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1. INTRODUCTION
In RAN1#106-e, further details on Rel-17 unified TCI framework, Rel-17 beam indication enhancements for inter-cell beam management, setting of UL PC parameters, advanced beam refinement, and enhancements to facilitate MPE mitigation were agreed [1]. In this contribution, we discuss remaining details on Rel-17 beam management. 

2. UNIFIED TCI FRAMEWORK FOR DL AND UL
In this section, we provide discussions on the issues related to the unified TCI framework. 

Advanced beam refinement/tracking
	In RAN1#106-e, it is agreed to focus on further studying UE-initiated beam selection/activation based on beam measurement and/or reporting, without beam indication or activation from NW, which comprises:
· UE-initiated (DL-only or DL/UL) beam selection, including the following options
· Opt1. The selected beam is reported by an event-triggered UE beam reporting via, e.g. UCI, MAC CE, UL CG, or Type 1/Type 2 CBRA/CFRA
· Opt2. The selected beam is reported by a legacy UE beam report (NW-configured)
· FFS on triggering condition and NW-indication of a beam group in which the UE is allowed to do the beam selection, e.g., the NW-indication via MAC-CE.
· FFS: NW confirmation, e.g. if no NW beam selection command overwriting the selected beam is received in a time window after the report
· UE-initiated beam activation based on beam reporting  
· The reported beam(s) are activated as active TCI/spatial relation RS(s) automatically w/o NW activation command after receiving gNB response signalling, e.g. DCI/MAC-CE
· FFS: The reported beam is applied directly if the number of supported activated beam by the UE is one and/or after receiving gNB response signaling, or if no NW activation command overwrites the beam(s) activated by the report in a time window after the report
· UE-initiated UL-only beam selection considering potential misalignment between network and UE on the selected beams
· The UE can select an alternative beam from the other beams in the gNB -configured set containing more than one UL beam.

	UE-initiated beam selection/activation may reduce beam application latency, and Opt1 as the event-triggered UE beam reporting is suitable, in that this feature is for supporting UE-initiated beam selection and reporting. Opt2 may also be supported as long as the UE can initiate a beam selection and reporting, which may be controlled at least in some aspects by the network as a NW-configured mechanism.
	In the aspect of the NW-configured mechanism, the FFS point on NW-indication of a beam group needs to be agreed, where a gNB should be able to indicate a beam group within which the UE is allowed to do the UE-initiated beam selection. In other words, the UE-initiated beam selection/activation should be at least restricted within a certain set of TCI states (not freely chosen by the UE), meaning at least a certain degree of controlling a candidate beam set, as a TCI state group, indicated to the UE should be given to the gNB side, for reliability of overall beam management procedures. Such NW-indication may be delivered via MAC-CE, as the beam (TCI) group indication is desired to be given in a semi-dynamic way.

Proposal 1: For UE-initiated beam selection/activation, an event-triggered UE beam reporting (Opt1) is more suitable. A NW-configured mechanism (Opt2) can also be supported to control some degree of the UE-initiated beam selection and reporting behaviours.

Proposal 2: For UE-initiated beam selection/activation, at least the NW-indication of a beam (TCI) group, within which the UE is allowed to do the beam selection (not freely chosen by the UE), should be supported for reliability of overall beam management procedures. 

Proposal 3: The NW-indication of a beam (TCI) group is supported to be delivered via a MAC-CE. 


DCI formats for separate UL beam indication
	When gNB utilizes the existing DCI formats 1_1 and 1_2 for separate UL beam indication, the overall operation may not be efficient as the existing DCI formats 1_1 and 1_2 are DL DCI formats. Figures 1 – 2 show exemplary operations with the DCI formats 1_1/1_2 and the DCI formats 0_1/0_2, respectively, for separate UL beam indication. 
Figure 1 Separate UL beam indication with DCI formats 1_1 and 1_2
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Figure 2 Separate UL beam indication with DCI formats 0_1 and 0_2
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	As shown in Figure 1, when gNB utilizes the DCI formats 1_1 and 1_2, UE needs to decode both DL DCI for new beam indication and UL DCI for PUSCH scheduling. In addition, UL scheduling offset and processing time for new beam application should be independently applied as the new beam indication and the PUSCH utilize different DCI formats. On the other hand, when gNB utilizes the DCI formats 0_1 and 0_2 for both new beam indication and PUSCH scheduling as shown in Figure 2, UE needs to decode only UL DCI, so PDCCH decoding latency can be reduced. In addition, processing time for PUSCH transmission and new beam application can be combined if UE implementation allows simultaneous processing of both operations.  

Observation 1: For separate UL beam indication, utilization of existing UL DCI formats 0_1 and 0_2 is more efficient as it doesn’t require multiple PDCCH decoding and combined UE processing time is possible if UE implementation allows simultaneous processing.

Proposal 4: For separate UL beam indication, utilization of the existing UL DCI formats 0_1 and 0_2 is preferred.


Configuration of SRS for BM as a source RS to represent a DL RX spatial filter
For the configuration of SRS as a source RS to represent a DL RS spatial filter, RAN1 should consider following aspects:
· Beam Correspondence
· Since Rel-15, beam correspondence has been a mandatory UE capability for FR2 where its type of support, i.e., with or without network assistance is indicated through UE capability signaling. Meaning that, for FR2, beam correspondence is an essential feature that all UEs need to support for beam management operation. Based on this understanding, there’s no reason not to utilize existing channel information based on beam correspondence.
· Signaling overhead
· For Rel-15 DL TCI state indication, a gNB needs to allocate CSI-RS resources for TCI state indication even if the gNB is already aware of channel information based on SRS transmissions. Such CSI-RS transmission induces large signaling overhead considering maximum 64 DL beams and should be minimized by utilizing existing information
· More accurate beam information 
· A UE in FR2 may experience beam change due to UE mobility and dynamic blockage and latest information can help better utilization of transmission beam. For example, if SRS transmission is a more recent RS transmission than CSI-RS, it may provide better information and corresponding performance benefits. 

Observation 2: Introduction of SRS in DL TCI state provides performance benefits based on beam correspondence, less signaling overhead and more accurate beam information.

Proposal 5: DL TCI state based on SRS for beam measurement should be supported.


3. L1/L2-CENTRIC INTER-CELL BEAM MANAGEMENT
In a RAN plenary meeting (RAN#92), the WI scope of L1/L2-centric inter-cell beam management was discussed for the potential down-scoping with two Scenarios:
· Scenario 1 (no change in serving cell)
· Scenario 2 (requiring change in serving cell)

As RAN2 raised strong concerns on supporting Scenario 2 in Rel-17 due to the heavy workload and unproven benefits, RAN agreed to focus on Scenario 1 only in Rel-17 for both RAN1/2. Accordingly, the WID has been updated as in [2].
In RAN1#106-e, for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication is agreed to apply to the channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals.

Beam failure recovery 
Given that beam failure recovery is an essential procedure which provides reliability and enables standalone operation of FR2, enhancement of beam failure recovery should be an important part of inter-cell beam management. For the enhancement, monitoring, candidate beam selection and reporting for other cells without engaging serving-cell changes can be considered in Rel-17. For example, as number of cells to be monitored, selected and reported increases, UE implementation complexity and power consumption also increase. In that regard, enhanced operation of beam failure recovery should consider efficient operation with reasonable power consumption. For example, prioritization of beams from serving cells than other cells can be considered.

Observation 3: Beam failure recovery is an essential procedure which provides reliability and enables standalone operation of FR2.

Observation 4: As number of cells to be monitored, selected and reported increases, UE implementation complexity and power consumption also increase.

Proposal 6: Efficient beam failure recovery operation for inter-cell operation should be supported.

4. MP-UE ASSUMPTION TO FACILITATE FAST UL PANEL SELECTION
CSI reporting for MP-UE assumption
In RAN1#103-e, UE-initiated UL panel selection/activation was agreed to facilitate fast uplink panel selection. Note, according to the agreements, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s), to facilitate fast UL panel selection and MPE mitigation.
For UE initiated UL panel selection/activation, CSI reporting can be a good method to indicate UE’s selection on UL panel to gNB. One possible enhancement with simple specification impact would be introducing a panel ID in a CSI-RS resource. For example, based on the panel ID, UE can report its panel selection/activation to gNB by reporting CRI and gNB can identify UE’s decision by determining associated panel ID with reported CRI. 

Observation 5: CSI reporting can be a good method to indicate UE’s panel selection/activation with simple specification impact. 

Proposal 7: Introduce panel ID in a CSI-RS resource for CSI reporting based on UE-initiated UL panel selection/activation.

NW-initiated panel selection/activation
In addition to UE-initiated UL panel selection/activation, NW-initiated panel selection/activation can be considered. While UE is able to identify UE-side information e.g., remaining battery power, MPE and interference from other UEs and gNB, gNB is able to identify network-side information e.g., scheduling information and traffic. In that regard, NW-initiated panel selection/activation can be beneficial as well as UE determination. For example, a panel ID can be introduced in a TCI state for joint beam indication and separate UL beam indication. 

Observation 6: While UE is able to identify UE-side information for panel determination, gNB is able to identify gNB-side information for panel determination. 

Proposal 8: Introduce NW-initiated panel selection/activation in addition to UE-initiated panel selection/activation.

5. MPE MITIGATION
Support of UE reporting for MPE mitigation
In RAN1#104-e, reporting on P-MPR based on Rel.16 framework and SSBRI(s)/CRI(s) was agreed. In addition, down selection between beam-level and panel-select reporting should be further discussed. Panel-select reporting only reports P-MPR associated with a panel. Therefore, if gNB requires additional beam measurement information associated with the panel, additional procedures and latency are required to trigger associated RS transmissions and reports. However, if beam-level reporting is supported with association between beam and panel, beam-level reporting enables to report both P-MPR associated with a panel as well as preferred beam information in the reported panel. The association can be achieved by supporting simple specification enhancements. For example, a TCI state group ID can be configured in a TCI state or a panel ID can be configured in a CSI-RS configuration. 

Observation 7: Beam-level reporting provides both panel and beam related information while panel-select reporting only provides information on a specific panel.  

Proposal 9: Introduce reporting of SSBRI(s)/CRI(s) to indicate gNB beam(s) with an association with a specific panel (e.g., TCI state group ID or panel ID).

Support of TCI state group
	Based on the association, more efficient beam indication methods can be considered. As discussed in the above, support of TCI state group should be considered. For example, as shown in Figure 3, two TCI state groups can be supported and each of the TCI state groups are associated with each panel. Based on the configured TCI state groups, gNB can indicate a TCI state group for UE operation. The actual TCI state to be used for UE operation can be determined based on UE reporting for MPE mitigation. For example, a TCI state, associated with reported SSBRI(s)/CRI(s), in the indicated TCI state group can be used.

Figure 3 Example of two TCI state group configuration
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Proposal 10: Introduce a TCI state group based indication and UE-centric determination of a TCI state in the indicated TCI state group.


NW confirmation in response to the reported MPE event
When UE-centric determination methods are considered, major concern on the support is a mismatch of beam information between UE and gNB. For example, when the gNB couldn’t decode UE’s reporting on P-MPR, a different spatial filter may be applied and severely reduce uplink performance due to a loss of antenna gain.  In that regard, a gNB confirmation can be considered to align the understanding. For example, the gNB may transmit a PDCCH in a dedicated CORESET as a confirmation of the UE reporting on P-MPR. 

Observation 8: Possible mismatch of beam information between UE and gNB may severely degrade uplink performance. 

Proposal 11: Consider gNB confirmation mechanism to align beam information between UE and gNB. 

6. CONCLUSIONS
This contribution discussed potential enhancement for Rel-17 beam management. Based on the presented discussion, we make the following observations and proposals,

Observation 1: For separate UL beam indication, utilization of existing UL DCI formats 0_1 and 0_2 is more efficient as it doesn’t require multiple PDCCH decoding and combined UE processing time is possible if UE implementation allows simultaneous processing.
Observation 2: Introduction of SRS in DL TCI state provides performance benefits based on beam correspondence, less signaling overhead and more accurate beam information.
Observation 3: Beam failure recovery is an essential procedure which provides reliability and enables standalone operation of FR2.
Observation 4: As number of cells to be monitored, selected and reported increases, UE implementation complexity and power consumption also increase.
Observation 5: CSI reporting can be a good method to indicate UE’s panel selection/activation with simple specification impact.
Observation 6: While UE is able to identify UE-side information for panel determination, gNB is able to identify gNB-side information for panel determination. 
Observation 7: Beam-level reporting provides both panel and beam related information while panel-select reporting only provides information on a specific panel.  
Observation 8: Possible mismatch of beam information between UE and gNB may severely degrade uplink performance. 

Proposal 1: For UE-initiated beam selection/activation, an event-triggered UE beam reporting (Opt1) is more suitable. A NW-configured mechanism (Opt2) can also be supported to control some degree of the UE-initiated beam selection and reporting behaviors.
Proposal 2: For UE-initiated beam selection/activation, at least the NW-indication of a beam (TCI) group, within which the UE is allowed to do the beam selection (not freely chosen by the UE), should be supported for reliability of overall beam management procedures. 
Proposal 3: The NW-indication of a beam (TCI) group is supported to be delivered via a MAC-CE. 
Proposal 4: For separate UL beam indication, utilization of the existing UL DCI formats 0_1 and 0_2 is preferred.
Proposal 5: DL TCI state based on SRS for beam measurement should be supported.
Proposal 6: Efficient beam failure recovery operation for inter-cell operation should be supported.
Proposal 7: Introduce panel ID in a CSI-RS resource for CSI reporting based on UE-initiated UL panel selection/activation.
Proposal 8: Introduce NW-initiated panel selection/activation in addition to UE-initiated panel selection/activation.
Proposal 9: Introduce reporting of SSBRI(s)/CRI(s) to indicate gNB beam(s) with an association with a specific panel (e.g., TCI state group ID or panel ID).
Proposal 10: Introduce a TCI state group based indication and UE-centric determination of a TCI state in the indicated TCI state group.
Proposal 11: Consider gNB confirmation mechanism to align beam information between UE and gNB. 
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