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Introduction
In this contribution, we provide some discussion on remining issues on beam management enhancement.
Unified TCI framework and TCI indication
Virtual PHR measurement
In 38.213, virtual PHR calculation is defined to be based on some power control parameters configured by RRC as follows:
	If the UE determines that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH transmission then, for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , the UE computes the Type 1 power headroom report as
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where  is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. TC = 0 dB. MPR, A-MPR, P-MPR and TC are defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS 38.101-3]. The remaining parameters are defined in clause 7.1.1 where  and  are obtained using  and p0-PUSCH-AlphaSetId = 0,  is obtained using pusch-PathlossReferenceRS-Id = 0, and .




However, with unified TCI framework, some RRC parameters e.g. pusch-PathlossReferenceRS may not be configured. In addition, currently virtual PHR is not measured based on the indicated common TCI as shown in Figure 1, which cannot reflect the quality for current beam. With the help of unified TCI framework, it is possible to measure and report a “meaningful” virtual PHR based on beam used for current uplink transmission.
[image: ]
Figure 1: Beam mismatch for virtual PHR measurement
Proposal 1: Support to report virtual PHR based on the indicated common TCI state for PUSCH/PUCCH transmission and adopt the following TP for 38.213
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<unrelated text omitted>
If the UE determines that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH transmission then, for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , the UE computes the Type 1 power headroom report as
	[image: ] [dB]
where  is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. TC = 0 dB. MPR, A-MPR, P-MPR and TC are defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS 38.101-3]. The remaining parameters are defined in clause 7.1.1 where if UE is not configured with DLorJointTCIState or UL-TCIState,  and  are obtained using  and p0-PUSCH-AlphaSetId = 0,  is obtained using pusch-PathlossReferenceRS-Id = 0, and .




Restriction for separate/joint TCI configuration
In RAN1 #108, RAN1 provided an answer to RAN2 that RAN1 has not defined any restriction for separate/joint TCI configuration for CA case. However, for CCs in a CC list for common TCI activation and common TCI ID update, such CCs should be configured with the same TCI mode, i.e. separate or joint TCI states.
Proposal 2: CCs in a CC list for common TCI activation and common TCI ID update should be configured with the same TCI mode, i.e. separate or joint TCI states
· Send an LS to RAN2

Default beam for PDSCH and aperiodic CSI-RS
When common signal does not share the indicated common TCI state, the default beam to buffer downlink signal could be one problem. The first issue is whether the default beam should be derived based on Rel-15 behavior, i.e. CORESET in latest slot with lowest ID in active BWP, or derived based on the indicated common TCI. The second issue is that there could be potential default beam collision among the CCs within a band. To fix the two issues, one simple way is to determine the default beam based on extension of the Rel-15 behavior for CCs within a band.
Proposal 3: Default beam for PDSCH and aperiodic CSI-RS is based on the beam of CORESET in latest slot across CCs within a band, and when there are multiple CORESETs, the one with lower CC ID and CORESET ID is selected.
QCL assumption during CBRA 
For connected mode UE, after transmitting PRACH for CBRA procedure, UE can start to monitor the CORESETs associated with ra-SearchSpace based on the beam associated with PRACH. UE can monitor the Msg4 based on the beam associated with PRACH after it transmits Msg3. After decoding Msg4, UE can reset the beam to be based on the beam indicated by TCI. But there is no decoding latency reserved, so it may be possible that beam mismatch could happen within a time window after Msg3 and after Msg4. Further such behavior is not fully aligned with the principle for unified TCI state, where a common beam is applied for control and data channel in a band. Figure 2 illustrates legacy QCL assumption during CBRA. 
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Figure 2: Legacy QCL assumption during CBRA procedure
Since the beam for CORESET #0 can be shared with other CORESETs, and CORESET #0 beam can be updated by CBRA, it is better that the other CORESETs can also share the same beam for the SSB associated with PRACH.
Proposal 4: Support to reset the beam for all PDCCH/PDSCH to be based on the SSB associated with PRACH after UE sends a PRACH.
BFR based on unified TCI framework
Currently DCI can be used to change the beam for CORESET. In Rel-15, beam change from any higher layer signaling would require BFD RS counter resetting. Then the BFD counter should be reset when the DCI with TCI update is detected.
Proposal 5: Support to reset BFD counter after DCI with TCI update is detected.
· Send an LS to RAN2
Clarification of TCI update action delay
Currently the action delay for DCI based TCI update is specified as follows:
	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 “previously indicated one” in the highlighted sentence is unclear. It can be interpreted as the one indicated in the most recent DCI or the one being applied for current communication. If this is the most recent DCI, it may be possible that UE missed the DCI so that there could be a potential beam mismatch between gNB and UE. Thus, it is better to change “the previously indicated one” into “the one being applied”.
Proposal 6: Support the following text proposal to avoid misunderstanding on TCI update signaling delay
	[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513][bookmark: _Toc45810558][bookmark: _Toc83310143]5.1.5	Antenna ports quasi co-location
<unrelated part 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 oneone being applied, 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.



Capture Agreement on MAC CE based beam indication
Currently 3 schemes for TCI indication were agreed: 
· Scheme 1: RRC based (for one configured TCI case)
· Scheme 2: RRC + MAC CE 
· Scheme 3: RRC + MAC CE + DCI 
However, current spec only captured scheme 1 and scheme 3. Therefore the following TP is proposed to capture MAC CE based beam indication.
Proposal 7: Adopt the following TP for 38.214 to capture MAC CE based beam indication
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<unrelated text omitted>
If the DLorJointTCIState or UL-TCIState configurations are absent in a BWP of the CC, the UE can apply the DLorJointTCIState or UL-TCIState configurations from a reference BWP of a reference CC. The UE is not expected to be configured with TCI-State, SpatialRelationInfo or PUCCH-SpatialRelationInfo, except SpatialRelationInfoPos in a CC in a band, if the UE is configured with DLorJointTCIState or UL-TCIState in any CC in the same band. The UE can assume that when the UE is configured with TCI-State in any CC in the CC list configured by simultaneousTCI-UpdateList1-r16, simultaneousTCI-UpdateList2-r16, simultaneousSpatial-UpdatedList1-r16, or simultaneousSpatial-UpdatedList2-r16, the UE is not configured with DLorJointTCIState or UL-TCIState in any CC within the same band in the CC list.
The UE receives an activation command, as described in clause 6.1.3.14 of [10, TS 38.321] or 6.1.3.x of [10, TS 38.321], used to map up to 8 TCI states and/or pairs of TCI states, with one TCI state for DL channels/signals and one TCI state for UL channels/signals to the codepoints of the DCI field 'Transmission Configuration Indication' for one or for a set of CCs/DL BWPs, and if applicable, for one or for a set of CCs/UL BWPs. When a set of TCI state IDs are activated for a set of CCs/DL BWPs and if applicable, for a set of CCs/UL BWPs, where the applicable list of CCs is determined by the indicated CC in the activation command, the same set of TCI state IDs are applied for all DL and/or UL BWPs in the indicated CCs. If the activation command only includes DLorJointTCIState and/or UL-TCIState mapped to one TCI codepoint, UE shall apply the indicated DLorJointTCIState and/or UL-TCIState.




QCL assumption for CSI-RS without TCI indication
In RAN1 #108, the following agreement was achieved. There is one FFS on UE behavior if TCI is not indicated for P/SP CSI-RS. There could be two options: one is to conclude this is an error case; the other is to define the QCL assumption to be based on the indicated TCI state.
	Agreement
On Rel-17 unified TCI framework, for P/SP-CSI-RS, the UE assumes that the indicated Rel-17 TCI state is never applied, i.e. the legacy RRC/MAC-CE signalling mechanism is always used to update Rel-17 TCI state.
· FFS: UE behaviour if TCI state is not indicated for P/SP-CSI-RS




Proposal 8: When TCI is not indicated for P/SP CSI-RS, down-select one of the following options:
· Option 1: It is assumed to be an error case
· Option 2: UE should assume the QCL for P/SP CSI-RS should be based on the indicated Rel-17 TCI state

Target BWP for beam indication
In RAN1 #108, the following agreement was achieved. There is one FFS on whether the indicated TCI should be applied to active BWP only or all configured BWPs. If the indicated TCI is applied to active BWP only, gNB has to provide a beam indication signaling again after BWP switching, which increase the signaling overhead unnecessarily. Thus, the indicated TCI should be applied to all configured BWPs.
	Agreement 
On Rel-17 DCI-based beam indication, for both CA and non-CA cases, the RRC parameter BeamAppTime_r17 is configured per DL and UL BWP
· For BWP /CCs with same SCS in the same CC list for common TCI state ID update, the configured values of BeamAppTime_r17 are the same
· FFS: Whether the TCI update signaling is applied to all configured BWP(s) or active BWP, and whether the BAT should count the BeamAppTime_r17 in all configured BWP(s) or in active BWP only




Proposal 9: TCI update signaling should be applied to all configured BWP(s), and the BAT should count the BeamAppTime_r17 in all configured BWP(s).

L1/L2 Centric Inter-Cell Mobility
Rel-15 supports the configuration of virtual cell ID for downlink signal generation. If the virtual cell ID is not configured, physical cell ID would be used. For example, currently the virtual cell ID for PDSCH is defined as follows:
	
-	 equals the higher-layer parameter dataScramblingIdentityPDSCH if configured and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space; 
-	 equals
-	the higher-layer parameter dataScramblingIdentityPDSCH if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 0;
-	the higher-layer parameter dataScramblingIdentityPDSCH2 if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 1;
	if the higher-layer parameters dataScramblingIdentityPDSCH and dataScramblingIdentityPDSCH2 are configured together with the higher-layer parameter CORESETPoolIndex containing two different values, and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space;
-	 otherwise



For inter-cell beam management, the definition of  needs to be clarified. For signals associated with the non-serving cell, it is unreasonable to use PCI for serving cell as the default cell ID, but the PCI for the non-serving cell should be applied.
Proposal 10: For downlink signals associated with a non-serving cell, if virtual cell ID is not configured, the default ID should be PCI for the non-serving cell, and adopt the following TP for 38.211.
	
-	 equals the higher-layer parameter dataScramblingIdentityPDSCH if configured and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space; 
-	 equals
-	the higher-layer parameter dataScramblingIdentityPDSCH if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 0;
-	the higher-layer parameter dataScramblingIdentityPDSCH2 if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 1;
	if the higher-layer parameters dataScramblingIdentityPDSCH and dataScramblingIdentityPDSCH2 are configured together with the higher-layer parameter CORESETPoolIndex containing two different values, and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space;
-	 otherwise, where  is the physical cell ID for the SSB associated with the PDSCH



Fast panel selection
It is supported that UE can report several capabilities with different maximum number of SRS ports by UE capability and UE can report the capability index in beam report. However, the capability index(es) should be enabled by RRC signaling to support the general principle of UE capability to avoid using UE capability to determine the bitwidth for a capability index reported in beam report. Thus an RRC parameter should be introduced to provide the enabled UE capability index(es) and the bitwidth and interpretation of capability index reported in beam report should be determined based on the configuration of the RRC parameter.
Proposal 11: Introduce an RRC parameter to provide the indication of enabled UE capability index(es)
· The bitwidth and interpretation of the capability index reported in beam report should be based on the configured UE capability index(es) instead of UE capability report
Conclusion
In this contribution, we discussed some remaining issues on beam management enhancement. Based on the discussion, the following proposals have been achieved.
Unified TCI framework
Proposal 1: Support to report virtual PHR based on the indicated common TCI state for PUSCH/PUCCH transmission and adopt the following TP for 38.213
	7.7.1	Type 1 PH report
<unrelated text omitted>
If the UE determines that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH transmission then, for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , the UE computes the Type 1 power headroom report as
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where  is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. TC = 0 dB. MPR, A-MPR, P-MPR and TC are defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS 38.101-3]. The remaining parameters are defined in clause 7.1.1 where if UE is not configured with DLorJointTCIState or UL-TCIState,  and  are obtained using  and p0-PUSCH-AlphaSetId = 0,  is obtained using pusch-PathlossReferenceRS-Id = 0, and .




Proposal 2: CCs in a CC list for common TCI activation and common TCI ID update should be configured with the same TCI mode, i.e. separate or joint TCI states
· Send an LS to RAN2
Proposal 3: Default beam for PDSCH and aperiodic CSI-RS is based on the beam of CORESET in latest slot across CCs within a band, and when there are multiple CORESETs, the one with lower CC ID and CORESET ID is selected.
Proposal 4: Support to reset the beam for all PDCCH/PDSCH to be based on the SSB associated with PRACH after UE sends a PRACH.
Proposal 5: Support to reset BFD counter after DCI with TCI update is detected.
· Send an LS to RAN2
Proposal 6: Support the following text proposal to avoid misunderstanding on TCI update signaling delay
	5.1.5	Antenna ports quasi co-location
<unrelated part 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 oneone being applied, 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.



Proposal 7: Adopt the following TP for 38.214 to capture MAC CE based beam indication
	5.1.5	Antenna ports quasi co-location
<unrelated text omitted>
If the DLorJointTCIState or UL-TCIState configurations are absent in a BWP of the CC, the UE can apply the DLorJointTCIState or UL-TCIState configurations from a reference BWP of a reference CC. The UE is not expected to be configured with TCI-State, SpatialRelationInfo or PUCCH-SpatialRelationInfo, except SpatialRelationInfoPos in a CC in a band, if the UE is configured with DLorJointTCIState or UL-TCIState in any CC in the same band. The UE can assume that when the UE is configured with TCI-State in any CC in the CC list configured by simultaneousTCI-UpdateList1-r16, simultaneousTCI-UpdateList2-r16, simultaneousSpatial-UpdatedList1-r16, or simultaneousSpatial-UpdatedList2-r16, the UE is not configured with DLorJointTCIState or UL-TCIState in any CC within the same band in the CC list.
The UE receives an activation command, as described in clause 6.1.3.14 of [10, TS 38.321] or 6.1.3.x of [10, TS 38.321], used to map up to 8 TCI states and/or pairs of TCI states, with one TCI state for DL channels/signals and one TCI state for UL channels/signals to the codepoints of the DCI field 'Transmission Configuration Indication' for one or for a set of CCs/DL BWPs, and if applicable, for one or for a set of CCs/UL BWPs. When a set of TCI state IDs are activated for a set of CCs/DL BWPs and if applicable, for a set of CCs/UL BWPs, where the applicable list of CCs is determined by the indicated CC in the activation command, the same set of TCI state IDs are applied for all DL and/or UL BWPs in the indicated CCs. If the activation command only includes DLorJointTCIState and/or UL-TCIState mapped to one TCI codepoint, UE shall apply the indicated DLorJointTCIState and/or UL-TCIState.




Proposal 8: When TCI is not indicated for P/SP CSI-RS, down-select one of the following options:
· Option 1: It is assumed to be an error case
· Option 2: UE should assume the QCL for P/SP CSI-RS should be based on the indicated Rel-17 TCI state
Proposal 9: TCI update signaling should be applied to all configured BWP(s), and the BAT should count the BeamAppTime_r17 in all configured BWP(s).

L1/L2 centric inter-cell BM
Proposal 10: For downlink signals associated with a non-serving cell, if virtual cell ID is not configured, the default ID should be PCI for the non-serving cell, and adopt the following TP for 38.211.
	
-	 equals the higher-layer parameter dataScramblingIdentityPDSCH if configured and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space; 
-	 equals
-	the higher-layer parameter dataScramblingIdentityPDSCH if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 0;
-	the higher-layer parameter dataScramblingIdentityPDSCH2 if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 1;
	if the higher-layer parameters dataScramblingIdentityPDSCH and dataScramblingIdentityPDSCH2 are configured together with the higher-layer parameter CORESETPoolIndex containing two different values, and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space;
-	 otherwise, where  is the physical cell ID for the SSB associated with the PDSCH



Fast UL Panel selection
Proposal 11: Introduce an RRC parameter to provide the indication of enabled UE capability index(es)
· The bitwidth and interpretation of the capability index reported in beam report should be based on the configured UE capability index(es) instead of UE capability report
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Beam pair used virtual PHR report
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