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1. Introduction
In last meeting, some agreements [1] were made regarding beam management but there are still some remaining issues. In this contribution, we continue discussing the remaining issues on beam measurement, beam reporting and beam failure recovery.
2. Beam management 
1. 
2. 
2.1. Default TCI states for PDCCH beam indication
UE assumption on the spatial QCL between RRC re-configuration and MAC CE activation of TCI state is not decided yet. In offline discussion of last meeting, it was proposed that the spatial relations during transition periods are up to UE implementation. However, it is a negative proposal as there is a risk of beam misalignment between gNB and UE during transition periods. Based on the discussion in previous meeting [2], there were some alternatives as shown below. We’ll compare those alternatives and try to make compromise.
	Alt-0:
After an RRC reconfiguration of TCI-StatesPDCCH for a CORESET and prior to MAC-CE activation of a TCI state for that COREST the default QCL assumption is up to UE implementation

Alt-1:
After an RRC re-configuration of TCI-StatesPDCCH for a CORESET (at least one that is not CORESET#0 or CORESET BFR) and prior to MAC-CE activation of a TCI state for that COREST, the UE makes the following assumption:
· For an RRC reconfiguration where there is an associated (subsequent) RACH procedure, the UE assumes that PDCCH is QCL with the SSB/CSI-RS identified during the RACH procedure
· For an RRC reconfiguration where there is not an associated RACH procedure, the UE follows the most recent MAC-CE indicated TCI state for PDCCH in the CORESET
· Note: if there is no associated RACH, and no previous MAC-CE indicated TCI state, the UE is not expected to receive PDCCH on that CORESET

Alt-2: 
[bookmark: _Hlk520901628]After an RRC reconfiguration of TCI-StatesPDCCH for a CORESET and prior to MAC-CE activation of a TCI state for that COREST the default TCI state is provided by the lowest entry in TCI-StatesPDCCH for the CORESET



As stated above, Alt-0 is not preferred since leaving this issue to UE implementation may cause misalignment between NW and UE. Either Alt-1 or Alt-2 can avoid ambiguity between NW and UE. However, Alt-2 can enable faster TCI state change than Alt-1, which is beneficial for operation. Fig. 1 provides the examples for Alt-1 and Alt-2, respectively, for the case when more than one TCI state is reconfigured by RRC signaling. For reference, Fig. 2 provides the examples for the case of one TCI state. As shown in Alt-1, the TCI state is changed after RRC re-configuration and MAC CE activation. While in Alt-2, the TCI state is changed as the lowest ID in TCI-StatesPDCCH for the CORESET after RRC reconfiguration complete, which causes less latency for TCI state change.
The reason why the NW triggers RRC reconfiguration of TCI states is that the NW wants to change the TCI state. However, as shown in Fig. 1 and Fig. 2, the latency changing to new TCI state for Alt. 1 in case of more than one TCI state is larger than the case of one TCI state.
Observation 1: 
· For an RRC re-configuration of TCI-StatesPDCCH for a CORESET and prior to MAC-CE activation of the TCI state, if UE maintains previous TCI state, the latency for changing to new TCI state is larger than the case of 1 TCI state.

[image: ]
(a) Alt-1
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(b) Alt-2
Figure 1. Examples of RRC re-configuration procedure for more than 1 TCI state.
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Figure 2. Examples of RRC re-configuration procedure for 1 TCI state.

In addition, in previous meeting, companies raised the concern for Alt-2 that how gNB decides the lowest ID of TCI-StatesPDCCH in case of handover. In that case, we think a combination of Alt-1 and Alt-2 can be considered to relax the issues on fast TCI state change and handover, i.e. UE assumes that PDCCH is QCL with the SSB/CSI-RS identified during the RACH procedure for an RRC reconfiguration with RACH procedure. This is a compromise between Alt-1 and Alt-2. Therefore, we have following proposal.
[bookmark: OLE_LINK15]Proposal 1: 
· After an RRC re-configuration of TCI-StatesPDCCH for a CORESET (at least one that is not CORESET#0 or CORESET BFR) and prior to MAC-CE activation of a TCI state for that COREST, the UE makes the following assumption:
· For an RRC reconfiguration where there is an associated (subsequent) RACH procedure, the UE assumes that PDCCH is QCL with the SSB/CSI-RS identified during the RACH procedure
· For an RRC reconfiguration where there is not an associated RACH procedure, the UE assumes that PDCCH is QCL with a TCI state which is provided by the lowest ID of TCI-StatesPDCCH for the CORESET
2.2. Default spatial relation for PUCCH beam indication
Similarly, default spatial relation for PUCCH between RRC re-configuration and MAC-CE activation should be clarified to avoid misalignment between gNB and UE. In previous meeting, following two alternatives were discussed [2].
	 Alt-1: 
After an RRC re-configuration of PUCCH-SpatialRelationInfo or a beam failure recovery/RLF/handover, and prior to MAC-CE activation of one of the spatial relations in PUCCH-SpatialRelationInfo, UE assumes a default spatial relation for PUCCH transmission by: 
· If there is an accompanying PRACH transmission, follow the spatial relation for PRACH or msg 3 transmission.
· If this is no accompanying PRACH transmission, follow the most recent MAC-CE indicated spatial relation for the PUCCH resources.

Alt-2:
[bookmark: _Hlk520903021]The default spatial relation for PUCCH resources between an RRC re-configuration and subsequent MAC-CE activation is provided by the lowest entry in PUCCH-SpatialRelationInfo



Either Alt-1 or Alt-2 can ensure beam alignment between NW and UE. Similar as PDCCH beam indication, Alt-2 can enable faster spatial relation change for PUCCH than Alt-1 in case of more than one spatial relation reconfigured by RRC signaling. On the other hand,  it is a question in Alt.2 that how gNB decides the lowest ID of PUCCH-SpatialRelationInfo in case of handover. Therefore, a combination or a compromise of Alt-1 and Alt-2 can be considered for default spatial relation for PUCCH between an RRC re-configuration and MAC CE activation. 
Proposal 2:
· After an RRC re-configuration of PUCCH-SpatialRelationInfo and prior to MAC-CE activation, the UE makes the following assumption:
· For an RRC reconfiguration where there is an associated (subsequent) RACH procedure, the UE assumes that PUCCH is QCL with the Msg. 3 PUSCH during the RACH procedure
· For an RRC reconfiguration where there is not an associated RACH procedure, the UE assumes that PUCCH is QCL with the lowest ID of PUCCH-SpatialRelationInfo

3. Beam failure recovery
3. 
3.1. Default PUCCH beam after BFR
In last meeting, default PUCCH beam after successful BFR was discussed and following agreement was made [1].
	Agreement
Downselect among the following two alternatives in RAN1#94bis
· [bookmark: _Hlk524962234]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
· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission
· FFS: value of K
· 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
· FFS: value of K
· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission




When DL beam failure happens, it has high probability that UL beams also fail even though there may be still some alive UL beam(s) in some cases. If we can distinguish which UL beam fails or alive, we can apply different beams for different PUCCH resources. For example, the alive PUCCH beam can reuse previous spatial filter indicated by PUCCH-SpatialRelationinfo, while the failed PUCCH beam can use the same spatial filter as the PRACH transmission or a default alive PUCCH-SpatialRelationinfo beam. However, due to separate configurations of PDCCH beam and PUCCH beam, it is difficult to determine whether each UL beam is still alive or not. In that case, it is better to apply UL beam recovery at the same time to avoid uncertain UL beam failure. Therefore, Alt. 1 is supported while Alt. 4 has a risk of uncertain UL beam failure problem for feedback of other PDSCHs. In addition, there is no need to differentiate PUCCH-SpatialRelationinfo for PUCCH with HARQ ACK/NACK and for PUCCH with other contents.
Proposal 3:
· Support 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.
· Support K = 0 in the above proposal

3.2. Timing advance value after BFR request
While the BFR request uses PRACH, it has not been well discussed the handling of UL transmission as per BFR procedure. Thus, the assumption and the corresponding intended UE behaviour should be addressed. The issue for TA of BFR is whether appropriate TA value can be different before and after BFR. If the appropriate TA value can be different, UL tranmission timing should be adjusted via TA command MAC CE as soon as possible. For example, the radio quality of the new beam might be somehow different from that of the old beam since the new beam may be NLOS while the old beam is LOS. While beam change can incur in normal cases (i.e. beam switching via DCI), it should be assumed that TA value is not changed drastically otherwise NW needs adjust TA value whenever the beam is changed via DCI. Unlike such normal case, BFR is the case where UE’s beam quality is changed more than NW expected and thus the drastical beam path change may happen. 
The earliest timing that gNB can measure the appropreate TA command value (to be included in TA command MAC CE) for the new beam is when the PRACH for BFR request is received. To do such, we should ensure that UE and gNB use the common base timing for each own bahaviour. Otherwise, the UL timing would be incorrect. From that point of view, the current specification has an potential issue. Specifically, there are miss-alignment in UE and gNB on the base timing:
- gNB measures TA command based on PRACH transmitted based on NTA = 0
- UE applies such TA command (indicated in MAC CE) based on the maintained NTA 
The resulting UL transmission timing will be incorrect since UE would over-adjust the UL transmission timing as illustrated in Figure.3. It is noted that the issue can happen only for the contention free RA procedure. 
[image: ]
Figure.3 UE UL timing during BFR
To overcome this issue, we have following options:
· Option 1:
· gNB tracks the TA value for the UE all the time and indicates TA command which is delta from the current TA value. 
· Pros: no spec impact
· Cons: Much additional gNB complexity since it needs to track the TA values for all the serving UEs
· Option 2: 
· For PRACH transmisson for BFR request, UE uses the maintained TA value
· Pros: no additional gNB complexity
· Cons: spec. impact 
We think that Option 1 is not realistic from NW implementation point of view. Option 2 does not have much specification impact since UE anyway maintains NTA value once it obtains. Therefore, it is proposed to employ Option 2. 
[bookmark: _Hlk525907176]Proposal 4: 
· UE transmits PRACH with the maintained NTA value in case of BFR request using contention free RA. 

4. Summary
In this contribution, we provide further views on beam management and beam failure recovery for NR. Based on the discussion above, we have following observation and proposals.
Observation 1: 
· For an RRC re-configuration of TCI-StatesPDCCH for a CORESET and prior to MAC-CE activation of the TCI state, if UE maintains previous TCI state, the latency for changing to new TCI state is larger than the case of 1 TCI state.
Proposal 1: 
· After an RRC re-configuration of TCI-StatesPDCCH for a CORESET (at least one that is not CORESET#0 or CORESET BFR) and prior to MAC-CE activation of a TCI state for that COREST, the UE makes the following assumption:
· For an RRC reconfiguration where there is an associated (subsequent) RACH procedure, the UE assumes that PDCCH is QCL with the SSB/CSI-RS identified during the RACH procedure
· For an RRC reconfiguration where there is not an associated RACH procedure, the UE assumes that PDCCH is QCL with a TCI state which is provided by the lowest ID of TCI-StatesPDCCH for the CORESET
Proposal 2:
· After an RRC re-configuration of PUCCH-SpatialRelationInfo and prior to MAC-CE activation, the UE makes the following assumption:
· For an RRC reconfiguration where there is an associated (subsequent) RACH procedure, the UE assumes that PUCCH is QCL with the Msg. 3 PUSCH during the RACH procedure
· For an RRC reconfiguration where there is not an associated RACH procedure, the UE assumes that PUCCH is QCL with the lowest ID of PUCCH-SpatialRelationInfo
Proposal 3:
· Support 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.
· Support K = 0 in the above proposal
Proposal 4:
· UE transmits PRACH with the maintained NTA value in case of BFR request using contention free RA.
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