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Introduction
[bookmark: _Ref494215420]In RAN1#96b, some agreements were achieved for multi-beam operations [1]:
Working Assumption
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.
Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
· Companies are encouraged to provide evaluation results
Agreement
· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH
· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH
· Down-select at least one options for BFRQ procedure in RAN1 #97:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH
· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR
· FFS: N_max 

Furthermore, after great effort, some progress were made in RAN1#97 [2]:
Agreement
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.
If no consensus in RAN1#98, no further discussion in RAN1.
Agreement
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.
gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.

 (For example) Alt.2 UL-TCI states
	Valid UL-TCI state Configuration
	Source (reference) RS
	(target) UL RS 
	[qcl-Type ]

	1
	SRS resource (for BM) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	2
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	3
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	4
	DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	5
	SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	6
	UL RS(a SRS for BM) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]



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
· 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
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.
Working Assumption
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level
Agreement
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell
Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only
Agreement
When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC.
Agreement
A UE can be configured to perform BFR for any configured SCells 
· The maximum number of SCells for which the UE performs BFR is a UE capability

In this contribution, we will present our opinions on DL BM enhancement, multi-beam based UL operation, measurement and reporting of L1-SINR and BFR for SCell.

Discussion
Beam management enhancement of R15
· Spatial relation updates for AP-SRS via MAC CE
In RAN1#96b, it was agreed that for UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level. Further, RAN1#97 has agreed that the supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management, while one controversy lies in that usage of antenna switching that the supported feature of MAC CE based spatial relation update for aperiodic SRS applicable to the usage of antenna switching should be per resource level or per resource set level. In Rel-15, spatial information for SRS is configured per resource. Thus, in our opinion, for Rel-16 it is straightforward to support spatial relation updates for AP-SRS via MAC CE per resource level, while updating the spatial information for AP-SRS via MAE CE per resource set level seems to be another optimization issue.
Proposal 1: In Rel-16, the supported feature of MAC CE based spatial relation update for aperiodic SRS is also applicable to the usage of antenna switching per resource level.

· UE event-triggered Beam reporting
In Rel-15 beam management procedure, UE would be only configured with top N (N=1, 2, 4) beams reporting or no reporting. In some cases, some of served beam quality may become bad, but it is not known to gNB timely. Based on current beam management mechanism, beam optimization may be delayed, and more overhead would be brought about. Although one event triggered beam measurement and reporting procedure, i.e. beam failure recovery procedure (BFR), has been designed in Rel-15, large latency and overhead could be envisioned considering only when all monitored beams fail and at least one new candidate beam is identified do the event be triggered. 
Observation 1: Event triggered beam reporting should be studied which refers to partial monitored beams failure, to reduce latency and overhead and to achieve fast beam switching.
For partial beam failure event, at least the report should be included failed beam information, e.g., failed beam index. In addition, if new beams could be identified, it benefits to report new beam information from the perspective of overhead reduction and latency reduction. For the resource to carry partial beam failure report, in general there exist two ways:
· Alt.1: reusing existed resources, e.g., PUCCH resources for normal beam reporting which refers to top N beam reporting
· Alt.2: Dedicated resources, e.g., PUCCH resources, PUSCH resources
For alt.1, the benefit of supporting partial beam failure perhaps would be limited considering we should ensure the NW could differentiate between normal beam reporting and report for partial beam failure event, e.g., for partial beam failure reporting where only one failed beam information is repeated by N times. For alt.2, more valuable information could be reported to NW, and obviously the system performance would be improved.
Proposal 2: Study event triggered beam reporting where partial beam failure happens
· The report at least should include failed beam index, and if new beam could be identified, the corresponding information could also be included.
· Dedicated PUCCH resource could be configured for the report, or SR triggered PUSCH resources could also be utilized for the report

Multi-beam based UL operation
Regarding to the indication of panel ID, in Rel-15 specification, spatial information indication for UL RSs and channels could be configured as SSBRI/CRI/SRI, and it supports to implicitly map each SRS resource set to different panels upon UE implementation. However, if the source RS is DL signal such as SSB/CSI-RS, e.g., for PUCCH spatial information configuration, gNB/UE would have no knowledge about which panel was used to transmit UL signal. In addition, it is known that in Rel-15 UE FG 2-30 (Uplink beam management: Support of SRS based beam management) is optional with capability signaling. For beam correspondence case, perhaps there is no SRS configured. For panel information indication, in our understanding, it should be one common solution for different UE capabilities.
Observation 2: Common design on panel information indication for different UE capability.
Proposal 3: Support to introduce a new ID for indicating panel-specific UL transmission.
Last meeting, for the indication of panel-specific UL transmission, there are some discussions on introducing a UL-TCI framework and support UL-TCI based analogous to DL beam indication supported in Rel-15. However, firstly, we haven’t seen the necessity to introduce UL-TCI. It is not clear about why the existing DL-TCI framework and UL spatial information framework is not enough. Secondly, introducing UL-TCI state framework still could not solve the panel specific indication issue. Thirdly, unified DL and UL TCI pool and framework configuration would introduce UL SRS to be as the source RS for DL TCI. Then if DL beam management replies on UL SRS training, then it would increase UE power consumption. Finally, introducing UL-TCI framework would also increase RAN1 and RAN2 workload. Thus, we have the following proposal
Proposal 4: Not support to introduce UL-TCI framework for panel-specific UL transmission in Rel-16.
Based on the existing R15 framework, for the indication of panel-specific UL transmission, panel ID can be explicitly configured in reference RS, e.g., in spatial relation info. 
Proposal 5: panel ID can be explicitly configured in reference RS, e.g., in spatial relation info.
After great effort, MPUE-Assumption3 for Rel-16 was finally supported in RAN1#96b, where multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.  Generally, this feature aims UL coverage enhancement for FR2 considering the UE power consumption, e.g., selecting the panel with better UL link quality as the transmission panel. Regarding the panel specific indication usage, in our opinion, it could be used for the transmission of PUSCH, PUCCH and SRS to achieve UL coverage enhancement. For PRACH, considering the transmission of PRACH always associated with SSB, in our opinion, it is prefer to be up to UE implementation, and UE does not report the Tx panel ID used for the PRACH transmission.
[bookmark: _GoBack]Proposal 6: Support panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
For MPE issue, we think NOW is not the right time to discuss this issue in RAN1, for the necessity and feasibility is not clear, and only three RAN1 meetings left. In addition, RAN4 has specified the methods to address this issue in Rel-15, e.g., lower UL duty cycle and power back-off. Thus, we have the following proposal:
Proposal 7: Support Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specification support.

Beam measurement and reporting of L1-SINR
For CSI measurement specified in Rel-15, dedicated interference measurement resource could be NZP CSI-RS, or/and ZP CSI-RS (CSI-IM). NZP CSI-RS for IM only could be used for aperiodic CSI measurement, typically for MU-MIMO case. Relatively constant interference is measured based on ZP CSI-RS (CSI-IM), e.g., inter-cell interference. That how and whether to use other interference signal on REs of NZP CSI-RS resource for channel measurement depends on UE implementation. Considering similar the interference environment which existed in Rel-15 CSI: inter-cell, inter-UE and intra-UE interference, for L1-SINR based beam measurement, both NZP CSI-RS and ZP CSI-RS could be as the interference measurement resource. 
Proposal 8: Confirm the working assumption: when dedicated IMR is configured, NW can configure interference measurement for L1-SINR with both ZP-IMR and NZP-IMR, where Maximum Number of ZP IMR is 1.
With regarding to measurement and reporting in Rel-16, we have not seen the benefits of L1-SINR and L1-RSRP included in one report. Thus, in our opinion, measurement and reporting of only L1-RSRP or only L1-SINR is enough, and that how to configure is up to gNB implementation w/o or w/ UE recommendation. Considering for L1-SINR where in typical CMR and IMR would be configured jointly by gNB based on CSI framework, SSBRI/CRI in beam reporting could implicitly indicate IMR index.
Proposal 9: For L1-SINR, not support gNB to configure UE to report IMR index and/or RSRP additionally in a beam reporting instance.
RAN1#96b has agreed to support gNB can configure UE to report up to N SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance, where N is configured by RRC signaling with candidate values of {1, 2, 3, 4}. To reduce overhead, differential L1-SINR based report can be also supported, when N is larger than 1.
Proposal 10: When UE is configured to report more than 1 SSBRI/CRI and the corresponding L1-SINR in a beam reporting instance, differential L1-SINR based report is supported.

Beam failure recovery for SCell
In RAN1-96bis, we have three options for BFR procedure:   
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH
In RAN1#97, it was agreed to support at least SR-like PUCCH resource for BFR over PCell or PSCell, which seems to be more favorable for option 2. However, some benefits are still foreseeable if adopting option 1. For option 1, once UE encounters beam failure event and has configured grant resources for uplink transmission, it can report the beam failure event together with new beam information via MAC-CE. The whole procedure requires only one step, which seems to be very efficient, and low latency. In option 2, it decouples the reports for failure event and new beam information which may consume more time. Consequently, gNB can get the failure report instantaneously and prepare the subsequent scheduling. In typical, option 2 could be applied in the use case where no uplink resources for MAC CE transmission is available when SCell BFR happens, while option 1 only could be used in the use case with configured grant resources provided. In general, we think it is better not to be limited to one solution. For the case when one method doesn’t work, UE can try another one to achieve quick link recovery. Meanwhile, it is not precluded for UE to simultaneously execute multiple methods to achieve fast link recovery.
Proposal 11:  Support both option 1 and option 2. 
Impact of Multi-TRP/Panel transmission on BFR
Regarding to BFR issue for multi-TRP case, if we directly reuse the Rel-15 BFR procedure even only for the PCell under Multi-TRP/Panel mode, we might encounter many issues. Specifically, in Rel-15 the maximum number of RSs for beam failure detection is 2 and only the case when all RSs within BFD RS-set fall below a configured threshold can trigger a BFI counting. However, if one RS continuously fails and the other one continuously succeeds which can be viewed as a common scenario under Multi-TRP/Panel mode, no BFR or BFI counting will be triggered. Therefore, the Rel-15 BFR procedure is problematic in Multi-TRP/Panel and some further studies are recommended.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 3: The Rel-15 BFR procedure is not appropriate for the Multi-TRP/Panel mode.
Proposal 12: Beside the study of SCell BFR, some attention should also be paid on the impact of Multi-TRP/Panel transmission on BFR.
2-Step RACH for BFR
Although the studies on general 2-Step RACH is still on-going, the benefit could be foreseeable for future use case of 2-Step RACH on BFR. Compared with 4-Step RACH, the latency of beam recovery can be significantly reduced by using 2-Step RACH. Besides, the beam failure information could be explicitly carried in PUSCH of Msg-A possibly including failed CC index, new beam index etc. Generally speaking, the beam failure information could be in the form of L1-signaling, MAC-CE or high layer signalling. Obviously, L1-signaling is advantageous for its latency performance and is our preferred solution. Moreover, we believe it is also beneficial to study the methods that can enable gNB to distinguish between a general 2-step RACH and a BFR-specific 2-step RACH.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 13: Support to use Msg-A to carry Scell BFR information.

Conclusion
In this contribution, we have discussed Rel-15 BM enhancement, multi-beam based UL operation, measurement and reporting of L1-SINR and BFR for SCell. The following observations and proposals are achieved:
Observation 1: Event triggered beam reporting should be studied which refers to partial monitored beams failure, to reduce latency and overhead and to achieve fast beam switching.
Observation 2: Common design on panel information indication for different UE capability.
Observation 3: The Rel-15 BFR procedure is not appropriate for the Multi-TRP/Panel mode.

Proposal 1: In Rel-16, the supported feature of MAC CE based spatial relation update for aperiodic SRS is also applicable to the usage of antenna switching per resource level.
Proposal 2: Study event triggered beam reporting where partial beam failure happens
· The report at least should include failed beam index, and if new beam could be identified, the corresponding information could also be included.
· Dedicated PUCCH resource could be configured for the report, or SR triggered PUSCH resources could also be utilized for the report
Proposal 3: Support to introduce a new ID for indicating panel-specific UL transmission.
Proposal 4: Not support to introduce UL-TCI framework for panel-specific UL transmission in Rel-16.
Proposal 5: panel ID can be explicitly configured in reference RS, e.g., in spatial relation info.
Proposal 6: Support panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
Proposal 7: Support Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specification support.
Proposal 8: Confirm the working assumption: when dedicated IMR is configured, NW can configure interference measurement for L1-SINR with both ZP-IMR and NZP-IMR, where Maximum Number of ZP IMR is 1.
Proposal 9: For L1-SINR, not support gNB to configure UE to report IMR index and/or RSRP additionally in a beam reporting instance.
Proposal 10: When UE is configured to report more than 1 SSBRI/CRI and the corresponding L1-SINR in a beam reporting instance, differential L1-SINR based report is supported.
Proposal 11:  Support both option 1 and option 2. 
Proposal 12: Beside the study of SCell BFR, some attention should also be paid on the impact of Multi-TRP/Panel transmission on BFR.
Proposal 13: Support to use Msg-A to carry Scell BFR information.
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