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Introduction
In this contribution, we discuss remaining issues on UL transmit beam selection enhancements and SCell beam failure recovery. 
Enhancements on UL transmit beam selection
The following working assumption and agreement was reached in RAN1#97/98 meetings [1]
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

Agreement 
At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, the applied default spatial relation for the dedicated-PUCCH/SRS is down-selected from the followings in RAN1#98bis
· Alt.1: default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET ID)
· Alt.2: one of an active TCI state of CORESET
· FFS: details of which TCI state
· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH
· Alt.4: CORESET#0 QCL assumption
· Alt.5: pathloss reference RS
· FFS: details of which pathloss reference RS
· FFS: whether to apply the above for UEs not supporting beam correspondence

In order to optimize FR2 beam operation where a UE receives or transmits with single beam at a time, an UL shadow mode for PUCCH/SRS transmission is proposed by following DL QCL assumption of a derived CORESET. While we understand and appreciate the motivation, we think more considerations are needed in order to make the solution complete, instead of sipmly tailoring it for a specific scenario. In our understanding, the following factors should also be considered and some of them are also echoed by other companies [2].
1. Currently, at least two PUCCH resource groups are supported per RAN1#97 WA above. Such DL/UL spatial filter information association should be group specific.
2. Different CORESETs can correspond to different TRPs. Such DL/UL spatial domain filter information association should be TRP specific.
3. pucch-PathlossReferenceRS is provided per pucch-SpatialRelationInfo. If there is no pucch-SpatialRelationInfo, there is no pathloss reference RS for UL PC.
4. For AP PUCCH/SRS, following QCL assumption of scheduling PDCCH is more sensible than following a predetermined CORESET. If there is more than one activated TCI states, following scheduling TCI state allows better flexibility. For beam correspondence UE, it provides the potential to get rid of UL beam management entirely while providing a mechanism for adapting UL beam at will.
In principle, we are suportive to introduce default spatial relation info for PUCCH/SRS for beam indication overhead reduction. However, sufficient flexibility should still be allowed in such an UL shadow mode. With limited TU, one possibility is to aovid PUCCH groups and TRP issues for now and focus on the case where PUCCH groups are not provided and single TRP is assumed. From this point of view, a baseline requirement would be to enable gNB and UE not configuring UL beam management while still providing enough UL scheduling flexibillity. We think alt-4 is too specific for flexibility and alt-5 does not seem like a complete solution at least from perspective of consideration 3) above. Alt-1 provides same default behavior as DL but sacrifices flexibility since an UL beam would be determined based on Search space configuration when a scheduling offset is long. Thus, we think alt-3 provides the best tradeoff among the options.
[bookmark: _Ref16328869][bookmark: _Ref21104393]Proposal 1: For introducing default spatial relation info for PUCCH and for SRS, the assumption on the number PUCCH resource groups and the number scheduling TRPs is clarified.
[bookmark: _Ref21104394]Proposal 2: For default spatial relation info of PUCCH and SRS, when PUCCH resources are not grouped and multi-TRP is not configured, support Alt-3 below for UL scheduling flexibility
· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH

SCell beam failure recovery
Related to enabling SCell beam failure recovery, the following progress was made in previous RAN1 meetings:
Agreement (RAN1#98)
For SCell with both UL and DL, at least reuse the same BFRQ procedure as SCell with DL only.
· Note: Whether to support CBRA/CFRA based BFRQ for both scenarios is a separate issue.
· Note: At least from RAN1 perspective, there is no need for introducing restrictions on MAC CE transmission for BFR in Rel-16 
· FFS: Whether PUCCH-BFR can be configured on SCells
Agreement (RAN1#98)
Support PUCCH-BFR to be configured by either one of PUCCH format 0 and PUCCH format 1
· FFS: details when PUCCH-BFR transmission is to be made in the same slot with other uplink signal(s).
Agreement (RAN1#98)
· RAN1 will conclude on the following issue in RAN1#98bis
· Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).
Agreement (RAN1#98)
The BFRR to step 2 is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE
· The procedure is the same as normal “ACK” for PUSCH
· When UE receives BFRR to step 2, UE can consider BFR procedure is finished
· No RAN1 spec impact
Agreement (RAN1#98)
Down-select one of the following alternatives on UE behavior when no new beam RS is configured in RAN1#98bis
· Alt 1: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured
· Alt 3: If new beam RS is not configured, all SSBs are considered as new beam RS candidates
Agreement (RAN1#97)
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 (RAN1#97)
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 (RAN1#96bis)
Downlink RS for new beam identification can be transmitted in active BWP of the CC which is configured to be monitored for BFR or another CC within the same band
Agreement (RAN1#96bis)
At least for explicit configuration, downlink RS for BFD is in current CC 
· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration

Multiplexing priority between SR-BFR and other UCI
One of the main motiviation for introducing a dedicated SR-like PUCCH tranmission for step-1 SCell BFR is to allow the NW identifying the happening of beam failure at UE side. Prompt reaction can be taken by the NW for recovering the link accordingly. For PUCCH format 0/1, only limited UCI bits can be delivered to the NW and therefore, it is required to discuss the prioritization between SR-BFR, legacy SR and HARQ-ACK bits.
Current NR spec does not differentiate the priority between SRs. Furthermore, SRs may be dropped when colliding with HARQ-ACK feedback. Specifically, at least the following cases can be used as starting point for discussing the priority/dropping issue.
1. SR(s) is triggered with PUCCH format 0 resource + HARQ-ACK feedback with PUCCH format 0 resource.
When multiple SRs are triggered by different logical channels and PUCCH format 0 is used for delivery, current specfication does not differentiate the SRs and it is up to UE to select one SR resource for transmission. HARQ-ACK information will be multiplexed in the selected SR resoruce. In fact, it is noted in 38.321 that “The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation”. Apparently, there is no priority between SRs.
2. SR(s) is triggered with PUCCH format 0 resource + HARQ-ACK feedback with PUCCH format 1 resource.
When SRs on PUCCH format 0 are triggered and they collide with HARQ-ACK feedback on PUCCH format 1, SRs are dropped and only HARQ-ACK information is fed back. With new consideration on SR for BFR, the prioritization rule should be revisited.
[bookmark: _Ref16328876]Proposal 3: The priority of legacy SR and SR-BFR needs to be discussed. SR-BFR shall be emphasized to reflect its relevance.
[bookmark: _Ref16328877][bookmark: _Ref21104397]Proposal 4: The condition for dropping SR-BFR when colliding with HARQ-ACK needs to be re-examined. Specifically, when SR-BFR on PUCCH-0 collides with HARQ-ACK on PUCCH-1, SR-BFR should be prioritized.

PRACH-based SCell BFR for fallback
The need for PRACH-based SCell BFR approach is motived from two aspects. Firstly, PUCCH-BFR + MAC-CE based approach is designed mainly for DL-only SCells. Apparently, PUCCH-BFR + MAC-CE based approach is highly dependent on PUCCH channel, which is not as robust as a PRACH transmission in general. Secondly, RAN2 raised the issue on whether PUCCH-SR should be mandatorily configured or not [3]. As concluded by RAN1 and LS-ed to RAN2 [4], a SR-BFR is not the same as legacy SR and should be prioritized over legacy SR. This means that SR-BFR is essential for SR-BFR + MAC-CE based SCell BFR operation, and SR-BFR should be mandatory for the scheme. On the other hand, such constraint is not friendly from scheduling perspective. Therefore, a fallback scheme should be supported as hinted by RAN2.
To minimize spec impact and RAN1 workload, reusing an existing procedure is preferred. Since Rel-15 already adopts contention-based RACH (CBRA) procedure as PCell BFR fallback scheme, we think reusing the principles for SCell BFR fallback scheme, but subject to a few enhancements for BFR scenario, is appropriate. Specifically, when introducing CBRA as SCell BFR fallback mode, we think the following should be taken care of:
· The PRACH resource for indicating SCell beam failure should be a dedicated resource for better efficiency. In view of the design principle of PUCCH-BFR + MAC-CE based approach, the dedicated PRACH resource can be a shared resource among all SCells, simply for indicating the occurrence of SCell beam failure without carrying detailed information on e.g., SCell index(es) where beam failure is experienced.
· Detailed information on beam-failed SCell index(es) and corresponding new beam information can be carried in subsequent transmission, for example, in msg-3. There, the MAC-CE designed for SR-BFR + MAC-CE based SCell BFR procedure can be reused.
In a sense, this CBRA fallback scheme can be made similar to PUCCH-BFR + MAC-CE based scheme, with the exception of replacing PUCCH-BFR by a dedicated PRACH resource.
[bookmark: _Ref21104398]Proposal 5: Introducing CBRA procedure as fallback scheme for SCell BFR. CBRA-based SCell BFR procedure follows the same 2-step approach of PUCCH-BFR + MAC-CE based scheme by replacing PUCCH-BFR with a dedicated PRACH resource.
Termination of SCell BFR procedure
In RAN1#98, RAN1 has agreed that BFRR to step-2 BFRQ MAC-CE is a normal UL grant for scheduling a new transmission for the same HARQ process as PUSCH carrying the steop-2 BFRQ MAC-CE. When UE receives BFRR to step-2, UE considers the BFR procedure is successfully finished. On the other hand, how to decide a failed SCell BFR procedure is not addressed yet.
Per RAN1 agreement, BFRQ is delivered to the NW side in a 2-step manner. So, a failed transmission of either of the 2 steps should be able to identify a failed SCell BFR procedure. In principle, the transmission behaviour for SR-BFR and BFRQ MAC-CE can be considered well-defined in current NR spec. For example, the transmission of SR is controlled by sr-ProhibitTimer. The transmission of MAC-CE is also controlled by MAC procedure and HARQ mechanism. As a result, failed SCell BFR can be identified by failed transmission of either step of BFRQ transmissions, which is in turn identifiable by whether a corresponding response is received or not. Specifically, failed SCell BFR procedure can be determined based on either of the following conditions:
· PUCCH-BFR is transmitted for multiple times but there is no reception of UL grants for initiating BFRQ MAC-CE transmission. Equivalently, this means that BFRQ MAC-CE cannot be transmitted.
· BFRQ MAC-CE has been transmitted but BFRR to BFRQ MAC-CE is not received. 
To accommodate the above two cases for identifying a failed SCell BFR procedure, a timer-based approach can be considered. Specifically, a BFR timer may start when, for example, BFD is detected, or first PUCCH-BFR is transmitted. Upon expiry of the BFR timer, a corresponding SCell BFR procedure is considered failed. RAN1 can decide the principle of this and leave details up to RAN2 design.
[bookmark: _Ref21104403]Proposal 6: Introducing a SCell BFR timer to determine the failure of an associated SCell BFR procedure. When the SCell BFR timer expires, the associated SCell BFR is terminated.
Mandatory configuration of NBI RS
One of remaing issue from previous meeting is UE behavior when NBI for SCell BFR is not explicitly configured. Available options on the table include:
· Alt-1: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured
· Alt-3: If new beam RS is not configured, all SSBs are considered as new beam RS candidates
It is our understanding that NBI candidates should be a subset of beam management RS. The motivation is not to introduce additional overhead from NBI monitoring, compared to beam measurement. Based on current RRC signaling, UE only monitors and reports beam management RS which is explicitly configured. If Alt-3 is supported, it implies that NBI candidate set can be a superset of SSB configured for beam management. This would then generate an inefficinet operation where beam measurement effort is not entirely utilized for beam management. Thus, Alt-1 is preferred.
[bookmark: _Ref21104405]Proposal 7: related to UE behavior when no new beam RS is configured, support Alt-1: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured.
SCell BFR with neither BFD-RS nor NBI-RS on the CC
For flexibility, it is supported to configure BFD RS and New Beam Identification (NBI) RS on either current CC or another CC, individually. However, it may lead to a combination where SCell BFR is configured for a CC with all its BFD RS and NBI RS residing on another CC. From modeling perspective, this is not a sensible configuration since all the monitoring efforts reside on the “another CC” while it is modeled in the current CC.
[bookmark: _Ref16328881]Proposal 8: either BFD RS or NBI RS, but not both of them, can be configured in another CC.
Conclusion
Based on the discussion and analysis in this contribution, we have the following observations and proposals.
Proposal 1: For introducing default spatial relation info for PUCCH and for SRS, the assumption on the number PUCCH resource groups and the number scheduling TRPs is clarified.
Proposal 2: For default spatial relation info of PUCCH and SRS, when PUCCH resources are not grouped and multi-TRP is not configured, support Alt-3 below for UL scheduling flexibility
· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH
Proposal 3: The priority of legacy SR and SR-BFR needs to be discussed. SR-BFR shall be emphasized to reflect its relevance.
Proposal 4: The condition for dropping SR-BFR when colliding with HARQ-ACK needs to be re-examined. Specifically, when SR-BFR on PUCCH-0 collides with HARQ-ACK on PUCCH-1, SR-BFR should be prioritized.
Proposal 5: Introducing CBRA procedure as fallback scheme for SCell BFR. CBRA-based SCell BFR procedure follows the same 2-step approach of PUCCH-BFR + MAC-CE based scheme by replacing PUCCH-BFR with a dedicated PRACH resource.
Proposal 6: Introducing a SCell BFR timer to determine the failure of an associated SCell BFR procedure. When the SCell BFR timer expires, the associated SCell BFR is terminated.
Proposal 7: related to UE behavior when no new beam RS is configured, support Alt-1: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured.
Proposal 8: either BFD RS or NBI RS, but not both of them, can be configured in another CC.
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