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Enhancement of multi-beam operation is an important part of R17 feMIMO WI [1]. Discussion on multi-beam operation has been ongoing since RAN1#102e [2]-[6]. In this contribution, we present our opinion on unified TCI framework and UE panel switch.
Discussion
Unified TCI framework 
The following agreements are reached in RAN1#107_e regarding unified TCI framework:
	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.
1. The above applies to Rel-15 SpCell BFR , Rel-16 CBRA based SpCell BFR , and Rel-16 SCell BFR 
1. 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.
1. The above applies to Rel-15/16 SpCell BFR , Rel-16 CBRA based SpCell BFR, and Rel-16 SCell BFR 
1. Note: q new is a candidate beam identified by the UE in set q1. q1 is the set of candidate beams
1. FFS : UL PC control including q u , q d , and closed loop index





· Beam failure recovery in R17 unified TCI framework
In R17 unified TCI framework, beam failure recovery uses mechanisms similar to R15/16 for beam failure detection and beam failure recovery request. In a cell, a UE is configured with a set q0 for detection of beam failure, and with a set q1 for identifying and notifying to the gNB a new beam qnew for recovery. Depending on the (primary or secondary) cell configuration,  X symbols after the UE receives beam failure recovery response, the UL spatial filter corresponding to qnew is used in PUSCH and PUCCH, as well as SRS resources that share the same UL TCI as the PUSCH/PUCCH. However, the detailed of UL power control parameters to use for the UL PUCCH and PUSCH transmission using qnew still need to be determined.

For PUSCH and PUCCH, the new beam qnew can be used as PL-RS for calculating the pathloss from the gNB to the UE, so qd can be the same as qnew. For the parameter p0, alpha and the closed loop index, either the {p0, alpha, closed loop index} associated with a specific UL or joint TCI state can be used, or the UE can be  configured default {p0, closed loop index} values for use during beam failure recovery.  It is simple to use the {p0, closed loop index} associated with a specific TCI state. This TCI state can be either the UL or joint UL/DL TCI state with the lowest index among all the activated TCI states by the last TCI state activation MAC-CE. This does not require to introduce additional RRC parameters just for power control during beam failure recovery. 

A UE will not transmit SRS during the BFR process. There is no need to define the set of power control parameters for SRS for BFR.

Proposal 1: For power control parameters to use in PUSCH and PUCCH during BFR, use qnew as qd to determine the PL-RS, and use the {p0/alpha, closed index} associated with the TCI state with the lowest TCI state index.

When the {p0, alpha, closed index} associated with a specific TCI state, such as the TCI state with the lowest index among all the configured UL or joint TCI states, are  used for PUSCH or PUCCH, the {p0, alpha, closed index} configured for PUSCH and the {p0, closed loop index} for PUCCH associated with the same TCI state can be still different because different PC parameters are configured for different channel type. It is up to gNB whether to configure the same closed loop index for PUSCH and PUCCH. While it is generally better that the same closed loop index is used for both channels, this can be left for NW implementation.

Proposal 2: The UL Power control parameters for PUCCH and for PUSCH associated with the lowest TCI state are left as NB implementation.
 
UE panel information indication and updating
The following agreements and working assumptions were reached in RAN1#107_e meeting:
	Working Assumption
Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises the max supported number of SRS ports
· For any two different value sets, at least one capability value needs to be different 
· FFS: If in addition also identical value sets are allowed.
· Whether the UE capability value set can be common across all BWPs/CCs in same band or BC can be discussed in UE feature session

[bookmark: _Hlk90334128]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.

Conclusion
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection via UE reporting a list of UE capability value sets, other than the max supported number of SRS ports (note: currently pending endorsement in proposal 4.A), there is no consensus on supporting another UE capability type




A panel is described by a set of capability values including the number of SRS ports. When a UE have two panels with identical capabilities, it is not enough just to use the UE capability value set to identify the panel. This is because the channel between the TRP and the panels are different, and the gNB needs to know which panel the UE wants to activate or deactivate among the two panels. To resolve this ambiguity, one set of UE capability value sets can be associated with one or more indices,  where the index is reported with the CRS/SSBRI and L1-RSRP/SINR measurement value. A capability value set describes only the UL capability of the panel since it only contains the number of maximal supported SRS ports.  For a DL-only panel without TX, the maximal number of SRS ports is 0. By allowing value 0 to be configured in the capability value set, a RX-only panel can be distinguished from a panel with both TX and RX capability. When a multi-panel UE sends a beam report to the gNB, it needs to identify the panel with which the CSI is measured. It can include the index of the UE capability value set as an panel ID along with the CRI/SSBRI and L1-RSRP/SINR. To reduce the CSI reporting overhead, it is better that the UE aggregates multiple measurements conducted by the same panel in a same beam report, so only one panel index is required in a beam report. It is also easier to extend this framework to group based reporting later. So Option 1, where UE can report one index for all the reported CRIs/SSBRIs in one beam reporting, is better than Option 2. 
Our proposals on multi-panel UE reporting are as follows:
Proposal 3: Allow a UE capability value set to be associated with one or more indices, and include the index along with the pair of SSBRI/CRI and L1-RSRP in the beam reporting UCI.
Proposal 4: A RX-only panel is a panel with zero SRS port in its capability value set.  
Proposal 5: UE can report one index for all the reported CRIs/SSBRIs in one beam reporting
(Opt 1 for UE beam reporting).
   
Conclusion
Our proposals are summarized as below:
Proposal 1: For power control parameters to use in PUSCH and PUCCH during BFR, use qnew as qd to determine the PL-RS, and use the {p0/alpha, closed index} associated with the TCI state with the lowest TCI state index.
Proposal 2: The UL Power control parameters for PUCCH and for PUSCH associated with the lowest TCI state are left as NB implementation.
Proposal 3: Allow a UE capability value set to be associated with one or more indices, and include the index along with the pair of SSBRI/CRI and L1-RSRP in the beam reporting UCI.
Proposal 4: A RX-only panel is a panel with zero SRS port in its capability value set.  
Proposal 5: UE can report one index for all the reported CRIs/SSBRIs in one beam reporting
(Opt 1 for UE beam reporting).
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