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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
CC List for TCI state update 
One open issue is how to provide the CC list to define the applicable CCs for TCI indicated by MAC CE or DCI. One possible way is to reuse R16 CC list, but only 2 CC lists are supported in Rel-16. In RAN1 #107, the following working assumption is achieved, which also precludes reuse of Rel-16 CC list for Rel-17 TCI state update. Another possible way is to configure the CC list based on the CC index, where the CCs in one band are assumed to be within a CC list. A third way is to introduce new RRC parameters for the CC list configuration.
	Working Assumption
The UE is not expected to be configured with Rel-15/Rel-16 TCI/SpatialRelationInfo if the UE is configured with Rel-17 TCI in any CC in a band
· The CC list for Rel-16 multi-CC beam indication should not contain any CC configured with Rel-17 TCI  




Proposal 1: One of the following options for configuration of the CC list for common TCI ID update should be supported:
· Option 1: CC list is configured based on the CC index, where the CCs within a band are assumed to be within a CC list
· Option 2: Introduce new RRC parameters to configure the CC list
Pathloss reference signal maintenance assumption
In R16, the pathloss reference signal update delay is determined based on whether the pathloss reference signal is maintained or not.
· Case 1: Pathloss reference signal is maintained: no additional delay is needed for pathloss reference signal update
· Case 2: Pathloss reference signal is not maintained: additional delay for pathloss reference signal update is required, which is based on 5 times of measurement for the new pathloss reference signal as shown in Figure 1, where the total TCI update delay could be more than 100ms (with the assumption of 20ms periodicity of PL-RS)
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Figure 1: Action delay for joint/UL TCI state update when associated pathloss reference signal is not maintained
In Rel-16, whether a pathloss reference signal is maintained or not is determined by whether the PL-RS has already been configured for another uplink channel or not. In Rel-17, common TCI state can be applied for all the uplink channels. So typically, all the pathloss reference signal associated with the new TCI is not maintained. Then all the joint/UL TCI update delay could be above 100ms. However, UE is able to maintain L3-RSRP for more than 1 DL RSs. To maintain the same understanding on pathloss reference signal maintenance status, it is necessary for UE to report whether the L3-RSRP for a beam is maintained or not in one L1-RSRP report instance.
Proposal 2: To maintain the same understanding on pathloss reference signal maintenance status, support UE reports whether the L3-RSRP for a reported SSB/CSI-RS is maintained or not in one L1-RSRP report instance.
Virtual PHR measurement
Virtual PHR is an important metric assist the uplink resource allocation and scheduling. However, currently virtual PHR is not measured based on the indicated common TCI as shown in Figure 2, 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.
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Figure 2: Beam mismatch for virtual PHR measurement
Proposal 3: Support to report virtual PHR based on the indicated common TCI state for PUSCH/PUCCH transmission.
Separate beam and power control parameter indication for SRS
In Rel-16, spatial relation for SRS is updated by RRC or MAC CE, where RRC is used for periodic SRS beam indication and MAC CE is used for semi-persistent and aperiodic SRS beam indication. In Rel-17, when the SRS shares the indicated TCI, its beam can be updated by MAC CE or DCI. To support separate beam indication for SRS by DCI would require additional DCI overhead. Thus, it is better to provide separate SRS beam indication based on MAC CE. 
In addition, to maintain the same transmission power across SRS resources within a resource set is important from UE implementation perspective, since UE cannot change Tx power so fast. One possible way is to provide power control parameters based on another MAC CE, which is similar to Rel-16. However, since power control parameters are already associated with the indicated TCI state for SRS, to introduce a second MAC CE for SRS power control parameter indication would increase system overhead. One simple way is to derive the power control parameters based on the TCI state applied to the SRS resource with lowest resource ID in a resource set.
Proposal 4: Support MAC CE based TCI indication for SRS resources in a resource set, where the power control parameters for the SRS resource set is derived based on the TCI state indicated for the SRS resource with lowest resource ID within the set.
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 5: 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.

Power control for URLLC
In RAN1 #106b, the following agreements on power control parameter configuration are agreed. There are still some remining issues on the details for power control parameter configuration for URLLC.
	Agreement
On Rel.17 unified TCI framework, for the case when the settings of (P0, alpha, closed loop index) for PUSCH, PUCCH, and/or SRS are associated with UL or (if applicable) joint TCI states per BWP, for each of the PUSCH, PUCCH, and/or SRS, one individual setting is optionally associated with each of the UL or (if applicable) joint TCI states in a BWP via RRC 
· FFS : MAC-CE based update for the closed loop index associated with UL or (if applicable) joint TCI  state
· Above is applicable for eMBB
· FFS : Details on power control setting for URLLC





The first issue is the closed-loop index update. Currently all the PUSCH/PUCCH should share the indicated unified TCI. Thus, only a single closed-loop index can be enabled. Different closed-loop power control processes can be used for different purposed, e.g. different traffics. Thus when unified TCI is enabled, it is better that a different closed-loop index can be indicated. One simple way is to use legacy DCI field to indicate a different closed-loop power control process.
The second issue is how to support a different power control setting for URLLC. Since URLLC has different performance requirement compared to eMBB, different open loop power control settings should be considered. Thus it should be supported to configure 2 power control settings for a TCI state, where legacy DCI field, i.e. open-loop power control parameter set indication, can be introduced to select one of the power control settings. 
Proposal 6: With regard to different performance requirement for URLLC and eMBB, support one unified UL/joint TCI state to be associated with 2 sets of power control parameters, i.e. P0, alpha and closed-loop process index, and support to select the power control parameter set by legacy DCI field, i.e. open-loop power control parameter set indication.
Rel-17 and Rel-16 beam management framework
Rel-17 and Rel-16 beam management framework has similar functionality from beam indication point of view. The difference is that Rel-17 beam indication could be with a lower overhead. But to enable both Rel-16 and Rel-17 beam indication framework would increase UE memory quite a lot, since UE may need to be configured with different types of TCI as well as spatial relation info. In RAN1 #107, the following working assumption was agreed to preclude concurrent configuration of Rel-17 and Rel-15/Rel-16 beam indication framework, which can be confirmed.
	Working Assumption
The UE is not expected to be configured with Rel-15/Rel-16 TCI/SpatialRelationInfo if the UE is configured with Rel-17 TCI in any CC in a band
· The CC list for Rel-16 multi-CC beam indication should not contain any CC configured with Rel-17 TCI  




Proposal 7: Confirm the working assumption in RAN1 #107 to preclude concurrent configuration of Rel-17 and Rel-15/Rel-16 beam indication framework
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 3 illustrates legacy QCL assumption during CBRA. 
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Figure 3: 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 8: 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.
In addition, for inter-cell beam management, UE can support L1-RSRP from neighbor cell. Thus, similar to beam report, the candidate beam detection can also be based on DL RSs from neighbor cell.
Proposal 9: Support to reset BFD counter after DCI with TCI update is detected.
Proposal 10: Support to configure DL RSs from neighbor cell for candidate beam detection for inter-cell beam management.
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 11: 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.




L1/L2 Centric Inter-Cell Mobility
TA measurement
Although there is no consensus to support multiple TA values, to maintain the TA after UE is communicating with non-serving cell for a long time, the PDCCH ordered non-serving cell PRACH should be supported.
Proposal 12: Support PDCCH ordered non-serving cell PRACH for TA measurement with regard to the case that UE is communicating with non-serving cell for a long time and current TA is not accurate enough.

Rate matching
Currently some additional info for non-serving cell have been agreed, which are related to SSB configuration. However, some information on rate matching should be considered as well, as different cells may use different configurations for signal multiplexing. Such rate matching should also consider different LTE-CRS rate matching patterns for different cells. Therefore, the additional info for non-serving cell should include rate matching pattern as well as LTE-CRS rate matching pattern.
Proposal 13: Additional info for non-serving cell should include rate matching pattern as well as LTE-CRS rate matching pattern.

Cell ID for signal generation
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 14: 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.

Fast UL Panel Selection
In RAN1 #107, the following agreement on UE initiated panel selection was reached.
	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.





The first issue is whether to report one index per beam or one index per report instance. One index per beam can provide better flexibility than one index per report instance. Thus, option 2 (UE can report one index for each reported CRI/SSBRI in one beam reporting) should be supported.
Proposal 15: Support option 2, where UE can report one index for each reported CRI/SSBRI in one beam reporting.
The second issue is the time-domain behavior. Usually, all the time domain behavior should be supported, but if only aperiodic beam reporting is configured and without gNB triggering UE has to stick to one panel, which could be a big constraint from UE side. One possible way is to introduce UE initiated beam report, but it would require much spec impact. Thus, a to maintain a periodic report could be helpful for UE to change the panel at a certain time. 
Proposal 16: Support periodic, semi-persistent and aperiodic reporting where semi-persistent and/or aperiodic reporting is triggered only when periodic reporting is configured.
The third issue is the details for ACK operation for the beam report. One possible way is to reuse similar approach as ACK of CG-PUSCH, where the timer for CG-PUSCH can be reused. The timer starts when UE sends the beam report and if the timer expires, the beam report is assumed to be successfully received by gNB. The timer can be reset when UE receives an aperiodic beam report triggering DCI.
Proposal 17: Reuse the CG-PUSCH ACK mechanism for beam report ACK
· A timer starts when UE sends the beam report
· If the timer expires, the beam report is assumed to be successfully received by gNB
· The timer can be reset when UE receives an aperiodic beam report triggering DCI

MPE Mitigation
In RAN1 #106b, the following agreement on MPE mitigation is achieved.
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, confirm the following working assumption (in the midst of the previous agreement) as an agreement with the following refinement (highlighted in red):
	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: 
· (Working Assumption) 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
· FFS: The supported value(s) of M 
· FFS: Additional reporting quantities, e.g. SSBRI/CRI, MPR+DL RSRP, or modified virtual PHR
· FFS: additional signaling (e.g. CSI triggering) from the NW



Agreement
On Rel.17 enhancements to facilitate MPE mitigation, the candidate resource pool corresponds to a CSI-RS/SSB resource set configured via RRC (details up to RAN2) 




There are two remaining issues: one is the triggering condition for the MAC CE; the other is the maximum number of RSs configured in the RRC pool. For the first issue, the legacy triggering condition cannot be directly reused, as legacy assumption is based on a UE-specific P-MPR. The legacy triggering condition is defined as follows:
	-	if mpe-Reporting-FR2 is configured, and mpe-ProhibitTimer is not running:
-	the measured P-MPR applied to meet FR2 MPE requirements as specified in TS 38.101-2 [15] is equal to or larger than mpe-Threshold for at least one activated FR2 Serving Cell since the last transmission of a PHR in this MAC entity; or
-	the measured P-MPR applied to meet FR2 MPE requirements as specified in TS 38.101-2 [15] has changed more than phr-Tx-PowerFactorChange dB for at least one activated FR2 Serving Cell since the last transmission of a PHR due to the measured P-MPR applied to meet MPE requirements being equal to or larger than mpe-Threshold in this MAC entity.



One simple way is to modify legacy triggering condition to be based on current indicated TCI state for PUCCH/PUSCH. Then if there is any problem for this beam, UE can trigger the MPE MAC CE report.
For the second issue on maximum number of RSs configured in a RRC pool. It would not be possible for UE to measure the P-MPR for too many UE beams and it is possible that the configured RSs are associated with different UE beams. Thus, the maximum number of RSs configured for P-MPR report should be limited to be 8 with corresponding UE capability, as spec only supports UE to track up to 8 beams/TCIs.
Proposal 18: The beam-specific P-MPR should be triggered when the P-MPR for indicated UL/joint TCI met legacy condition defined in 38.321, i.e. P-MPR for the indicated TCI is above mpe-Threshold or P-MPR change for this TCI is above phr-Tx-PowerFactorChange.
Proposal 19: The maximum number of RSs configured for P-MPR report should be 8 and corresponding UE capability should be introduced.
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: One of the following options for configuration of the CC list for common TCI ID update should be supported:
· Option 1: CC list is configured based on the CC index, where the CCs within a band are assumed to be within a CC list
· Option 2: Introduce new RRC parameters to configure the CC list
Proposal 2: To maintain the same understanding on pathloss reference signal maintenance status, support UE reports whether the L3-RSRP for a reported SSB/CSI-RS is maintained or not in one L1-RSRP report instance.
Proposal 3: Support to report virtual PHR based on the indicated common TCI state for PUSCH/PUCCH transmission.
Proposal 4: Support MAC CE based TCI indication for SRS resources in a resource set, where the power control parameters for the SRS resource set is derived based on the TCI state indicated for the SRS resource with lowest resource ID within the set.
Proposal 5: 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 6: With regard to different performance requirement for URLLC and eMBB, support one unified UL/joint TCI state to be associated with 2 sets of power control parameters, i.e. P0, alpha and closed-loop process index, and support to select the power control parameter set by legacy DCI field, i.e. open-loop power control parameter set indication.
Proposal 7: Confirm the working assumption in RAN1 #107 to preclude concurrent configuration of Rel-17 and Rel-15/Rel-16 beam indication framework
Proposal 8: Support to reset the beam for all PDCCH/PDSCH to be based on the SSB associated with PRACH after UE sends a PRACH.
Proposal 9: Support to reset BFD counter after DCI with TCI update is detected.
Proposal 10: Support to configure DL RSs from neighbor cell for candidate beam detection for inter-cell beam management.
Proposal 11: 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.




L1/L2 centric inter-cell BM
Proposal 12: Support PDCCH ordered non-serving cell PRACH for TA measurement with regard to the case that UE is communicating with non-serving cell for a long time and current TA is not accurate enough.
Proposal 13: Additional info for non-serving cell should include rate matching pattern as well as LTE-CRS rate matching pattern.
Proposal 14: 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.

Fast UL Panel selection
Proposal 15: Support option 2, where UE can report one index for each reported CRI/SSBRI in one beam reporting.
Proposal 16: Support periodic, semi-persistent and aperiodic reporting where semi-persistent and/or aperiodic reporting is triggered only when periodic reporting is configured.
Proposal 17: Reuse the CG-PUSCH ACK mechanism for beam report ACK
· A timer starts when UE sends the beam report
· If the timer expires, the beam report is assumed to be successfully received by gNB
· The timer can be reset when UE receives an aperiodic beam report triggering DCI

MPE Mitigation
Proposal 18: The beam-specific P-MPR should be triggered when the P-MPR for indicated UL/joint TCI met legacy condition defined in 38.321, i.e. P-MPR for the indicated TCI is above mpe-Threshold or P-MPR change for this TCI is above phr-Tx-PowerFactorChange.
Proposal 19: The maximum number of RSs configured for P-MPR report should be 4 and corresponding UE capability should be introduced.
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