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1 Introduction
Specification work on the enhancement of Rel-17 multi-beam operation is now in maintenance phase, while there are still some FFS points and some issues to be addressed. In this contribution, we provided our views on handling the remaining aspects for Rel-17 multi-beam operation.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Issue 1 on Unified TCI framework
For Rel-17 unified TCI framework, the TCI state update can be MAC CE based and/or DCI based. For example, if there is only one joint TCI state or only one DL TCI state + UL TCI state activated via MAC CE, the activated TCI state can be applied for downlink and uplink transmission after MAC CE confirmation. In this case, there is no need of further DCI based indication for TCI state application, which will cause extra delay for beam indication. The corresponding agreements in Rel-17 discussions are shown as follows.
	Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured
Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
· For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation
· How to capture this in the specifications is up to the editors



While this scheme is not reflected in current TS, we propose:
Proposal 1: If there is only one joint TCI state or only one DL+UL TCI state activated via MAC CE, the activated TCI state(s) is applied after MAC CE confirmation. The following TP should be adopted.
	TS 38.214 section 5.1.5
When the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the activation command, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from the first slot that is after slot where  is the SCS configuration for the PUCCH. If tci-PresentInDCI is set to 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET scheduling the PDSCH, and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than timeDurationForQCL if applicable, after a UE receives an initial higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to qcl-Type set to 'typeA', and when applicable, also with respect to qcl-Type set to 'typeD'. If there is only one activated [TCI-State] configured with [tci-StateId_r17] for DL and UL, or if there is only one activated [TCI-State] configured with [tci-StateId_r17] for DL only and/or only one activated [TCI-State] configured with [tci-StateId_r17] for UL only, the activated [TCI-State] configured with [tci-StateId_r17] should be applied starting from the first slot that is after slot where m is the SCS configuration for the PUCCH.



Another issue is on the QCL assumption when BWP/CC ID is absent in QCL-Info of a TCI state. It should be noted that QCL-Type A/B RS in the Rel-17 TCI state and PDCCH/PDSCH DMRS should be in the same BWP/CC. To reduce the required number of configured TCI states, and to avoid redundant TCI state activation signalling, one reasonable configuration could be that BWP/CC ID for QCL-Type A source RS is always absent. The corresponding agreements are as follows.
	Agreement 
· 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
· 
Agreement 
On Rel.17 unified TCI framework, the source RS in the Rel-17 TCI state that provides QCL-TypeA or QCL-TypeB shall be in the same CC/BWP as the target channel or RS


However, one issue can be identified considering BWP switch, especially for dynamic BWP 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 1: 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.
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 2 illustration of the solution considering BWP switch
Proposal 2: Support UE to assume QCL-TypeA/D 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-TypeA/D source RS. The following TP should be adopted.
	TS 38.214 section 5.1.5
[bookmark: _Hlk86865630]When the bwp-id or cell for QCL-TypeA/D source RS in a QCL-Info of the TCI state configured with [tci-StateId_r17] is not configured, the UE assumes that QCL-TypeA/D source RS is configured in the CC/DL BWP where TCI state applies, if active BWP where the DCI carrying TCI state information is received is different from active BWP where the TCI state applies, the UE assumes that QCL-TypeA/D source RS is configured in the BWP where TCI state applied after measurements of the QCL-TypeA/D source RS in the BWP..



Yet another issue is on the UL beam application timing for PUSCH. As captured below in current TS, Rel-17 TCI state could determine UL TX spatial filter for PUSCH. When a new TCI state is applied BeamAppTime_r17 after PUCCH carrying ACK of DCI-based TCI indication, UL beam of PUSCH should be changed too.
	TS 38.214 section 5.1.5
[bookmark: _Hlk86866205]The UE can be configured with a list of up to [128] [TCI-State] configurations, within the higher layer parameter PDSCH-Config, with [tci-StateId_r17] that include [SourceRs-Info_r17] for providing a reference signal for the quasi-colocation for DM-RS of PDSCH and DM-RS of PDCCH in a CC, CSI-RS, and to provide a reference, if applicable, for determining UL TX spatial filter for dynamic-grant and configured-grant based PUSCH and PUCCH resource in a CC, and SRS. If the [TCI-State] configurations is absent in a BWP of the CC, the UE can apply the [TCI-State] configuration from a reference BWP of a reference CC.
<Omitted>
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI -State indication, and if the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time.


However, since both CB-based and NCB-based PUSCH transmission are all closely linked to SRS transmission. Before SRS transmission with the newly indicated TCI state, PUSCH can only be transmitted with the ‘old’ beam, since the UL precoder(s) (e.g., indicated by SRI(s)/TPMI(s) in UL grant) are determined based on the SRS transmission with ‘old’ beam. Otherwise, there will be a mismatch between analog beamforming applied and digital precoding matrix indicated, as shown in the next figure.
[image: ]
Figure 3 illustration of potential issues with BAT for PUSCH
To solve this issue, we suggest to delay the new beam application timing for PUSCH. Only after corresponding SRS transmission is completed with the newly indicated UL beam, UE can apply this new beam for PUSCH transmission, where the corresponding SRS resource is the one associated with SRI indication in UL grant. In this way, new precoder(s) can be determined by SRS transmission with the new beam. The suggested solution is shown in the next figure.
[image: ]
Figure 4 illustration of solution for PUSCH applying new TCI
Proposal 3: Support determining UL TX spatial filter for PUSCH based on DCI carrying newly indicated Rel-17 TCI state only after most recent corresponding SRS transmission is transmitted with the Rel-17 TCI state. The following TPs should be adopted.
	TS 38.214 section 5.1.5
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication and the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] should be applied starting from the first slot that is at least BeamAppTime symbols after the last symbol of the PUCCH, except codebook based or non-codebook based PUSCH transmission. The first slot and the BeamAppTime symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE can assume that one BeamAppTime for a given SCS is configured for all CCs in the same CC list configured by simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL or separately one indicated [TCI-State] with [tci-StateId_r17] for UL at a time.
For codebook based or non-codebook based PUSCH transmission, the indicated [TCI-State] with [tci-StateId_r17] should be applied after most recent SRS transmission applying the indicated [TCI-State] with [tci-StateId_r17].

	TS 38.214 section 6.1.1.1
When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI, and is after BeamAppTime_r17 after the last symbol of PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI state indication.

	TS 38.214 section 6.1.1.2
Each of the indicated one or two SRIs in slot n is associated with the most recent transmission of SRS resource(s) of associated SRS resource set identified by the SRI, where the SRS transmission is prior to the PDCCH carrying the SRI, and is after BeamAppTime_r17 after the last symbol of PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI state indication.



The remaining issues in this subsection are on the impacts of unified TCI framework on the BFR procedure. 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.
Proposal 4: For Rel-17 unified TCI framework, BFD RS should also share the indicated Rel-17 TCI state.

In addition, the procedure for beam failure detection should also be updated, at least for resetting BFI_COUNTER. Current condition is captured as follows.
	TS38.321 section 5.17
1>	if beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection is reconfigured by upper layers associated with this Serving Cell:
2>	set BFI_COUNTER to 0.


In Rel-15/16 BFR framework, only upper layers can update/reconfigure BFD RS, while based on Rel-17 unified TCI framework, DCI based TCI state update can be achieved, so we think if a Rel-17 TCI state is indicated in a DCI, BFI_COUNTER should also be set to 0 or we can send an LS to RAN2 for their information.
Proposal 5: Beam failure recovery procedure should be updated based on the Rel-17 TCI framework, for example, BFI_COUNTER should also be set to 0 based on DCI based TCI state update. RAN1 can send an LS to RAN2 for their information.

In case of CA, unified TCI can be indicated and applied with aligned timing across CCs, agreed as follows:
	Agreement 
On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
· For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation
· How to capture this in the specifications is up to the editors


And beam failure recovery procedure was discussed at least for a CC:
	Agreement
On Rel-17 unified TCI framework, for intra-cell beam management, after X symbols from the UE receives the BFRR from NW, the UE assumes the same QCL parameter as the ones associated with the index q new for all PDSCH /PDCCH receptions in a CC, as well as other signals/channels configured to sharing the same indicated Rel-17 TCI state as PDSCH /PDCCH reception.
· The above applies to Rel-15 SpCell BFR , Rel-16 CBRA based SpCell BFR , and Rel-16 SCell BFR 
· Note: q new is a candidate beam identified by the UE in set q1. q1 is the set of candidate beams
Agreement
On Rel-17 unified TCI framework, after X symbols from the UE receives the BFRR from NW, the UE uses the same UL spatial filter as the one associated with the index q new or the last PRACH transmission for all PUSCH transmission and all of PUCCH resources in a CC, as well as other signals/channels configured to sharing the same indicated Rel-17 TCI state as PUSCH and all of PUCCH resources.
· The above applies to Rel-15/16 SpCell BFR , Rel-16 CBRA based SpCell BFR, and Rel-16 SCell BFR 
· Note: q new is a candidate beam identified by the UE in set q1. q1 is the set of candidate beams
· FFS : UL PC control including q u , q d , and closed loop index


During the discussion, majority companies proposed to apply qnew to a set of CCs in unified TCI framework for CA, as based on the framework of reference TCI state pool shared across CCs, it’s a typical case that source RS for QCL-Type D is shared across the CCs, then a unified BFR procedure can be naturally applied to the CCs. So we prefer a unified BFR procedure, and to apply qnew to the set of CCs. If there is no enough time in Rel-17, we are also fine to further discuss this in Rel-18.
While even based on current per CC BFR procedure, there is still some remaining issues. It seems contradictory between BFR procedure performed per CC and TCI state update across CCs. For example, in unified TCI framework for CA, DCI in any CC can indicate TCI state update for the set of CCs, and if beam failure occurs in one CC, BFR procedure is performed, then the interaction between DCI based TCI state update and BFR procedure should be discussed. For example, during the BFR procedure on one CC, if TCI state is indicated in a DCI on another CC, which one of qnew and the indicated TCI state should be applied on the failed CC, as shown in the next figure. For example, the indicated TCI state can be applied to the failed CC, and BFR procedure on the failed CC can be stopped.


Figure 5 interaction between per CC BFR and unified TCI state update across CCs
Proposal 6: In case of Rel-17 unified TCI framework for CA, support a unified BFR procedure applied for the CCs. If this is not supported in Rel-17, the interaction between BFR procedure on one failed CC and TCI state update across CCs should be defined. For example, the indicated TCI state can be applied to the failed CC, and BFR procedure on the failed CC can be stopped. RAN1 can send an LS to RAN2 for their information.

2.2 Issue 2 on 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
For Rel-17 unified TCI framework, on applying the indicated Rel-17 TCI state to PDCCH reception and the respective PDSCH reception:
· For discussion purposes, define as follows:
· ‘CORESET A’: A CORESET other than CORESET#0 associated with only UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with: 
· [USS and/or CSS Type 3]
· ‘CORESET B’:  A CORESET other than CORESET#0 associated with only non-UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with:
· [CSS or CSS other than Type 3]
· ‘CORESET C’: A CORESET other than CORESET#0 associated with both UE-dedicated and non-UE-dedicated reception on PDCCH in a CC
· CORESET#0
· For Rel-17 TCI state indication, support per CORESET determination as follows:
· For any PDCCH reception on a ‘CORESET A’ and the respective PDSCH reception, UE always applies the indicated Rel-17 TCI state.
· For any PDCCH reception on a ‘CORESET B’ and the respective PDSCH reception, whether or not UE to apply the indicated Rel-17 TCI state associated with the serving cell is determined per CORESET by RRC
· FFS: For intra-cell BM, whether CORESET C is supported or not 
· If CORESET C is supported, the TCI state of CORESET C
· FFS: For inter-cell BM, whether CORESET C is supported or not 
· If CORESET C is supported, the TCI state of CORESET C
· FFS: The TCI state of CORESET 0
· 


 
There are some remaining issues:
· TCI state for CORESET B in case of inter-cell BM
It was agreed that for any PDCCH reception on CORESET B, whether or not to apply the indicated Rel-17 TCI state associated with the serving cell is determined per CORESET by RRC. In our understanding, per CORESET can be configured to whether or not to apply the indicated Rel-17 TCI state (the RRC configuration is no need to be specific for Rel-17 TCI state associated with serving cell) in RRC. Then the issue is that, if CORESET B is configured to apply the indicated Rel-17 TCI state, and later a Rel-17 TCI state associated with non-serving cell is indicated, the UE behavior on PDCCH reception on CORESET B should be defined. For example, previous indicated Rel-17 TCI state associated with serving cell can be applied to CORESET B, or just ignoring PDCCH reception on CORESET B.
· TCI state for CORESET C in case of intra-cell BM
For intra-cell BM, there seems no issue to configure CORESET C apply or not apply the indicated Rel-17 TCI state. So we support CORESET C for intra-cell BM.
· TCI state for CORESET C in case of inter-cell BM
For inter-cell BM, non-UE dedicated channels/signals cannot apply Rel-17 TCI state from non-serving cell, while considering the limited number of CORESETs, we think CORESET C should also be supported for inter-cell BM. Whether or not to apply the indicated Rel-17 TCI state for CORESET C can be configured by RRC. If configured to not apply, it’s naturally to reuse Rel-15/16 scheme to active TCI state for the CORESET C. And if configured to apply, then rules of TCI state applied for CORESET C can be defined. For example, both Rel-15/16 TCI activation scheme and unified TCI state update can be applied for CORESET C. Rel-15/16 TCI activation scheme can be applied for at least non-UE dedicated PDCCH associated with CORESET C. If the indicated TCI state is associated with serving cell, then both UE-dedicated and non-UE dedicated PDCCH associated with CORESET C apply the indicated TCI state. And if indicated TCI state is associated with non-serving cell, then previous activated TCI state based on Rel-15/16 TCI activation scheme can be applied for at least non-UE dedicated PDCCH, or UE just ignore PDCCH reception on CORESET B until a new TCI activation command. 
· TCI state of CORESET 0
It seems rules for CORESET A/B/C can be applied to CORESET 0 as well, depending on UE-dedicated and/or non-UE dedicated PDCCH associated with CORESET 0. One more point is that, if TCI state associated with non-serving cell is applied to CORESET 0, the CSI-RS for QCL-TypeD in the TCI state should be associated with a SSB from the non-serving cell.

Proposal 7: Support CORESET C for both intra and inter-cell BM, and if indicated TCI state is associated with non-serving cell, previous indicated/activated TCI state associated with serving cell can be applied for CORESET C. 

It’s possible that both features of unified TCI across CCs and inter-cell BM are simultaneously configured. In case that a TCI state associated with PCI of serving cell is indicated and applied, it can be applied to CCs, and in case that a TCI state associated with PCI different from serving cell is indicated and applied, the source RS for QCL-TypeA and QCL-TypeD are from the cell with different PCI, then the TCI state can be applied to the CC configured with the source RS, while on the other CCs not configured with the source RS or the CCs which refer to the CC configured with the source RS, the UE behavior should be defined. For example, previous indicated TCI state associated with PCI of serving cell is applied for the CCs, or UE ignores transmission on the CCs.
Proposal 8: In case of simultaneous configuration of unified TCI across CCs and inter-cell BM, and if a TCI state associated with PCI different from the serving cell is indicated/activated, at least one CC without configuration of the source RS from PCI different from the serving cell, the UE behavior should be defined. For example, previous indicated TCI state associated with PCI of serving cell is applied for the CCs, or UE ignores transmission on the CC(s).

As we discussed, BFD RS should also share the indicated Rel-17 TCI state for unified TCI framework. In case of inter-cell BM, if a TCI state associated with PCI different from the serving cell is indicated/activated, to monitor the radio link quality from the non-serving cell, BFD RS should also be updated based on the TCI state, and to keep consistence, a corresponding new beam identification (NBI) RS set which is associated with the PCI different from serving cell should be applied. 
Proposal 9: If a TCI state associated with PCI different from the serving cell is indicated/activated, BFD and NBI RS associated with PCI different from the serving cell should be applied for BFR. 

To avoid switching back-and-forth between serving cell beam and non-serving cell beam, it can be a useful practice to consider a power offset for L1-RSRP in addition to the threshold of beam switching, to ensure that the new non-serving cell beam is offset better than the old serving cell beam. In BFR procedure, if a non-serving cell RS is configured as a NBI RS for BFR, this offset can also be considered since this non-serving cell beam will be used as the new beam for the following transmission, which is equivalent to switching from serving cell beam to non-serving cell beam. Therefore, L1-RSRP of this non-serving cell NBI RS should be compared with a scaled Qin threshold with an inter-cell power offset. The inter-cell power offset can be pre-defined as [3]dB or it can be RRC configured.
Proposal 10: Support UE applies BFR threshold Qin to L1-RSRP obtained for a new beam identification RS associated with a PCI different from the serving cell after scaling with an inter-cell power offset.

2.3 Issue 3 on 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, NW cannot 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
	


If UE simply applies an indicated TCI state after HARQ-ACK feedback regardless ACK or NACK, there will be misalignment between NW and UE, which may lead to unnecessary beam failure. For example, NW transmits two PDCCHs to the UE, and the TCI states indicated in two DCIs are different, and UE detects the first DCI but missed the second DCI, then UE transmits a HARQ-ACK codebook with {ACK, NACK} to network. If either ACK or NACK can be used as confirmation for beam indication, then the understanding on applied TCI state after beam application timing may be misaligned between NW and UE (NW will transmit downlink channels based on TCI state 2, but UE is only aware of TCI state 1), the reception performance is worse, and unnecessary beam failure procedure may be triggered, example shown in Figure 6.


Figure 6. Applied TCI state in case of HARQ-ACK multiplexing
In addition, in case of Type-1 HARQ-ACK codebook determination, the HARQ-ACK codebook size is semi-static determined, UE will fill NACK value(s) for the positions whose HARQ-ACK feedback is not indicated in the same slot. 
	TS 38.213 section 9.1
A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format. 


If the condition for beam indication confirmation can be NACK, in the above case, can the TCI state indicated in the DCI with real HARQ-ACK feedback in different slot be applied? We don’t think it’s reasonable. And in TS, HARQ-ACK information is a general description, the bit for HARQ-ACK information can be ACK or NACK, shown as follows:
	TS 38.213 section 9.1
For a HARQ-ACK information bit, a UE generates a positive acknowledgement (ACK) if the UE detects a DCI format that provides a SPS PDSCH release or correctly decodes a transport block, and generates a negative acknowledgement (NACK) if the UE does not correctly decode the transport block. A HARQ-ACK information bit value of 0 represents a NACK while a HARQ-ACK information bit value of 1 represents an ACK


So we think the condition to apply an indicated TCI state should be based on the value of HARQ-ACK information to be ACK. And 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 ACK value in the HARQ-ACK codebook is applied, as shown in Figure 7.


Figure 7. Applied TCI state in case of HARQ-ACK multiplexing
Based on this, we propose that: 
Proposal 11: 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 ACK value in the HARQ-ACK codebook is applied after application timing. And the following TP should be supported.
	TS 38.214 section 5.1.5
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information with ACK value corresponding to the DCI carrying the TCI-State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI -State indication, and if the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. If the HARQ-ACK information corresponds to a HARQ-ACK codebook as defined in Clause 9.1 of [6, TS 38.213] corresponding to more than one DCI carrying the TCI-State indication and without DL assignment, and/or PDSCH scheduling by the DCI carrying the TCI -State indication, the indicated TCI -State in the DCI corresponding to last position with ACK value in the HARQ-ACK codebook should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time.



2.4 Issue 4 on MPUE
In RAN1 107-e meeting, the reporting of UE panel information was discussed and RAN1 reached the following working assumptions and agreements.
	Working Assumption
Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises the max supported number of SRS ports
· For any two different value sets, at least one capability value needs to be different 
· FFS: If in addition also identical value sets are allowed.
· Whether the UE capability value set can be common across all BWPs/CCs in same band or BC can be discussed in UE feature session
Agreement
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection via UE reporting a list of UE capability value sets, the correspondence between each reported CSI-RS and/or SSB resource index and one of the UE capability value sets in the reported list is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance. 
· The Rel-15/16 beam reporting framework is used, i.e. the index of corresponding UE capability value set is reported along with the pair of SSBRI/CRI and L1-RSRP/SINR (up to 4 pairs, with 7-bit absolute and 4-bit differential) in the beam reporting UCI and down select (maintenance) between the following two options:
· Option 1: UE can report one index for all the reported CRIs/SSBRIs in one beam reporting
· Option 2: UE can report one index for each reported CRI/SSBRI in one beam reporting.
· FFS: whether/how to take DL-only panel into account in the report
· FFS: Time-domain behaviour, e.g. the support periodic, semi-persistent, and aperiodic reporting 
· FFS: Semi-persistent and/or aperiodic reporting is triggered only when periodic reporting is configured
· (Working assumptions): Support acknowledgement mechanism of the reported correspondence from NW to UE, which doesn't preclude reusing/reinterpreting existing signaling/procedure
· FFS (maintenance): the application time for the reported correspondence (if any), the exact acknowledgement mechanism and whether spec impact is needed, e.g. based on TCI state update, BFR response like mechanism, including the application time for the reported correspondence, if any
· No new DCI format and no new RNTI are introduced for this function.
Conclusion
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection via UE reporting a list of UE capability value sets, other than the max supported number of SRS ports (note: currently pending endorsement in proposal 4.A), there is no consensus on supporting another UE capability type



There are at least two remaining issues on UE-initiated panel management, one is the format of UE capability value set – SSBRI/CRI correspondence report, the other is the acknowledgement mechanism. 
As to the format of correspondence report, we need to at least define the number of capability value set indexes in one report and the exact indexing bitwidth. For the number of indexes in one report, several options have been listed for down-selection, as capture in above agreements. Clearly, reporting one index for each reported CRI/SSBRI (Option 2) would cause overhead issue. And report one index for all the reported CRIs/SSBRIs (Option 1) would loss some flexibility. With these in consideration, we prefer to have a configured number of indexes in one correspondence report, and the number can be configured as one or N (= number of reported CRIs/SSBRIs). In addition, if the higher layer parameter repetition set to ON in the corresponding CSI resource set, the number of reported UE capability value set index is one, no matter the configuration. In this case, only one gNB Tx beam is used for the repeated CSI-RS transmission, and UE can report the panel with the larger number of SRS port among those being activated and can be used for UL transmission. Reporting more than one UE UL panels would not provide any additional information.
Proposal 12: Support a configured number of capability value set index(es) in one beam reporting instance. In addition, when the higher layer parameter repetition set to ‘ON’, only one UE capability value set index is reported.

For the exact indexing bitwidth, obviously it should be linked to the number of capability value sets UE reported. Additionally, a special status may be needed, to indicate the cases like there are no suitable UL beams, or, this report contains only DL information, etc. Therefore, if UE reports K capability value sets, the bitwidth in correspondence report is ceil(log2(K+1)).
Proposal 13: Support to reserve a special status in the codepoint of reported capability value set index for indicating no suitable UL panel/beam. 

As to the acknowledgement mechanism, we need to at least define what could be the acknowledgement message and corresponding UE behaviour. Before that, the time-domain behaviour needs to be considered. Since correspondence report can be periodic, to avoid frequent signalling, the acknowledgement message does not need to be periodic. If AP correspondence report can also be configured, the trigger of AP correspondence report associated with the periodic correspondence report can be used as NACK, and UE could again perform the correspondence report to gNB with this chance provide by AP report.
Observation 2: There is no need to transmit periodic acknowledgement message for periodic reporting and triggering aperiodic correspondence report associated with the periodic correspondence report can be treated as the negative acknowledgement message.

Next, UE behaviour needs to be defined to avoid mismatch between gNB and UE. There are two different options, one is that UE uses the reported panel for UL transmission after the reception of acknowledgement message, the other is that UE uses the reported panel for UL transmission after the correspondence report. As discussed above, if NACK-like mechanism is used, the latter is a more reasonable choice that UE reported panel is ready for UL transmission after the correspondence report unless NACK is signalled from gNB to UE. 
Proposal 14: UE reported capability value set in correspondence report is assumed to be applied for UL transmission after the correspondence report.

In addition, before the initial report of correspondence, a default assumption is needed to avoid the mismatch between the scheduled SRS/PUSCH transmission and UE panel status. A safe choice is to assume that the panel with a lower capability is activated and ready for UL transmission. For example, if UE reports two capability value sets in UE capability reporting procedure, one is with max. 2-port SRS, the other is with max. 4-port SRS, then, before the first report of correspondence, the max. 2-port SRS capability value set (i.e., the 2-port panel) is assumed and UE is not expected to be scheduled/triggered with more than 2-port SRS/PUSCH transmission.
Proposal 15: Support a default assumption that the capability value set with a lower capability value (i.e., smaller value of max supported number of SRS ports) is applied before the initial report of correspondence. 

Furthermore, UE measurement behaviour to determine the correspondence needs to be considered. Similarly as in current spec for L1-RSRP reporting, time restriction can be configured, either reusing the legacy higher layer parameter timeRestrictionForChannelMeasurements or newly introducing a higher layer parameter. More specifically, if this higher layer parameter is set to "notConfigured", the UE shall derive the correspondence reported in uplink slot n based on only the SS/PBCH or NZP CSI-RS, no later than the CSI reference resource, associated with the CSI resource setting. If this higher layer parameter is set to "Configured", the UE shall derive the correspondence reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of SS/PBCH or NZP CSI-RS associated with the CSI resource setting.
Proposal 16: Support configuration of measurement time restriction for UE capability value set – SSBRI/CRI correspondence report. 

It was agreed in UE feature section that UE capability value set reporting is per band. 
	Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
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Then, for the CCs within a band, only one correspondence report of the UE capability value set along with SSBRI/CRI - RSRP/SINR is sufficient at a time. For example, the report can be associated to one CC. During the discussion, it seems periodic reporting to be a typical configuration. While in current spec, there is a priority rule defined for CSI reports based on different time domain bevors and different report quantity. In our understanding, the report of UE capability value set – SSBRI/CRI correspondence should have higher priority, for example, higher than aperiodic report, otherwise, the report may be dropped in some cases, which is not benefit for dynamic UE panel selection.
Proposal 17: Reporting of the correspondence of UE capability value set along with beam reporting is associated with one CC in a band. And the priority for correspondence reporting should be at least higher than aperiodic CSI report not carrying information of UE capability value set.

2.5 Issue 5 on MPE
To facilitate MPE mitigation, one SSBRI/CRI can be reported together with one M-MPR value in a PHR report, as captured in the following agreement.
	Agreement 
On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following: 
· For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection) 
· Support M=1



In current PHR report, the reported PCMAX,f,c is defined for carrier f of serving cell c, as well as the reported PH and P-MPR values. If the reported SSBRI/CRI is associated with a non-serving cell c’, the reported PCMAX, PH and P-MPR should be for the non-serving cell c’ too, otherwise there would be misalignment for power control in different cells. RAN1 can send an LS to RAN2 for their information.
Proposal 18: For PHR report to facilitate MPE mitigation, reported PCMAX, PH and P-MPR parameters can be associated with the cell which the reported SSBRI/CRI is associated with. RAN1 can send an LS to RAN2 for their information.

3 Conclusion
In this contribution, we provided our views on multi-beam operation, and we have the following observations and proposals:
Issue 1 on Unified TCI framework
Proposal 1: If there is only one joint TCI state or only one DL+UL TCI state activated via MAC CE, the activated TCI state(s) is applied after MAC CE confirmation. The following TP should be adopted.
	TS 38.214 section 5.1.5
When the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the activation command, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from the first slot that is after slot where  is the SCS configuration for the PUCCH. If tci-PresentInDCI is set to 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET scheduling the PDSCH, and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than timeDurationForQCL if applicable, after a UE receives an initial higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to qcl-Type set to 'typeA', and when applicable, also with respect to qcl-Type set to 'typeD'. If there is only one activated [TCI-State] configured with [tci-StateId_r17] for DL and UL, or if there is only one activated [TCI-State] configured with [tci-StateId_r17] for DL only and/or only one activated [TCI-State] configured with [tci-StateId_r17] for UL only, the activated [TCI-State] configured with [tci-StateId_r17] should be applied starting from the first slot that is after slot where m is the SCS configuration for the PUCCH.


Observation 1: 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 2: Support UE to assume QCL-TypeA/D 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-TypeA/D source RS. The following TP should be adopted.
	TS 38.214 section 5.1.5
When the bwp-id or cell for QCL-TypeA/D source RS in a QCL-Info of the TCI state configured with [tci-StateId_r17] is not configured, the UE assumes that QCL-TypeA/D source RS is configured in the CC/DL BWP where TCI state applies, if active BWP where the DCI carrying TCI state information is received is different from active BWP where the TCI state applies, the UE assumes that QCL-TypeA/D source RS is configured in the BWP where TCI state applied after measurements of the QCL-TypeA/D source RS in the BWP..


Proposal 3: Support determining UL TX spatial filter for PUSCH based on DCI carrying newly indicated Rel-17 TCI state only after most recent corresponding SRS transmission is transmitted with the Rel-17 TCI state. The following TPs should be adopted.
	TS 38.214 section 5.1.5
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication and the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] should be applied starting from the first slot that is at least BeamAppTime symbols after the last symbol of the PUCCH, except codebook based or non-codebook based PUSCH transmission. The first slot and the BeamAppTime symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE can assume that one BeamAppTime for a given SCS is configured for all CCs in the same CC list configured by simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL or separately one indicated [TCI-State] with [tci-StateId_r17] for UL at a time.
For codebook based or non-codebook based PUSCH transmission, the indicated [TCI-State] with [tci-StateId_r17] should be applied after most recent SRS transmission applying the indicated [TCI-State] with [tci-StateId_r17].

	TS 38.214 section 6.1.1.1
When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI, and is after BeamAppTime_r17 after the last symbol of PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI state indication.

	TS 38.214 section 6.1.1.2
Each of the indicated one or two SRIs in slot n is associated with the most recent transmission of SRS resource(s) of associated SRS resource set identified by the SRI, where the SRS transmission is prior to the PDCCH carrying the SRI, and is after BeamAppTime_r17 after the last symbol of PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI state indication.


Proposal 4: For Rel-17 unified TCI framework, BFD RS should also share the indicated Rel-17 TCI state.
Proposal 5: Beam failure recovery procedure should be updated based on the Rel-17 TCI framework, for example, BFI_COUNTER should also be set to 0 based on DCI based TCI state update. RAN1 can send an LS to RAN2 for their information.
Proposal 6: In case of Rel-17 unified TCI framework for CA, support a unified BFR procedure applied for the CCs. If this is not supported in Rel-17, the interaction between BFR procedure on one failed CC and TCI state update across CCs should be defined. For example, the indicated TCI state can be applied to the failed CC, and BFR procedure on the failed CC can be stopped. RAN1 can send an LS to RAN2 for their information.

Issue 2 on Inter-cell beam management
Proposal 7: Support CORESET C for both intra and inter-cell BM, and if indicated TCI state is associated with non-serving cell, previous indicated/activated TCI state associated with serving cell can be applied for CORESET C. 
Proposal 8: In case of simultaneous configuration of unified TCI across CCs and inter-cell BM, and if a TCI state associated with PCI different from the serving cell is indicated/activated, at least one CC without configuration of the source RS from PCI different from the serving cell, the UE behavior should be defined. For example, previous indicated TCI state associated with PCI of serving cell is applied for the CCs, or UE ignores transmission on the CC(s).
Proposal 9: If a TCI state associated with PCI different from the serving cell is indicated/activated, BFD and NBI RS associated with PCI different from the serving cell should be applied for BFR. 
Proposal 10: Support UE applies BFR threshold Qin to L1-RSRP obtained for a new beam identification RS associated with a PCI different from the serving cell after scaling with an inter-cell power offset.

[bookmark: _GoBack]Issue 3 on L1-based beam indication
Proposal 11: 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 ACK value in the HARQ-ACK codebook is applied after application timing. And the following TP should be supported.
	TS 38.214 section 5.1.5
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information with ACK value corresponding to the DCI carrying the TCI-State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI -State indication, and if the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. If the HARQ-ACK information corresponds to a HARQ-ACK codebook as defined in Clause 9.1 of [6, TS 38.213] corresponding to more than one DCI carrying the TCI-State indication and without DL assignment, and/or PDSCH scheduling by the DCI carrying the TCI -State indication, the indicated TCI -State in the DCI corresponding to last position with ACK value in the HARQ-ACK codebook should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time.



Issue 4 on MPUE
Proposal 12: Support a configured number of capability value set index(es) in one beam reporting instance. In addition, when the higher layer parameter repetition set to ‘ON’, only one UE capability value set index is reported.
Proposal 13: Support to reserve a special status in the codepoint of reported capability value set index for indicating no suitable UL panel/beam. 
Observation 2: There is no need to transmit periodic acknowledgement message for periodic reporting and triggering aperiodic correspondence report associated with the periodic correspondence report can be treated as the negative acknowledgement message.
Proposal 14: UE reported capability value set in correspondence report is assumed to be applied for UL transmission after the correspondence report.
Proposal 15: Support a default assumption that the capability value set with a lower capability value (i.e., smaller value of max supported number of SRS ports) is applied before the initial report of correspondence. 
Proposal 16: Support configuration of measurement time restriction for UE capability value set – SSBRI/CRI correspondence report. 
Proposal 17: Reporting of the correspondence of UE capability value set along with beam reporting is associated with one CC in a band. And the priority for correspondence reporting should be at least higher than aperiodic CSI report not carrying information of UE capability value set.

Issue 5 on MPE
Proposal 18: For PHR report to facilitate MPE mitigation, reported PCMAX, PH and P-MPR parameters can be associated with the cell which the reported SSBRI/CRI is associated with. RAN1 can send an LS to RAN2 for their information.
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