[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #100b	   	 	  	                 R1-2001914
e-Meeting, April 20th – 30th, 2020
Agenda item: 7.2.6.3.
Source: LG Electronics
Title: Remaining issues on multi beam operation
Document for: Discussion and Decision
1 Introduction
In this contribution, we discuss the Rel-16 maintenance issues for multi-beam (MB) operation including beam failure recovery, and suggest the corresponding text proposals.
2 Remaining issues on multi-beam 1 
In RAN1#100e, following agreements and conclusion were made [1]:
Agreement
The application timing for the newly activated PL RSs is the next slot that is 2ms after the N-th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE.
· Note: The value of N can be discussed in UE feature session. If there is no consensus on introducing UE capability for the value of N, N is fixed to 5.
· The application timing is applied to PUSCH, AP/SP-SRS and PUCCH.
Note: Whether/how to capture above in RAN1 specification or send an LS to other WGs to suggest them to update their specifications accordingly will be decided in the next meeting.

Agreement
When the number of RRC configured PL RSs for pathloss estimates for PUCCH, PUSCH and SRS is greater than 4, UE is not required to track the RSs which are not activated by MAC-CE.
· Note: How to capture above into the spec will be discussed at RAN1#100bis.
· Note: Further consider the configuration cases when the default PL RS is not enabled or enabled.
Conclusion:
If MAC-CE based PL RS activation/update is not enabled, UE is not expected to be configured with more than 4 PL RS.

Agreement (Default PL RS)
When default PL RS is applied, UE expects to be configured with a periodic RS as QCL-TypeD RS for the default pathloss RS.


As shown above, there are remaining issues on MAC-CE based PL RS update. To be specific, there are two agreements that could not be captured in specification; one is for the application timing of the newly activated PL RSs for PUSCH/SRS/PUCCH and another is for the agreed UE behavior of when the number of RRC configured PL RSs for pathloss estimates for PUCCH, PUSCH and SRS is greater than 4. In the second agreement, another related issue was captured as a further consideration point with regard to when the default PL RS is enabled.

2.1 Remaining issues on the MAC-CE based PL RS update
The first remaining issue is on the application timing for PL RS update via MAC-CE. Note that the application timing was refined and agreed based on the RAN4’s LS considering RAN4’s expertise on this type of implementation-related issues. 
The agreement was made to relieve the burden for RAN1 by precluding the case when the TCI state of the activated/updated PL RS is unknown. Hence, in our view, the agreement is more suitable to be captured in RAN1 specification and there is no critical reasons to send an LS to RAN4 again.

Proposal 1: Support to capture the application timing for the newly activated PL RSs in RAN1 specification.
Proposal 2: Adopt the following TPs to 7.1.1, 7.2.1 and 7.3.1 of TS 38.213, respectively.
	7.1	Physical uplink shared channel
7.1.1	UE behaviour
--------------- Unchanged parts omitted -------------
If the UE is provided enablePLRSupdateForPUSCHSRS, a mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id values can be updated by a MAC CE as described in [11, TS 38.321].

If the updated RS resource is an RS resource for pathloss estimation for other uplink channels or signals, the UE applies the RS resource for pathloss estimation in the first slot that is after slot [image: ] where [image: ] is the slot where the UE would transmit a HARQ-ACK information for the PDSCH providing the activation command and [image: ] is the SCS configuration for the PUCCH or PUSCH carrying the HARQ-ACK. If the updated RS resource is not an RS resource for pathloss estimation for other uplink channels or signals, higher layer filtered RSRP for previous pathloss RS will be used before the first slot that is  after Nth measurement sample, where the 1st measurement sample corresponds to be the 1st instance after slot [image: ]
--------------- Unchanged parts omitted -------------


	7.2	Physical uplink control channel
7.2.1	UE behaviour
--------------- Unchanged parts omitted -------------
If the UE is provided pathlossReferenceRSs and PUCCH-SpatialRelationInfo, the UE obtains a mapping, by indexes provided by corresponding values of pucch-PathlossReferenceRS-Id, between a set of pucch-SpatialRelationInfoId values and a set of referenceSignal values provided by PUCCH-PathlossReferenceRS. If the UE is provided more than one values for pucch-SpatialRelationInfoId and the UE receives an activation command [11, TS 38.321] indicating a value of pucch-SpatialRelationInfoId, the UE determines the referenceSignal value in PUCCH-PathlossReferenceRS through the link to a corresponding pucch-PathlossReferenceRS-Id index. The UE applies the activation command in the first slot that is after slot [image: ] where [image: ] is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and [image: ] is the SCS configuration for the PUCCH

If the updated RS resource is an RS resource for pathloss estimation for other uplink channels or signals, the UE applies the RS resource for pathloss estimation in the first slot that is after slot [image: ] where [image: ] is the slot where the UE would transmit a HARQ-ACK information for the PDSCH providing the activation command and [image: ] is the SCS configuration for the PUCCH or PUSCH carrying the HARQ-ACK. If the updated RS resource is not an RS resource for pathloss estimation for other uplink channels or signals, higher layer filtered RSRP for previous pathloss RS will be used before the first slot that is  after Nth measurement sample, where the 1st measurement sample corresponds to be the 1st instance after slot [image: ]

--------------- Unchanged parts omitted -------------




	7.3	Sounding reference signals
[bookmark: _Ref500079796][bookmark: _Toc12021450][bookmark: _Toc20311562]7.3.1	UE behaviour
--------------- Unchanged parts omitted -------------
RS resource index [image: ] is provided by pathlossReferenceRS associated with the SRS resource set [image: ] and is either an ssb-Index providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS resource index If the UE is provided enablePLRSupdateForPUSCHSRS, a MAC CE [11, TS 38.321] can provide by SRS-PathlossReferenceRS-Id a corresponding RS resource index  for aperiodic or semi-persistent SRS resource set .

If the updated RS resource is an RS resource for pathloss estimation for other uplink channels or signals, the UE applies the RS resource for pathloss estimation in the first slot that is after slot [image: ] where [image: ] is the slot where the UE would transmit a HARQ-ACK information for the PDSCH providing the activation command and [image: ] is the SCS configuration for the PUCCH or PUSCH carrying the HARQ-ACK. If the updated RS resource is not an RS resource for pathloss estimation for other uplink channels or signals, higher layer filtered RSRP for previous pathloss RS will be used before the first slot that is  after Nth measurement sample, where the 1st measurement sample corresponds to be the 1st instance after slot [image: ]
--------------- Unchanged parts omitted -------------



[bookmark: _GoBack]The second issue is how to capture the agreement on how to handle up to 4 PL RSs for PUSCH/PUCCH/SRS to track more than 4 PL RSs are configured by RRC. To capture above in RAN1 specification, we propose to adopt the sentence of the agreement to the general description of uplink power control as in the following.

Proposal 3: Adopt the following TP to 7 of TS 38.213.
	7	Uplink Power control
Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions. 
A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in Clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by IE SRS-Positioning-Config as described in Clause 7.3.1. If the total number of RS resources configured for pathloss estimation for all PUCCH/PUSCH/SRS transmissions is greater than 4, UE is not required to track the RS resources which are not activated by MAC-CE.

A PUSCH/PUCCH/SRS/PRACH transmission occasion [image: ] is defined by a slot index [image: ] within a frame with system frame number [image: ], a first symbol [image: ] within the slot, and a number of consecutive symbols [image: ].



2.2 PL RS tracking when default PL RS is enabled.
In the second agreement captured above, a note was added as ‘Further consider the configuration cases when the default PL RS is not enabled or enabled’. When the default PL RS is enabled, the UE would use the QCL type-D RS of the lowest ID CORESET as the PL RS, if at least one CORESET is configured on the CC/BWP. Because up to 64 candidate TCI states can be configured to each CORESET, a problem of exceeding the max number of the PL RSs, which is 4 in typical cases, would occur if UE needs to track all the RRC configured PL RSs. One simple solution may be to define that UE is not required to track the RRC configured TCI states other than the actual TCI state of the lowest ID CORESET, which is very similar to the agreed approach for the MAC-CE based PL RS activation. In this case, the agreed application timing defined for the MAC-CE based PL RS activation would also need to be applied if the QCL type-D RS is changed to a new one by the TCI State Indication for UE-specific PDCCH MAC CE. One potential technical problem of this approach would be a timing misalignment between the timing of applying a new QCL type-D RS for Rx beam selection for the lowest ID CORESET and the timing of applying the RS for PL estimate for UL transmission. To avoid the misalignment, another alternative solution may be to define that UE needs to track some or all of the RRC configured TCI states of the lowest ID CORESET. In this case, gNB may be able to switch the actual TCI state to one of the RRC configured RSs that UE has tracked their pathlosses so that the timing for both beam RS and PL RS is aligned.

Proposal 4: When the QCL type-D RS of the lowest ID CORESET is used for PL RS, and when more than one TCI states are configured by RRC for the CORESET, consider following two alternatives:
· Alt1. UE is not required to track the QCL type-D RSs in the TCI states other than the QCL type-D RS in the TCI state indicated by the TCI State Indication for UE-specific PDCCH MAC CE.
· Application timing is defined for when the QCL type-D RS is changed by the TCI State Indication for UE-specific PDCCH MAC CE.
· Alt2. UE is required to track up to 4 QCL type-D RSs in the TCI states configured for the CORESET.
· Note: defining the application timing may not be needed for this alt.

For the default PL RS, there is another case that the QCL type-D RS of the lowest ID TCI state among the activated PDSCH TCI states via MAC-CE is used for the PL RS, where this mode is used when no CORESET is configured on the CC/BWP. In this case, the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE can activate up to 8 TCI states which could exceed the max number of the PL RSs that a UE is able to track. In this case, similar alternatives as above can be considered. 

Proposal 5: When the QCL type-D RS of the lowest ID TCI state among the activated TCI states for PDSCH is used for PL RS, consider following two alternatives:
· Alt1. UE is not required to track the QCL type-D RSs in the TCI states other than the QCL type-D RS in the lowest ID TCI state for PDSCH.
· Application timing is defined for when the QCL type-D RS of the lowest ID TCI is changed by the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.
· Alt2. UE is required to track up to 4 QCL type-D RSs of the activated TCI states for PDSCH.
· Note: defining the application timing may not be needed for this alt.



3 Text proposals on multi-beam 2 
3.1 Clarification of layer 1 operation for SCell BFR MAC CE transmission
When TS 38.213 v16.0.0 and v16.1.0 were described, the SCell BFR MAC CE was not defined in RAN2. Therefore, the related description in TS 38.213 was somewhat vague to cover various options for SCell BFR MAC CE, e.g. single MAC-CE or multiple MAC-CEs for reporting multiple SCell failure. Based on recently endorsed TS38.321, the SCell BFR MAC CE is comprised of following fields:
· Ci: indication of a list of the failed CC(s)
· AC: indication of whether or not to find a new beam RS for each failed CC
· Candidate RS ID: new beam RS ID for each failed CC 
Note that AC field is present only if Ci field is set to 1 and Candidate RS ID field is present only if both Ci =1 and AC=1. Especially for SCell BFR, unlike PCell/PScell BFR, physical layer should inform higher layers whether there is at least one new beam RS or not for the second information. Therefore, we propose the following TP to clarify physical layer operation for the SCell BFR MAC CE transmission.

Proposal 6: Adopt the following TP to section 6 of TS 38.213.
	[bookmark: _Ref500595654][bookmark: _Toc12021443][bookmark: _Toc20311555][bookmark: _Toc26719380][bookmark: _Toc29894811][bookmark: _Toc29899110][bookmark: _Toc29899528][bookmark: _Toc29917265]6	Link recovery procedures
--------------- Unchanged parts omitted -------------
Upon request from higher layers, the UE provides to higher layers the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the set [image: ] and the corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold if there is any. Otherwise, the UE provides to higher layers that no CSI-RS configuration indexes and/or SS/PBCH block indexes are found from the set [image: ], where corresponding L1-RSRP measurements are larger than or equal to the Qin,LR threshold.  
--------------- Unchanged parts omitted -------------
A UE can be provided, by schedulingRequestIDForBFR, a configuration for PUCCH transmission with a link recovery request (LRR) as described in Clause 9.2.4. The UE can transmit an SCell BFR MAC CE in a first PUSCH at least one MAC CE providing one index(es) for at least one or more corresponding SCell(s) with radio link quality worse than Qout,LR, whether the UE found an index  or not for the SCell(s), and the index  for a periodic CSI-RS configuration or for a SS/PBCH block provided by higher layers, as described in [11, TS 38.321], if anythe index is found, for a the corresponding SCell(s). After 28 symbols from a last symbol of a PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value, the UE
-	receives PDCCH on the at least one SCell with same antenna port quasi-collocation parameters as the ones associated with a corresponding index , if any
-	transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to  for periodic CSI-RS or SS/PBCH block reception, as described in Clause 9.2.2, if 
-	the UE is provided PUCCH-SpatialRelationInfo for the PUCCH-SCell,
-	the PUCCH transmission with the LRR was on the PCell or the PSCell, and
-	the PUCCH-SCell is included in the at least one SCell
where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the at least one SCell.



3.2 Description alignment for L1-SINR report
In 5.2.1.2 of TS 38.214, texts were added with regards to resource setting for L1-SINR based on agreements in Rel-16 including QCL-D assumption for L1-SINR report. As the QCL-D assumption for IMR for L1-SINR is different from the QCL-D assumption for other CSI reports specified in Rel-15 (highlighted by yellow below), the texts from Rel-15 specification need to be modified to exclude the case of L1-SINR report to avoid any confusion. In addition, the description regarding one resource setting is somewhat misaligned with those in 5.2.1.4.1 of TS 38.214 (highlighted by blue below). Our first preference is to bring one of them into the same section but it may be up to editor. With an assumption that the current text structure is kept as is, we propose the following TP.

Proposal 7: Adopt the following TPs to section 5.2.1.2 and 5.2.1.4.1 of TS 38.214.

	5.2.1.2	Resource settings
Each CSI Resource Setting CSI-ResourceConfig contains a configuration of a list of S≥1 CSI Resource Sets (given by higher layer parameter csi-RS-ResourceSetList), where the list is comprised of references to either or both of NZP CSI-RS resource set(s) and SS/PBCH block set(s) or the list is comprised of references to CSI-IM resource set(s). Each CSI Resource Setting is located in the DL BWP identified by the higher layer parameter BWP-id, and all CSI Resource Settings linked to a CSI Report Setting have the same DL BWP.
The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by BWP-id. When a UE is configured with multiple CSI-ResourceConfigs consisting the same NZP CSI-RS resource ID, the same time domain behavior shall be configured for the CSI-ResourceConfigs. When a UE is configured with multiple CSI-ResourceConfigs consisting the same CSI-IM resource ID, the same time-domain behavior shall be configured for the CSI-ResourceConfigs. All CSI Resource Settings linked to a CSI Report Setting shall have the same time domain behavior.
The following are configured via higher layer signaling for one or more CSI Resource Settings for channel and interference measurement:
-	CSI-IM resource for interference measurement as described in Clause 5.2.2.4. 
-	NZP CSI-RS resource for interference measurement as described in Clause 5.2.2.3.1.
-	NZP CSI-RS resource for channel measurement as described in Clause 5.2.2.3.1.
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' except when it is for L1-SINR report.

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 NZP CSI-RS 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.
--------------- Unrelated parts omitted -------------

[bookmark: _Toc11352113][bookmark: _Toc20318003][bookmark: _Toc27299901][bookmark: _Toc29673168][bookmark: _Toc29673309][bookmark: _Toc29674302]5.2.1.4.1	Resource Setting configuration
For aperiodic CSI, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerState is associated with one or multiple CSI-ReportConfig where each CSI-ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement for L1-RSRP or for channel and interference measurement for L1-SINR computation.
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement 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 NZP CSI-RS.
-	When three Resource Settings are configured, the first Resource Setting (higher layer parameter resourcesForChannelMeasurement) is for channel measurement, the second one (given by higher layer parameter csi-IM-ResourcesForInterference) is for CSI-IM based interference measurement and the third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for NZP CSI-RS based interference measurement.
For semi-persistent or periodic CSI, each CSI-ReportConfig is linked to periodic or semi-persistent Resource Setting(s):
-	When one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is configured, the Resource Setting is for channel measurement for L1-RSRP computation or for channel and interference measurement for L1-SINR computation.
-	When two Resource Settings are configured, the first Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement and the second Resource Setting (given by higher layer parameter csi-IM-ResourcesForInterference) is used for interference measurement performed on CSI-IM.
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