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1 Introduction
In RAN1#105-e meeting [1], agreements for L1-based beam indication were achieved as:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability
· FFS: Application time and whether additional offset is needed for the application time in case of cross carrier beam indication and common TCI state ID update across a set of configured CCs if CCs have different SCSs 
· FFS: Whether inter-cell beam switching needs higher X/Y values than intra-cell
· FFS: Whether application time can be indicated/determined dynamically for different scenarios, e.g. cross CC, inter-cell, inter-panel without reverting previous RAN1 agreements
Agreement
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.
FFS: the cases of M or N>1
Agreement
On Rel.17 unified TCI framework, 
· Any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)
· Note: This does not imply that all such DL RSs necessarily share a same TCI state
· The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
· FFS: Whether some SRS resources or resource sets for BM can be configured as a target signal/channel of a Rel-17 UL TCI (hence the Rel-17 UL TCI state pool)
· Note: This does not imply that DL and UL TCI state pools are separate or shared for separate DL/UL TCI (this issue is still TBD)
Agreement
On Rel.17 unified TCI framework, discuss and decide by RAN1#106-e (August 2021)
· Whether each of 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
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs
· Whether some SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC
Agreement
On Rel.17 unified TCI framework, for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, but can be configured as a target DL RS of a Rel-17 DL TCI (hence the Rel-17 DL TCI state pool), discuss and down-select by RAN1#106-e (August 2021) between the following two alternatives:
· Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state 
· Alt2. Rel-17 TCI state update signaling/configuration mechanism(s) are used, e.g. with Rel-17 MAC-CE/DCI-based beam indication for Rel-17 joint/separate TCI
Note: The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
Note: For some channels/signals, only one of the above two alternatives may apply (to be discussed).
Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, decide by RAN1#106-e whether to support the following RS types as measurement RS or not:
· CSI-RS for mobility/RRM associated with a non-serving cell  
· CSI-RS for BM associated with a non-serving cell  
· CSI-RS for tracking associated with a non-serving cell  
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or configured for a serving cell but is QCLed with a non-serving cell SSB
Working Assumption
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell mobility, support the following:
· 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) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary
· The DL QCL and UL spatial relation rules already agreed for intra-cell scenario 
· FFS: The use of SSB associated with a physical cell ID different from that of the serving cell as an indirect QCL reference for UE-dedicated PDSCH 
· FFS (to be decided in RAN1#106-e): Whether this also applies to UE-dedicated PDCCH 
· 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
· FFS (to be decided in RAN1#106-e): Whether SSB associated with a physical cell ID different from that of the serving cell can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH
Agreement
On Rel.17 unified TCI framework, for common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of configured CCs/BWPs
· The source RS determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for a target CC can be configured in the target CC or other CC
· For intra-band CA, the following configurations can be supported without additional QCL rules: 
· One source RS across CCs can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs 
· One source RS per CC can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs, and the CC-specific source RSs are further associated with a same QCL-TypeD RS 
· “A set of configured CCs/BWPs” includes all the BWPs in the set of configured CCs 
Working Assumption 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP /CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (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
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC
Conclusion
On Rel-17 unified TCI framework, for a UE configured with both joint TCI and separate DL/UL TCI, configuration of joint TCI or separate DL/UL TCI is based on RRC signaling 
· There is no consensus in RAN1 on how to support dynamic switching (either MAC-CE or codepoint based)
Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework,
· For each of PUSCH and PUCCH, the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state per BWP. 
· In this case, multiple settings are configured. Each setting can be associated with at least one TCI state, and, for a given TCI state, only one setting for PUSCH and only one setting for PUCCH can be associated at a time. 
· (Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.
· If not associated, for each of the PUSCH and PUCCH, the setting(s) of (P0, alpha, closed loop index) per channel/signal per BWP is independent of the UL or (if applicable) joint TCI states
· FFS: If the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· FFS: (to be decided in RAN1#106-e) whether to configure the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component, or configure a channel dependent setting of (P0, alpha, closed loop index) per TCI state
Agreement
On Rel-17 unified TCI, in RAN1#106-e, for M>1 and/or N>1:
· Identify and agree on use cases 
· Decide whether to support M>1 and/or N>1, and if so, the maximum value of M and/or N
· If supported, identify feasible candidate schemes for beam indication signaling mechanism (including TCI state activation)
Note:
· Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted.
· The use case of simultaneous UL transmission from multiple UE panels are not to be considered in Rel-17 as it is out of scope
In this contribution, we provided our views on multi-beam operation.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Unified TCI framework
One remaining issue is whether some RS can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and all or subset of CORESETs in a CC, at least the indicated TCI state should apply to CSI-RS resources for CSI. In addition, we think at least when the BFD RS is explicit configured, the CSI-RS in the BFD RS set should follow the indicated Rel-17 TCI state, 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 from CORESETs. And the procedure for beam failure detection should also be modified, for example, BFI_COUNTER should be set to 0 if a different Rel-17 TCI state is indicated and applied after beam application timing.
Proposal 1: For Rel-17 unified TCI framework, the indicated Rel-17 TCI state should apply to at least CSI-RS resources for CSI and CSI-RS resource explicitly configured in BFD RS set. And beam failure recovery procedure should be updated based on the Rel-17 TCI framework.
And for any DL RS that doesn’t share the same indicated Rel-17 TCI states, we think Rel-15/16 TCI state update signaling/configuration mechanism(s) are sufficient to be reused.
Proposal 2: For Rel-17 unified TCI framework, for any DL RS that does not share the same indicated the indicated Rel-17 TCI state(s), Alt.1 (Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state) is slightly preferred. 
For 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. One solution is to reuse the ACK/NACK for PDSCH scheduled by the DCI to indicate beam indication result. While comparing DCI and PDSCH decoding, PDCCH is designed to be more robust than PDSCH, so there are multiple cases that the DCI can be decoded successfully, but decoding of PDSCH scheduled by the DCI is failed. In this case, NACK will be reported for the PDSCH. While 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, especially in case of HARQ-ACK multiplexing based on Type 1 or Type 2 HARQ-ACK codebook, 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
	


To guarantee the beam indication result, network needs further update the new beam, until receives an ACK report, and then apply the new beam after application timing, in this case, it will cause quite large delay. Or network applies the new beam as long as receiving HARQ feedback regardless whether it’s ACK or NACK, in this case, applied beam may be mismatched between network and UE, even leading to beam failure. To solve this issue, and also considering the limited time in Rel-17, clarification on the reusing of ACK/NACK of the scheduled PDSCH is needed, i.e. only ACK for the scheduled PDSCH can be regarded as acknowledge of beam indication. So we propose that:
Proposal 3: Only ACK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI.
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 new beams, in this case, which new 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. 1.


Figure. 1. Applied TCI state in case of HARQ-ACK multiplexing
Based on this, we propose that: 
Proposal 4: The TCI state(s) indicated in a DCI corresponding to last position with value ACK in the HARQ-ACK codebook is applied in case of HARQ-ACK multiplexing.
And regarding M>1 and/or N>1, we think this should at least be supported for multi-TRP transmission, and the maximum value of M and/or N should be at least 2. And how to indicate the M and/or N TCI states should be designed. The first issue is whether a PDCCH in a first subset of CORESETs can indicate a beam update for a second subset of CORESETs.
Proposal 5: M>1 and/or N>1 should be supported at least for multi-TRP transmission, and the maximum value of M and/or N should be at least 2.
In addition, structure of dynamic beam indication should be designed to be suitable considering multi-TRP transmission, regarding PDCCH/PDSCH/PUSCH reliability based on multi-TRP, there are either two TCI states for PDCCH or two TCI states indicated in the DCI, and whether or which TCI states is updated should be considered. And if Rel-17 is lack of time, this can be further discussed in Rel-18 MIMO framework.
Proposal 6: Structure of L1-based beam indication should be further studied to be suitable for multi-TRP transmission.
3 Conclusion
In this contribution, we provided our views on the multi-beam operation, and we proposed that:
Proposal 1: For Rel-17 unified TCI framework, the indicated Rel-17 TCI state should apply to at least CSI-RS resources for CSI and CSI-RS resource explicitly configured in BFD RS set. And beam failure recovery procedure should be updated based on the Rel-17 TCI framework.
Proposal 2: For Rel-17 unified TCI framework, for any DL RS that does not share the same indicated the indicated Rel-17 TCI state(s), Alt.1 (Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state) is slightly preferred. 
Proposal 3: Only ACK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI.
Proposal 4: The TCI state(s) indicated in a DCI corresponding to last position with value ACK in the HARQ-ACK codebook is applied in case of HARQ-ACK multiplexing.
Proposal 5: M>1 and/or N>1 should be supported at least for multi-TRP transmission, and the maximum value of M and/or N should be at least 2.
Proposal 6: Structure of L1-based beam indication should be further studied to be suitable for multi-TRP transmission.
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