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1 Introduction
In RAN1#106-e meeting [1], great progress and agreements for multi-beam enhancement were achieved.
In this contribution, we provided our views on some remaining issues for multi-beam operation.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Unified TCI framework
RAN1 106-e meeting made the following agreements on how to find QCL-Type A/D source RS if BWP/CC ID is absent.
	· When the BWP/CC ID (i.e. bwp-Id or cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies



It should be noted that cross-BWP/CC QCL-Type A relationship has not yet been supported, which means tracking RS and PDCCH/PDSCH DMRS should be in the same BWP/CC. Therefore, one reasonable configuration could be that BWP/CC ID for QCL-Type A source RS is always absent. This kind of configuration indeed has some advantages, for example, it can reduce the required number of configured TCI states, and avoid redundant TCI state activation signalling. 
However, one issue can be identified considering BWP switch, especially for dynamic switch. Right after BWP switch, it is possible that the corresponding RS in the new BWP has not been measured by the UE. As illustrated in the following figure, current agreement asks UE to adopt the QCL properties from the RS (BWP #2 + RS ID #1) not measured yet. The same issue can be expected considering CC switch, e.g., MAC-CE based SCell activation.
[image: ]
Figure 1 illustration of the issue considering BWP switch
Since cross-BWP/CC QCL-Type D relationship has already been supported, BWP/CC switch would cause less problem if BWP/CC ID is always configured and the same beam can be assumed across BWP/CCs.
Observation: UE may not be able to obtain measurement results from QCL-Type A source RS right after BWP/CC switch, when BWP/CC ID is absent for the QCL-Type A source RS in a QCL-Info of the TCI state.
[bookmark: _GoBack]One possible solution is that UE could keep the QCL assumption before it can obtain new and stable results after several measurements of the QCL-Type A source RS in the new BWP/CC. Again using BWP switch as an example, in the following figure, a time duration can be introduced for the UE to measure the RS identified by BWP #2 + RS ID #1. During this time duration, UE is allowed to communicate with the NW based on QCL assumption with RS in the last BWP before BWP switch (i.e., BWP #1 + RS ID #1). The length of the time duration can be N (e.g., 3) times the periodicity of the corresponding RS.
[image: ]
Figure 1 illustration of the solution considering BWP switch
Proposal 1: Support UE to assume QCL-Type A source RS is in the last BWP/CC before BWP/CC switch until it can obtain new measurement results in the new BWP/CC, if BWP/CC ID is absent for the QCL-Type A source RS. 
Considering timer based BWP/CC switch, for example, right after switching back to BWP #1 from BWP #2 due the expiry of configured bwp-InactivityTimer, it could be possible that UE could still use the measurement results from RS in BWP#1 if the value of the timer is small, for example, smaller than [1280ms]. Therefore, we have the following proposal.
Proposal 2: For timer-based BWP switch, support UE to assume QCL-Type A source RS is in the last BWP before BWP switch only if the value of the timer is larger than a threshold, if BWP ID is absent for the QCL-Type A source RS.
In addition, it was agreed that following DL RSs can share the same indicated Rel-17 TCI state.
	Agreement
On Rel.17 unified TCI framework, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· Aperiodic CSI-RS resources for CSI
· FFS: Discuss if further restriction or further case is necessary
· Aperiodic CSI-RS resources for BM 
· FFS: Discuss if further restriction or further case is necessary
FFS: Other CSI-RS time-domain behaviors and/or restriction(s)


Besides the agreed RSs, we think the CSI-RS in the BFD RS set should also share the indicated Rel-17 TCI state, at least when the BFD RS set is explicitly configured, otherwise, beam failure detection may be mismatched. And for implicit configuration, it seems natural that UE can determine the BFD RS with the updated TCI states for CORESETs. And the procedure for beam failure detection should also be updated, for example, if a different Rel-17 TCI state is indicated and applied after beam application timing, BFI_COUNTER should also be set to 0.
Proposal 3: For Rel-17 unified TCI framework, BFD RS should also share the indicated Rel-17 TCI state. And beam failure recovery procedure should be updated based on the Rel-17 TCI framework.
Inter-cell beam management
It was agreed that for intra-cell beam indication, both UE dedicated and non-UE dedicated PDCCH/PDSCH share the same indicated Rel-17 TCI state, and for inter-cell beam indication, non-UE dedicated channels/signals are excluded. 
	Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH
On Rel.17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell
· For inter-cell beam management, the support of more than one Rel-17 active DL TCI state / QCL per band is a UE capability
· If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used to switch between two different DL receptions along two different beams
· Note: The serving cell does not change when beam selection is done
· Note: This does not preclude the possibility for TA update on non-serving cell 
· FFS: For a UE supporting Rel.17 beam indication feature for inter-cell beam management, up to 5 CORESETs can be configured per BWP


In case of inter-cell beam management, it’s actually that some TCI states are associated with a PCI different from the serving cell, and some TCI states are associated with PCI of the serving cell. Regarding the exclusion of non-UE dedicated channels/signals for Rel-17 TCI state, we think it’s better to clarify whether all Rel-17 TCI states are not applied for the non-UE dedicated channels/signals or only TCI states associated with a PCI different from the serving cell are not applied. In our understanding, there is no need to discard the useful unified beam indication framework totally in case of inter-cell beam management, otherwise, when inter-cell beam management is configured, the beam indication framework for non-UE dedicated channels/signals is worse than those in case of intra-cell beam management. So we propose that:
Proposal 4: Clarifying that indicated Rel-17 TCI state is not applied to non-UE dedicated channels/signals only if the TCI state is associated with a PCI different from the serving cell. In other words, in case of inter-cell beam management, indicated Rel-17 TCI state can be applied to non-UE dedicated channels/signals if the TCI state is associated with PCI of the serving cell. 
In addition, based on the case of limited number of CORESETs and each CORESET can be associated with common search space, applicable of Rel-17 TCI state for non-UE dedicated channels is determined in channel level instead of CORESET level. And in the case a CORESET is associated with both common search space and UE specific search space, there may be a Rel-17 TCI activation MAC CE, which is applied to at least UE dedicated channels/signals, and for non-UE dedicated channels/signals, a Rel-15/16 legacy MAC CE may be applied to activate TCI state for the CORESET. Then details on how to apply the Rel-17 TCI state and the Rel-15/16 TCI state to the common search space and UE specific search space need to be decided. 
Proposal 5: Decide the TCI state application rule at least for a CORESET is associated with both common search space and UE specific search space. 
L1-based beam indication
L1-based beam indication can be supported based on DCI formats 1_1/1_2 with and without DL assignment. And UE to acknowledge successful decoding of beam indication was agreed as the beam updating is an important command, and it was agreed that the indicated beam is applicable in the first slot at least Y symbols after the last symbol of acknowledge of the beam indication.
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The Y symbols are configured by the gNB based on UE capability, which is also reported in units of symbols.
· FFS whether Y is configured per BWP , per CC or per band or per SCS , or independent of BWP/CC/SCS
· Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted


Based on the agreement, we think it should be clear that only indicated beam corresponding to an ACK feedback can be applicable after application timing, as based on the reporting of NACK, network can not obtain the decoding result of PDCCH, as there are two cases corresponding to NACK, one case is that DCI is missed or unsuccessfully decoded, the other one is that DCI decoding is successful, but PDSCH decoding is failed, as shown in following Table. 1. 
Table. 1. DCI and PDSCH decoding result
	DCI decoding
	PDSCH decoding
	HARQ-ACK feedback
(based on PDSCH decoding)
	Actual result of beam indication
	Network understanding on DCI decoding

	Success
	Success
	ACK
	Success
	Success

	Success
	Failed
	NACK
	Success
	Unknown

	Failed
	Failed
	NACK
	Failed
	


In addition, in case of HARQ-ACK multiplexing, including Type 1 and Type 2 HARQ-ACK codebook, there may be more than one PDCCH indicating different beams, in this case, which beam is applied after application timing should be clarified. For example, the beam indicated in a DCI corresponding to last position with value ACK in the HARQ-ACK codebook is applied, as shown in Figure. 3.


Figure. 3. Applied TCI state in case of HARQ-ACK multiplexing
Based on this, we propose that: 
Proposal 6: Clarifying that only ACK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI. And in case of HARQ-ACK multiplexing, the TCI state(s) indicated in a DCI corresponding to last position with value ACK in the HARQ-ACK codebook is applied after application timing.
3 Conclusion
In this contribution, we provided our views on multi-beam operation, and we proposed that:
Observation: UE may not be able to obtain measurement results from QCL-Type A source RS right after BWP/CC switch, when BWP/CC ID is absent for the QCL-Type A source RS in a QCL-Info of the TCI state.
Proposal 1: Support UE to assume QCL-Type A source RS is in the last BWP/CC before BWP/CC switch until it can obtain new measurement results in the new BWP/CC, if BWP/CC ID is absent for the QCL-Type A source RS. 
Proposal 2: For timer-based BWP switch, support UE to assume QCL-Type A source RS is in the last BWP before BWP switch only if the value of the timer is larger than a threshold, if BWP ID is absent for the QCL-Type A source RS.
Proposal 3: For Rel-17 unified TCI framework, BFD RS should also share the indicated Rel-17 TCI state. And beam failure recovery procedure should be updated based on the Rel-17 TCI framework.
Proposal 4: Clarifying that indicated Rel-17 TCI state is not applied to non-UE dedicated channels/signals only if the TCI state is associated with a PCI different from the serving cell. In other words, in case of inter-cell beam management, indicated Rel-17 TCI state can be applied to non-UE dedicated channels/signals if the TCI state is associated with PCI of the serving cell. 
Proposal 5: Decide the TCI state application rule at least for a CORESET is associated with both common search space and UE specific search space. 
Proposal 6: Clarifying that only ACK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI. And in case of HARQ-ACK multiplexing, the TCI state(s) indicated in a DCI corresponding to last position with value ACK in the HARQ-ACK codebook is applied after application timing.
4 [bookmark: _Ref344215723]References
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