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1	Introduction
RAN#86 approved work item for further enhancements on MIMO for NR [1]. The objectives for multi-beam enhancements are stated as follows:
	The work item aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
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 to support higher intra- and L1/L2-centric inter-cell mobility 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)
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 this contribution we discuss about the following six different categories or issues identified in the previous meetings:
1. [bookmark: _Hlk52870223]Unified TCI framework
1. L1/L2-centric inter-cell mobility
1. Dynamic TCI state update signaling medium
1. MP-UE assumption to facilitate fast UL panel selection
1. MPE mitigation
1. Other enhancements 

2	Discussion
2.1	On the unified TCI framework
Agreements related to the unified TCI framework in RAN1#103-e are as follows [2]:
	Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· 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 
· 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
· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.

Agreement
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs
· FFS: The above also applies to inter-band CA 
· FFS: TCI state pool for CA 
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Opt-2: configuring RRC TCI state pool per individual CC
· FFS: Whether the Rel-17 common beam update across multiple CCs applies to beam indication for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels


Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling
· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication,etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 




2.1.1	Content of separate UL TCI
TCI state comprises one or two RSs acting as QCL source(s) of certain type (A, B, C and/or D). In case two QCL sources are configured where the other is QCL-Type D RS the both RSs are applicable for downlink beam indication while for the uplink the QCL-Type D RS would be enough. For simplicity one could consider that the same TCI state content can be used for DL and UL TCI states. That is because QCL-TypeD RS (SSB or CSI-RS) in a TCI state can act as a QCL/spatial source for DL and UL. UE could ignore the other QCL-Type RS in the TCI state and apply only QCL-TypeD RS in case of TCI state is used for UL. Thus, regarding 
· FFS: Contents of separate UL TCI state
we propose:
[bookmark: _Ref61880552]Proposal 1: Use the same configuration of QCL source RSs for DL and UL TCI states. 

2.1.2	Common/same or separate TCI state pool for DL and UL
Currently in Rel15 and Rel16 the TCI pool in RRC is configured in PDSCH-Config IE. The common/same TCI state pool for DL and UL would mean that there would be linkage between downlink and uplink configurations. Having own TCI pool in PUSCH-Config would not require such linkage. Consequence would also be that in beam indication gNB should provide separately TCI state for downlink from the downlink TCI pool and TCI state for uplink from the uplink TCI pool. Then on the other hand, joint DL/UL TCI indication would need only a single pool. In that case the DL pool could be the default pool and UL becomes a secondary pool, if configured. 
Considering 
· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state

we propose:
[bookmark: _Ref61880578]Proposal 2: Support separate TCI state pool for DL and UL. 
2.1.3	Scope of the common TCI state
It seems that M and N are still somewhat unclear. RAN1#102-e made the following agreement regarding M and N: 
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

we assume that M means amount of “active” common TCI states at a time. In early period of Rel-16, multi-beam enhancement has been focused on single TRP scenario, then extended to cover multi-TRP scenarios for related issues such as default beam determination or simultaneous update of spatial relation info, for example. In Rel-16, such step-wise approach was not that much efficient, so we consider that it would be beneficial to take multi-TRP deployment scenario into account from the beginnings including the discussion on defining the common beam/TCI state framework. With those reasons, we suggest, it should be supported that M>=1. Regarding the upper limit for M, M=2 could be a starting point. That is to support Rel16 multi-TRP scenario with the common TCI states with least number of active common TCI states. One active common TCI state will be defined for subset of CORESETs in a CC in multi-TRP configuration.

[bookmark: _Ref54260215]Observation 1: M is interpreted as an amount of “active” common TCI states for downlink at a time. 
[bookmark: _Ref54260235][bookmark: _Ref61880643]Proposal 3: Support M>=1 common TCI state(s) for downlink signals and channels. Starting point for the upper limit for M is 2. FFS: whether M>1 is supported per TRP.

Similarly, as for downlink, we consider that it would be beneficial to support multi-TRP deployment and scenario with the common uplink beam/TCI state. Thus, we see that it should be supported that N>=1 (common uplink TCI state per TRP). 
[bookmark: _Ref54260359]Proposal 4: Support N>=1 common TCI state(s) for uplink signals and channels. Starting point for upper limit for N is 2. 

In RAN1#103-e it was left for further study whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels. For instance, in multi-TRP scenario UE may be configured one CORESET associated to other TRP. Furthermore, PDSCH may be scheduled from that TRP without using explicit TCI state indication in DCI, thus following the PDCCH beam, i.e. TCI state of the CORESET. Consequently, it can be noted that common TCI state could be (and would be beneficial to be able) configured in the resolution of a single channel. In addition, it could make sense to be able to apply the TCI state provided in DCI for the PDSCH also as a spatial source for the triggered PUCCH transmission carrying HARQ-ACK/NACK for the PDSCH. Also, in this case the TCI could be applied to a single PUCCH resource at a time. In other words, it should be possible that for the triggered PUCCH resource HARQ-ACK/NACK TCI state of scheduling CORESET or scheduled PDSCH could be applied. 
[bookmark: _Ref61880661]Proposal 5: Support common TCI configuration for a single channel/signal (e.g. for a single PUCCH resource to carry HARQ-ACK/NACK for scheduled PDSCH), a subset of channels and all channels.
2.1.4	On the joint use of TCI state for DL and UL
Even though it is important to support separate TCI state for DL and UL, there are also some use cases where the joint TCI state could be used for DL and UL. One use case could be PDSCH scheduling that also triggers PUCCH for HARQ-ACK/NACK signalling where the PUCCH transmission could be based on TCI state used for the scheduling PDCCH or TCI state applied for the PDSCH. In the latter the use of more narrow receive beam could be used to receive PUCCH HARQ-ACK/NACK (as well as used for the transmission of PDSCH). Thus, it would make sense to transmit PUCCH for HARQ-ACK based on the TCI state of the scheduling PDCCH or scheduled PDSCH.
[bookmark: _Ref61880678]Proposal 6: In PDSCH scheduling, support PUCCH for HARQ-ACK to follow (joint) TCI state of the scheduling PDCCH or TCI state indicated for the PDSCH reception, if available. 

2.1.5	UL PC parameters and TCI state
In RAN1#103-e it was discussed whether TCI state could include UL specific parameters as follows:

· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication,etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 

Ideally, the QCL-Type D RS would also serve as PL RS. However, the QCL-TypeD RS may be semi-persistent or aperiodic CSI-RS and thus in those cases not feasible to be a PL RS. Thus, it should be possible separately associate PL RS to TCI state.

[bookmark: _Ref61880688]Proposal 7: Support associating PL RS to UL TCI state.
Regarding UL PC parameters (P0/alpha, CL index) it’s noted that in Rel15 and Rel16 beam specific UL power control parameter set selection can be performed dynamically using SRI for PUSCH. Similar principle could be applied in Rel17 by using UL TCI state to select the certain UL PC parameter set. PC parameters are typically channel/RS specific. Thus, it could be most feasible to associate UL PC parameters per UL channel/RS per UL TCI state. 
[bookmark: _Ref61880744]Observation 2: Already Rel-15 and Rel-16 support beam specific UL power control parameter set selection dynamically using SRI for PUSCH. 
[bookmark: _Ref61880760]Proposal 8: UL PC parameter settings (P0/alpha, CL index) are associated per UL channel/RS per TCI state.

2.1.6	CA related open items
One open point after RAN1#103-e was whether supporting common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs is applicable also in inter-band CA case, in addition to intra-band CA. It’s to be noted that in FR2 the frequency bands are overlapping (e.g. n257 and n258). Thus, it would be logical that the agreement applies also to inter-band CA case. 
[bookmark: _Ref61880876]Proposal 9: Supporting common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs is applicable in inter-band CA case.
Regarding 
· FFS: TCI state pool for CA 
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Opt-2: configuring RRC TCI state pool per individual CC

we consider that Opt-2 should be selected. Rationale is that Opt-2 is simple and also it does not have QCL-TypeA RS related issue to be solved as in Opt-1. 
[bookmark: _Ref61880887]Proposal 10: Support configuring RRC TCI state pool per individual CC. 

2.1.7	SRS as a source RS to represent DL RX spatial filter
In RAN1#102-e the following was left for RAN1#103-e to decide:
d) 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

To enhance beam based operation in Rel-17, the utilization of SRS resource as spatial source for the resource of DL RS can be seen integral part of common TCI framework in Rel-17. Important use case would be DL CSI acquisition based on uplink sounding where UL SRS resource enables UE to determine its spatial RX filter(s) such that “beam correspondence” holds at UE for UL spatial TX filters associated with UL SRS resource included in TCI state over DCI in DL grant.
[bookmark: _Ref54262921][bookmark: _Ref61880900]Proposal 11: Support SRS as a QCL information/spatial source RS in the TCI state. 

2.2		L1/L2-centric inter-cell mobility
Agreements related to the L1/L2-centric inter-cell mobility in RAN1#103-e are as follows [2]:
	Agreement
On Rel-17 enhancements to enable L1/L2-centric inter-cell mobility: 
· The following use cases are assumed: 
· Network architecture: 
· NSA, i.e. LTE PCell and NR-PSCell 
· SA
· Intra-band CA 
· FFS: If inter-band CA is also included
· Intra- RAT (excluding inter-RAT) 
· Intra-frequency scenario: 
· The SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell
· An SSB of a non-serving cell is associated with a PCI different from the PCI of the serving cell
· FFS: Support for inter-frequency scenario
· FFS: Whether to support intra-DU only operation, or whether inter-DU is also allowed
· The following enhancement scope is assumed: 
· Facilitating measurement and reporting of non-serving RSs via incorporating non-serving cell info with some TCI(s), along with the necessary measurement and reporting scheme(s) 
· FFS: Detailed/exact method(s)
· FFS: Whether this also implies the support of beam indication (TCI state update along with the necessary TCI state activation) for TCI(s) associated with non-serving cell RS(s)
· FFS: Metric for the measurement and reporting, e.g. L1-RSRP or L3-RSRP or time- or spatial-domain-filtered L1-RSRP
· FFS: Beam-level event-driven mechanism, using serving cell RS and/or non-serving cell RS
· Facilitate serving cell to provide configurations for non-serving cell SSBs via RRC 
· FFS: details for the configurations, e.g. time/frequency location, transmission power, etc.
· FFS: other information needed for inter-cell mobility
· Note: In RAN1's understanding, non-serving cell SSB and non-serving cell RS can be part of the serving cell configuration
· FFS: The following enhancement scope is assumed by RAN1: 
· Whether RRC reconfiguration signaling is needed or not when a TCI associated with non-serving cell RS is indicated 
· A non-serving cell RS is an RS that is or has an SSB of a non-serving cell as direct or indirect QCL source 
· This implies no C-RNTI update when UE receives DL channel RS associated to non-serving cell RS as QCL source. 
· FFS whether TCI associated with non-serving cell can be indicated to or are applicable for all channels.
· Whether some RRC parameters need to be updated without additional RRC signaling, e.g. some RRC parameters are pre-configured, which are associated with TCI states with neighbor cell RS as QCL source
· Whether UE needs/can change serving cell during L1/L2-centric inter-cell mobility.
· The above assumption to be verified by RAN2

Conclusion
There is no consensus in RAN1 to include the following as part of RAN1 agreement for AI 8.1.1 in RAN1 #103e:
· FFS beam indication for the TCI state assumption/update for the following cases: 
· The beam indication UE-specific DCI (i.e. the CORESETs with the DCI received by UE), the scheduled PDSCH by the DCI and the associated PUCCH for the acknowledgment of the beam indication DCI
· Non-UE-specific CORESETs and PUSCH/PDSCH scheduled/activated and PUCCH transmission triggered by non-UE-specific CORESETs  




2.2.1 On the scope of L1/L2 Centric Mobility
· FFS: The following enhancement scope is assumed by RAN1: 
· Whether RRC reconfiguration signaling is needed or not when a TCI associated with non-serving cell RS is indicated 
· A non-serving cell RS is an RS that is or has an SSB of a non-serving cell as direct or indirect QCL source 
· This implies no C-RNTI update when UE receives DL channel RS associated to non-serving cell RS as QCL source. 
· FFS whether TCI associated with non-serving cell can be indicated to or are applicable for all channels.
· Whether some RRC parameters need to be updated without additional RRC signaling, e.g. some RRC parameters are pre-configured, which are associated with TCI states with neighbor cell RS as QCL source
· Whether UE needs/can change serving cell during L1/L2-centric inter-cell mobility.
· The above assumption to be verified by RAN2


Rel17 feMIMO has two objectives that consider inter-cell operation using the beam management framework: inter-cell L1/L2 centric mobility and inter-cell mTRP. Currently it is not clear how these features would differ e.g. in terms of PDCCH beam indication and are they aiming for same type of operation using different configuration mechanisms. 
Typically inter-cell mobility refers to procedure where UE changes/is handed over to a neighbour cell (that is a non-serving cell) i.e. UE PCell changes. In inter-cell multi-DCI mTRP the assumption is that UE can be configured to monitor PDCCH transmitted from TRPs of different cells within the beam entity. In release 16 the mTRP operation assumed only intra-cell deployment. Although the L1/L2 centric mobility may, and should, share the solutions with inter-cell mTRP for e.g. how to receive/measure/report signals from that are associated with different cells/non-serving cells there should be still a clear distinction on the assumed scenarios for these respective objectives. To progress in the L1/L2 centric mobility objective we discuss following options: 
[bookmark: _Ref54263051]
2.2.1.1 Option 1: L1/L2 Mobility:
In L1/L2 centric mobility the main focus would be to consider scenario where UE is connected to or monitoring PDCCH from one cell (could be referred as single TRP operation) at the time within the one beam management entity i.e. UE serving cell changes. The one potential benefit of the L1/L2 centric mobility could is to enable handover to another cell (fast switching) using L1/L2 based procedures such as beam measurements and reporting and potentially using lower layer triggered cell change mechanism e.g. MAC CE based. It would be seen as a feature for potentially limited set of (prepared) cells where UE could be triggered/commanded to switch between cells in dynamic manner. As this option would have similar characteristics as L3 mobility it would imply also RAN2 involvement since the UE serving cell is changed when it is configured to monitor PDCCH from another cell (another PCI), and such inter-cell mobility related topic is typically handled by RAN2. 
In this option, the RLM and BFD aspects would be clear since UE serving cell is either the PCI1 or PCI2. 
[bookmark: _Ref61880922]Observation 3: If RAN1 defines L1/L2 centric mobility procedure using BM framework, where UE’s serving cell changes (i.e. as in HO) it would require RAN2 involvement.

[image: ]

2.2.1.2 Option 2 Dynamic Point Selection 
In option 2, what is referred here as dynamic point selection, UE can be configured with TCI State lists for PDSCH and PDCCH that contain non-serving cell signals and NW can indicate PDSCH/PDCCH beam of a non-serving cell.
In this option, if network activates to UE with TCI States indicating RS associated with different PCIs (serving and non-serving) for respective CORESETs it would resemble the inter-cell mTRP operation which is specified in feMIMO object 2b the but with the difference that mTRP framework is not used. Thus in this option Rel17 would have two potentially different solutions for achieving similar operation. In inter-cell mRP
When considering RLM and BFD aspects, the existing procedures would need to be revisited and checked whether this kind of operation can be supported. In beam failure detection, in implicit BFD-RS configuration, UE would include the RS indicated by the active TCI state to the set of q0 and the set of q0 would include RS associated with PCI1 and PCI2). and the beam failure detection is assumed to be based on indicated PDCCH beams. For beam failure recovery, the current procedures would need to be revisited as well, which would require coordination with RAN2.
Also, potential RAN2 impact depends whether UE is assumed the to change the serving cell (e.g. change PCI1 to PCI2) or whether the UE assumes the PCI1 as serving cell when a PDCCH beam from PCI2 is indicated. 
Also, in this option should be further clarified and defined whether uplink transmission is supported to non-serving cell. In case uplink transmission is supported to serving and non-serving cells, UE may need to obtain TA also for PCI2 and maintain multiple TA (PCI1 and PCI2). 
[bookmark: _Ref61880940]Observation 4: If non-serving cell beam indication for PDCCH is supported the operation is similar to the inter-cell mTRP which specified in objective 2b, but without using mTRP framework. 
[bookmark: _Ref61880970]Observation 5: If non-serving cell beam indication for PDCCH is supported the assumed UE operation with respect to the inter-cell mobility may require RAN2 input.

[image: ]

2.2.1.3 Option 3 PDSCH Beam Indication with PDCCH Anchor
In the third option, the PCI1 would remain as mobility (or as PDCCH) anchor and UE serving cell and PDCCH monitoring would not be affected by the inter-cell beam indication. Any mobility or PDCCH monitoring change (to another serving cell/PCI) would be done as in legacy. This option would allow the PDSCH beam indication from a non-serving cell and it could be realized through TCI State enhancement, by allowing the configuration of non-serving cell RS in the TCI State list for PDSCH but not for PDCCH. The PDSCH beam indication could be carried out using rel15/16 signalling. In this option, the UE serving cell does not change This option may have limited RAN2 impact (if any) since it does not concern any mobility or PDCCH change. 
From RLM/BFD perspective, the monitoring/detection and recovery is done as currently in Rel15/16 since the UE monitors PDCCH on serving cell (PCI1) and UE is only configured to receive PDSCH from a non-serving cell (PCI2).

[image: ]


[bookmark: _Ref61880999][bookmark: _Ref54263071]Observation 6: If PDSCH beam indication for non-serving cell is supported, but not PDCCH the UE serving cell does not change, and RAN2 impact may be low.
[bookmark: _Ref61881062]Observation 7: Indicating PDSCH beam of a non-serving cell has no impact to RLM/BFD procedures performed on a serving cell. 
[bookmark: _Ref61881077]Proposal 12: RAN1 to the focus on option 3 (PDSCH beam indication with PDCCH anchor) in L1/L2 centric mobility.

2.2.3 On the Beam Measurements and Reporting of Non-serving Cells

· The following enhancement scope is assumed: 
· Facilitating measurement and reporting of non-serving RSs via incorporating non-serving cell info with some TCI(s), along with the necessary measurement and reporting scheme(s) 
· FFS: Detailed/exact method(s)
· FFS: Whether this also implies the support of beam indication (TCI state update along with the necessary TCI state activation) for TCI(s) associated with non-serving cell RS(s)
· FFS: Metric for the measurement and reporting, e.g. L1-RSRP or L3-RSRP or time- or spatial-domain-filtered L1-RSRP
· FFS: Beam-level event-driven mechanism, using serving cell RS and/or non-serving cell RS
2.2.3.1 SSB measurements
In our view, both L1/L2 centric mobility and inter-cell mTRP should share the same methods for QCL/TCI enhancement that allow measurement and reporting of non-serving cell signals.
To enable beam management measurements and reporting on the non-serving cell (NSC), the non-serving cell SSB should be able to be indicated in the CSI-SSB-ResourceSet. The CSI-SSB-ResourceSet list contains SSB-index which implicitly refers to the serving cell SSB-index space and thus to support SSB-based beam management measurements on non-serving cells it should be possible to indicate the associated cell for the SSB-index space in the information element. To indicate the associated cell for SSB or set of SSBs in CSI-SSB-ResourceSet the PCI can be used.  
[bookmark: _Ref61881144]Observation 8: SSB based measurements can be supported by BM framework by associating the SSBs in csi-SSB-ResourceSet with a cell specific identifier.
[bookmark: _Ref61881171]Proposal 13: For L1 SSB based beam measurements and reporting, enhance the CSI-SSB-ResourceSet IE to associate set of SSBs with a cell specific identifier (PCI). 

2.2.3.2 NZP-CSI-RS Measurements 
To support inter-cell NZP-CSI-RS measurements within a beam management framework requires the association of NZP-CSI-RS with the non-serving cell. The NZP-CSI-RS may require a TCI state as QCL source where the TCI state Id can provide the association with a non-serving cell for the NZP-CSI-RS. RRC 38.331:
	NZP-CSI-RS-Resource information element
-- ASN1START
-- TAG-NZP-CSI-RS-RESOURCE-START

NZP-CSI-RS-Resource ::=             SEQUENCE {
    nzp-CSI-RS-ResourceId               NZP-CSI-RS-ResourceId,
    resourceMapping                     CSI-RS-ResourceMapping,
    powerControlOffset                  INTEGER (-8..15),
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}  OPTIONAL,   -- Need R
    scramblingID                        ScramblingId,
    periodicityAndOffset                CSI-ResourcePeriodicityAndOffset OPTIONAL,   -- Cond PeriodicOrSemiPersistent
    qcl-InfoPeriodicCSI-RS              TCI-StateId                          OPTIONAL,   -- Cond Periodic
    ...
}
Figure 1. NZP-CSI-RS IE.

Determining the associated cell (PCI) for NZP-CSI-RS resource itself can be based on the QCL source RS indicated by the qcl-InfoPeriodicCSI-RS (TCI State ID) or the source RS (SSB) up in the QCL chain that provides information on associated non-serving cell (PCI). Thus the NZP-CSI-RS configuration itself does not need to be enhanced with non-serving cell information since the association to non-serving cell can be determine based on the QCL source (chain up to the SSB) which can be associated with the required information such as PCI. 
[bookmark: _Ref61881188]Observation 9: NZP-CSI-RS measurements can be supported by BM framework by configuring the SSB with an association to cell specific identifier as a QCL source in the TCI State.
[bookmark: _Ref61881199]Proposal 14: For non-serving cell CSI-RS measurements, configure the NZP-CSI-RS with a QCL source RS that is associated with a non-serving cell identifier.

Since the RS configuration would implicitly indicate the cell for which the measurements are reported, it is FFS whether there is a need to enhance the reporting configuration itself. In case the RSs of only single serving cell or non-serving cell are configured in the CSI-MeasConfig there is no ambiguity of RS association to a specific cell in the CSI reporting.   
[bookmark: _Ref61881210]Observation 10: since the RS configuration would implicitly associate RS to serving or to a non-serving cell it is FFS whether the reporting needs any enhancement.

2.2.3.3 TCI State Enhancement to support non-serving cell RS measurements
To enable configuration of non-serving cell RS within the current beam management framework, the TCI framework should be enhanced and extended. The SSB is used as main/initial QCL source in the beam management RS configuration but the index value space is currently defined to be unique within a serving cell. Thus, to be able to use the non-serving cell SSB as QCL source, an extension or additional indication would be needed that associates a specific SSB index to a specific cell (serving and non-serving). As an example, a new field could be added to the referenceSignal (Figure 2) parameter in the TCI State QCL Info that provides the SSB-index and PCI value. 

As an example the SSB-InfoNcell-r16 field was defined in the rel16 for positioning purposes and was selected as starting point for configurating non-serving cell RS in inter-cell mTRP. SSB-InfoNcell-r16 includes values for ssb-index (ssb-IndexNcell-r16) and non-serving cell identifier (physicalCellId). Reusing these parameters would enable the configuration of non-serving cell SSB as a TCI state for UE which can be used as QCL source for NZP-CSI-RS. In addition the SSB-Configuration-r16 field in SSB-InfoNcell-r16 allows full configuration of SSB information.                                             

Enhancing TCI State with a parameter that associates SSB index with an index space of a specific cell enables the configuration of NZP-CSI-RS as non-serving cell RS for measurements. Configuring the TCI State with a non-serving cell SSB as a QCL source (Figure 2) for NZP-CSI-RS can be used to associate the NZP-CSI-RS to a non-serving cell without defining additional fields for the NZP-CSI-RS-Resource or Resource set. In case the QCL source for NZP-CSI-RS is another NZP-CSI-RS the QCL chain up to the SSB can be used to determine the associated cell for the RS. In case NR is defined to support uplink channel configuration for non-serving cell , in addition to referenceSignal parameter in TCI State IE, same parameter is used in SRS-SpatialRelationInfo, PUSCH-PathlossReferenceRS-r16, PUSCH-PathlossReferenceRS, PUCCH-SpatialRelationInfo and PUCCH-PathlossReferenceRS-r16.
[bookmark: _Ref61881289]Observation 11: To associate NZP-CSI-RS with a non-serving cell, a QCL source (e.g. SSB) associated with non-serving cell identifier can be used.
[bookmark: _Ref61881307]Observation 12: The referenceSignal parameter is used for SRS-SpatialRelationInfo, PUSCH-PathlossReferenceRS-r16, PUSCH-PathlossReferenceRS, PUCCH-SpatialRelationInfo and PUCCH-PathlossReferenceRS-r16.

[bookmark: _Ref61881319]Observation 13: SSB is the main QCL source for beam management reference signals.
[bookmark: _Ref61881340]Observation 14: Associating SSB with a cell specific identifier enables configuration of non-serving cell RS within the beam management framework.

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                   OPTIONAL,   -- Need R
    ...
}
 
QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex           OPTIONAL,  -- Need R  
    bwp-Id                              BWP-Id                  OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
        ssb-non-serving-cell::=           SEQUENCE {
            physicalCellId                 PhysCellId,
            ssb                            SSB-Index 
}  
},
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}
[bookmark: _Ref61433760][bookmark: _Ref54089633]Figure 2. TCI State IE with an example enhancement with non-serving cell SSB information

[bookmark: _Ref61881361]Proposal 15: To configure SSB as non-serving cell RS in a TCI State ID, add at least the associated cell (PCI) for the SSBindex in the referenceSignal parameter. 
[bookmark: _Ref61881368]Proposal 16: Allow configuration of TCI State of non-serving cell RS to the serving cell TCI State list. 
[bookmark: _Ref61881373]Proposal 17: To configure NZP-CSI-RS resource as non-serving cell RS, configure the RS with a QCL source RS that is associated with a non-serving cell.

2.2.3.4 On the supported measurement quantities 
On the supported measurement quantities, as a starting point, the current L1 CSI measurement quantities should be supported also for L1/L2 centric mobility i.e. CQI, PMI, CSI-RS resource indicator (CRI), SS/PBCH Block Resource indicator (SSBRI), layer indicator (LI), rank indicator (RI), L1-RSRP or L1-SINR. We don’t currently see a need to define new measurement quantity just for the purpose of L1/L2 centric mobility.
[bookmark: _Ref61881388]Proposal 18: For non-serving cell beam management measurements and reporting, support the same CSI feedback as currently in rel16.

2.2.3.5 On the event-based reporting
Even when the L1/L2 centric mobility is configured, UE would still need to carry out L3 mobility related procedures e.g. cell search, inter-cell L3 measurement including intra-f and inter-f. These procedures would be always active (although inter-cell measurements may depend on the serving cell quality) which should not be the case for L1/L2 centric mobility. Which cells and at which point the beam reporting for L1/L2 centric mobility is configured or activated may need to be further considered. It could be a fair assumption that only specific set of cells are considered for L1/L2 centric mobility. As an example, network may configure UE with RRC level reporting events (e.g. A3/A4) of neighbour cells to determine potential candidate cells for L1/L2 beam reporting and mobility. Alternative way would be to use UE initiated triggering to indicate that some BM reporting configuration could be activated. In one option to leverage the inter-cell measurements of L1/L2 centric mobility would be to report neighbour cell measurements to serving cell in the event of beam failure recovery procedure.
[bookmark: _Ref54263369]Observation 12: L3 mobility procedures have to be always active (i.e. cell search, inter-cell measurements etc.), while it would not be beneficial for L1/L2 mobility.
[bookmark: _Ref54263383][bookmark: _Ref61881470]Proposal 19: Study events how to enable the L1/L2 beam reporting of neighbour cells/non-serving cells. 

2.3 On Dynamic TCI State Update Signaling Medium
Agreements related to the dynamic TCI state update signalling medium in RAN1#103-e are as follows [2]:
	Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured

Agreement
In RAN1#104-e, on the Rel-17 L1-based TCI state update (beam indication) for the unified TCI framework, interested companies are to provide the following:
· How to use DCI formats 1_1 and 1_2 for UL-only (in case of separate DL/UL) TCI state update (beam indication) 
· Note: The agreement implies that DCI formats 1_1 and 1_2 can be used for UL-only TCI state update beam indication). 
· FFS: Using DCI format 1_1 and 1_2 without DL assignment, and with a new acknowledgment mechanism directly in response to decoding DCI format 1_1 and 1_2, e.g., analogous to SPS PDSCH release
· Whether/how to support at least one additional DCI format dedicated for UL-only beam indication (in case of separate DL/UL), including:
· Whether the format can also be used for DL-only beam indication (in case of separate DL/UL) and joint DL/UL beam indication
· Whether it is a “brand new” format or based on some extension of the existing DCI formats other than 1_1 and 1_2 (e.g. 1_0, 0_0, 0_1, or 0_2)
· If UL-related DCI is used, whether it is accompanied with UL grant or not
· Acknowledgment mechanism

[bookmark: _Hlk58936367]Agreement
On Rel.17 DCI-based beam indication: 
· Regarding application time of the beam indication: if beam indication is received, down-select from the following:
· Alt1: the first slot that is at least X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication
· [bookmark: _Hlk58936321]Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication 
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y
· FFS: When to apply the minimum indication delay (e.g., when the newly indicated beam is different with the previously indicated beam)

Agreement
On Rel.17 DCI-based beam indication, the beam application time is to be down-selected or modified from the following:
· Alt1: The beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 
· FFS: whether existing UE capability can be reused as this UE capability.
· FFS: whether different beam application time values are supported for uplink and downlink
· FFS: whether UE capability needs to be introduced for the maximum value of beam application time
· Alt2: The beam application time is fixed and defined in specification
· Alt3: The beam application time can be configured by the gNB where the minimum value of beam application time is fixed and defined in specification
· Consider multi-panel UE, layer 1/2 inter-cell cases, carrier aggregation aspects



2.3.1	Beam Application Time
Three alternatives were agreed for further down-selection in RAN1#103-e for the beam application time in DCI-based beam indication as follows:
Agreement
On Rel.17 DCI-based beam indication, the beam application time is to be down-selected or modified from the following:
· Alt1: The beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 
· FFS: whether existing UE capability can be reused as this UE capability.
· FFS: whether different beam application time values are supported for uplink and downlink
· FFS: whether UE capability needs to be introduced for the maximum value of beam application time
· Alt2: The beam application time is fixed and defined in specification
· Alt3: The beam application time can be configured by the gNB where the minimum value of beam application time is fixed and defined in specification
· Consider multi-panel UE, layer 1/2 inter-cell cases, carrier aggregation aspects

DCI based beam switching can be seen similar to dynamic TCI indication for the PDSCH scheduling when the scheduling offset is equal to or greater than timeDurationForQCL. In that the UE provides one of the two values per SCS as a capability to the gNB. In addition, as there is also need for gNB to be able re-send the beam indication command if the gNB didn’t detect HARQ-ACK from the UE while allowing some scheduling flexibility the Alt1 should be taken as the principle. However, that could be applied for other signals and channels than for PDSCH. For PDSCH the existing principle can be used.
[bookmark: _Ref61881498]Proposal 20: Support Alt1: The beam application time can be configured by the gNB based on UE capability for other signals and channels than for PDSCH. For PDSCH, use the existing timeline. 
Further, on defining the X or Y for the application time the following two alternatives were defined in RAN1#103-e:
Agreement
On Rel.17 DCI-based beam indication: 
· Regarding application time of the beam indication: if beam indication is received, down-select from the following:
· Alt1: the first slot that is at least X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication
· Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication 
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y
· FFS: When to apply the minimum indication delay (e.g., when the newly indicated beam is different with the previously indicated beam)

It’s to be noted that there may be some restrictions or limited flexibility due to used semi-static TDD UL/DL pattern e.g. for the PUCCH transmissions. Thus, in order to retain scheduling flexibility for the re-transmission of the beam switch command and to take into account possible semi-static TDD UL/DL pattern the Alt2 would be a preferred option. As we already have timeDurationForQCL for PDSCH TCI state indication, the Alt2 could be applied for other channels than for PDSCH. In other words, existing application time can be kept for the PDSCH while the Alt2 is applied for the other channels and signals. 
[bookmark: _Ref61881505]Proposal 21: Support Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication for other channels than for PDSCH. For the PDSCH apply the existing beam application delay. 
Regarding the values for X or Y the principle for the selection of the values should be such that DCI based beam switch mechanism improves the beam switching latency compared to the MAC-CE based beam switching (TCI state update). Selected values should be similar to possible values of timeDurationForQCL.
[bookmark: _Ref61881407]Proposal 22: Applicable values for X ms or Y symbols shall be in similar level to values of timeDurationForQCL per SCS. 
2.3.2	On DCI formats for DCI based TCI state switch
Currently only DL grant DCI formats can be used for the DCI based TCI state switch:
Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication

In principle the gNB should be able to update for instance (common) DL TCI state used in PDCCH monitoring and (common) UL TCI state for periodic PUCCH reporting independent of DL and UL data scheduling to be able keep gNB and UE beam aligned over time. Thus, the used DCI formats shall support update of both DL and UL TCI states even without data scheduling.
[bookmark: _Ref61881536]Observation 15: The gNB should be able to update for instance (common) DL TCI state used in PDCCH monitoring and (common) UL TCI state for periodic PUCCH reporting independent of DL and UL data scheduling to be able keep gNB and UE beam aligned over time.
[bookmark: _Ref61881592]Proposal 23: Augment UL DCIs (0_1 and 0_2) with TCI info to support also DL and UL TCI state switching. 
[bookmark: _Ref61881621]Proposal 24: Support DL and UL TCI switch using DL and UL DCIs (0_1, 0_2, 1_1 and 1_2) also without DL or UL data scheduling. 

2.3.3	On the activation step
It was agreed that before DCI based TCI state switch there is MAC level filtering of the TCI states, i.e. only activated TCI states can be used in the DCI based TCI state switch:
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP

Multiple active TCI states at a time is supported for DL in Rel15 and Rel16. Regarding the UL the UE may have lower capability than in DL what comes to the supported number of simultaneously active TCI states. E.g. in DL the UE may have multiple active panels and in UL only a single panel active at a time. Thus, it should be discussed whether gNB should be aware which TCI states can be active simultaneously (e.g. corresponding to the different beams of the same panel but not the different beams of the different panels). 
[bookmark: _Ref61881632]Proposal 25: Discuss whether gNB should be aware which TCI states can be active simultaneously for UL (e.g. corresponding to the different beams of the same panel compared to different beams of the different panels).

2.4 [bookmark: _Hlk54263756]Enhancements on MPUE to facilitate fast UL panel selection
Agreements related to the enhancements on MPUE to facilitate fast UL panel selection in RAN1#103-e are as follows [2]:
	Agreement
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 

Agreement
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)

Agreement
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support



In the following, we briefly discuss about some of the uses cases identified in RAN1#103-e for fast UL beam/panel selection.
Regarding the use case on: MPE mitigation
A user may be covering a non-serving UE panel while not affecting the DL reported values. Nonetheless, the UL may be reduced by up to 20 dB. It would be beneficial to indicate to gNB such UE Tx limitations on non-serving panels (e.g. through alternative link evaluations and/or L1-RSRP reporting) to optimize beam management mechanisms and avoid future MPE events.
Regarding the use case on: Support different configurations across panels
The UE may exhibit panels of different achievable EIRP. Such discrepancies could be included in e.g. L1-RSRP reporting to help gNB accurately evaluating alternative links. Indeed, the UE’s ability to perform Phase#3 of the alignment procedure (i.e. P3 UE narrow-beam alignment) will strongly affect the achievable link budget. P3 could add 6 dB or more to the link budget depending on the array size. Therefore, indicating such ability to the network may help alternative link selection.
Regarding UL interference management:
UL interference is experienced at the gNB receiver and can be assumed to be handled with proper scheduling and dynamic uplink beam selection. DCI based TCI state switch for uplink TCI is expected to improve beam switching from MAC based even further. Thus, we don’t see any further improvement needed for fast UL beam selection from UL interference management point of view. 
Regarding mTRP:
mTRP uplink connection could provide means for fast UL beam switching e.g. to mitigate MPE. Multiple candidate uplink beams that mTRP scenario facilitates could also enable improved scheduling flexibility. 
From the use cases, we consider the most important ones for fast UL panel selection being MPE mitigation and support of different configurations (e.g. maximum achievable EIRP) across panels as well as support for flexible beam selection in mTRP scenario. Considering the uplink transmissions in these cases, a common denominator for the MPE mitigation, support for different capabilities of the panels (like EIRP) and UL mTRP is a need for information to be provided to the gNB about the uplink transmission capability like achievable EIRP. As a metric a power headroom per candidate spatial source i.e. DL RS would be feasible to represent the uplink transmission capability because it takes into account EIRP, P-MPR and target received power level. Using the information, the gNB would able to make UL beam selection, also in mTRP scenario, so that the UE would not experience e.g. MPE issue while also taking into account panel capability differences at the UE. 
[bookmark: _Ref61881655]Proposal 26: Support reporting of UL transmission capability metric like power headroom (e.g. virtual PH) or alike on candidate beams together with SSBRI/CSI-RSRI for MPE mitigation, supporting UE’s operation with panels of different capabilities (e.g. different achievable EIRP) and mTRP operation.
[bookmark: _GoBack]
2.5 MPE Mitigation
Agreements related to the MPE mitigation in RAN1#103-e are as follows [2]:
	Agreement
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)

Agreement
On UE reporting for MPE mitigation for Rel-17, investigate and, if needed, specify the following:
· Reporting of P-MPR report based on Rel.16 framework.
· FFS: Whether panel/beam level based P-MPR report is supported
· FFS: Maximum reported number of panels, e.g. single or multiple  
· Reporting SSBRI(s)/CRI(s) and/or indication of panel selection for the purpose of indicating:
· Alt1: alternative UE panel(s) or TX beam(s) for UL transmission
· Alt2: feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account
· FFS: indication of panel selection details (e.g. explicit/implicit)
· Any additional reporting content: down-select from the following in RAN1#104-e 
· Alt0: no additional reporting content
· Alt1: Additional reporting content is included (for example P-MPR + L1-RSRP, virtual PHR + L1-RSRP, L1-RSRP/SINR with and without MPE effect, virtual PHR, P-MPR or virtual PHR + CRI/SSBRI, estimated max UL RSRP) 
· Note: Other options are not precluded
· FFS: Whether the above reporting is triggered by UE or configured by NW




In the previous meeting several companies reported system level simulation results on MPE mitigation. In [4] significant cell edge performance improvement was shown when the beam/panel under MPE issue is switched to another beam/panel not suffering MPE issue. Similarly, authors in [5] report that for cell-edge UE, UL performance degradation due to MPE is significant even when NW is aware of MPE issue through Rel-16 MPE reporting. Consequently, they note that it would be beneficial to allow UE to report a set of preferred NW beams for UL transmission with considering not only DL measurements but also UL MPE power restriction. Furthermore, based on SLS results the authors in [6] denote that “gains due to MPE mitigation techniques are significant especially for cell-edge users and when multi-TRP operation is enabled for multi-panel UEs which suffer panel blockage due to MPE”. Given these detailed system level simulations the companies performed in RAN1#103-e it’s justified to specify MPE mitigation techniques to support MPE aware UL beam selection.
[bookmark: _Ref61881681]Proposal 27: Support UE reporting for MPE mitigation for Rel-17 to assist in MPE aware UL beam selection.

Regarding reporting of P-MPR report based on Rel.16 framework:
Currently per Rel16 framework the UE provides P-MPR for MPE only for the UL beam used for PUSCH to transmit MAC-CE. On the other hand, the UE may have multiple active UL beam (e.g. up to four PUCCH groups in Rel16 regarding group based spatial relation update). Thus, we consider that one enhancement would be to support beam based P-MPR reporting to enable maximum flexibility in beam management techniques to mitigate MPE events.
[bookmark: _Ref61881687]Proposal 28: Extend MAC based P-MPR for MPE to consider multiple candidate/active UL beams, not just UL beam used for PUSCH to transmit MAC-CE.

Regarding reporting of SSBRI/CRI:
When an MPUE reports candidate beams, the gNB does not know the UL beam condition of the panel that will serve the redirected link. The consequence is the high risk of performing a beam switch to a covered beam/panel, because of unknown UL quality. In other words, the gNB may initiate a beam switch to a candidate beam received on a different panel with better downlink, but with extremely poor uplink if MPE is needed for the candidate beam. Indeed, in mmW user blockage is not necessarily impacting DL performance while causing potentially significant degradation in UL. Thus, it would be important to support reporting of SSBRI/CRI to represent feasible TX beam(s) for UL transmission taking the MPE effect into account. 
[bookmark: _Ref61881698]Proposal 29: Regarding reporting of SSBRI/CRI, support Alt2 UE to report SSBRI(s)/CRI(s) to represent feasible TX beam(s) for UL transmission taking the MPE effect into account.

Regarding any additional reporting content:
Additional UL related metric would provide gNB means to select UL beams that are feasible also from UL related restrictions’ point of view, like MPE. As we already discussed in the previous section (2.4), a common denominator for the MPE mitigation, support for different capabilities of the panels (like EIRP) and UL mTRP is a need for information to be provided to the gNB about the uplink transmission capability e.g. power headroom per candidate spatial source i.e. DL RS. Power headroom per reported RS takes into account
· potential P-MPR due to MPE event
· different capabilities of the panels, i.e. e.g. number or antenna elements/array gain

That would provide gNB required information to take into account UE’s UL transmission capability per beam and thus the gNB would be able to perform proper UL beam selection. Indeed, the network being informed of the potential MPE event before the beam switch is triggered can have the following benefits:
· Ensure MPE warning is sent before P-MPR is applied and thereby ensure successful decoding of the information
· Enable the gNB to evaluate alternative links to switch beam(s) either before the MPE event or immediately upon receiving PHR containing MPE indication (i.e. P-bit set to 1).
· Avoid gNB switching to a beam with better DL bur worse UL than serving beam

The indication of potential MPE event, i.e. an MPE warning, may also include the potential severity of the MPE event, as this may be UE panel/beam specific. 
As a metric a power headroom per candidate spatial source i.e. DL RS would be feasible to represent the uplink transmission capability because it takes into account EIRP, P-MPR and target received power level. Thus, virtual PH + L1-RSRP + SSBRI/CRI would provide to the gNB an indication for all candidate links:
· UL beam quality (virtual PH)
· DL beam quality (L1-RSRP)
· Candidate beam index (SSBRI/CRI)

[bookmark: _Ref61881710]Proposal 30: Regarding additional reporting content, support Alt 1 additional UL related metric to be reported to assist UL beam selection. As a metric, consider virtual PH + CRI/SSBRI + L1-RSRP.
Alternatively to the above considerations which focus on a pro-active approach to mitigate MPE events, the Rel-16 re-active approach of P-MPR reporting in PHR has the drawback of sudden and dramatic UL degradation, which may lead to failure in transmitting the MPE indication to the serving cell, hence RLF due to maximum number of RLC retransmissions. Therefore, for power limited UEs, the MPE message might be lost and the network is not informed of the MPE event. Currently, the gNB can configure PUSCH with high priority, nonetheless the categorization of PUSCH according to payload does not take MPE into account. It would be beneficial for network to have a dedicated PUSCH prioritization scheme for UEs experiencing an MPE event to ensure PHR is sent with high enough power for the network to be notified of the MPE event and adapt the link accordingly, e.g. switch beams.
[bookmark: _Ref61881718]Proposal 31: Improve the network’s mitigation of MPE events by prioritizing the transmissions of control signals (e.g. PUSCH carrying PHR with MPE indication and P-MPR value over PUSCH carrying UL traffic user plane)to ensure MPE indication is sent with enough power from UEs under severe MPE events.
2.6 Other enhancements
The following categorization was considered in RAN1#103-e [3]:
	Proposal 6.1: Investigate and, if needed, specify at least the following enhancements for beam refinement/tracking in Rel.17:
· Beam measurement and reporting enhancement via RACH during initial access (e.g. RO for measurement and MSG3 for reporting)  
· Improving efficiency (latency and/or overhead) of beam refinement: 
· Enabling joint DL TX and RX beam refinement/tracking (P2+P3)  
· Additional UE report to aid P1/P2/P3 related measurement/report configuration (triggering frequency or periodicity)
· Beam management with reduced DL signaling: 
· Dynamic beam update based on beam report (without beam indication)
· Dynamic beam measurement and report triggered by beam indication (without CSI-RS/CSI triggering)
· Configuring/indicating to UE multiple SSBs for beam tracking
· Semi-static/pre-planned (RRC based) beam transition (for, e.g. isolated HST deployment)
· Reducing activation delay of TCI states (via storing QCL properties of a subset of source RSs for a time period)



2.6.1 Beam measurement and reporting via RACH during initial access
This item has been discussed in earlier releases and also in Rel17 Study on NR coverage enhancements [3GPP TR 38.830]. TR states the following:
“Beam reporting during initial/random access procedure is intended to enhance Msg3 re-transmission, Msg4 initial transmission, Msg4 re-transmission and PDSCH out of RACH procedure while without dedicated RRC configuration.  
Beam reporting during initial/random access procedure was studied from several aspects, including the best SSB, alternative SSB beam and early CSI report in Msg3 PUSCH. Potential specification impacts include signaling design in Msg3 PUSCH, CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure. “
Any enhancements for RACH procedure in terms of beam refinement should also be applicable to RA cases than only initial access. For instance, the potential enhancements should consider also RA in handover as well as 2-step RA procedure.
Furthermore, MPE mitigation could be considered also in random access procedure. That is because the UE performs PRACH preamble selection based on DL measurements which do not reveal any possible MPE issue in the UL direction based on the selected SSB. 
[bookmark: _Ref61881731]Proposal 32: If enhancements for RA procedure in terms of beam refinement are studied, consider also non-initial access cases like handover as well as 2-step RA procedure.
[bookmark: _Ref61881735]Proposal 33: Consider MPE mitigation impact also in RACH procedure. 

2.6.2 Improving efficiency of beam refinement		
The UE relies on the reference signals associated with NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to ‘ON’ from the gNB in order to perform its beam alignment procedure in P3. The repetition parameter indicates to the UE that the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial filter (see TS38.214 section 5.1.6.1.2). The scheduling of such reference signals is fully controlled by the gNB. This means that it is not the UE requesting alignment reference signals from the gNB, and that the UE is limited to waiting for the gNB to schedule such reference signals in order to align its Rx beam. 
However, the gNB does not receive indications on UE internal beam and panel management, hence the gNB may schedule NZP-CSI-RS-ResourceSet in a suboptimal manner and waste resources. It could be assumed that the UE evaluates its best panel on DL with a broad beam configuration (as the UE may not know where the power is coming from). Once the UE has selected its best panel (based on DL reception of SS burst), the UE may use P3 for UE narrow beam refinement. The radiation patterns used for monitoring reference signals and the ones used for data reception / transmission are not necessarily identical.
[bookmark: _Ref54265203][bookmark: _Ref61881747]Observation 16: Two scenarios could be highlighted for further study:
· The UE may need P3 after a UE panel switch, though the gNB is not informed of the timing of the UE panel switches, therefore can’t schedule P3 optimally
· The MP-UE with panels of different maximum achievable EIRP and/or different number of antenna elements may switch between panels being able to configure high-gain narrow beams and panels only being able to configure low-gain broad beams (e.g. single patch element).
[bookmark: _Ref54265254]Proposal 34: Evaluate and select schemes including network and UE signalling and configuration to enable faster P3 UE beam refinement while reducing overhead (e.g. considering cases of antenna scaling and/or refinement ability on UE serving and candidate panels).
When assessing beam pair links, the gNB does not know the potential gain the UE could provide on each link, assuming a wide receive beam. Such additional UE gain is dependent on each UE panel implementation, specifically on the maximum achievable EIRP of the panel. The additional UE narrow beam gain can only be known by the network after P3 UE beam refinement, but not when evaluating links for beam switch.
Particularly, when the achievable directivity of each array is different (either due to the channel characteristics not favourable to UE beam refinement, to different UE array sizes or a combination of both), including the gain potential of each array in beam management should be studied.
As such, if the network does not know the potential UE narrow beam gain on the different links it is evaluating, it might not make an accurate beam switch decision. For example, the serving link might be received by the MP-UE on a high-gain panel configured with a narrow beam (though SSB L1-RSRP reporting may be relying on wide UE beam measurements) while the MP-UE reports alternative links received on low-gain panels that are not-configurable for narrow beam operation. Assuming L1-RSRP reporting for candidate links is done from all panels with wide receive beams, the potential UE narrow beam gain is specific to each candidate link, and is not known by the network.
[bookmark: _Ref61881946]Proposal 35: It would be beneficial for network to have knowledge from MP-UEs if there is a potential gain from P3 UE narrow beam alignment for each reported beam pair link (e.g. L1-RSRP) for enhancing beam management for MP-UEs with panels of e.g. different capabilities (array gain, EIRP) or seeing sufficiently different environments.
Lastly, not scheduling P3 optimally may lead to waste of resources and /or unnecessarily limit the achievable throughput.
2.6.3 Beam management with reduced DL signalling
Report Based TCI State switch
High mobility in FR2 introduces additional challenge as the beam switching procedures should be fast enough to be able to keep beam pair link(s) between gNB and UE in feasible condition. Beam switch procedure generally comprises the following steps in Rel15:
1. Configuration of candidate beams for the UE, i.e. DL RSs like SSBs and CSI-RSs that can be used as spatial sources for the downlink and uplink beam pair links
2. L1-RSRP measurements of the DL RSs by the UE
3. Reporting of the strongest one(s) to the gNB
4. Update of the TCI states in DL and spatial relations in UL for the UE based on received reports
5. Activation of the new serving TCI state for DL / spatial relation for UL
· These actions are made per DL and UL signal and channel separately

One approach to simplify and potentially also fasten the beam switching could be to directly provide gNB response to the beam report where the gNB could confirm that whether the current QCL/spatial source of the TCI state (e.g. current active common TCI state) is switched to the reported DL RS or certain one of them if more than one is reported at a time. gNB response/confirmation is important so that gNB and UE remains synchronized in “beam” domain. 
[bookmark: _Ref54265191]Proposal 36: Study further possibility for the direct TCI state switch based on UE’s beam report where the gNB could indicate whether or not certain reported DL RS would be switched to be used QCL/spatial source in the current active (common) TCI state.
3	Conclusions
Based on the discussion the following observations and proposals were made:
[bookmark: _Hlk54404629]On the unified TCI framework:
Proposal 1: Use the same configuration of QCL source RSs for DL and UL TCI states. 
Proposal 2: Support separate TCI state pool for DL and UL. 
Observation 1: M is interpreted as an amount of “active” common TCI states for downlink at a time.
Proposal 3: Support M>=1 common TCI state(s) for downlink signals and channels. Starting point for the upper limit for M is 2. FFS: whether M>1 is supported per TRP.
Proposal 4: Support N>=1 common TCI state(s) for uplink signals and channels. Starting point for upper limit for N is 2.
Proposal 5: Support common TCI configuration for a single channel/signal (e.g. for a single PUCCH resource to carry HARQ-ACK/NACK for scheduled PDSCH), a subset of channels and all channels.
Proposal 6: In PDSCH scheduling, support PUCCH for HARQ-ACK to follow (joint) TCI state of the scheduling PDCCH or TCI state indicated for the PDSCH reception, if available.
Proposal 7: Support associating PL RS to UL TCI state.
Observation 2: Already Rel-15 and Rel-16 support beam specific UL power control parameter set selection dynamically using SRI for PUSCH.
Proposal 8: UL PC parameter settings (P0/alpha, CL index) are associated per UL channel/RS per TCI state.
Proposal 9: Supporting common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs is applicable in inter-band CA case.
Proposal 10: Support configuring RRC TCI state pool per individual CC.
Proposal 11: Support SRS as a QCL information/spatial source RS in the TCI state.

L1/L2-centric inter-cell mobility:
Observation 3: If RAN1 defines L1/L2 centric mobility procedure using BM framework, where UE’s serving cell changes (i.e. as in HO) it would require RAN2 involvement. 
Observation 4: If non-serving cell beam indication for PDCCH is supported the operation is similar to the inter-cell mTRP which specified in objective 2b, but without using mTRP framework.
Observation 5: If non-serving cell beam indication for PDCCH is supported the assumed UE operation with respect to the inter-cell mobility may require RAN2 input.
Observation 6: If PDSCH beam indication for non-serving cell is supported, but not PDCCH the UE serving cell does not change, and RAN2 impact may be low.
Observation 7: Indicating PDSCH beam of a non-serving cell has no impact to RLM/BFD procedures performed on a serving cell. 
Proposal 12: RAN1 to the focus on option 3 (PDSCH beam indication with PDCCH anchor) in L1/L2 centric mobility.
Observation 8: SSB based measurements can be supported by BM framework by associating the SSBs in csi-SSB-ResourceSet with a cell specific identifier. 
Proposal 13: For L1 SSB based beam measurements and reporting, enhance the CSI-SSB-ResourceSet IE to associate set of SSBs with a cell specific identifier (PCI).
Observation 9: NZP-CSI-RS measurements can be supported by BM framework by configuring the SSB with an association to cell specific identifier as a QCL source in the TCI State. 
Proposal 14: For non-serving cell CSI-RS measurements, configure the NZP-CSI-RS with a QCL source RS that is associated with a non-serving cell identifier. 
Observation 10: since the RS configuration would implicitly associate RS to serving or to a non-serving cell it is FFS whether the reporting needs any enhancement. 
Observation 11: To associate NZP-CSI-RS with a non-serving cell, a QCL source (e.g. SSB) associated with non-serving cell identifier can be used. 
Observation 12: The referenceSignal parameter is used for SRS-SpatialRelationInfo, PUSCH-PathlossReferenceRS-r16, PUSCH-PathlossReferenceRS, PUCCH-SpatialRelationInfo and PUCCH-PathlossReferenceRS-r16.
Observation 13: SSB is the main QCL source for beam management reference signals. 
Observation 14: Associating SSB with a cell specific identifier enables configuration of non-serving cell RS within the beam management framework. 
Proposal 15: To configure SSB as non-serving cell RS in a TCI State ID, add at least the associated cell (PCI) for the SSBindex in the referenceSignal parameter. 
Proposal 16: Allow configuration of TCI State of non-serving cell RS to the serving cell TCI State list. 
Proposal 17: To configure NZP-CSI-RS resource as non-serving cell RS, configure the RS with a QCL source RS that is associated with a non-serving cell. 
Proposal 18: For non-serving cell beam management measurements and reporting, support the same CSI feedback as currently in rel16. 
Observation 12: The referenceSignal parameter is used for SRS-SpatialRelationInfo, PUSCH-PathlossReferenceRS-r16, PUSCH-PathlossReferenceRS, PUCCH-SpatialRelationInfo and PUCCH-PathlossReferenceRS-r16. 
Proposal 19: Study events how to enable the L1/L2 beam reporting of neighbour cells/non-serving cells.  
On Dynamic TCI State Update Signaling Medium:
Proposal 20: Support Alt1: The beam application time can be configured by the gNB based on UE capability for other signals and channels than for PDSCH. For PDSCH, use the existing timeline.
Proposal 21: Support Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication for other channels than for PDSCH. For the PDSCH apply the existing beam application delay.
Proposal 22: Applicable values for X ms or Y symbols shall be in similar level to values of timeDurationForQCL per SCS.
Observation 15: The gNB should be able to update for instance (common) DL TCI state used in PDCCH monitoring and (common) UL TCI state for periodic PUCCH reporting independent of DL and UL data scheduling to be able keep gNB and UE beam aligned over time.
Proposal 23: Augment UL DCIs (0_1 and 0_2) with TCI info to support also DL and UL TCI state switching. 
Proposal 24: Support DL and UL TCI switch using DL and UL DCIs (0_1, 0_2, 1_1 and 1_2) also without DL or UL data scheduling.
Proposal 25: Discuss whether gNB should be aware which TCI states can be active simultaneously for UL (e.g. corresponding to the different beams of the same panel compared to different beams of the different panels).

Enhancements on MPUE fast panel selection:
Proposal 26: Support reporting of UL transmission capability metric like power headroom (e.g. virtual PH) or alike on candidate beams together with SSBRI/CSI-RSRI for MPE mitigation, supporting UE’s operation with panels of different capabilities (e.g. different achievable EIRP) and mTRP operation.

MPE mitigation:
Proposal 27: Support UE reporting for MPE mitigation for Rel-17 to assist in MPE aware UL beam selection.
Proposal 28: Extend MAC based P-MPR for MPE to consider multiple candidate/active UL beams, not just UL beam used for PUSCH to transmit MAC-CE.
Proposal 29: Regarding reporting of SSBRI/CRI, support Alt2 UE to report SSBRI(s)/CRI(s) to represent feasible TX beam(s) for UL transmission taking the MPE effect into account.
Proposal 30: Regarding additional reporting content, support Alt 1 additional UL related metric to be reported to assist UL beam selection. As a metric, consider virtual PH + CRI/SSBRI + L1-RSRP.
Proposal 31: Improve the network’s mitigation of MPE events by prioritizing the transmissions of control signals (e.g. PUSCH carrying PHR with MPE indication and P-MPR value over PUSCH carrying UL traffic user plane)to ensure MPE indication is sent with enough power from UEs under severe MPE events.
Other enhancements:
Proposal 32: If enhancements for RA procedure in terms of beam refinement are studied, consider also non-initial access cases like handover as well as 2-step RA procedure.
Proposal 33: Consider MPE mitigation impact also in RACH procedure.
Observation 16: Two scenarios could be highlighted for further study:
· The UE may need P3 after a UE panel switch, though the gNB is not informed of the timing of the UE panel switches, therefore can’t schedule P3 optimally
· The MP-UE with panels of different maximum achievable EIRP and/or different number of antenna elements may switch between panels being able to configure high-gain narrow beams and panels only being able to configure low-gain broad beams (e.g. single patch element).

Proposal 34: Evaluate and select schemes including network and UE signalling and configuration to enable faster P3 UE beam refinement while reducing overhead (e.g. considering cases of antenna scaling and/or refinement ability on UE serving and candidate panels).
Proposal 35: It would be beneficial for network to have knowledge from MP-UEs if there is a potential gain from P3 UE narrow beam alignment for each reported beam pair link (e.g. L1-RSRP) for enhancing beam management for MP-UEs with panels of e.g. different capabilities (array gain, EIRP) or seeing sufficiently different environments.
Proposal 36: Study further possibility for the direct TCI state switch based on UE’s beam report where the gNB could indicate whether or not certain reported DL RS would be switched to be used QCL/spatial source in the current active (common) TCI state.
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