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1. Introduction

In this contribution, we discuss remaining issues on downlink/uplink beam management (BM) and beam failure recovery (BFR), including relevant text proposals based on current NR specifications.

2. Remaining issue on UL BM

In the last meeting, SRS initial beam sweeping issues for UL BM had been intensively discussed, in terms of how to properly capture the following agreements made in RAN1#90bis as a part (Slide 3) of the WF R1-1719059:

	Agreements (R1-1719059, Slide 3):
· For UL beam management, 

· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings

· configuring one SRS resource spanning multiple symbols 

· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.

· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way, or (2) via gNB indication.


Here, “(1) via a gNB-transparent way” can corresponds to the case where a SRS resource set for BM is configured without spatialRelationInfo for all the SRS resources within the set. This agreed option is essential for UEs when UE beam correspondence does not hold (which is informed to gNB via UE capability signaling, according to the agreements on UE feature list). Even for UEs satisfying UE beam correspondence, this option is beneficial to the gNB side as well, in that gNB can significantly save DL resource overhead regarding DL BM since this UE-side SRS Tx beam sweeping can provide best DL gNB Tx beam determinations after measuring such beam-swept SRS resources at gNB using gNB beam correspondence. Therefore, ensuring UE-side SRS Tx beam sweeping behaviors for these purposes is important to the intended gNB implementation, and we provide the following text proposals:

	<Text proposal on 38.214>

6.2.1
UE sounding procedure

The UE can be configured with one or more Sounding Reference Signal (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSet. For each SRS resource set, a UE may be configured with 
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SRS resources (higher layer parameter SRS-Resource), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter usage in SRS-ResourceSet. When the higher layer parameter usage is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. The SRS resources in different SRS resource sets can be transmitted simultaneously. When the higher layer parameter usage is set to ‘BeamManagement’ for a configured SRS resource set and when any of the SRS resources within the SRS resource set are not configured with higher layer parameter spatialRelationInfo, UE shall apply a spatial domain transmission filter for the (i+1)-th SRS resource different from that for the i-th SRS resource configured within the SRS resource set.


3. Corrections on CSI-RS for BM

In the current specification, it seems not clear whether UE can be configured with any value of repetition (‘on’ or ‘off’) when it is associated to a CSI-ReportConfig with reportQuantity set to 'none' for beam management. The original intention on configuring the parameter of reportQuantity set to 'none' for the BM case is for P-3. Thus when the associated resource setting is configured for BM (by configuring repetition), it does not make any sense to be configured with repetition=‘off’ for the purpose of P-3. Therefore, we suggest the following proposal to remove this unintended configuration case:

Proposal #1: If a NZP-CSI-RS-ResourceSet is configured with higher layer parameter repetition and is associated to a CSI-ReportConfig with reportQuantity set to 'none', the UE should only expect the higher layer parameter repetition set to ‘on’.

4. Editorial corrections for DL BM

Following editorial corrections on section 5.1.5 in 38.214 are suggested, where the first paragraph below should also mention the condition regarding Threshold-Sched-Offset, so that potential misinterpretation would be avoided, i.e., to cover full disjoint cases clearly (tci-PresentInDCI when enable or disable, the offset less or greater than Threshold-Sched-Offset). Note the current texts have overlapped descriptions with different behaviors when tci-PresentInDCI is not configured for the CORESET and the offset is less than the threshold.
	<Text proposal on 38.214>

5.1.5
Antenna ports quasi co-location
--------------- Unchanged parts omitted -------------
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, if the offset between the reception of the DL DCI and the corresponding PDSCH is equal or greater than the threshold Threshold-Sched-Offset, where the threshold is based on reported UE capability [12, TS 38.331]. 

If the tci-PresentInDCI is set as 'enabled', the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP and when the PDSCH is scheduled by DCI format 1_1, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. 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 RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than the threshold Threshold-Sched-Offset. 

For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, 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 RS(s) in the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE. If none of configured TCI states contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.


5. Remaining issues on beam failure recovery

5.1. PUCCH spatial relation after beam failure
In RAN1#94, following agreement was made:

	Agreement

Downselect among the following two alternatives in RAN1#94bis

· 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


 The difference between Alt1 and Alt4 is whether or not spatial relation for previously configured PUCCH resources should be reset or not during BFR. If a UE always maintains only a single active beam, Alt1 can be an efficient solution. However, NR already allows the use of multiple active UL beams via indicating PUCCH spatial relation “per PUCCH resource”, not “for all PUCCHs”. The background of the decision was that the use of multiple active UL beams can improve diversity in beam domain. A TRP may use different Rx beam/panel for receiving each PUCCH resource. It is also possible that PUCCH resources may be targeted to different TRPs, respectively. We should note that a UE can be configured up to 32x4=128 PUCCH resources so that aligning spatial relation for all of them in every beam failure event is an overdesign. 
Especially, beam failure only means serving DL beam’s failure so that some of PUCCH beams that has been configured for targeting different TRP or same TRP’s different Rx beam/panel is likely to be survived even in the beam failure event. If Alt1 is adopted, gNB should re-indicate spatial relations for all those PUCCH resources after completion of BFR and this can cause a huge signalling overhead. 

Regarding the value of K, we do not think that it is necessary to introduce additional time gap because UE already knows which PRACH beam the UE has used.
In Alt4, the intention was to restrict only to the PUCCH resource for HARQ ACK/NACK feedback of a corresponding DL PDSCH scheduled from SearchSpace-BFR so that the text should be slightly revised as below:
Proposal #2: Support Alt 4 with following modification:

· After successfully receiving BFR gNB response, the transmission of PUCCH resource 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 the PUCCH resource
5.2. Clarification on the association between SSBs and PRACH resources

In RAN1#90bis, following agreement was made:

	Agreement:
Specification supports the CSI-RS + SS block case for the purpose of new candidate beam identification

· The above case is configured by gNB

· Note: a dedicated PRACH resource is configured to either an SSB or a CSI-RS resource

· Following two scenarios are supported when a UE is configured with CSI-RS + SSB

· Scenario 1: PRACHs are associated to SSBs only

· In this scenario, CSI-RS resources for new beam identification can be found from the QCL association to SSB(s).

· Scenario 2: Each of the multiple PRACHs is associated to either an SSB or a CSI-RS resource

· FFS: multiple SSB can be associated with the same uplink resource.




 To our knowledge, the FFS part above has not been resolved until now. However, current specification has no restriction on the duplicated mapping of multiple SSBs to a same PRACH preamble so that it needs to be decided whether or not we have consensus on the support of duplicated mapping. In our view, new beam candidates for CFRA are configured explicitly by RRC so that it seems more straightforward allowing only one-to-one mapping between each SSB and a PRACH preamble. In addition, we should note that the many-to-one mapping is not allowed for SSBs and CBRAs for initial access as well.
Proposal #3: Decide whether or not multiple SSBs can be associated with the same PRACH resource for the configuration of new candidate beam RSs.
6. Conclusion
In this contribution, we provided text proposals and proposals for UL/DL beam management (BM) and beam failure recovery (BFR), based on current NR specifications.
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