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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 [bookmark: _GoBack]Issues 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, and the case is similar with that if a UE receives one single DLorJoint-TCIState or UL-TCIState in RRC, the TCI state is applied as indicated TCI state directly. The corresponding agreements in Rel-17 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. So we propose:
Proposal 1: If there is only one joint TCI state or only one DL and/or one UL TCI state activated via MAC CE, the activated TCI state(s) is applied after MAC CE confirmation. And adopt the TP (1st TP in Appendix).
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
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 and is the subcarrier spacing configuration for  with a value of 0 for frequency range 1, and  is provided by K-Mac or  if K-Mac is not provided. 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 DLorJoint-TCIState that can be used as an indicated TCI state in the activation command, the UE obtains the QCL assumptions from the activated TCI state for DM-RS of PDSCH and DM-RS of PDCCH, and the CSI-RS applying the indicated TCI state starting from the first slot that is after slot where  is the SCS configuration for the PUCCH and is the subcarrier spacing configuration for  with a value of 0 for frequency range 1, and  is provided by K-Mac or  if K-Mac is not provided. 
If there is only one DLorJoint-TCIState or UL-TCIState that can be used as an indicated TCI state in the activation command, the UE determines an UL TX spatial filter, if applicable, from the activated TCI state for dynamic-grant and configured-grant based PUSCH and PUCCH, and SRS applying the indicated TCI state starting from the first slot that is after slot where  is the SCS configuration for the PUCCH and is the subcarrier spacing configuration for  with a value of 0 for frequency range 1, and  is provided by K-Mac or  if K-Mac is not provided.
< Unchanged parts are omitted >



Another issue is on the UL beam application timing for PUSCH. As capture below in current TS, Rel-17 TCI state could determine UL TX spatial filter for PUSCH. When a new TCI states applied, UL beam of PUSCH should be changed too.
	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 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 DLorJointTCIState or UL-TCIstate 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. 


However, since CB-based or NCB-based PUSCH transmissions are all closely linked to SRS transmission. Before SRS transmission with the newly indicated TCI state, PUSCH can only transmitted with the ‘old’ beam, since the UL precoder(s) (e.g., indicated by SRI(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 illustrated in the next figure.
[image: ]
Figure 1 illustration of potential issues with BAT for PUSCH
To solve this issue, we suggest to clarify the new beam application timing for PUSCH. Only after corresponding SRS transmission is completed with the newly indicated UL beam, as shown in the next figure, UE can apply this new beam for PUSCH transmission, where the corresponding SRS resource is the one associated with SRI indication in UL grant. 
[image: ]
Figure 2 illustration of PUSCH applying new TCI after most SRS is transmitted with new TCI
Proposal 2: Support determining UL TX spatial filter for PUSCH based on DCI carrying newly indicated Rel-17 TCI state only after most recent corresponding SRS is transmitted with the Rel-17 TCI state. And adopt the TP (2nd TP in Appendix).
	TS 38.214 section 5.1.5
< Unchanged parts are 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, except codebook based or non-codebook based PUSCH transmissions, the indicated DLorJointTCIState or UL-TCIstate 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.
For codebook based or non-codebook based PUSCH transmissions, the indicated DLorJointTCIState or UL-TCIstate should be applied after most recent SRS transmission applying the indicated DLorJointTCIState or UL-TCIstate.
< Unchanged parts are omitted >



The remaining issues in this subsection are on the impacts of unified TCI framework on the BFR procedure. 
Firstly, there may be some update for the procedure of beam failure detection, at least for resetting BFI_COUNTER to 0. Current condition is shown as follows:
	TS38.321 section 5.17
2>	if the beamFailureDetectionTimer expires; or
2>	if beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection is reconfigured by upper layers associated with this Serving Cell:
3>	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, especially in case of implicit BFD RS configuration, the updated TCI state is applied to PDCCH, which will also change the RS for beam failure detection, 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, for example, updated as 
	TS38.321 section 5.17
< Unchanged parts are omitted >
2>	if the beamFailureDetectionTimer expires; or
2>	if beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection is reconfigured by upper layers or updated by physical layer associated with this Serving Cell:
3>	set BFI_COUNTER to 0.
< Unchanged parts are omitted >


Proposal 3: 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 transmissions 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 Figure 3. For example, the indicated TCI state can be applied to the failed CC, and BFR procedure on the failed CC can be stopped.


Figure 3 interaction between per CC BFR and unified TCI state update across CCs
Proposal 4: 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 Issues 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, 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
	


If UE simply applies an indicated TCI state after HARQ-ACK feedback regardless ACK or NACK, there will be misalignment between network and the UE, which may lead to unnecessary beam failure. For example, network 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 network and UE (network 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 4.


Figure 4. Applied TCI state in case of HARQ-ACK multiplexing
As shown in above figure, based on current spec, in the two cases, HARQ-ACK feedback values (ACK, NACK) are same, but UE’s understanding on TCI state to be applied is different. So in this case, we’d like to know, from network perspective, which TCI state should be used? We don’t think it can be up to NW, NW should be responsible for what it indicates and take care of UE’s understanding, especially for a UE who believes in the instructions from network, otherwise, if NW can do whatever it wants, why do we need to apply the TCI state after PUCCH?
And as we only have one indicated TCI state (M=1) in Rel-17, if the applied TCI states are mismatched between NW and UE, beam failure will occur, which cost much larger latency and overhead to recovery, especially in case of implicit BFD RS configuration.
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 5.


Figure 5. Applied TCI state in case of HARQ-ACK multiplexing
Based on this, we propose that: 
Proposal 5: 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 adopt the TP (3rd TP in Appendix).
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information having 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 DLorJointTCIState or UL-TCIstate 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.
< Unchanged parts are omitted >



3 Conclusion
In this contribution, we provided our views on multi-beam operation, and we have the following observations and proposals:
Issues 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.
Proposal 2: Support determining UL TX spatial filter for PUSCH based on DCI carrying newly indicated Rel-17 TCI state only after most recent corresponding SRS is transmitted with the Rel-17 TCI state. And adopt the TP (2nd TP in Appendix).
Proposal 3: 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 4: 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.
Issues on L1-based beam indication
Proposal 5: 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 adopt the TP (3rd TP in Appendix).
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Appendix (TPs corresponding to proposals)
1st TP (MAC based TCI update)
	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
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 and is the subcarrier spacing configuration for  with a value of 0 for frequency range 1, and  is provided by K-Mac or  if K-Mac is not provided. 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 DLorJoint-TCIState that can be used as an indicated TCI state in the activation command, the UE obtains the QCL assumptions from the activated TCI state for DM-RS of PDSCH and DM-RS of PDCCH, and the CSI-RS applying the indicated TCI state starting from the first slot that is after slot where  is the SCS configuration for the PUCCH and is the subcarrier spacing configuration for  with a value of 0 for frequency range 1, and  is provided by K-Mac or  if K-Mac is not provided. 
If there is only one DLorJoint-TCIState or UL-TCIState that can be used as an indicated TCI state in the activation command, the UE determines an UL TX spatial filter, if applicable, from the activated TCI state for dynamic-grant and configured-grant based PUSCH and PUCCH, and SRS applying the indicated TCI state starting from the first slot that is after slot where  is the SCS configuration for the PUCCH and is the subcarrier spacing configuration for  with a value of 0 for frequency range 1, and  is provided by K-Mac or  if K-Mac is not provided.
< Unchanged parts are omitted >



2nd TP (TCI application timing for PUSCH)
	TS 38.214 section 5.1.5
< Unchanged parts are 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, except codebook based or non-codebook based PUSCH transmissions, the indicated DLorJointTCIState or UL-TCIstate 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.
For codebook based or non-codebook based PUSCH transmissions, the indicated DLorJointTCIState or UL-TCIstate should be applied after most recent SRS transmission applying the indicated DLorJointTCIState or UL-TCIstate.
< Unchanged parts are omitted >



3rd TP (ACK for TCI state update confirmation)

	TS 38.214 section 5.1.5
< Unchanged parts are omitted >
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information having 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 DLorJointTCIState or UL-TCIstate 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.
< Unchanged parts are omitted >
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