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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Enhancements to multi-beam operation is a key part of the Release 16 WI on NR MIMO enhancement [1]. In the RAN1#97 meeting, the following agreements were reached [2]:
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

Working Assumption
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16

For further discussion
Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2

Agreement
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCellAgreement
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

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
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
Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.
· FFS: Condition that the RS for PL will follows the downlink RS in spatial relation.
· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.
For further discussion
Study beam indication/activation for a group of CCs

Agreement
· When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured
· If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell

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

In this contribution, we provide our views on L1-SINR measurement and report, panel-specific UL transmission, and SCell beam failure recovery.

Discussion
L1-SINR measurement and report

In the RAN1#97 meeting, both ZP-IMR and NZP-IMR are supported. However, whether and how to report the IMR index which was first discussed in RAN1#96b meeting should still be further discussed. Considering that multiple beams can be transmitted simultaneously in multiple TRPs/panels, the beam interference should be measured and controlled. L1-SINR report is used to measure interference between beams. As we know, L1-SINR is log10(S/(I+N))=log10(S)-log10(I+N), and L1-RSRP is log10(S), the metric of L1-SINR is similar to L1-RSRP with a offset of log10(I+N). If there are multiple IMRs for a UE to do interference measurement by L1-SINR report and the IMR index is not reported in the L1-SINR report, the gNB do not know which IMR is used for L1-SINR calculation by UE side, and cannot optimize the scheduling according to L1-SINR report. In this case, it’s hard to get performance gain by reporting L1-SINR without IMR reporting compared with L1-RSRP with interference computed from CMR. If the IMR index is reported with the L1-SINR report, the gNB can know which beam can cause lower interference level to a UE. This way the information of beam interference can be known to the gNB and used to optimize the scheduling the beams according to the IMR report. Based on the analysis, we proposal that:
Proposal 1: IMR index report should be supported during L1-SINR report.

When the gNB determines the serving beam of a UE by L1-RSRP report, it only needs to know the interference level of multiple interference beams to find a good beam pair to be transmitted simultaneously. Therefore, the case of only one CMR and multiple IMRs need to be configured for L1-SINR reporting, and the IMR index with L1-SINR should be reported. When the gNB wants to find out the serving beam and the interference beam (a beam pair with low cross interference) together by L1-SINR report, multiple CMRs and multiple IMRs should be configured in this case for L1-SINR reporting. Therefore, L1-SINR with its corresponding CMR index and IMR index should be reported in this case. In order to reduce the report overhead, the CMR index and IMR index can be reported jointly by using a new index. The overhead of the first case is much smaller than the second case, but the reported beam information of the second case is much richer than the first case which may bring higher performance gain. Therefore, there is a tradeoff between overhead and performance gain. Based on the analysis, we proposal that:
Proposal 2: Both one CMR + multiple IMRs and multiple CMRs + multiple IMRs cases should be supported.
Proposal 3: For the one CMR + multiple IMRs case, IMR index and its corresponding L1-SINR should be reported.
Proposal 4: For the multiple CMR + multiple IMRs case, CMR index and IMR index can be reported jointly with a new index. 

UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]It has been agreed that only MPUE-Assumption3 will be supported in Rel-16 at RAN1#96bis. For the agreed UE assumption 3, 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. Panel-selection or panel switching based PUSCH transmission is a typical transmission mode, and two alternatives are provided to enable the panel-selection based PUSCH transmission. In RAN1#97, the following two alternatives were proposed for UL panel-specific indication, and a down selection is expected at this meeting. 
· 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.

Regarding the Alt.2, the DL TCI framework is very different from the beam indication in UL transmission in FR2. First, different QCL types, i.e. QCL type A, B, C and D, are defined for different scenarios in DL transmission. For example, QCL type-D is used to indicate the transmit beam for the corresponding PDSCH and CSI-RS resource in FR2. However, the UL transmission beam is indicated or configured by the higher layer parameter spatialRelationInfo for SRS and PUCCH. PUSCH is transmitted on the SRS ports indicated by the SRI field in UL grant, so the UE will determine the TX beam for PUSCH according to the spatialRelationInfo configured for the SRS resources indicated by the SRI field in UL grant. The essential issue is how to indicate the selected panel ID. Introducing a new UL-TCI field in the UL grant in addition to spatialRelationInfo configured for SRS is redundant and may lead some confusion. If the UL-TCI-states as the provided example is indicated in the UL grant, how the UE determine the UL beam based on multiple spatialRelationInfo indications? Second, the DMRS ports for PUSCH is already indicated by the Antenna ports field in DCI format 0_1. If the (target) UL RS in the example UL-TCI intends to indicate the spatial relation for the DMRS, it is also confusing that the UE is required to transmit PUSCH and DMRS using different spatial relations..  Finally, the motivation for Rel-16 UL beam management enhancement is to support panel-specific UL transmission based on the agreed UE-Assupmption3, one of the key issues is how to indicate the transmit panel for the UL transmission or how to identify the UE panel for the UL transmission. Based on this knowledge, the UL-TCI-states framework provided in the example table is complicated and may create unnecessary conflict. So we have the following proposal:
Proposal 5: Do not introduce UL-TCI states for UL transmission in Rel-16.

For Alt.3, the first issue is how to define the panel ID to support the panel-specific transmission. The gNB can assign an unique ID for each UE panel, while the mapping between panel IDs and actual UE panels is up to UE implementation, based on the UE capability reporting, and each panel ID is associated with a set of panel-specific parameters. Each SRS resource set or each SRS resource, each PUCCH group or each PUCCH resource can be associated with a panel ID, hence the UE could get the panel-specific parameter for each PUSCH/PUCCH/SRS transmitted by the corresponding panel. This is similar to the index of TRP assigned by the higher layer for generating separate ACK/NACK codebooks. This scheme is beneficial for panel switch based UL transmission, which is a typical transmission mode for MPUE-Assumption3 for the agreed Rel-16 use case that UL coverage enhancement for FR2. 
Panel-specific parameters sets, such as the power control parameters or TA value, can be assigned for different panel ID for lower latency panel switching based panel-specific UL transmission.
Proposal 6: gNB shall explicitly assign an unique ID for each panel and each panel ID is associated with a set of higher layer parameters, e,g, per SRS resource set or SRS resource or PUCCH resource.

Although only one panel can be used for UL transmission at a given time instance, more than one of the multiple activated panels can still be used for simultaneous reception which is more important for multiple PDCCH based multi-TRP PDSCH transmission in FR2.
For multiple-PDCCH based multi-TRP transmission, one important issue is how to ensure the potential simultaneously transmitted PDSCH/PDCCH by different TRPs can be correctly received by the UE. Based on an assumption that two DL transmissions can be received simultaneously by two activated UE panels, if the received panel ID can be reported along with the L1-RSRP or L1-SINR or CRI reporting, it will be beneficial for TCI configuration for CORESETs and PDSCHs transmitted by different TRPs.
For example, when a UE reports the L1-RSRP of CRI#1/2/3/4 with the received panel ID with Panel-1, and the L1-RSRP of CRI#5/6/7/8 with the received panel ID with Panel-2, the DL beams corresponding to CRI#1/2/3/4 and CRI#5/6/7/8 can be simultaneously received by Panel-1 and Panel-2 if they are both activated. Based on this information, the gNB can assign the TCI-state corresponding to CRI#1/2/3/4 for TRP#1 and assign the TCIs corresponding to CRI#5/6/7/8 for TRP#2 for multiple-PDCCH based multi-panel transmission when Panel-1 and Panel-2 are activated for DL reception at the UE. Any one beam from CRI#1/2/3/4 and one beam from CRI#5/6/7/8 can be received simultaneously by the UE at any time. How to indicated the activated panel information at the UE side to the gNB should be for further study and how to indicate one panel for UL transmission should also be enhanced.
Proposal 7: The received panel ID should be reported along with the L1-RSRP/SINR/CRI reporting for the potential multi-panel reception.
Proposal 8: How to indicate the activated panel information to the gNB should be FFS.

Although multiple panels can be activated at the UE side for lower latency panel switching based UL transmission for UL coverage enhancement, it may still require a guard period like the guard period defined for SRS used for antenna switching defined in Rel-15 for panel switching and/or beam switching between different RF chains. The guard period defined for antenna switching based SRS transmission can be as a baseline.
Proposal 9: Guard period with at least one symbol should be defined for panel switching or beam switching based UL transmission.

Simultaneous spatial relation update for multiple PUCCH resources
The following working assumption was reached at RAN1#97:
Working Assumption
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16
Considering the factor that multiple PUCCH resources may share the same spatialRelationInfo value, this working assumption is used for lower latency PUCCH spatial relation indication/update compared with the PUCCH spatial relation Activation/Deactivation MAC CE defined in Rel-16. So we agree to confirm this working assumption first:
Proposal 10: Confirm the working assumption:
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16

In Rel-15, only one PUCCH resource ID can be indicated in one PUCCH spatial relation Activation/Deactivation MAC CE. One simple method is to allow the gNB can indicate multiple PUCCH resources in one MAC CE, and the maximum number of PUCCH resources can be indicated in one MAC CE can be configured for the UE by higher layers. The UE only need to know the number of PUCCH resources contained in one MAC CE for the PDSCH decoding carried one MAC CE. And the further detailed design for the Rel-16 PUCCH spatial relation Activation/Deactivation MAC CE is determined in RAN2.
Proposal 11: Multiple PUCCH resources can be contained in one PUCCH spatial relation Activation/Deactivation MAC CE and the maximum number of PUCCH resources can be contained in one PUCCH spatial relation Activation/Deactivation MAC CE is configured by higher layers.

SCell beam failure recovery

It has been agreed in the RAN1#97 meeting that UE reports only 1 beam with corresponding beam index per SCell. When UE reports the beam failure recovery request to the gNB, it takes a two-step approach to send its request to PCell or PSCell. The first step is to send a dedicated SR-like PUCCH to signal to the PCell or PSCell the upcoming beam failure recovery request, so the PCell or PSCell can schedule a PUSCH for the UE to report more detailed information. Some details of the dedicated PUCCH resource need to be clarified. The purpose of step 1 is to raise attention from the PCell and request resource for the PUSCH, where more detailed information of the candidate beam can be transmitted. It is not necessary to configure dedicated PUCCH resource per new candidate beam, or per UE per SCell, but only dedicated PUCCH resource per UE in the PCell or PScell.  
Proposal 12: The dedicated SR-like PUCCH resource for BFR is configured per UE.

In the second step, a MAC CE is sent to the PCell or PSCell  to report the index of a single candidate beam together with the CC index. To recover the SCell beam with minimal latency, it is important for the UE to transmit the MAC CE as soon as possible. If there is another PUSCH scheduled before the PUSCH triggered by the dedicated SR-like PUCCH, or even before the dedicated PUCCH can be sent, the UE should multiplex the MAC CE in the first PUSCH. Transmission or multiplexing of the BFRQ MAC-CE in PUSCH not triggered by the dedicated PUCCH should be allowed. 
Proposal 13: Confirm the working assumption that Step 2 of BFRQ for SCell is carried by MAC CE. 
Proposal 14: In Step 2, MAC-CE carrying the BFRQ for SCell can be multiplexed in a PUSCH not triggered by Step 1. 

Because both the PUCCH and PUSCH are transmitted from the UE to the PCell or PScell, the 2-step beam failure recovery procedure does not require UL in the SCell and can be applied to SCell with or without UL. It also does not have specific requirement on the PCell or PCell other than configuring dedicated SR-like PUCCH resource. It is possible to configure the dedicated SR-like PUCCH resource in another SCell with UL. Because the MAC-CE  in Step 2 carries all the information necessary for beam failure recovery and can be transmitted in PUSCH not triggered by the dedicated PUCCH resource, it can be sent to the TRP to through any SCell with a UL. When the UE needs to recovery the serving beam in its PCell, it can send its beam failure recovery request MAC-CE through a SCell with working beam. Compared with the R15 beam failure recovery through dedicated PRACH, this is more robustness and incurs less latency. The beam failure recovery procedure of SCell should be applied to PCell in order to enhance the robustness of BFR for PCell.  

Proposal 15: The same SCell beam failure recovery procedure should be applied to both SCell with and without UL. 
Proposal 16: The SCell beam failure recovery procedure can be used for PCell. 

Conclusion

The RAN1#97 meeting has agreed on the configuration of  
Proposal 1: IMR index report should be supported during L1-SINR report.
Proposal 2: Both one CMR + multiple IMRs and multiple CMRs + multiple IMRs cases should be supported.
Proposal 3: For the one CMR + multiple IMRs case, IMR index and its corresponding L1-SINR should be reported in case 1.
Proposal 4: For the multiple CMR + multiple IMRs case, CMR index and IMR index can be reported jointly with a new index. 
Proposal 5: Do not introduce UL-TCI states for UL transmission in Rel-16.
Proposal 6: gNB shall explicitly assign an unique ID for each panel and each panel ID is associated with a set of higher layer parameters, e,g, per SRS resource set or SRS resource or PUCCH resource.
Proposal 7: The received panel ID should be reported along with the L1-RSRP/SINR/CRI reporting for the potential multi-panel reception.
Proposal 8: How to indicate the activated panel information to the gNB should be FFS.
Proposal 9: Guard period with at least one symbol should be defined for panel switching or beam switching based UL transmission.
Proposal 10: Confirm the working assumption:
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16

Proposal 11: Multiple PUCCH resources can be contained in one PUCCH spatial relation Activation/Deactivation MAC CE and the maximum number of PUCCH resources can be contained in one PUCCH spatial relation Activation/Deactivation MAC CE is configured by higher layers.
Proposal 12: The dedicated SR-like PUCCH resource for BFR is configured per UE.
Proposal 13: Confirm the working assumption that Step 2 of BFRQ for SCell is carried by MAC CE. 
Proposal 14: In Step 2, MAC-CE carrying the BFRQ for SCell can be multiplexed in a PUSCH not triggered by Step 1. 
Proposal 15: The same SCell beam failure recovery procedure should be applied to both SCell with and without UL. 
Proposal 16: The SCell beam failure recovery procedure can be used for PCell. 
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