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1. INTRODUCTION
In RAN1#106b-e, further details on Rel-17 unified TCI framework, Rel-17 beam indication enhancements for inter-cell beam management, setting of UL PC parameters, 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
Configuration on SRS that does not share Rel-17 TCI state
In RAN1#106b-e, it is agreed to use RRC signaling to indicate which SRS resource(s) for BM, for antenna switching, or for codebook/non-codebook based uplink transmission can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources. It means there can be SRS resource(s) that does not share the same indicated Rel-17 TCI state. It is not yet agreed on whether SRS for BM, antenna switching, codebook/non-codebook-based UL transmission, that doesn’t share the same indicated Rel-17 TCI state, can be configured as a target signal/channel of a Rel-17 UL TCI.
Since Rel-15/16 spatial-relation based mechanisms can control a beam for each SRS resource individually and control a UL PC setting per SRS resource set basis, this functionality should remain the same for SRS resource(s) that doesn’t share the same indicated Rel-17 TCI state. For example, all the configured SRS resources in a SRS resource set for BM should have the same UL PC setting while each SRS resource in the set can have a separated beam indication to do the SRS beam sweeping properly. In that sense, directly reusing all Rel-15/16 mechanisms for SRS resource(s) that doesn’t share the same indicated Rel-17 TCI can be considered. Or, any SRS resource that is a valid target signal of a Rel-15/16 UL spatial relation can be configured as a target signal/channel of a Rel-17 UL which reuses the Rel-15/16 spatial relation info update mechanisms, with having a restriction that the SRS resources in the same set should be associated with the same UL PC setting.

Proposal 1: Any SRS resource that is a valid target signal of a Rel-15/16 UL spatial relation can be configured as a target signal/channel of a Rel-17 UL which reuses the Rel-15/16 spatial relation info update mechanisms, with having a restriction that the SRS resources in the same set should be associated with the same UL PC setting.


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

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

Observation 3: As number of cells to be monitored, selected and reported increases, UE implementation complexity and power consumption also increase.

Proposal 3: Efficient beam failure recovery operation for inter-cell operation should be supported.


3. 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 4: CSI reporting can be a good method to indicate UE’s panel selection/activation with simple specification impact. 

Proposal 4: 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. 
A list of UE capability value sets can also be supported as a part of UE reporting, where each UE capability value set can at least include the number of SRS ports and a coherence type, which corresponds to a UE panel. Each reported coherence type can also be used for subsequent SRS transmission behaviors. For example, when multiple UE capability value sets are reported and multiple UE panels are activated, a group of SRS ports which corresponds to a coherent type, associated with a UE capability value set, can be transmitted simultaneously at an SRS transmission occasion, according to NW-indication or based on DL measurement over a UE panel corresponding to the coherent type.

Observation 5: While UE is able to identify UE-side information for panel determination, gNB is able to identify gNB-side information for panel determination. 

Proposal 5: Introduce NW-initiated panel selection/activation in addition to UE-initiated panel selection/activation.


4. MPE MITIGATION
Support of UE reporting for MPE mitigation
In RAN1#106b-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 6: Beam-level reporting provides both panel and beam related information while panel-select reporting only provides information on a specific panel.  

Proposal 6: 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 7: 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 7: Possible mismatch of beam information between UE and gNB may severely degrade uplink performance. 

Proposal 8: Consider gNB confirmation mechanism to align beam information between UE and gNB. 

5. 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: Beam failure recovery is an essential procedure which provides reliability and enables standalone operation of FR2.
Observation 3: As number of cells to be monitored, selected and reported increases, UE implementation complexity and power consumption also increase.
Observation 4: CSI reporting can be a good method to indicate UE’s panel selection/activation with simple specification impact.
Observation 5: While UE is able to identify UE-side information for panel determination, gNB is able to identify gNB-side information for panel determination. 
Observation 6: Beam-level reporting provides both panel and beam related information while panel-select reporting only provides information on a specific panel.  
Observation 7: Possible mismatch of beam information between UE and gNB may severely degrade uplink performance. 

Proposal 1: Any SRS resource that is a valid target signal of a Rel-15/16 UL spatial relation can be configured as a target signal/channel of a Rel-17 UL which reuses the Rel-15/16 spatial relation info update mechanisms, with having a restriction that the SRS resources in the same set should be associated with the same UL PC setting.
Proposal 2: For separate UL beam indication, utilization of the existing UL DCI formats 0_1 and 0_2 is preferred.
Proposal 3: Efficient beam failure recovery operation for inter-cell operation should be supported.
Proposal 4: Introduce panel ID in a CSI-RS resource for CSI reporting based on UE-initiated UL panel selection/activation.
Proposal 5: Introduce NW-initiated panel selection/activation in addition to UE-initiated panel selection/activation.
Proposal 6: 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 7: Introduce a TCI state group based indication and UE-centric determination of a TCI state in the indicated TCI state group.
Proposal 8: Consider gNB confirmation mechanism to align beam information between UE and gNB. 
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