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Introduction
[bookmark: _Hlk22834419]A WI [1] was agreed in RAN#86 for further enhancements on MIMO for NR. The detailed objectives on enhancements on multi-beam operation, revised in RAN#92e[2], are as follows:
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher UE speed and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 

In RAN1#102e [3], the multi-beam enhancement topics in Rel. 17 were categorized into six issues as follows.

1. [Issue 1] Unified TCI framework
1. [Issue 2] L1/L2-centric inter-cell mobility 
1. [Issue 3] Dynamic TCI state update signaling medium: 
1. [Issue 4] MP-UE assumption to facilitate fast UL panel selection
1. [Issue 5] MPE mitigation 
1. [Issue 6] Other enhancements

In this contribution, we present our views on the remaining topics for the identified issues related to L1/L2 mobility (inter-cell beam management), and MPUE enhancements.
Inter-cell Beam Management
Enhancements to facilitate more efficient DL/UL beam management for L1/L2 inter-cell mobility were agreed to be specified in the Rel.17 MIMO WID [1]. Use cases for L1/L2 inter-cell mobility were identified in RAN1#103e [4], and an LS to RAN2 was sent in RAN1#104e [5] to ask for RAN2 feedback on open design issues and supported use cases. An agreement was made in RAN#92e to revise the MIMO WID [2] related to down scoping of L1/L2 inter-cell mobility enhancements to include inter-cell beam management topics only in Rel. 17 following the RAN2 discussion [7]. 
Further to the beam measurement and reporting and beam indication enhancements, the following was agreed in RAN1#106b-e [10]. 
Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table
Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
1. Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
1. Alt2. Differential L1-RSRP per PCI is used: When more than one L1-RSRP(s) associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI , i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP 

For L1-RSRP reporting format, Alt. 1 is preferred. Alt. 1 follows the same format as Rel. 15/16 L1-RSRP reporting, irrespective of the number of PCIs. For Alt. 2, the size of UCI might change depending on the number of PCIs being considered for reporting. 
Proposal 1: On Rel. 17 enhancements for inter-cell beam management and inter-cell mTRP, 
1. Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP

The following proposal related to paging with one activated TCI state for inter-cell beam management was also discussed in RAN1#106bis-e [10]
Proposal: On Rel-17 enhancements for inter-cell beam management, on QCL assumption for paging and short message reception after being activated with [only one] TCI state[(s)] associated with PCI different from serving cell, in RAN1#107-e, further discuss and select one of the following alternatives:
· Alt0. The UE is not required to monitor paging and short message associated with the newly indicated TCI state associated with a PCI different from the serving cell
· Alt1. The UE is to monitor paging and short message in USS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell
· Alt2. The UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell

While the UE does not commonly need to monitor CSS in connected mode, paging is an exception since the UE is required to monitor for short messages transmitted with P-RNTI, usually in type2-PDCCH CSS set. 
All three alternatives can work with some pros and cons. Alt. 0 seems to be the least spec impacting option but has the problem of added latency of switching back and forth between serving cell and non-serving cell to be able to receive paging and system information on the serving cell while being activated with only one TCI state corresponding to the non-serving cell. If only this option is supported, then inter-cell beam management might have limited advantages for UEs that support only one activated non-serving cell TCI state and must have added latency from MAC-CE based beam switching to support paging. 
Alt. 1 means that the UE will have to monitor paging on USS, which means there is a spec impact on adding P-RNTI to USS for paging monitoring. This will avoid the UE having to switch back and forth between the serving and non-serving cells but might not be a trivial thing to consider at this point in the release, considering its wide spec impact, beyond multi-beam.
Alt. 2 means that the UE will have to receive in addition to UE-dedicated channels from non-serving PCI, non-UE dedicated channels corresponding to type 2-PDCCH CSS set. This would seem that it is a reversal of the previous agreement in RAN1#106e [9]:
Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH
On Rel.17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell
· For inter-cell beam management, the support of more than one Rel-17 active DL TCI state / QCL per band is a UE capability
· If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used to switch between two different DL receptions along two different beams
· Note: The serving cell does not change when beam selection is done
· Note: This does not preclude the possibility for TA update on non-serving cell 
· FFS: For a UE supporting Rel.17 beam indication feature for inter-cell beam management, up to 5 CORESETs can be configured per BWP
which states that Rel. 17 beam indication enhancements for inter-cell beam management apply to the same channels and signals as intra-cell beam management except for non-UE dedicated channels/signals. It would however be useful to remove such a restriction only for non-UE dedicated channels related to paging, to avoid the added latency of alt. 0 and in accordance with the assumption that the UE is only being activated with one TCI state corresponding to a non-serving PCI. 
Observation 1: Alt. 0 can be considered as a baseline operation with limited efficiency
Proposal 2: On Rel-17 enhancements for inter-cell beam management, on QCL assumption for paging and short message reception after being activated with [only one] TCI state[(s)] associated with PCI different from serving cell, 
· Alt2. The UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell

MP-UE Assumption to Facilitate Fast UL Panel Selection 
Enhancements for UE-initiated UL panel activation and selection to facilitate fast uplink panel selection are being discussed in Rel. 17. Use cases have been identified in RAN1#103e [4]
Agreement
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
1. MPE mitigation
1. UE power saving
1. UL interference management
1. Support different configurations across panels
1. UL mTRP 
For those use cases, reporting of panel specific information as a UE capability was agreed to be studied and specified in RAN1#104b-e[8],
Agreement 
On Rel.17 enhancements for MPUE, investigate and, if needed, specify the following:
· UE reporting of panel-specific information as a UE capability, for example:
· Information related to the total number of DL/UL panel entities
· Information related to the number of (max) antenna ports/layers per panel entity
· Information related to the maximum number of resources per panel entity for SRS BM
· Information related to panel selection delay
· Information related to panel activation delay 
· UE reporting information related to minimal activation/selection delay for a panel based on L1 or L2 signaling
· UE reporting of panel activation/selection status of a panel entity, e.g. active state for both DL and UL, or active state for DL only
· FFS: details of this information (e.g. minimal activation/selection delay for a panel) and signaling (e.g. L1 or L2 signaling)
· UE-reported information in MPE report (if supported) is used to indicate the minimal activation/selection delay and panel activation/selection status 
· Note: above ‘panel entity’ is a logical entity and how to map physical panels to the logical entities is up to UE implementation
· Note: This will depend on the final outcome of whether specification support for UE-initiated panel activation/selection is agreed 
The group further agreed in RAN1-104be[8] to study whether support for CB-based SRS resources with different number of ports is needed. 
Agreement 
On Rel.17 enhancements for MPUE, for codebook based UL transmission, decide by August RAN1 meeting whether to support CB-based SRS resources with different numbers of ports
· FFS details (e.g. per resource or per resource set)
· Note: the above is not for Rel-16 full power transmission but for Rel-17 panel-specific UL transmission
· FFS: non-codebook based UL transmission for MPUE 
· FFS whether existing BWP switch based mechanism (discussed previously in Rel-16 power saving WI) can serve such purpose
In RAN1#105e [6], RAN1#106e [9], RAN1#106-bis-e [10], the group discussed UE reporting of panel-specific information. An offline email exchange post 106bis-e resulted in the following proposal being considered for agreement: 
Updated Proposal 4.A: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection,  
· Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises at least the max supported number of SRS ports
· FFS: which type(s) of UE capability other than the max supported number of SRS ports is included in a UE capability value set and whether the UE capability value set can be common across all BWPs/CCs in same band or BC are discussed under UE feature agenda item 
· 
· The correspondence between a 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 is reused, 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
· Support multiple codebook-based SRS resource sets with different number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to a selected SRS resource set [which need to be aligned with the UE capability based on the informed correspondence]
· FFS: Decide in RAN1#107e, whether the SRS resource set is selected by the UE or NW

In RAN1#106e [9], and RAN1#106bis-e [10], an explicit indication from the UE to the gNB of the mapping between the UE panel and the TCI state has been precluded, both as a panel ID or a reported index. The question remains on (1) how to facilitate fast UL panel selection for an MPUE by reporting a list of UE capability values, and what could that list contain. Another point of discussion is on (2) whether the UE or the NW determines the correspondence between the UE capability values and the CSI-RS and/or SSB resource index, and how is this correspondence reported between the NW and the UE, a third point of discussion is on (3) whether to support CB-based SRS resources with different numbers of ports for MPUEs having different number of ports per panel, and whether available BWP switching functionality for power saving can be reused here.
For the case of a UE having panels with different configurations, i.e. different number of ports, the current proposal works by the UE first reporting a list of capability value sets to the NW, then with UE-initiated panel activation and selection, if the UE activates 1 or multiple panels, and/or the UE selects a panel, the UE will establish the correspondence between the CSI-RS and/or SSB resource index and the UE capability value sets in the list, corresponding to the chosen activated panels, and inform that correspondence to the NW using the Rel. 15/16 beam report. The NW then indicates SRI based on the beam report and the correspondence provided by the UE. 
For fast uplink panel selection, the legacy BWP switching might be applicable but will not be as efficient as the current scheme, with back-and-forth BWP switching to transmit SRS for each panel for CB/NCB transmission. 
Observation 2: current offline proposal 4.A should be supported for MPUEs with different panels capabilities
For other use cases, such as for a UE with the same panel configuration across multiple panels, it is not clear how reporting only one UE capability value, or a list of capability value set with no repetition, would work in enabling fast UL panel selection. For these use cases, a list of value sets is needed to differentiate between the panels, with the list including at least the maximum number of SRS ports. It would not be wise to leave the UE capabilities in the value set to the UE feature discussion, it is better to conclude it here, as the capability values will have implication on the operation of this feature. For example, in addition to the maximum number of SRS ports, the value set can include the coherence type, to indicate which UE-activated panel the ports will be mapped to.  
Observation 3: The UE capabilities in the list of value sets should not be left to the UE feature discussion. 
We thus propose the following modifications to the offline proposal to be agreed. 
Proposal 3: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection,  
· Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises at least the max supported number of SRS ports
· FFS: which type(s) of UE capability other than the max supported number of SRS ports is included in a UE capability value set is determined in RAN1#107e 
· The correspondence between a 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 is reused, 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
· Support multiple codebook-based SRS resource sets with different number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to a selected SRS resource set 

Conclusion
In this contribution, we discussed enhancements on beam management for the unified TCI framework. 
We made the following observations and proposals.
     Observation 1: Alt. 0 can be considered as a baseline operation with limited efficiency
     Observation 2: current offline proposal 4.A should be supported for MPUEs with different panels capabilities
     Observation 3: The UE capabilities in the list of value sets should not be left to the UE feature discussion. 
     Proposal 1: On Rel. 17 enhancements for inter-cell beam management and inter-cell mTRP, 
1. Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP

Proposal 2: On Rel-17 enhancements for inter-cell beam management, on QCL assumption for paging and short message reception after being activated with [only one] TCI state[(s)] associated with PCI different from serving cell, 
· Alt2. The UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell
Proposal 3: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection,  
· Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises at least the max supported number of SRS ports
· FFS: which type(s) of UE capability other than the max supported number of SRS ports is included in a UE capability value set is determined in RAN1#107e 
· The correspondence between a 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 is reused, 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
· Support multiple codebook-based SRS resource sets with different number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to a selected SRS resource set 
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