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1.  Introduction 

In this contribution, we provide our view and analysis on remaining issues on beam management and beam failure recovery.
2.  Remaining issues for beam measurement and reporting
2.1. PDSCH default sQCL in multi-CC case
Agreement (RAN1#91):

· When the scheduling offset is <=k, and the PDSCH uses QCL assumption that is based on a default TCI state 

· The default TCI state corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot

Agreement (RAN1#92bis) 

For the case of single CC case, to determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs in active BWP 
Default spatial QCL assumption for PDSCH when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset was agreed to follow “lowest CORESET-ID”. However, the CORESETs space to determine “lowest CORESET-ID” is not clear. In RAN1#92bis meeting, progress is made in single CC case where the “lowest CORESET-ID” is determined by considering only CORESETs in active BWP. For multiple CCs case, the issue remains open

Though CORESET is per-BWP configured, only active BWP is monitored. In single-CC case, “lowest CORESET-ID” is thus BWP-specific. In multi-CC case, there could be multiple active BWPs with CORESETs configuration. Since the indexing of CORESETS are CC-specific, CORESET-ID of multiple CCs can be the same. Therefore, a tie-breaking rule is needed. 

In multi-CC case, RLM is performed on SpCell(s). Robustness of SpCell(s) control channel is thus more important than other SCells. Prioritizing sQCL of CORESETs on SpCell(s) as default PDSCH sQCL seems sensible. However, in CA scenario with LF+HF CCs, it is likely that a PCell is in LF while SCells are in HF. Since there is likely no sQCL assumption for LF PCell, this solution does not work well.
Another straightforward alternative is to determine the “lowest CORESET-ID” in a per-CC basis. For example, PDSCH on CC#x determines a lowest CORESET-ID only based on activated BWP on CC#x. In case of cross-carrier scheduling, the “lowest CORESET-ID” is based on the activated BWP of scheduling cell. In this case, it is required that scheduling cell can provide spatial QCL assumption from CORESET configuration.
Proposal 1: To decide “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH in a CC, UE selects lowest CORESET-ID from activated BWP of the scheduling cell of the PDSCH.

· In case of cross-carrier scheduling, UE expects that the scheduling cell can provide spatial QCL assumption from corresponding CORESET configuration.

2.2. PUSCH default sQCL assumption for DCI 0_0
Agreement (RAN1#92bis):
For PUSCH scheduled by DCI format 0_0, the UE shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP

· Above applies for a cell configured with PUCCH

· Note: the UE is configured with a list of spatial relations in PUCCH-SpatialRelationInfo. MAC-CE indicates a single selected spatial relation from the list on a per-PUCCH resource basis if the list has more than one element.

In NR, the spatial QCL indication for scheduled PUSCH is signalled through the SRI field in the DCI for both codebook-based and non-codebook-based UL transmission. However, the spatial QCL indication is absent if DCI format 0_0 is used, and thus a default spatial QCL assumption for PUSCH should be specified. In RAN1#92bis, it was agreed that for PCell/PSCell, PUSCH can simply follow PUCCH beam. For SCells which do not have PUCCH channel, the issue remains open.

For SCell PUSCH default beam scheduled by DCI format 0_0, a few alternatives and their corresponding analysis are provided below. 
1. Reuse the spatial relation used by PCell/PSCell PUCCH resources with lowest ID in corresponding cell group.

·  This option works fine for intra-band CCs, but not necessarily so for inter-band CCs where spatial relation information may not be applicable.

2. Refrain DCI format 0_0 from SCell PUSCH scheduling.

· In this case, the uncertainty of spatial relation information of PUSCH is eliminated by imposing scheduling constraint. The option works fine.

3. Mandate PUCCH resource configuration for SCell. 

· This option comes with RAN2 impact.

It should be noted that for UL scheduling, the timing offset between UL DCI and corresponding UL grant is always larger than UL DCI decoding latency. This is different from its DL counterpart where a DL assignment may come before corresponding DCI decoding is completed. Based on the observation and the above analysis, we feel that alternative 2 provides a better trade-off and should be taken as solution 

Proposal 2: For SCell PUSCH scheduling, the UE does not expect to receive DCI format 0_0.
2.3. PUCCH default sQCL assumption
Current PUCCH spatial QCL indication follows a 2-stage mechanism. The 2-stage mechanism enables flexible beam adjustment by introducing MAC-CE as part of the indication signalling, and still ensures the robustness. However, the PUCCH spatial QCL indication is considered complete only when both the RRC configuration and MAC-CE indication are successfully received and applied. Whenever there is RRC reconfiguration of PUCCH-SpatialRelationInfo, or when is there an interruption on the original UL beam pair link due to e.g., RLF/handover/beam failure recovery, there would be a short period of time in which PUCCH beam is not clear. 

For the case of PUCCH-SpatialRelationInfo reconfiguration, the transmission for acknowledging the corresponding PDSCH with RRC reconfiguration is performed by assuming a latest indicated PUCCH spatial QCL assumption. Apparently, this implies that the latest indicated PUCCH spatial QCL assumption is still operational. It is thus natural for UE to carry on the sQCL assumption before further MAC-CE indication, based on the reconfigured PUCCH-SpatialRelationInfo, is received and applied.

For the case of RLF/handover/beam failure recovery, there is an accompanying PRACH transmission before a MAC-CE activation of one spatial relation in PUCCH-SpatialRelationInfo. Upon successful RLF/handover/beam failure recovery, the UL spatial relation assumption for the accompanying PRACH must be operational. Applying the same UL spatial relation assumption for the PRACH transmission before receiving further MAC-CE activation of new spatial relation is apparently feasible.

During RAN1#93 Busan meeting, the same issue has been discussed and summarized in [1]. One of alternative is to leave the issue up to UE implementation. To our understanding, as long as there is misalignment on UL spatial relation information assumption between UE and NW, the UL connection would be broken. At least during the time gap between RRC reconfiguration and MAC-CE activation for PUCCH-SpatialRelationInfo, there is a period where UL communication is not possible. Even worse, it may cause failed reception of subsequent MAC-CE activation command, resulting in UL beam pair link failure. 
Proposal 3: 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.

2.4. UE capability on beam correspondence and beam switch latency

Per NR UE features list RP-181483 compiled after RAN#80, remaining issues related to beam management are discussed here. Comprehensive summary of our recommendation can be found in [8].
For feature group #2-20, the requirement and measurement method for beam correspondence is still under discussion in RAN4. Before further RAN4 output, it is not sensible to jump into any conclusion.

For feature group #2-28 (A-CSI-RS beam switching timing), a few alternatives are available:

· Alt. 1: {14, 28, 48}

· Alt.2: {“14-14”, “28-28”, “48-48”, “14-336”, “28-336”, “48-336”}, where the first threshold corresponding to the case when UE doesn’t activate antenna panel (using same panel to receive DCI and CSI-RS), and the second threshold corresponding to the case when UE may activate antenna panel (other than the panel used to receive DCI)
Alternative 2 that reports a pair of switching time capabilities (one for panel-switching another for no panel-switching) does not achieve the purpose of allowing UE extra time for panel switching since there is no way for the network to know when the UE intends to switch beam to a different panel. Therefore, alternative 1 should be adopted.

Proposal 4: Feature group 2-20 should be optional or the decision should be deferred until RAN4 completes its work.
Proposal 5: Alternative 1 should be adopted for feature group 2-28.
3. Remaining issues for beam failure recovery
3.1. BFR during C-DRX mode
There is not much discussion on BFR procedure during DRX mode so far in RAN1. In our opinion, this should be clarified and BFR procedure should be allowed during DRX non-Active Time.

In principle, BFR request transmission and corresponding response reception substantially reuses RACH procedures. For contention-based BFR, 4-step RACH procedure is directly reused. For contention-free BFR, PRACH is reused for beam failure recovery request transmission; while the concept of gNB response ensembles RAR reception but with modified details. Since RACH procedure is allowed to take place when MAC is not in Active Time [7], this should be applied for BFR procedure as well. 
Another reason to support BFR procedure during DRX non-Active Time is from the point of view of system performance. DRX cycle needs to be kept long enough in order to allow meaningful UE power saving gain. However, for HF bands, a DRX cycle is usually long enough for UE to experience substantial changes on channel condition. If BFR procedure is limited only to Active Time, in a worst scenario, substantial amount of Active Time can be spent on recovering radio link with NW, not to mention this is also accompanied with a long latency for traffic delivery. On the other hand, enabling BFR procedure during DRX non-Active Time would provide the flexibility for UE to monitor control channel quality all the time. It can be up to UE implementation to trade-off between performance and power saving gain.

DRX mode provides guidance on PDCCH monitor behaviour for UE. In [7], there is neither restriction on the transmission of PRACH, nor restriction on monitoring PDCCH addressed to RA-RNTI during DRX non-Active Time. Thus, after BFD, the transmission of BFRQ via contention-free PRACH is allowed based on current MAC spec. However, since MAC spec limits UE from monitoring PDCCH addressed to C-RNTI during DRX non-Active Time, this prevents UE from monitoring gNB response. To open up the door for BFR in DRX non-Active Time, it is necessary to have additional consensus that gNB transmission in response to a BFR request transmission is allowed during DRX non-Active Time. It should be noted that monitoring gNB response addressed to C-RNTI does not impact UE power saving feature, since UE has already decided to wake up for BFR PRACH transmission.
Proposal 6: Enable BFR procedure in DRX non-Active Time by allowing UE to monitor gNB response during DRX non-Active Time. Send LS to inform RAN2.

3.2. Termination of contention-free BFR

In last RAN2 meeting, RAN2 sent a LS [2] to RAN1 which includes the following two questions 

	Question 1: 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?

Question 2: If the answer to Question 1 is “Yes”, is the BFR RACH procedure considered successfully completed only if PDCCH is received in search space indicated by recoverySearchSpaceId?


3.1.1. Question 1 of LS

Related to Question 1, there have been long discussions on this in past RAN1 meetings. No further progress was made on top of current specifications. To our understanding, this means that all configured search spaces monitored before transmitting dedicated PRACH for BFR should also be monitored.

Observation 1: Without further RAN1 agreement, all configured search spaces monitored before dedicated PRACH transmission for BFR should be monitored.

3.1.2. Question 2 of LS

Related to Question 2, RAN2 suggests there could be two options for UE to decide if a contention-free BFR procedure is successfully terminated:

· Option 1: when a PDDCH transmission addressed to C-RNTI is received (current MAC spec)

· Option 2: when a PDCCH transmission addressed to C-RNTI is receivd on the search space indicated by higher layer parameter recovoerySearchSpaceId, i.e., SS-BFR 

Firstly, it should be noted that, per RAN1 agreement, current RAN1 specification in TS 38.213 Section 6 specifies that a gNB response for contention-free BFR request transmission is a DCI format with CRC srambled by C-RNTI in SS-BFR, i.e., Option 2. Related RAN1 agreements were achieved based on long discussion spanning over many RAN1 meetings. We see no reason to revert previous agreements in current stage.
Observation 2: Per RAN1 agreement and current RAN1 specification, a PDCCH transmission addressed to C-RNTI is considered as a response to contention-free BFR request transmission if the PDCCH is detected from SS-BFR.
Secondly, option 1 introduces additional BFR latency without obvious benefit. For option 1, an ongoing contention-free BFR procedure is terminated regardless of whether the PDCCH is indeed a response to BFR request or not. For option 2, contention-free BFR procedure is terminated only when the reponse to BFR is indeed received. Consider a case that PRACH transmission for contention-free BFR is not received by NW, but PDCCH from other search space is received by chance (BLER = 10% is the criteria for BFD). In this case, UE which adopts option 1 will consider the BFR procedure successfully completed and set beam failure instance counter to 0. Since network is not aware of serving beam pair failure, UE is likely to trigger a new BFR procedure later after the beam failure instance counter reaches beamFailureInstanceMaxCount again. The latency due to probabilistic PDCCH reception during BFR may be large. For example, if we have beamFailureInstanceMaxCount, beamFailureDetectionTimer, and the periodicity of beam failure instance as n5, pbfd5, and 10 ms, the latency to re-trigger beam failure recovery procedure can range from 50 ms to 250 ms. Detailed analysis can be found in our RAN2 companion contribution [6].
Observation 3: During contention-free BFR, if PDCCH from other search space is received successfully by chance, UE can suffer from additional latency and signaling overhead to recover the failed serving control beam pair.
Based on the previous observations, we therefore prefer Option 2, which ensure that network detects UL contention-free BFR preamble successfully when the BFR procedure is terminated, and avoid repeating same discussion in RAN1.
Proposal 7: RAN1 LS reply to confirm Option 2 approach is adopted: BFR RACH procedure is considered successfully completed only if PDCCH is received in search space indicated by recoverySearchSpaceId.
3.3. UL default beam after BFR

For DL reception, current contention-free BFR procedure specifies that, after gNB response reception, UE assumes the same antenna port QCL parameters as the selected candidate beam until the UE receives by higher layers an activation for a TCI state or any of the parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList. On the other hand, UL default beam after contention-free BFR is not specified.

Our understanding is that after successful termination of contention-free BFR, the UE follows the spatial relation for contention-free PRACH transmission. It is noted that this approach is compliant with Proposal 3. If Proposal 3 is agreed, the issue raised here is resolved at the same time.

Proposal 8: after successful termination of a contention-free BFR procedure, UE assumes a default spatial relation for PUCCH/PUSCH transmission by following the spatial relation for contention-free PRACH transmission until receiving higher layer re-configuration of PUCCH-SpatialRelationInfo or a MAC-CE activation of one of the spatial relations in PUCCH-SpatialRelationInfo
4. Conclusion

In summary, based on the above discussion we have the following proposals:
Proposal 1: To decide “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH in a CC, UE selects lowest CORESET-ID from activated BWP of the scheduling cell of the PDSCH.
Proposal 2: For SCell PUSCH scheduling, the UE does not expect to receive DCI format 0_0.
Proposal 3: 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.
Proposal 4: Feature group 2-20 should be optional or the decision should be deferred until RAN4 completes its work.
Proposal 5: Alternative 1 should be adopted for feature group 2-28.
Proposal 6: Enable BFR procedure in DRX non-Active Time by allowing UE to monitor gNB response during DRX non-Active Time. Send LS to inform RAN2.
Observation 1: Without further RAN1 agreement, all configured search spaces monitored before dedicated PRACH transmission for BFR should be monitored.
Observation 2: Per RAN1 agreement and current RAN1 specification, a PDCCH transmission addressed to C-RNTI is considered as a response to contention-free BFR request transmission if the PDCCH is detected from SS-BFR.
Observation 3: During contention-free BFR, if PDCCH from other search space is received successfully by chance, UE can suffer from additional latency and signaling overhead to recover the failed serving control beam pair.
Proposal 7: RAN1 LS reply to confirm Option 2 approach is adopted: BFR RACH procedure is considered successfully completed only if PDCCH is received in search space indicated by recoverySearchSpaceId.
Proposal 8: after successful termination of a contention-free BFR procedure, UE assumes a default spatial relation for PUCCH/PUSCH transmission by following the spatial relation for contention-free PRACH transmission until receiving higher layer re-configuration of PUCCH-SpatialRelationInfo or a MAC-CE activation of one of the spatial relations in PUCCH-SpatialRelationInfo
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