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1. Introduction
This contribution continues the discussion of beam management remaining issues. 
2. Beam Failure Detection Set determination
It is specified that the network configures at most 2 detection resources (q0) per BWP for beam failure detection. Further, for each DL BWP, a UE can be provided up to 3 control resource sets by higher layer signalling according to 38.213. The criteria for determining 2 beam failure detection resources when 3 CORESETs are configured is not clear. A requirement for the BFD set determination, is that the gNB and UE has the same understanding of the set  for efficient operation. One option is to derive the RSs from the CORESET IDs, such as based on the lowest 2 CORESET IDs. However, the lowest 2 CORESET IDs, may have a longer monitoring periodicity, or the corresponding RSs may have a longer periodicity. Latency in Beam Failure Recovery (BFR) and resource efficiency can be improved if rule is based on CORESET monitoring periodicity and RS periodicity. Based on the above discussion we have the following proposal. 
Proposal 1: A rule should be defined to choose BFD set from the RSs of the configured CORESET. In the case when 3 CORESETS are configured and failureDetectionResources are not configured, the 2 RS can be obtained from the CORESETs associated with the search spaces with the lowest monitoring periodicity. In case of multiple CORESETS with associated search spaces with same lowest periodicity, conflict can be resolved based on RS periodicity associated with CORESETS, followed by CORESET ID.
Text Proposal 38.213 Subclause 6 with clarification for BFD set determination from CORESET TCI states:
--------------------------------------------------------- Beginning of change ---------------------------------------------------------

The UE expects the set [image: ] to include up to two RS indexes and, if there are two RS indexes, the set [image: ] includes RS indexes with QCL-TypeD configuration for the corresponding TCI states. The UE expects single port RS in the set . For the case where there are more than two control resource sets, the set [image: C:\Users\kvenugo\WorkSpace\3gppNR\Rel_15_f20\38213-f20\38213-f20_files\image040.gif] shall be determined to include two RS indexes first based on the CORESETS whose associated search spaces have lowest CORESET monitoring periodicity, followed by RS periodicity. For conflict resolution in determining RS indexes, CORESET ID may be subsequently used.
3. BFD during DRX operation
Beam failure detection and recovery procedure in DRX operation is not explicit from the current spec. As per current specification, the indication period of BFD RSs is based only on the RS periodicity without considering the DRX period. This implies that the UE should measure the RSs even during the OFF duration time, leading to significant power consumption which is not desired. 
The RLM procedure for the DRX case is explicitly mentioned in 38.213 with the indication period as a function of both RS periodicity and DRX period. For power saving perspective, a similar specification is needed for beam failure recovery. 
Proposal 2: The indication period in BFR is dependent on the DRX period in addition to RS periodicity. 
Text Proposal 38.213 Subclause 6:
--------------------------------------------------------- Beginning of change ---------------------------------------------------------
The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set [image: C:\Users\kvenugo\WorkSpace\3gppNR\Rel_15_f20\38213-f20\38213-f20_files\image042.gif] that the UE uses to assess the radio link quality and 2 msec. In DRX mode operation, the physical layer in the UE determines the indication period as the maximum between the shortest periodicity for beam failure detection resources in the set [image: C:\Users\kvenugo\WorkSpace\3gppNR\Rel_15_f20\38213-f20\38213-f20_files\image042.gif]and the DRX period. 
4. CBRA based BFR
BFR can be performed via either Contention Free Random Access (CFRA) or Contention Based Random Access (CBRA). For CFRA gNB infers the RACH is performed due to BFR from the reception of dedicated PRACH associated with the UE. UE can obtain confirmation of completion of BFR from gNB via reception of PDCCH addressed to C-RNTI received on the CORESET associated with a configured recoverySearchSpace. 
For the CBRA case, it is not clear if the gNB can infer whether CBRA is triggered for BFR or some other reason. CBRA can be triggered for various reasons, such as for Initial access, RLF to Connected, Handover, etc. For some cases such as for example CBRA performed for lack of UL sync, it may not be possible for gNB to differentiate between CBRA for BFR vs CBRA for UL synchronization.  For instance, if Msg3 during BFR also carries BSR, the gNB may not be able to differentiate if this is due to BFR or UL synchronization. For instance, if Msg3 during BFR also carries BSR, the gNB may not be able to differentiate if this is due to BFR or UL synchronization. To avoid ambiguity our proposal is to signal the reason for BFR via MAC-CE in Msg3. If the UE receives a PDCCH addressed to C-RNTI in the monitored CORESET associated with Type1-PDCCH common search space set configured by ra-SearchSpace, or Type0-PDCCH common search space if no ra-ControlResourceSet/ra-Search space is configured. The other coresets can be monitored, but reception of PDCCH should not be used as confirmation of BFR success. 
[bookmark: _Hlk521595920]Proposal 3: For CBRA based BFR additional message indicating the cause of failure can be conveyed to gNB. 
5. PDSCH TCI for Minimum UE Capability on Active TCI State
In [1], it has been agreed that as minimum capability, UE shall support 1 active TCI state used by both PDSCH and PDCCH + 1 active TCI state used by PDCCH. However, the only 1 active PDSCH TCI state may conflict with existing determination rule for active PDSCH TCI state in presence of 2 active CORESET TCI states as the following examples
Issue 1: If scheduled by DCI 1-1 with “tci_PresentInDCI” disabled or DCI 1-0, active PDSCH TCI state cannot follow that of scheduling CORESET if they are different due to single active PDSCH TCI
Issue 2: If scheduled by DCI 1-1 with scheduling offset < beam switch latency threshold, active PDSCH TCI state cannot follow that of CORESET with lowest ID in latest monitored slot if they are different due to single active PDSCH TCI
Therefore, additional consideration is needed to determine active PDSCH TCI state for minimum UE capability. To maintain flexibility on data beam selection, the PDSCH TCI state can be dynamically changed by MAC-CE between the 2 active TCI states. In addition, the selected TCI state shall overwrite that determined by existing rules if conflict happens.  
[bookmark: _Hlk525815322]Proposal 4: For UE with min. capability on active TCI state, active PDSCH TCI state follows the one selected by MAC-CE. 
· gNB shall ensure selected PDSCH TCI state is 1 of 2 active CORESET TCI states, and selected TCI state overwrites that determined by existing rules if conflict happens. 
[To feature lead: Proposal 4 is related to QCL rule clarification, and may not be suitable for UE capability session]
[bookmark: _Hlk522116620]Text Proposal 38.214 Subclause 5.1.5.:
--------------------------------------------------------- Beginning of change ---------------------------------------------------------
[…]
The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot +1. After a UE receives higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the SSB SS/PBCH block determined in the initial access procedure with respect to ’QCL-TypeA’, and when applicable, also with respect to ‘QCL-TypeD’. 
If UE is only capable of single active TCI state for PDSCH, the PDSCH TCI state is always the one indicated in the activation command. Otherwise, the PDSCH TCI state is determined as below.  
If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted on the CORESET. If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][…]
--------------------------------------------------------- End of change ---------------------------------------------------------
6. Monitored CORESET(s) during BFR
In [2], there is a question in RAN2 LS: After UE sending PRACH for contention-free BFR, does the UE continue monitoring PDCCH candidates in configured search spaces monitored before PRACH, in addition to the search space indicated by recoverySearchSpaceId? In [3], RAN1 response is: Yes, all configured search spaces before dedicated BFR PRACH transmission for BFR are monitored. However, the answer of “Yes” may not serve as the final accurate RAN1 agreement, since remaining questions can be answered only when this answer is “Yes”. But this excludes discussion of other possibilities, which should be clarified.  
First, beam failure is detected when all monitored CORESETs fail. Therefore, it is reasonable for UE to not monitor them during BFR to reduce complexity and power consumption, since the chance to receive PDCCH may be small. In addition, monitoring existing CORESETs during BFR may require new rules, e.g. change on timer/counter behaviour, which can be left as future optimization. Also, UE does not need to monitor existing CORESETs after receiving gNB response but before PDCCH TCI reconfiguration, since CORESET-BFR is good to use. 
Proposal 5: Monitoring CORESETs other than CORESET-BFR during BFR and after gNB response but before PDCCH TCI reconfiguration is up to UE implementation.
7. Default PUCCH and PUSCH beam during BFR
In [4], an agreement has been made to down select within the following 2 alternatives for default PUCCH beam after receiving BFR response and till spatial relation is activated or reconfigured for at least one PUCCH resource. 
· Alt 1: K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources
· Alt 4: K symbols after successfully receiving BFR gNB response, the transmissions of PUCCH resources for HARQ ACK/NACK feedback of a corresponding DL PDSCH scheduled from SearchSpace-BFR shall use the same spatial filter as the PRACH transmission until the UE receives a MAC-CE activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

After receiving BFR response and till spatial relation is activated or reconfigured for at least one PUCCH resource, previously configured PUCCH beams may fail. It would be conservative to use PRACH beam for BFRQ as default beam for all PUCCH resources during that period for best reliability. In addition, the default beam for PUSCH also needs to be specified, since PUSCH may carry beam report to reselect DL/UL beams. For best reliability, default beam for PUSCH can also use PRACH beam for BFRQ after receiving BFR response and till UE receives an activation or reconfiguration of spatial relation info of at least one of configured SRS resources for at least codebook based or non-codebook based PUSCH beam indication.
Proposal 6: Support the following alternative 
· Alt 1: K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

Proposal 7: K symbols after successfully receiving BFR gNB response, PUSCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of spatial relation info of at least one of configured SRS resources for at least codebook based or non-codebook based PUSCH beam indication
8. CORESET 0 for determining lowest CORESET ID
In [5], it has been agreed that unicast PDSCH can be scheduled by a DCI associated with the CORESET 0. Therefore, as other regular CORESETs, CORESET 0 should be considered in determining lowest CORESET ID for default PDSCH QCL. Although no explicit TCI state configured, UE may assume CORESET 0 for unicast PDSCH is QCLed with associated SSB. The implicit QCL info can be used to determine the default PDSCH QCL. 
Proposal 8: Support considering CORESET 0 in determining lowest CORESET ID for default PDSCH QCL.
9. TCI reconfiguration for CORESET 0
[bookmark: _Hlk513674993]In [6], it has been agreed that NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected mode for both non-broadcast and broadcast PDCCH. The details for achieving this goal are described next. 
If CORESET 0 is the only control beam, both UE and gNB can be in sync on the new SSB via BFR procedure. If CORESET 0 is one of multiple control beams, gNB can identify the deteriorating quality of CORESET 0 and hence indicate UE the new SSB via MAC-CE based on beam management, e.g., L1-RSRP report. Specifically, one of the 4 possible CORESET IDs (e.g. 0) in UE-specific PDCCH MAC-CE can be reserved for CORESET 0, since at most 3 CORESETs can be configured per BWP. gNB can use the corresponding TCI state to signal the new SSB. Both gNB and UE will switch to the search space 0 of the indicated new SSB for unicast and broadcast data.  
The above discussion can be summarized as below
Proposal 9: During beam failure recovery, UE indicates gNB the new SSB/CORESET0/SS0 for non-broadcast PDSCH.
Proposal 10: In absence of beam failure, gNB indicates UE the new SSB/CORESET0/SS0 for non-broadcast PDSCH by UE-specific PDCCH MAC CE with one CORESET ID reserved for CORESET 0.
Text Proposal 38.213 Subclause 6:
--------------------------------------------------------- Beginning of change ---------------------------------------------------------

For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters with index  until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. Unless the UE transmitted PRACH in response to Beam-failure-recovery-request-RACH-Resource, the UE is not expected to monitor PDCCH candidates in the control resource set provided by recoveryControlResourceSetId after the UE receives a higher layer parameter ControlResourceSet or after the UE receives a MAC CE activation for a TCI state. The UE shall assume that the CORESET ID 0 and search space ID 0 identified during initial access is now associated with the SS/PBCH block quasi co-located with the RS associated with the index , after completion of beam recovery.
------------------------------------------------------------- End of change ------------------------------------------------------------
Text Proposal 38.213 Subclause 10:
--------------------------------------------------------- Beginning of change ---------------------------------------------------------
If the UE has received a MAC CE activation command for one of the TCI states, the UE applies the activation command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation command.
The MAC CE activation command may also update the TCI for CORESET 0. The 6-bit TCI state field in the MAC CE command activating CORESET 0 shall be interpreted as the index of the associated SS/PBCH block. The search space 0 shall also be associated with this indicated SS/PBCH block index. 
If a UE has received higher layer parameter TCI-StatesPDCCH containing a single TCI state, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the one or more DL RS configured by the TCI state.
------------------------------------------------------------- End of change ------------------------------------------------------------
10. Default beam and corresponding threshold for A-CSI-RS
In [4], it has been agreed that NW may schedule an A-CSI-RS with a shorter delay than a threshold, which at least applies for CSI-RS for CSI acquisition, and the UE applies a default QCL assumption. The default QCL can reuse that for PDSCH reception for consistent Rx beam placement behaviour. 
Proposal 11: If time offset between the reception of scheduling DCI and the first symbol of scheduled A-CSI-RS in a NZP-CSI-RS resource set configured without higher layser parameter trs-Info and without the higher layer parameter repetition is less than an applied threshold, default QCL assumption of A-CSI-RS follows that for PDSCH reception. 
11. TCI states for PDSCH slot aggregation
To increase coverage, RRC can configure PDSCH repetition across multiple consecutive slots, where UE repeats a TB at same symbol locations per slot with rank 1. The PDSCH TCI state per slot can be determined by the same rule for non-slot-aggregation case. Specifically, if the time offset per PDSCH from the scheduling DCI is less than Threshold-Sched-Offset, the TCI state of CORESET with lowest ID in latest slot will be used as the default TCI state for that PDSCH. Therefore, PDSCHs with offset less than Threshold-Sched-Offset will follow corresponding CORESET TCIs, while PDSCHs with offset greater than Threshold-Sched-Offset will follow TCI indicated in DCI. However, those followed CORESET beams may be at different directions with lower gain than the beam indicated in DCI. This may not be desirable for coverage extension purpose, and is also not optimal for beam diversity purpose due to uncontrolled beam directions with lower gain. 
To maximize the coverage improvement, the time offset from DCI to the first PDSCH can be enforced to be greater than Threshold-Sched-Offset, so the same beam indicated by DCI can be applied to all slots. This also allows full beam control by DCI, which may be further enhanced to optimize TCI state per PDSCH for other purposes, e.g. beam diversity for robustness. 
Proposal 12: For PDSCH based slot aggregation, the time offset between the last symbol of PDCCH and the first symbol of PDSCH in the first scheduled slot should be no less than Threshold-Sched-Offset. 
12. TCI state for PUSCH slot aggregation
For PUSCH with slot aggregation, the spatial relation info may be determined for the first slot as if there was no slot aggregation, and the beam thus determined may be used for all slots. The same PUSCH beam determination scheme can be used for UCI piggybacked on PUSCH as well.
Proposal 13: For PUSCH with slot aggregation, all slots share the same spatial relation info in Rel-15. PUSCH beam determination is independent of whether PUSCH carries UCI, SCH data, or both.
13. Default TCI between RRC reconfig and MAC-CE activation 
TCI states are configured/reconfigured by RRC, and subsequently activated by MAC-CE to provide QCL references for PDCCH. However, there are delays associated with the MAC-CE activations and, hence, it is important to define default TCI states during such ambiguity periods. In [7], several alternatives are summarized for PDCCH default TCI state between RRC reconfig and MAC-CE activation.
Alt. 1: DL RS in a fixed entry of TCI-StatesPDCCH is used until MAC-CE activation.
Alt. 2: Most recent DL RS activated by MAC-CE in any of existing CORESETs is used until activation.
Alt. 3: Existing TCI state is used until MAC-CE activation.
We prefer Alt. 3, which requires no additional beam switching. In addition, benefits of other alternatives are unclear. For Alt. 1, TCI-StatesPDCCH may have been reconfigured and the fixed entry in general may have no special significance. For Alt. 2, additional rule is needed if the most recently activated DL RS is more than one from multiple CORESETs. 
Proposal 14: Existing TCI state is used as PDCCH default TCI between RRC reconfig and MAC-CE activation.
14. PUSCH default spatial relation before RRC config and MAC-CE activation 
For PDSCH, the default beam is related to configured PDCCH CORESETs. Prior to RRC configuration of CORESETs (immediately after UE completes RACH procedure to enter connected mode), it is natural to use the beam identified during RACH procedure. This can naturally be extended to PUSCH as well: Prior to PUCCH configuration, instead of using PUCCH as default beam for PUSCH, we could use the beam identified during RACH procedure. This principle is also expressed in part of alternative-(a) of Proposal 29 of [8]: “The default spatial relation that the UE may assume is the SSB identified during the RACH procedure”. However, it only applies to UEs with UL/DL beam correspondence: The SSB identified during RACH procedure identifies a suitable DL beam. UEs transmit PRACH on a PRACH occasion corresponding to this DL beam, but the beam for PRACH is the DL beam only for UEs with UL/DL correspondence, and may be a different beam for UEs without this correspondence. The PRACH beam that triggered a RAR response from the base-station would then be used for remaining RACH procedure (Msg3 and Msg4-Ack). More generally, if beam training and update is allowed during RACH procedure, then the beam identified following that training would be a natural candidate to use after RACH procedure, until RRC configuration and MAC CE activation allows the default beams as defined in this contribution to be used meaningfully. Also note that Msg3 may be carried on LTE in NSA mode, in which case the Msg1 (PRACH) beam would be the suitable default beam for uplink transmissions.
Proposal 15: After RACH procedure, until RRC configuration and MAC-CE activation allows default PUSCH beams to be based on PUCCH resources, the beams identified during RACH procedure serve as default. These are the beam of SSB identified by the UE for DL, and the beam of the PRACH or msg3 transmission that led to completion of RACH procedure for UL.
15. PUCCH default spatial relation between RRC reconfig and MAC-CE activation 
To provide spatial relation for PUCCH, a candidate spatial relation list is first configured/reconfigured by RRC. Suppose there is more than one spatial relation in the list and UE supports MAC-CE based activation. gNB will subsequently selects one spatial relation per PUCCH resource via MAC-CE. However, there are delays associated with the MAC-CE activations and, hence, it is important to define default spatial relation during such ambiguity periods. In [8], several alternatives are summarized for PUCCH default spatial relation between RRC reconfig and MAC-CE activation.
· Alt. 1: Default spatial relation that the UE may assume is the is given by the first entry of PUCCH-SpatialRelationInfo.
· Alt. 2: Existing spatial relation is used until MAC-CE activation.
We prefer Alt. 2, which requires no additional beam switching. In addition, for Alt. 1, PUCCH-SpatialRelationInfo may have been reconfigured and the fixed entry in general may have no special significance. 
Proposal 16: Existing spatial relation is used as PUCCH default spatial relation between RRC reconfig and MAC-CE activation, if there is more than one spatial relation in PUCCH-SpatialRelationInfo and UE supports MAC-CE based activation.
16. QCL for newly configured additional PUCCH before activation
For newly configured additional PUCCH (not the initial one), MAC-CE selects one spatial relation from PUCCH-SpatialRelationInfo. However, there are delays associated with the MAC-CE activations, and it is necessary to clarify the spatial relation of newly configured PUCCH before MAC-CE activation. Several alternatives are summarized below with the first two described in [8]:
· Alt. 1: Use that of PUCCH resource with lowest ID.
· Alt. 2: Use most recently activated or configured PUCCH spatial relation.
· Alt. 3: Newly configured PUCCH remains inactive (not used) till MAC-CE activation.
We prefer Alt. 3, where the extra delay of MAC-CE activation is well defined and acceptable compared with that for RRC configuration of PUCCH. For Alt. 1, spatial relation of PUCCH resource with lowest ID may be outdated if not used for a long time. For Alt. 2, additional rule is needed if most recently activated spatial relation is more than one from multiple PUCCH resources. 
[bookmark: _Hlk521614362]Proposal 17: Newly configured additional PUCCH remains inactive till MAC-CE activation.
17. Beam training for UE without beam correspondence
In U1 beam training, UE without beam correspondence needs to transmit SRS in different beams for gNB to determine the best coarse Tx beam. In U3, UE further refines the selected Tx beam in U1 by transmitting SRS with beams around that direction. In [10], one way to signal the coarse/refined Tx beam sweep is to configure none or a subset of resources in a SRS resource set to have SRS-SpatialRelationInfo, and UE is allowed to vary Tx beams on resources without SRS-SpatialRelationInfo. Extra thought is needed on the UE behaviour. Specifically, giving UE full freedom to sweep Tx beam may create uncontrolled interference, which may significantly affect neighbour UE. Such interference could be mitigated with NW guidance.
For U1 beam management, we propose to have spatial relation configured on every SRS resource in SRS resource set for beam management. UE determines Tx beam based on the indicated RS ID, which can sweep to achieve Tx beam sweep. For U3 beam management, a single SRS resource in the set can be configured with spatial relation, and serves as an anchor beam direction. Other resources without spatial relation configured shall be transmitted by spatial filters whose directions are within a maximum angular spread around the anchor beam direction. To minimize RRC impact, the maximum angular spread can be decided by RAN4.    
Proposal 18: For UE without beam correspondence. For an SRS resource set configured with SRS-SetUse = ‘beamManagement’. The UE shall expect that either all or only one of the SRS resources within the SRS resource set are configured with the higher layer parameter spatialRelationInfo
· In case of only one SRS resource is configured with spatialRelationInfo, UE shall transmit other resources by spatial filters whose directions are within a maximum angular spread around that of the resource with spatialRelationInfo configured, and the maximum angular spread is determined in RAN4
18. Consider CORESET 0 in BFD
In [5], it has been agreed that unicast PDSCH can be scheduled by a DCI associated with the CORESET 0. Therefore, as other regular CORESETs, CORESET 0 should be considered for monitoring PDCCH in beam failure detection if it is in active BWP. Although no explicit TCI state configured, UE may assume CORESET 0 for unicast PDSCH is QCLed with associated SSB. The implicit QCL info can be used to determine the QCL of corresponding BFD RS in the set q0. 
Proposal 19: When CORESET 0 with search space configured in active BWP, it should be considered for monitoring PDCCH in BFD.
19. Clarification of Active Spatial Relation
In [1], limitation on the number of  active spatial relations for PUCCH and PUSCH has been introduced to control UE complexity on manageing multiple active UL beams. However, the definition of active spatial relation should be further clarified to accommodate all flexible ways for UL beam indication signalling, so UE complexity can be effectively controlled while all flexible beam indications can still be maintained. 
In current spec, a DL RS can serve as spatial RS in spatial relation of SRS, which can further serve as spatial RS in spatial relation of PUCCH or SRS for PUSCH. Although the two spatial relations have different spatial RSs, they are essentially point to the same UL beam. Therefore, those cascaded spatial relations should only be counted as one active spatial relation. 
In addition, gNB currently can activate up to 64 triger states for an A-CSI-RS resource, which can have different TCI states across different trigger states. The same A-CSI-RS can dynamically change TCI state according to different trigger states. Therefore, when an A-CSI-RS serves as the spatial RS in spatial relation of PUCCH or SRS for PUSCH, the effective indicated active UL beams can be expanded to up to 64. This greatly affects UE complexity on memory budget and DL RS tracking. It would be critical to clarify that each distinct activated TCI state of A-CSI-RS should be counted as one active spatial relation.   
Proposal 20: Further clarify the active spatial relation in FG 2-60 in [1] as below
· Cascaded spatial relations based on the chain rule should only be counted as one active spatial relation
· When serving as spatial RS in spatial relation, each distinct activated TCI state of A-CSI-RS should be counted as one active spatial relation

Proposed change in UE capability.:
	2-60
	Active spatial relations
	Maximum number of active spatial relations with regarding to PUCCH and SRS for PUSCH, per BWP per CC

NOTE: ‘active spatial relation’ refers to is determined based on the finally selected spatial relation for each PUCCH resource or SRS resource for PUSCH via MAC-CE or RRC. The determination is as below. 
	2-59
	Yes
	Only one active spatial relation for UL control and data can be supported

	Type 1
	N.A.
	N.A.
	
	Note: Only applicable for FR2

FFS whether DL RS in the active TCI states and the active spatial relation info can be different if 2-20b is set to 1 and if different whether or not new UE behavior is needed


	
	Active spatial relation determination:

First, “Root spatial RS of a finally selected spatial relation” is defined as below:
· Suppose RS 0 serves as spatial RS in spatial relation 1 of RS 1, which serves as spatial RS in spatial relation 2 of RS 2, and so on so forth till the last RS X, which serves as spatial RS in a finally selected spatial relation X. If RS 0 has no spatial relation configured for itself, RS 0 is called the root spatial RS of the finally selected spatial relation.

Case 1: Among root spatial RSs as SSB, each distinct SSB corresponds to an active spatial relation
· Distinct SSB has distinct SSB ID + Serving Cell ID, as defined in spatial relation

Case 2: Among root spatial RSs as P/SP/A CSI-RS, each distinct TypeD RS in all TCI states selected for those CSI-RSs corresponds to an active spatial relation
· Each A-CSI-RS can have multiple TCI states for multiple trigger states scheduled by DCI. All of them are considered as selected TCI states for this A-CSI-RS in Case 2
· Distinct TypeD RS has distinct RS ID, BWP ID, Cell ID, as defined in TCI state
· Distinct TypeD RS cannot be any distinct SSB in Case 1

Case 3: Among root spatial RSs as SRS, each distinct SRS resource corresponds to an active spatial relation
· Distinct SRS resource has distinct resource ID, BWP ID, Cell ID, as defined in spatial relation



20. Action time for aperiodic RS to update spatial relation
In current spec, A-CSI-RS transmission can update spatial relation of A-SRS. In addition, the spec has no restriction on using A-CSI-RS and A-SRS transmission to update spatial relation of other channels, e.g. PUCCH. 
However, at least the side receiving the aperiodic RS needs a certain processing time to update corresponding spatial relation before it is ready for use. For example, UE needs certain action time to update spatial relation after receiving A-CSI-RS for updating spatial relation of A-SRS. On the other hand, gNB also needs certain action time to update spatial relation after receiving A-SRS for updating spatial relation of PUCCH. If no such action time defined, UE may change PUCCH Tx beam immediately after transmission of A-SRS, and gNB may miss the PUCCH because the corresponding Rx beam is not ready yet. Therefore, an action time needs to be clearly defined such that both gNB and UE are in sync on when the updated spatial relation is ready to use.  
Proposal 21: When the A-SRS transmission is used to update spatial relation, an action time is defined as X symbols after the end of A-SRS transmission. Both gNB and UE can assume the updated spatial relation is ready after the action time. 
· X can be a fixed value in spec. Value is FFS

Proposal 22: When the A-CSI-RS transmission is used to update spatial relation
· Case 1: If no associated UL response, action time is defined as Y symbols after the end of A-CSI-RS
· Case 2: If there is associated UL response, action time is defined as Y symbols after the end of UL response
· In both cases 
· Both gNB and UE assume updated spatial relation is ready after the action time
· Y is same for both cases and can reuse UE capability value of beam report timing in FG 2-25

	2-25
	Beam reporting timing
	1. The number of symbols, Xi, between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report is at least RBi, where
i is the index of SCS, i=1,2,3,4 corresponding to 15,30,60,120 kHz SCS.
	2-24
	Yes
	Beam reporting time capability is not known by gNB
	Type 1
	N.A.
	N.A.
	
	
	RAN1/4
	Candidate value sets: 
X1 is {2, 4, 8}
X2 is {4,8, 14}
X3 is { 8,14, 28}
X4 is{14,28, 56}

	Candidate value sets: []
X1 is {2, 4, 8}
X2 is {4,8, 14, [28]}
X3 is { 8,14, 28}
X4 is{14,28, 56}



21. Conclusion
Proposal 1: A rule should be defined to choose BFD set from the RSs of the configured CORESET. In the case when 3 CORESETS are configured and failureDetectionResources are not configured, the top 2 RS can be obtained from the CORESETs associated with the search spaces with the lowest monitoring periodicity. In case of multiple CORESETS with associated search spaces with same lowest periodicity, conflict can be resolved based on RS periodicity associated with CORESETS, followed by CORESET ID.
Proposal 2: The indication period in BFR is dependent on the DRX period in addition to RS periodicity. 
Proposal 3: For CBRA based BFR additional message indicating the cause of failure can be conveyed to gNB.
Proposal 4: For UE with min. capability on active TCI state, active PDSCH TCI state follows the one selected by MAC-CE. 
· gNB shall ensure selected PDSCH TCI state is 1 of 2 active CORESET TCI states, and selected TCI state overwrites that determined by existing rules if conflict happens. 
[To feature lead: Proposal 4 is related to QCL rule clarification, and may not be suitable for UE capability session]
Proposal 5: Monitoring CORESETs other than CORESET-BFR during BFR and after gNB response but before PDCCH TCI reconfiguration is up to UE implementation.
Proposal 6: Support the following alternative 
· Alt 1: K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

Proposal 7: K symbols after successfully receiving BFR gNB response, PUSCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of spatial relation info of at least one of configured SRS resources for at least codebook based or non-codebook based PUSCH beam indication
Proposal 8: Support considering CORESET 0 in determining lowest CORESET ID for default PDSCH QCL.
Proposal 9: During beam failure recovery, UE indicates gNB the new SSB/CORESET0/SS0 for non-broadcast PDSCH.
Proposal 10: In absence of beam failure, gNB indicates UE the new SSB/CORESET0/SS0 for non-broadcast PDSCH by UE-specific PDCCH MAC CE with one CORESET ID reserved for CORESET 0.
Proposal 11: If time offset between the reception of scheduling DCI and the first symbol of scheduled A-CSI-RS in a NZP-CSI-RS resource set configured without higher layser parameter trs-Info and without the higher layer parameter repetition is less than an applied threshold, default QCL assumption of A-CSI-RS follows that for PDSCH reception. 
Proposal 12: For PDSCH based slot aggregation, the time offset between the last symbol of PDCCH and the first symbol of PDSCH in the first scheduled slot should be no less than Threshold-Sched-Offset. 
Proposal 13: For PUSCH with slot aggregation, all slots share the same spatial relation info in Rel-15. PUSCH beam determination is independent of whether PUSCH carries UCI, SCH data, or both.
Proposal 14: Existing TCI state is used as PDCCH default TCI between RRC reconfig and MAC-CE activation.
Proposal 15: After RACH procedure, until RRC configuration and MAC-CE activation allows default PUSCH beams to be based on PUCCH resources, the beams identified during RACH procedure serve as default. These are the beam of SSB identified by the UE for DL, and the beam of the PRACH or msg3 transmission that led to completion of RACH procedure for UL.
Proposal 16: Existing spatial relation is used as PUCCH default spatial relation between RRC reconfig and MAC-CE activation, if there is more than one spatial relation in PUCCH-SpatialRelationInfo and UE supports MAC-CE based activation.
Proposal 17: Newly configured additional PUCCH remains inactive till MAC-CE activation.
Proposal 18: For UE without beam correspondence. For an SRS resource set configured with SRS-SetUse = ‘beamManagement’. The UE shall expect that either all or only one of the SRS resources within the SRS resource set are configured with the higher layer parameter spatialRelationInfo
· In case of only one SRS resource is configured with spatialRelationInfo, UE shall transmit other resources by spatial filters whose directions are within a maximum angular spread around that of the resource with spatialRelationInfo configured, and the maximum angular spread is determined in RAN4

Proposal 19: When CORESET 0 with search space configured in active BWP, it should be considered for monitoring PDCCH in BFD
Proposal 20: Further clarify the active spatial relation in FG 2-60 in [1] as below
· Cascaded spatial relations based on the chain rule should only be counted as one active spatial relation
· When serving as spatial RS in spatial relation, each distinct activated TCI state of A-CSI-RS should be counted as one active spatial relation

Proposal 21: When the A-SRS transmission is used to update spatial relation, an action time is defined as X symbols after the end of A-SRS transmission. Both gNB and UE can assume the updated spatial relation is ready after the action time. 
· X can be a fixed value in spec. Value is FFS

Proposal 22: When the A-CSI-RS transmission is used to update spatial relation
· Case 1: If no associated UL response, action time is defined as Y symbols after the end of A-CSI-RS
· Case 2: If there is associated UL response, action time is defined as Y symbols after the end of UL response
· In both cases 
· Both gNB and UE assume updated spatial relation is ready after the action time
· Y is same for both cases and can reuse UE capability value of beam report timing in FG 2-25
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