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1. INTRODUCTION
In RAN1#102-e [1], agreements on the evaluation methodology, the unified TCI framework, L1/L2-centric inter-cell mobility, dynamic TCI state update signaling medium, MP-UE assumption, MPE mitigation, Beam acquisition and Partial BFR have been agreed as follows:

	Agreement
The three proposals on R1-2007151 on the evaluation methodology for multi-beam enhancement are agreed.

Agreement 
Note: the enumeration for issues (such as “issue 1a), 1b), 6) in the proposal below refers to the enumeration within the proposals, not Table 1 in the FL summary.
1.  [Issue 1] For Rel.17 NR FeMIMO, on the unified TCI framework
0. Support joint TCI for DL and UL based on and analogous to Rel.15/16 DL TCI framework
0. The term “TCI” at least comprises a TCI state that includes at least one source RS to provide a reference (UE assumption) for determining QCL and/or spatial filter 
0. The source reference signal(s) in M TCIs provide common QCL information at least for UE-dedicated reception on PDSCH and all or subset of CORESETs in a CC
1. FFS: Optionally this common QCL information can also apply to CSI-RS resource for CSI, CSI-RS resource for BM, and CSI-RS for tracking
1. FFS: Applicability on PDSCH includes PDSCH default beam
1. Working Assumption: Select between M=1 and M>=1
0. The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC, 
2. Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
2. FFS:  applicability of this UL TX spatial filter to SRS configured for beam management (BM)
2. FFS: PUSCH port determination based on the TCI, e.g., to be mapped with SRS ports analogous to Rel.15/16
2. Working Assumption: Select between N=1 and N>=1
0. FFS: extension to common QCL information applied to only some of the CORESETs or PUCCH resources in a CC, e.g. for mTRP 
0. FFS: When used for the purpose of joint beam indication for UL and DL, whether a joint TCI pool for DL and UL dedicated for the purpose is used, or the same TCI pool as that used for the purpose of separate DL/UL beam indication is used 
0. Note: The resulting beam indication directly refers to the associated source RS(s)
0. FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
0. FFS (RAN1#103-e): The supported number of active TCI states considering factors such as multi-TRP and issue 6 
0. FFS (RAN1#103-e): Applicable QCL types, and co-existence with DL TCI and spatial relation indication in Rel.15/16
0. In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives for accommodating the case of separate beam indication for UL and DL
1. Alt1. Utilize the joint TCI to include references for both DL and UL beams
1. Alt2. Utilize two separate TCI states, one for DL and one for UL. The TCI state for the DL is the same as agreed in 1a. The TCI state for the UL can be newly introduced.
1. Alt 2-1: The UL TCI state is taken from the same pool of TCI states as the DL TCI state
1. Alt 2-2: The UL TCI state is taken from another pool of TCI states than the DL TCI state
1. Note: The resulting beam indication directly refers to the associated source RS(s)
1. FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
1. Note: This may be related to issue 5 as well as other reasons for different TCIs such as network flexibility/scheduling
0. Support the use of SSB/CSI-RS for BM and/or SRS for BM as source RS to determine a UL TX spatial filter in the unified TCI framework
2. Whether the UL TX spatial filter corresponds to UL TCI (separate from DL TCI) depends on the outcome of 1b) above
2. FFS: Support the use of non-BM CSI-RS and/or non-BM SRS in addition
0. In RAN1#103-e, decide if SRS for BM can be configured as a source RS to represent a DL RX spatial filter in the unified TCI framework
0. In RAN1#103-e, decide/finalize all other parameters included in or concurrent with (but not included in) the TCI, e.g. UL-PC-related parameters (involving P0/alpha, PL RS, and/or closed loop index), UL-timing-related parameters  
0. In RAN1#103-e, identify issues pertaining to alignment between DL and UL default beam assumptions using the unified TCI framework
1. [Issue 2] For Rel.17 NR FeMIMO, on L1/L2-centric inter-cell mobility: 
1. In RAN1#103-e, finalize scope and use cases for L1/L2-centric inter-cell mobility, including: 
0. Applicability in various non-CA and CA setups such as intra-band and inter-band CA
0. Use cases in comparison to Rel.15 L3-based handover (HO) taking into account potential extension of DAPS-based Rel.16 mobility enhancement to FR2-FR2 HO
0. The extent of RAN2 impact (MAC CE, RRC, user plane protocols)
0. Network architecture, e.g. NSA vs. SA, inter-RAT scenarios
1. In RAN1#103-e, depending on the outcome of 2a), further identify additional components –along with the associated alternatives –required for supporting inter-cell mobility based on the same unified TCI framework as that for intra-cell mobility (including dynamic TCI state update signaling), including
1. Method(s) for incorporating non-serving cell information associated with TCI
1. Method(s) for DL measurements and UE reporting (e.g. L1-RSRP) associated with non-serving cell(s)
1. [bookmark: _Hlk49275654]UE behavior for reception of signals and non-UE-specific control and data channels associated with non-serving cell(s) 
1. UL-related enhancements, e.g. related to RA procedure including TA
1. Beam-level event-driven mechanism for L1/L2-centric inter-cell mobility
1. [Issue 3] For Rel.17 NR FeMIMO, on dynamic TCI state update signaling medium: 
2. In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives:
0. Alt1. DCI
0. Alt2. MAC CE
0. Note: Combination between DCI and MAC CE for, e.g. different use cases or control information partitioning can also be considered 
0. Note: The study should consider factors such as feasibility for pertinent use cases, performance (based on at least the agreed EVM), overhead (including PDCCH capacity), latency, flexibility, reliability including the support of retransmission 
0. Note: This may be related to outcome of issue 1a), 1b), and 6a)
2. In RAN1#103-e, depending on the outcome of 3a), identify candidates for more detailed design issues for the dynamic TCI state update such as 
1. Exact content 
1. Signaling format 
1. Reliability aspects including the support of retransmission
1. Extensions, including the support of UE-group (in contrast to UE-dedicated) signaling
1. [Issue 4] For Rel.17 NR FeMIMO, on MP-UE assumption to facilitate fast UL panel selection:
3. The following assumptions are used: 
0. In terms of RF functionality, a UE panel comprises a collection of TXRUs that is able to generate one analog beam (one beam may correspond to two antenna ports if dual-polarized array is used)
0. UE panels can constitute the same as well as different number of antenna ports, number of beams, and EIRP 
0. No beam correspondence across different UE panels
0. FFS: For each UE panel, it can comprise an independent unit of PC, FFT timing window, and/or TA.
0. FFS: Same or different sets of UE panels can be used for DL reception and UL transmission, respectively
3. In RAN1#103-e, identify candidate use cases including MPE, and consider remaining aspects if use cases are identified
3. In RAN1#103-e, identify candidate signaling schemes for the following:
2. NW to MP-UE (taking into account potential extension of the unified TCI framework in issue 1)
2. MP-UE to NW
1. [Issue 5] For Rel.17 NR FeMIMO, on MPE mitigation (that is, minimizing the UL coverage loss due to the UE having to meet the MPE regulation), in RAN1#103-e: 
4. If needed, identify candidate solutions to be down-selected in future meeting(s). The following sub-categories can be used:
0. CAT0. The need for specification support for MPE event detection and, if needed, candidate solutions
0. CAT1. The need for UE reporting associated with an MPE and/or a potential/anticipated MPE event if the UE selects a certain UL spatial resource, e.g., corresponding to DL or UL RS
0. CAT2. The need for NW signaling in response to the reported MPE event (taking into account issue 1) and UE behavior after receiving the NW signaling
0. Note: RAN4 has agreed to specify P-MPR reporting (cf. CRs for TS 38.101/102/133) which can be used as a baseline scheme for further enhancement
0. Note: This may be related to outcome of issue 4b)
4. Companies are encouraged to submit evaluation results based on the agreed EVM to justify the benefits of the candidate solutions
1. [Issue 6] For Rel.17 NR FeMIMO, 
5. add another category on performing study and, if needed, specifying feature(s) for beam acquisition (including beam tracking and refinement) latency reduction, especially for scenarios with high-speed UEs and large number of configured TCI states 
5. Partial BFR will be handled in ITEM 2c (BM enhancement for mTRP) 
Note: The target “RAN1#103-e” is understood as best-effort, i.e. to finalize as many components as possible based on the status of companies’ contributions.




In this contribution, we discuss potential issues and associated standards impacts to enhance multi-beam operation. 

2. UNIFIED TCI FRAMEWORK FOR DL AND UL
In RAN1#102-e [1], RAN1 agreed to support joint TCI state to jointly indicate source RSs for DL and UL spatial filters. However, for separate beam indication, UL TCI state is provided as well as joint TCI state as candidate schemes for down selection. In this section, we provide discussions on the issues related to the unified TCI framework. 

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 by 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 although that the gNB can be 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 
· Beam 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 more recent RS transmission than CSI-RS, it may provide better information and corresponding performance benefits. 

Observation 1: Introduction of SRS in DL TCI state and DL RS in UL TCI state provide performance benefits based on beam correspondence, less signaling overhead and more accurate beam information.

Proposal 1: DL TCI state based on SRS for beam measurement should be supported.

Parameters to be included in the joint TCI state

Rel-15 UL beam indication mechanism allows beam specific UL transmit power control mechanism based on associations between an SRS resource and a set of UL power control parameters. The beam specific UL transmit power control allows beam-specific power allocation by measuring dedicated pathloss RS and applying dedicated parameters. The benefits of beam-specific power control should be maintained in joint TCI and at least following UL power control parameters should be considered:
· Pathloss RS
· P0 and alpha set
· Closed-loop index.

Observation 2: Rel-15 UL power control mechanism allows beam-specific power controls by having a set of power control parameters associated with an SRI.

Proposal 2: At least pathloss RS, P0/alpha set and closed-loop index should be considered for joint TCI. 

Number of TCIs for joint beam indication

In RAN1#102-e [1], working assumptions on number of TCI states for PDSCH beam indication (i.e., M) and PUSCH beam indication (i.e., N) have been agreed. The discussion point was whether to use one TCI (M=1 and N=1) or multiple TCIs (M>=1 and N>=1) for beam indication purposes. While multi-TCI based indication can be a simple extension of the existing behavior, utilization of one TCI requires more considerations on the specification supports such as complex mapping rules between source RSs and multiple panels/TRPs and possible limitations on the application of other QCL-types than QCL-type D. 

Observation 3: While multiple TCI based indication can be a simple extension of the existing behavior, utilization of one TCI requires more considerations on the specification supports.

Proposal 3: For PDSCH and PUSCH beam indication, multi-TCI based (M>=1 and N>=1) scheme is preferred.

TCI state for separate beam indication for UL and DL

In RAN1#102-e [1], joint TCI and UL TCI were discussed as candidates to support separate beam indication for UL and DL. One possible way to utilize joint TCI for separate beam indication would be allowing configurations of source RSs for DL and UL as optional. In that way, for example, gNB can configure only UL source RSs when the gNB wants to utilize a joint TCI as an UL TCI. On the other hand, having separate configuration signaling may provide straight forward specification support, but requires more RRC signaling impacts with more signaling overheads. In that sense, this issue can be a RAN2 scope rather than RAN1. 

Observation 4: For separate beam indication for UL and DL, joint TCI and UL TCI do not show significant functional difference, but different degree of signaling overheads.

Proposal 4: Send an LS to RAN2 to select one mechanism between joint TCI and UL TCI. 
3. L1/L2-CENTRIC INTER-CELL MOBILITY
The objective of L1/L2-centric inter-cell mobility is to provide efficient beam management between adjacent cells [2]. Based on the existing framework of Rel-15/16 beam management, following scenarios should be considered for inter-cell mobility:

Beam measurement 
Beam measurement of reference signals from other cells is a basis to determine optimized beam for inter-cell operation. While other reference signals (e.g., CSI-RS or SRS) can be utilized based on gNB implementation for inter-cell operation (e.g., via scrambling identity), existing beam measurement framework does not allow to measure SSB transmitted by other cells than serving cell. Given that SSB based beam measurement provides efficient beam measurements without additional signaling overheads, it should be enhanced as a part of inter-cell beam measurement.

Observation 5: While SSB provides efficient beam measurement without additional signaling overheads, existing beam measurement framework does not allow SSB based beam measurement.

Proposal 5: SSB based beam measurement for inter-cell operation should be considered.

Beam indication 
While existing TCI state allows beam indication based on a reference signal from a serving cell, a reference signal from other cells than serving cells is not allowed to be utilized. In order to achieve efficient operation for beam indication of inter-cell operation, enhancement on existing TCI state should be enhanced. In addition, enhanced beam indication method for inter-cell operation can be considered. One possible way to support enhanced beam indication would be an indication of beam group instead of indicating only one beam for the operation. Based on the indicated beam group, UE-centric determination can be considered based on the indicated beam group. 

Observation 6: Existing TCI state does not allow beam indication based on a reference signal from other cells than serving cells.

Proposal 6: An indication of a reference signal from other cells than serving cells should be considered in TCI state for inter-cell operation.

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 mobility. For the enhancement, monitoring, candidate beam selection and reporting for other cells can be considered. 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 7: Beam failure recovery is an essential procedure which provides reliability and enables standalone operation of FR2.

Observation 8: As number of cells to be monitored, selected and reported increases, UE implementation complexity and power consumption also increase.

Proposal 7: Efficient beam failure recovery operation for inter-cell operation should be supported.

Scope and use cases
For L1/L2-centric inter-cell mobility, following aspects should be considered for the scopes and the use cases:
· Simple scopes and use cases
· Given the schedule and the issues on the table, starting with simple scenarios and use cases would be preferred. For example, non-CA and intra-band CA can be considered as a starting point. 
· The extent of RAN2 impact
· In NR Rel-16, an enhanced mechanism for UE mobility has been introduced as DAPS based mobility. While the DAPS based mobility allows dynamic handover with short latency, UE implementation should be prepared to simultaneously receive and transmit data in both the source cell and the target cell. Considering the DAPS based mobility, it is preferred to focus on beam management issues with the minimized standardization efforts of RAN2. 

Proposal 8: For the scopes and the use cases for inter-cell mobility non-CA and intra-band CA can be considered as a starting point.

Proposal 9: For inter-cell mobility, it is preferred to focus on beam management issues with the minimized standardization efforts of RAN2.

4. Dynamic TCI state update signaling medium
In RAN1#102-e, DCI and MAC CE based indications are discussed for the TCI state update. From Rel-15, when a mechanism requires a reliable operation as well as short latency, MAC CE based indications are generally introduced in the belief that MAC CE provides better reliability with HARQ feedback. However, the belief has been broken through the DCI based BWP switching mechanism. The BWP switching mechanism has proved that DCI based indication can provide enough reliability as MAC CE based indication when the signaling mechanism is combined with HARQ feedback. If enough reliability is provided for both mechanisms, it is clear that the DCI based TCI state indication provides more efficient operation with lower latency than the MAC CE based TCI state indication.

Observation 9: DCI based indication provides more efficient operation with lower latency and enough reliability when the signaling mechanism is combined with HARQ feedback. 

Proposal 10: For dynamic TCI state update signaling medium, DCI based indication should be supported.

For DCI based signaling mechanism, TCI state update signaling based on group-DCI has been proposed as well as UE specific DCI. While the group DCI based indication may reduce possible signaling overheads and latencies to transmit dedicate signals for multiple UEs, benefits from the group DCI are unclear considering narrow beam width of FR2.

5. MP-UE ASSUMPTION TO FACILITATE FAST UL PANEL SELECTION

UL Panel Indication
In Rel-16 beam management discussions on UL panel indication, UL-TCI framework and panel-ID indication were agreed as follows in RAN1#97 [3]. Based on the agreement, the two candidates were discussed for down selection in RAN1#98, however, RAN1 couldn’t reach the consensus due to lack of consensus [4]. Agreement
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.
gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.

 (For example) Alt.2 UL-TCI states
Valid UL-TCI state Configuration
Source (reference) RS
(target) UL RS 
[qcl-Type ]
1
SRS resource (for BM) + [panel ID]
DM-RS for PUCCH
or SRS or PRACH
Spatial-relation
2
DL RS(a CSI-RS resource or a SSB) + [panel ID]
DM-RS for PUCCH
or SRS or PRACH
Spatial-relation
3
DL RS(a CSI-RS resource or a SSB) + [panel ID]
DM-RS for PUSCH
Spatial-relation
+ [port(s)-indication]
4
DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]
DM-RS for PUSCH
Spatial-relation
+ [port(s)-indication]
5
SRS resource + [panel ID]
DM-RS for PUSCH
Spatial-relation
+ [port(s)-indication]
6
UL RS(a SRS for BM) 
and SRS resource + [panel ID]
DM-RS for PUSCH
Spatial-relation
+ [port(s)-indication]


Although the two candidates were contradicting each other, however, a compromise proposal to support panel ID in an UL TCI state has been proposed by the feature lead [5]. Considering Rel-17 WID [2] includes the unified TCI framework, introducing panel ID in a joint TCI state can be a reasonable proposal to support UL panel indication from a gNB. 

Observation 11: As the scope of Rel-17 WID includes unified TCI framework, introducing panel ID in an UL TCI state can be a reasonable proposal.

Proposal 12: Discussion on specification support of panel ID indication can be start from a panel ID indication in an UL TCI state.

CSI reporting for MP-UE assumption
As well as a panel ID indication for PUSCH transmission, CSI reporting for MP-UE assumption should be considered to provide channel quality information on UE’s preferred panel. For example, an enhancement of CSI-RS can be considered by inclusion of panel ID.

Proposal 13: CSI reporting enhancement should be considered to provide channel quality information on UE’s preferred panel.

6. MPE MITIGATION
In this section, we provide our views on MPE mitigation issues based on the agreed categories in RAN1#102-e [1]. 

The need for specification support for MPE event detection and candidate solutions (CAT0)

As gNB is not able to identify MPE events by itself, application of P-MPR on a selected panel based on UE decision may reduce uplink performance. For example, when the gNB indicates a beam with P-MPR application, the beam may not be a best selection for the UE and the result would be degraded performance. As the application of P-MPR totally depends on the UE implementation, more efficient beam indication mechanisms may be considered considering MPE issues. For example, as well as inter-cell operation, an indication of beam group can be introduced instead of indicating only one beam for the operation. Based on the indicated beam group, UE-centric determination on UE’s P-MPR application can be considered to reduce indication latency. 

Observation 12: Existing beam indication method may degrade uplink performance when the gNB indicates a beam with P-MPR application. 

Proposal 14: Beam indication mechanisms considering MPE issues should be introduced.

The need for UE reporting associated with an MPE and/or a potential/anticipated MPE event (CAT1)

In NR Rel-16 discussions, RAN1 has made following agreements to handle the MPE issues [3], however, there’s no agreed specification supports due to lack of consensus [4]:
Agreement
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specification support.
If no consensus in RAN1#98, no further discussion in RAN1.

Although RAN1 couldn’t reach the consensus, RAN2 and RAN4 could reach the consensus and introduced FR2 P-MPR report values based on the Table 1 [6] and MPE parameters in PHR reporting based on MAC CE [7]. 

Table 1. FR2 P-MPR report in TS 38.133

	Reported value
	Measured quantity value
	Unit

	P-MPR_00
	3  PMP-R < 6
	dB

	P-MPR_01
	6  PMP-R < 9
	dB

	-MPR_02
	9  PMP-R < 12
	dB

	P-MPR_03
	PMP-R  12
	dB



However, the existing P-PMR reporting has a limitation that the reporting is not able to indicate a panel or a beam which requires the application of P-MPR while the application could be beam or panel specific. Thus, enhanced P-MPR reporting with associated panels or beams should be considered. For the discussion, a starting point can be the agreed alternatives in RAN1#97 [3]. 

Observation 13: P-MPR reporting in PHR reporting has been introduced, however, the reporting has a limitation that the reporting is not able to indicate a panel or a beam which requires the application of P-MPR. 

Proposal 15: Consider enhanced P-MPR reporting with associated panels or beams based on the agreed alternatives in RAN1#97. 

The need for NW signaling in response to the reported MPE event and UE behavior after receiving the NW signaling (CAT2)

When UE-centric determination methods are considered, major concern on the support is a mismatch of bean 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 14: Possible mismatch of beam information between UE and gNB may severely degrade uplink performance. 

Proposal 16: Consider gNB confirmation mechanism to align beam information between UE and gNB. 

7. CONCLUSIONS
This contribution discussed potential enhancement for Sub-topic. Based on the presented discussion, we make the following observations and proposals,

Observation 1: Introduction of SRS in DL TCI state and DL RS in UL TCI state provide performance benefits based on beam correspondence, less signaling overhead and more accurate beam information.

Observation 2: Rel-15 UL power control mechanism allows beam-specific power controls by having a set of power control parameters associated with an SRI.

Observation 3: While multiple TCI based indication can be a simple extension of the existing behavior, utilization of one TCI requires more considerations on the specification supports.

Observation 4: For separate beam indication for UL and DL, joint TCI and UL TCI do not show significant functional difference, but different degree of signaling overheads.

Observation 5: While SSB provides efficient beam measurement without additional signaling overheads, existing beam measurement framework does not allow SSB based beam measurement.

Observation 6: Existing TCI state does not allow beam indication based on a reference signal from other cells than serving cells.

Observation 7: Beam failure recovery is an essential procedure which provides reliability and enables standalone operation of FR2.

Observation 8: As number of cells to be monitored, selected and reported increases, UE implementation complexity and power consumption also increase.

Observation 9: DCI based indication provides more efficient operation with lower latency and enough reliability when the signaling mechanism is combined with HARQ feedback. 

Observation 10: Benefits from the group DCI based indication are unclear considering narrow beam width of FR2.

Observation 11: As the scope of Rel-17 WID includes unified TCI framework, introducing panel ID in an UL TCI state can be a reasonable proposal.

Observation 12: Existing beam indication method may degrade uplink performance when the gNB indicates a beam with P-MPR application. 

Observation 13: P-MPR reporting in PHR reporting has been introduced, however, the reporting has a limitation that the reporting is not able to indicate a panel or a beam which requires the application of P-MPR. 

Observation 14: Possible mismatch of beam information between UE and gNB may severely degrade uplink performance. 


Proposal 1: DL TCI state based on SRS for beam measurement should be supported.

Proposal 2: At least pathloss RS, P0/alpha set and closed-loop index should be considered for joint TCI.

Proposal 3: For PDSCH and PUSCH beam indication, multi-TCI based (M>=1 and N>=1) scheme is preferred.

Proposal 4: Send an LS to RAN2 to select one mechanism between joint TCI and UL TCI. 

Proposal 5: SSB based beam measurement for inter-cell operation should be considered.

Proposal 6: An indication of a reference signal from other cells than serving cells should be considered in TCI state for inter-cell operation.

Proposal 7: Efficient beam failure recovery operation for inter-cell operation should be supported.

Proposal 8: For the scopes and the use cases for inter-cell mobility non-CA and intra-band CA can be considered as a starting point.


Proposal 9: For inter-cell mobility, it is preferred to focus on beam management issues with the minimized standardization efforts of RAN2.

Proposal 10: For dynamic TCI state update signaling medium, DCI based indication should be supported.

Proposal 11: Benefits of group DCI based TCI state update should be carefully studied.

Proposal 12: Discussion on specification support of panel ID indication can be start from a panel ID indication in an UL TCI state.

Proposal 13: CSI reporting enhancement should be considered to provide channel quality information on UE’s preferred panel.

Proposal 14: Beam indication mechanisms considering MPE issues should be introduced.

Proposal 15: Consider enhanced P-MPR reporting with associated panels or beams based on the agreed alternatives in RAN1#97. 

Proposal 16: Consider gNB confirmation mechanism to align beam information between UE and gNB.
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