resource or NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'.
For L1-SINR measurement:
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel and interference measurement for L1-SINR computation. UE may assume that same 1 port NZP CSI-RS resource(s) with density 3 REs/RB is used for both channel and interference measurements. 
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement on SSB or 1 port NZP CSI-RS with density 3 REs/RB and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on 1 port NZP CSI-RS with density 3 REs/RB, where each SSB or NZP CSI-RS resource for channel measurement is associated with one CSI-IM resource or one NZP CSI-RS resource for interference measurement by the ordering of the SSB or NZP CSI-RS resource for channel measurement and CSI-IM resource or NZP CSI-RS resource for interference measurement in the corresponding resource sets. The number of SSB(s) or CSI-RS resources for channel measurement equals to the number of CSI-IM resources or the number of NZP CSI-RS resource for interference measurement.
...
-	[When three Resource Settings are configured, the first one Resource Setting (given by higher layer parameterresourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS. The second one (given by either higher layer parameter csi-IM-ResourcesForInterference) is for interference measurement performed on CSI-IM, where each NZP CSI-RS resource set for channel measurement is associated with one CSI-IM resource for interference measurement. The Third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on 1 port NZP CSI-RS with density 3 REs/RB.]
…



The following discrepancy can be identified.
First, in the agreement, the restriction on RE density applied to the CMR (3 RE/RB) applies only when dedicated IMR is not configured. The main reason for this restriction is to ensure that interference measurement for L1-SINR calculation (on the CMR) is performed accurately with higher-density NZP CSI-RS (thereby excluding 1 and 0.5 RE/RB). Channel measurement, on the other, is not subject to this issue just as the case for L1-RSRP (where only channel measurement is performed). On the other hand, when dedicated IMR is configured, CMR is intended to be used only for channel measurement. Therefore, such RE density restriction on CMR is unnecessary.
However, the description in the current version of TS 38.214 applies the RE density restriction of 3 RE/RB on the CMR regardless whether dedicated IMR is configured (when 2 Resource Settings are configured – the description for the 3 Resource Settings does not have this discrepancy) or not (when only 1 resource setting is configured). The part highlighted in red (“ ... the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement on SSB or 1 port NZP CSI-RS with density 3 REs/RB ...”) is not according to the agreement.     
Second, it was agreed that when the UE is configured with a dedicated IMR, either ZP (zero power) IMR or NZP IMR can be configured. A working assumption for using a mixture between ZP- and NZP-IMR is yet to be confirmed. In TS 38.214:
1. ZP-IMR in the agreement corresponds to “CSI-IM” (cf. TS 38.214 section 5.2.1.2, 5.2.2.4 [1])
2. NZP-IMR in the agreement corresponds to “NZP CSI-RS resource for interference measurement” (TS 38.214 section 5.2.1.2, 5.2.2.3.1 [1], TS 38.211 section 7.4.1.5 [2])
While the 2nd correspondence (on NZP-IMR) fully reflects the agreement, the 1st correspondence (on ZP-IMR) does not seem so at least for the following reason. Unlike in LTE where CSI-IM is always ZP (where the UE assumes that there is no transmission on the REs associated with the CSI-IM from the serving gNB), such description for CSI-IM is absent in NR, at least from RAN1 perspective. This implies that it is possible for the network to transmit some signal on the REs associated with the CSI-IM from the serving gNB. In addition, this signal is practically unknown to the UE. Therefore, the UE behaviour (as far as implementation is concerned) is unclear. To be precise, although assuming that the REs occupied by the CSI-IM as “blank” (relative to the serving gNB) seems to be the most (if not, only) natural for the UE, the impact on measurement accuracy is unclear. 

Observation: On Resource Setting for L1-SINR calculation (section 5.2.1.2 of TS 38.214 V16.0.0), the following two issues are identified:
· Issue 1: When the UE is configured with dedicated IMR, the RE density restriction of 3 RE/RB on CMR included in TS 38.214 V16.0.0 is not according to the agreement.  
· Issue 2: It is unclear whether the use of ZP-IMR in the agreement is fully captured in the current description in TS 38.214 V16.0.0 (where CSI-IM is used to correspond to ZP-IMR) since the LTE-like description that CSI-IM is assumed to be ZP is absent in TS 38.214 V16.0.0. 

Issue 1 can be easily resolved without any additional agreement or discussion by removing the RE density restriction of 3 RE/RB on CMR when the UE is configured with dedicated IMR. The discrepancy only occurs in the description for two Resource Settings. The proposed text proposal is as follows.

Proposal 1: Adopt the following text proposal to correct discrepancy between the agreement on L1-SINR and the description in TS 38.214 V16.0.0:
	5.2.1.2	Resource settings
--- start TP ---
The UE may assume that the NZP CSI-RS resource(s) for channel measurement and the CSI-IM resource(s) for interference measurement configured for one CSI reporting are resource-wise QCLed with respect to 'QCL-TypeD'. When NZP CSI-RS resource(s) is used for interference measurement, the UE may assume that the NZP CSI-RS resource for channel measurement and the CSI- IM resource or NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'.
For L1-SINR measurement:
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel and interference measurement for L1-SINR computation. UE may assume that same 1 port NZP CSI-RS resource(s) with density 3 REs/RB is used for both channel and interference measurements. 
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement on SSB or 1 port NZP CSI-RS with density 3 REs/RB and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on 1 port NZP CSI-RS with density 3 REs/RB, where each SSB or NZP CSI-RS resource for channel measurement is associated with one CSI-IM resource or one NZP CSI-RS resource for interference measurement by the ordering of the SSB or NZP CSI-RS resource for channel measurement and CSI-IM resource or NZP CSI-RS resource for interference measurement in the corresponding resource sets. The number of SSB(s) or CSI-RS resources for channel measurement equals to the number of CSI-IM resources or the number of NZP CSI-RS resource for interference measurement.
-	UE may apply 'QCL-TypeD' assumption of the SSB or 'QCL-TypeD' configured to the NZP CSI-RS resource for channel measurement to measure the associated CSI- IM resource or associated NZP CSI-RS resource for interference measurement configured for one CSI reporting
-	UE may expect that the NZP CSI-RS resource set for channel measurement and the NZP-CSI-RS resource set for interference measurement, if any, are configured with the higher layer parameter repetition.
-	[When three Resource Settings are configured, the first one Resource Setting (given by higher layer parameterresourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS. The second one (given by either higher layer parameter csi-IM-ResourcesForInterference) is for interference measurement performed on CSI-IM, where each NZP CSI-RS resource set for channel measurement is associated with one CSI-IM resource for interference measurement. The Third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on 1 port NZP CSI-RS with density 3 REs/RB.]
--- end TP ---



Issue 2, however, requires some further discussion since it is pertinent not only for L1-SINR calculation, but also for general CSI calculation. In general, adding “zero power” constraint (i.e. the UE assumes that there is no signal transmission in the REs associated with the configured CSI-IM) can be beneficial not only from system operation perspective, but also from UE implementation perspective. More detailed discussion on this issue can be found in our companion contribution [3].   
Proposal 2: Discuss further whether to introduce “zero power” constraint for CSI-IM in NR

0. Default spatial relation for dedicated PUCCH
The following agreement was made in Rel.16 for NR-eMIMO, compared side-by-side with the associated description from the current version of TS 38.213 V16.0.0 [4]:
	Agreement
The following working assumption is confirmed with revision in red
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by
· Default TCI state or QCL assumption of PDSCH, i.e.,
· in case when CORESET(s) are configured on the CC, the TCI state / QCL assumption of the CORESET with the lowest ID, or
· The PL RS to be used is the QCL-TypeD RS of the same TCI state / QCL assumption of the CORESET with the lowest ID
· Note: The PL RS should be periodic RS
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· Above applies at least for UEs supporting beam correspondence
· Above applies at least for the single TRP case
· FFS: Details on UE behavior in the absence of the activated TCI state
· FFS: Details on default spatial relation in multicarrier scenario
· FFS: Details on which RS to use for pathloss measurement
· FFS: Details on how to handle this issue in case pathloss RSs are configured

	9.2.2	PUCCH Formats for UCI transmission
...
If a UE
· reports beamCorrespondenceWithoutUL-BeamSweeping, 
· is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
· is provided enableDefaultBeamPlForPUCCH, and 
· is not provided PUCCH-SpatialRelationInfo, 
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.
…



In the agreement, at least when no PL RS is configured, the default spatial relation for dedicated PUCCH for a CC in FR2 is given regardless whether a CORESET is configured or not. However, in the current version of TS 38.213 V16.0.0 [4], the default spatial relation for dedicated PUCCH for a case when no CORESET is configured on the CC is not captured.

Observation: On spatial setting for a PUCCH transmission from the UE in a CC (section 9.2.2 of TS 38.213 V16.0.0), the agreement on the default spatial relation for dedicated PUCCH in case when no CORESET is configured on the CC is not captured.
1 
2 

This can be easily resolved by adding the missing part of the agreement. The proposed text proposal is as follows.

Proposal 3: Adopt the following text proposal to capture the missing part of the agreement on default spatial relation for dedicated PUCCH in TS 38.213 V16.0.0:
	9.2.2	PUCCH Formats for UCI transmission
--- start TP ---
If a UE
-	reports beamCorrespondenceWithoutUL-BeamSweeping, 
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, 
a spatial setting for a PUCCH transmission from the UE in a serving cell is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.
· a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the serving cell, if CORESET(s) are configured on the serving cell
· the activated TCI state with the lowest ID applicable to PDSCH in the active DL BWP of the serving cell, if CORESET(s) are not configured on the serving cell
--- end TP ---
	



Conclusion
3 
4 
In this contribution, the following observation and proposals are given: 
Observation: On Resource Setting for L1-SINR calculation (section 5.2.1.2 of TS 38.214 V16.0.0), the following two issues are identified:
· Issue 1: When the UE is configured with dedicated IMR, the RE density restriction of 3 RE/RB on CMR included in TS 38.214 V16.0.0 is not according to the agreement.  
· Issue 2: It is unclear whether the use of ZP-IMR in the agreement is fully captured in the current description in TS 38.214 V16.0.0 (where CSI-IM is used to correspond to ZP-IMR) since the LTE-like description that CSI-IM is assumed to be ZP is absent in TS 38.214 V16.0.0. 
Observation: On spatial setting for a PUCCH transmission from the UE in a CC (section 9.2.2 of TS 38.213 V16.0.0), the agreement on the default spatial relation for dedicated PUCCH in case when no CORESET is configured on the CC is not captured.

Proposals:
· On issue 1 of L1-SINR, adopt the following text proposal to correct discrepancy between the agreement on L1-SINR and the description in TS 38.214 V16.0.0:
	5.2.1.2	Resource settings
--- start TP ---
The UE may assume that the NZP CSI-RS resource(s) for channel measurement and the CSI-IM resource(s) for interference measurement configured for one CSI reporting are resource-wise QCLed with respect to 'QCL-TypeD'. When NZP CSI-RS resource(s) is used for interference measurement, the UE may assume that the NZP CSI-RS resource for channel measurement and the CSI- IM resource or NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'.
For L1-SINR measurement:
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel and interference measurement for L1-SINR computation. UE may assume that same 1 port NZP CSI-RS resource(s) with density 3 REs/RB is used for both channel and interference measurements. 
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement on SSB or 1 port NZP CSI-RS with density 3 REs/RB and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on 1 port NZP CSI-RS with density 3 REs/RB, where each SSB or NZP CSI-RS resource for channel measurement is associated with one CSI-IM resource or one NZP CSI-RS resource for interference measurement by the ordering of the SSB or NZP CSI-RS resource for channel measurement and CSI-IM resource or NZP CSI-RS resource for interference measurement in the corresponding resource sets. The number of SSB(s) or CSI-RS resources for channel measurement equals to the number of CSI-IM resources or the number of NZP CSI-RS resource for interference measurement.
-	UE may apply 'QCL-TypeD' assumption of the SSB or 'QCL-TypeD' configured to the NZP CSI-RS resource for channel measurement to measure the associated CSI- IM resource or associated NZP CSI-RS resource for interference measurement configured for one CSI reporting
-	UE may expect that the NZP CSI-RS resource set for channel measurement and the NZP-CSI-RS resource set for interference measurement, if any, are configured with the higher layer parameter repetition.
-	[When three Resource Settings are configured, the first one Resource Setting (given by higher layer parameterresourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS. The second one (given by either higher layer parameter csi-IM-ResourcesForInterference) is for interference measurement performed on CSI-IM, where each NZP CSI-RS resource set for channel measurement is associated with one CSI-IM resource for interference measurement. The Third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on 1 port NZP CSI-RS with density 3 REs/RB.]
--- end TP ---



· On issue 2 of L1-SINR, discuss further whether to introduce “zero power” constraint for CSI-IM in NR 
· On issue of default spatial relation for dedicated PUCCH, adopt the following text proposal to capture the missing part of the agreement on default spatial relation for dedicated PUCCH in TS 38.213 V16.0.0:
	9.2.2	PUCCH Formats for UCI transmission
--- start TP ---
If a UE
-	reports beamCorrespondenceWithoutUL-BeamSweeping, 
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, 
a spatial setting for a PUCCH transmission from the UE in a serving cell is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.
· a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the serving cell, if CORESET(s) are configured on the serving cell
· the activated TCI state with the lowest ID applicable to PDSCH in the active DL BWP of the serving cell, if CORESET(s) are not configured on the serving cell
--- end TP ---
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