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




In this contribution we discuss about the following six different categories or issues identified in the previous meetings:
1. [bookmark: _Hlk52870223]Unified TCI framework (Issue 1)
1. L1/L2-centric inter-cell mobility (Issue 2)
1. Dynamic TCI state update signaling medium (Issue 3)
1. MP-UE assumption to facilitate fast UL panel selection (Issue 4)
1. MPE mitigation (Issue 5)
1. Other enhancements (Issue 6)

2	Discussion
2.1	On the unified TCI framework
Conclusions and agreements related to the unified TCI framework in RAN1#105-e are as follows [2]:
	Agreement
On Rel.17 unified TCI framework, 
· Any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)
· Note: This does not imply that all such DL RSs necessarily share a same TCI state
· The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
· FFS: Whether some SRS resources or resource sets for BM can be configured as a target signal/channel of a Rel-17 UL TCI (hence the Rel-17 UL TCI state pool)
· Note: This does not imply that DL and UL TCI state pools are separate or shared for separate DL/UL TCI (this issue is still TBD)

Agreement
On Rel.17 unified TCI framework, discuss and decide by RAN1#106-e (August 2021)
· Whether each of the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs
· Whether some SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC

[bookmark: _Hlk78894158]Agreement
On Rel.17 unified TCI framework, for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, but can be configured as a target DL RS of a Rel-17 DL TCI (hence the Rel-17 DL TCI state pool), discuss and down-select by RAN1#106-e (August 2021) between the following two alternatives:
· Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state 
· Alt2. Rel-17 TCI state update signaling/configuration mechanism(s) are used, e.g. with Rel-17 MAC-CE/DCI-based beam indication for Rel-17 joint/separate TCI
Note: The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
Note: For some channels/signals, only one of the above two alternatives may apply (to be discussed).

Conclusion
On Rel-17 unified TCI framework, for a UE configured with both joint TCI and separate DL/UL TCI, configuration of joint TCI or separate DL/UL TCI is based on RRC signaling 
· There is no consensus in RAN1 on how to support dynamic switching (either MAC-CE or codepoint based)

Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework,
· For each of PUSCH and PUCCH, the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state per BWP. 
· In this case, multiple settings are configured. Each setting can be associated with at least one TCI state, and, for a given TCI state, only one setting for PUSCH and only one setting for PUCCH can be associated at a time. 
· (Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.
· If not associated, for each of the PUSCH and PUCCH, the setting(s) of (P0, alpha, closed loop index) per channel/signal per BWP is independent of the UL or (if applicable) joint TCI states
· FFS: If the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· FFS: (to be decided in RAN1#106-e) whether to configure the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component, or configure a channel dependent setting of (P0, alpha, closed loop index) per TCI state

Agreement
On Rel-17 unified TCI, in RAN1#106-e, for M>1 and/or N>1:
· Identify and agree on use cases 
· Decide whether to support M>1 and/or N>1, and if so, the maximum value of M and/or N
If supported, identify feasible candidate schemes for beam indication signaling mechanism (including TCI state activation)




2.1.1	On target signals for Rel17 TCI
The following agreement was made in the RAN1#105-e:

Agreement
On Rel.17 unified TCI framework, 
· Any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)
· Note: This does not imply that all such DL RSs necessarily share a same TCI state
· The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
· FFS: Whether some SRS resources or resource sets for BM can be configured as a target signal/channel of a Rel-17 UL TCI (hence the Rel-17 UL TCI state pool)
· Note: This does not imply that DL and UL TCI state pools are separate or shared for separate DL/UL TCI (this issue is still TBD)

Since in Rel15 and Rel16 SRS resource of the SRS resource set for BM can be configured with a spatial relation info, it would be logical to allow in Rel17 that the SRS resource of the SRS resource set for BM can be provided with Rel17 UL TCI. 

[bookmark: _Ref79164568]Proposal 1: SRS resource of the SRS resource set for BM can be configured with Rel-17 UL TCI.

The following agreement was made regarding the target signals for the indicated Rel-17 TCI state:

Agreement
On Rel.17 unified TCI framework, discuss and decide by RAN1#106-e (August 2021)
· Whether each of the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs
· Whether some SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC

CSI-RS for CSI is typically transmitted using the same TX beam as intended for the PDSCH transmission. Then, it would make sense to apply the indicated Rel-17 TCI state also to CSI-RS for CSI.
[bookmark: _Ref79164577]Proposal 2: Apply the Rel17 indicated DL TCI to CSI-RS for CSI.
In addition, CSI-RS with repetition “ON” can be used to improve SNR of the beam pair link used for the PDSCH transmission. Thus, it would also be logical to support applying DL TCI to CSI-RS resource set with repetition “ON”.
[bookmark: _Ref79164583]Proposal 3: Apply the Rel17 indicated DL TCI to CSI-RS resource set with repetition “ON”.
UE can be configured multiple CSI-RS resource sets for tracking (TRS). And, typically TRS is a source RS for the target signals. On the other hand, a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition can a QCL source RS for TRS, PDCCH DMRS and PDSCH DMRS. Thus, also TRS could be applied the same indicated TCI state as for CORESET(s) and PDSCH. 
[bookmark: _Ref79164589]Proposal 4: Apply the Rel17 indicated DL TCI to CSI-RS for tracking.
On DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs, it’s considered that indicated TCI state can be applied for the CORESET#0 and that in that case the UE may determine the corresponding SSB (in the QCL chain) for the reception of non-UE-dedicated reception on PDSCH and e.g. CORESET#0. 
[bookmark: _Ref79164600]Proposal 5: Indicated TCI state can be applied for the DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs.

Regarding signaling/configuration mechanism for any DL RS that does not share the same indicated TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, the following agreement was made in RAN1#105-e: 

Agreement
On Rel.17 unified TCI framework, for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, but can be configured as a target DL RS of a Rel-17 DL TCI (hence the Rel-17 DL TCI state pool), discuss and down-select by RAN1#106-e (August 2021) between the following two alternatives:
· Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state 
· Alt2. Rel-17 TCI state update signaling/configuration mechanism(s) are used, e.g. with Rel-17 MAC-CE/DCI-based beam indication for Rel-17 joint/separate TCI
Note: The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
Note: For some channels/signals, only one of the above two alternatives may apply (to be discussed).

Alt2. would potentially enable dynamic beam switching also for periodic signals but would require additional information to be carried out in the DCI to indicate which DL RS the Rel-17 DL TCI is applied to. For that purpose, a new DCI format would likely be needed. However, design of new DCI format may not be feasible anymore in Rel17. Thus, we prefer Alt1. at this stage. 
[bookmark: _Ref79164604]Proposal 6: Support Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC.

2.1.2	On source signals for Rel17 TCI
To enhance beam-based operation in Rel-17, the utilization of beam management UL SRS resource as spatial source (i.e. QCL-typeD) for the resource of DL RS can be seen an integral part of TCI framework enhancements in Rel-17. In general, by enabling support for the usage of UL SRS resource as a spatial source in DL TCI state in Rel-17, a network can use UL SRS beam management resources in DL beam indication more flexibly and effectively with respect to Rel-15/16 DL TCI framework. In some use cases, for example, resource configuration (e.g. RRC signalling) and transmission overhead regarding to DL BM NZP-CSI-RS resources can be reduced by using UL SRS resource as spatial source (i.e. QCL-typeD). For example, the network can configure an aperiodic set of UL SRS resources and trigger the UE to perform UL beam sweep across configured SRS resources. Then, the network selects the preferred SRI and configures it as spatial source for DL TCI state. Furthermore, the network reconfigures periodic/aperiodic (P/A) DL NZP-CSI-RS resource set for time-frequency tracking (TRS) accordingly by using the preferred SRI as spatial source (QCL-typeD) for TRS resources. Then, when the network indicates DL TCI state the UE knows that DL TCI corresponds preferred SRI and the UE uses corresponding UL TX spatial filter as DL RX spatial filter. Furthermore, based on reconfigured spatial source of periodic/aperiodic TRS resources, the UE knows that it can use same spatial filter for DL reception as it used for UL SRS transmission. As a result of this, there is no such ambiguity exists where DL RX spatial filter for P/A-TRS would differ from the reception of DL DMRS.      
[bookmark: _Ref71641190]Proposal 7: Support UL SRS BM as a QCL information/spatial source RS in the DL TCI state.  
To clarify further specification impacts, Table 1 provides the summary of the QCL-relationship amendments (marked with yellow color) for P/A-TRS, PDSCH DMRS and PDDCH DMRS. As shown, UL SRS can be configured as QCL-typeD source for periodic/aperiodic TRS (P/A-TRS). Moreover, UL SRS can be configured as QCL-typeD source for PDCCH DMRS/PDSCH DMRS. When UL SRS is configured as QCL-typeD source for PDCCH DMRS/PDSCH DMRS, P/A-TRS is configured as QCL-typeA source for PDCCH DMRS/PDSCH DMRS.  
[bookmark: _Ref71641398]Proposal 8: Support UL SRS BM as QCL-typeD source for the following RSs: P/A-TRS, PDSCH DMRS and PDCCH DMRS. 
[bookmark: _Ref71623463]Table 1 QCL-relationships between target and source RS. 
	Target signal or channel to be received 
	QCL source RS 

	P/A-TRS 
	QCL-TypeC: SSB 
QCL-TypeD: SSB 
 
OR 
 
QCL-TypeC: SSB 
QCL-TypeD: CSI-RS with repetition (for P3) 
 
OR 
 
QCL-TypeC: SSB 
QCL-typeD: UL SRS   
 

	PDCCH DMRS and PDSCH DMRS 
	QCL-TypeA: P-TRS 
QCL-TypeD: P-TRS 
 
OR 
 
QCL-TypeA: P-TRS 
QCL-TypeD: CSI-RS with repetition (for P3) 
 
OR 
 
QCL-TypeA: CSI-RS without repetition (P2) 
QCL-TypeD: CSI-RS without repetition (P2) 
 
OR  
QCL-TypeA: P/A-TRS 
QCL-TypeD: UL SRS 
 




2.1.3	On supporting M and N > 1
RAN1#105 reached the following agreements leaving M > 1 and N > 1 for further study:
Agreement
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.
FFS: the cases of M or N>1

Agreement
On Rel-17 unified TCI, in RAN1#106-e, for M>1 and/or N>1:
· Identify and agree on use cases 
· Decide whether to support M>1 and/or N>1, and if so, the maximum value of M and/or N
· If supported, identify feasible candidate schemes for beam indication signaling mechanism (including TCI state activation)
Note:
· Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted.
· The use case of simultaneous UL transmission from multiple UE panels are not to be considered in Rel-17 as it is out of scope

As an important use case for M/N > 1 is the multi-TRP scenario, both intra-cell and inter-cell multi-TRP. We think both should be supported already in Rel-17, not least because inter-cell beam management is part of the work item. 
To support multiple indicated DL and UL TCI states, i.e. M > 1 and N > 1, Rel16 principle could be adopted. In other words, the activation of the TCI state combinations could be per coresetPoolIndex and if configured there would be up to two coresetPoolIndices and thus also M and N could be up to 2. 
[bookmark: _Ref68607761]Proposal 9: Support M > 1 and N > 1. Main use case is multi-TRP, both intra-cell and inter-cell. Consider in Rel-17 M and N up to 2. 
[bookmark: _Ref79164689]Proposal 10: In case of two coresetPoolIndices are configured for the UE support DL and UL TCI state per coresetPoolIndex using Rel16 principles, i.e. by providing in MAC activation command of the TCI codepoint(s) corresponding to a coresetPoolIndex.

2.1.4	UL PC
In RAN1#105-e the following were agreed: 

Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, for each of PUSCH, PUCCH, and SRS, in RAN1#105-e, further discuss to down-select or combine from the following alternatives:
1. AltA. The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state
2. AltB. The setting of (P0, alpha, closed loop index) is also included with UL or (if applicable) joint TCI state
3. AltC. The setting of (P0, alpha, closed loop index) is neither associated with nor included in UL or (if applicable) joint TCI state
Note: It has been agreed that the setting of (P0, alpha, closed loop index) is associated with UL channel or UL RS (therefore the setting is channel- and signal-specific).

Agreement
On Rel.17 unified TCI framework, in RAN1#105-e, further discuss to down select or combine from the following three alternatives for PL-RS (note: the text below is based on the agreed description in RAN1#104-e):
· AltA. PL-RS can be included in UL TCI state (or, if applicable, joint TCI state).
· FFS: Whether it is always included or not. If not included, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state. 
· AltB. PL-RS can be associated with (but not included in) UL TCI state (or, if applicable, joint TCI state)
· FFS: Exact association mechanism
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state
· AltC. UE calculates path-loss based on periodic DL RS configured as the source RS for determining spatial TX filter in UL or (if applicable) joint TCI state 
· FFS: If a PL RS is not included in or associated with the UL TCI state (or, if applicable, joint TCI state), whether the UE can estimate path-loss based on the PL-RS of an UL RS provided in an UL TCI state (or, if applicable, joint TCI state) as a source RS for determining the spatial TX filter.
In addition:
· FFS (to be decided in RAN1#105-e) whether a fallback scheme is needed and, if so, the details 
· FFS: Support additional UE capability to report whether above PLRS determination mechanism is supported
· Note: As agreed in RAN1#104-e, the total number of maintained PL-RSs per CC is no more than 4
· FFS: investigate the condition(s) agreed in Rel-17 and, if needed, study whether a UE can simultaneously maintain more than four path-loss estimates based on UE capability
· FFS: UE capability for maximum number of active PL-RS across CCs per band

Through series of discussion, RAN1 made consensus that Rel-16 based UL PC where PC settings or indications are associated to SRI would not be valid in Rel-17, since SRI will not be utilized as indication of UL spatial relation information. Based on this consensus, updated agreements are made to decide whether UL PC parameters will be associated to valid TCI state or to be configured within valid TCI state. 
As an alternative option, there is a proposal not to define dependency between PC parameter values and TCI state. But it is obvious that such design is a kind of draw back from Rel-15 schemes. In Rel-15, it was discussed and agreed that proper level of UE’s tx power can have dependency on the direction of signal propagation, since different level of MAI can be observed according to the UE beams and gNB beam. The cost is slightly increased RRC overhead, but the gain could be obvious in some situation.

[bookmark: _Ref79164713]Proposal 11: Dependency between UL PC parameters (P0, alpha) and TCI state should be supported. 

Within the discussion on how to define PL-RS, a good technical consensus was observed that QCL source RS could be utilized as PL-RS unless UE would not have a complexity issue which may happen when more than 4 active TCI states are configured as UL TCI or joint TCI. To handle this complexity issue, AltA or AltB is proposed with the assumption that gNB should configure PL-RS when it activated more than 4 UL/joint TCI state, or gNB should assume UE will rely on default configuration for PL-RS selection. 
While AltA or AltB has clear motivation on proposal as discussed above, the motivation of AltC is not that much clear, since it does not have any consideration on UE complexity issued shown above. 

[bookmark: _Ref79164729]Observation 1: AltC of PL-RS configuration does not have any consideration on UE complexity for the case when more than 4 RSs are configured as spatial source of UL transmission.
So we suggest to down select between AltA and AltB as final decision for PL-RS configuration. We also suggest AltB as baseline since it has mostly similar signalling structure with Rel-15

[bookmark: _Ref79164733]Observation 2: AltB of PL-RS discussion has the most similarity with Rel-15 on signalling structure.
[bookmark: _Ref79164757]Proposal 12: RAN1 select following alternative 
· AltB. PL-RS can be associated with (but not included in) UL TCI state (or, if applicable, joint TCI state)
· FFS: Exact association mechanism
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state

With AltB, Rel-15 signaling structure can be utilized to complete the FFS part. IN more details, the association between TCI and PL-RS can be configured with the same way how Rel-15 configured the relation between SRI and PL-RS. For the last FFS part, since there are good consensus that QCL source RS of UL/joint TCI is valid as PL-RS, QCL source RS should be considered as default PL-RS when additional association between TCI and PL-RS is not configured. 

[bookmark: _Ref79164794]Proposal 13: After down selection, Support following clarifications on remained FFS points.
· PL-RS can be associated with (but not included in) UL TCI state (or, if applicable, joint TCI state)
· FFS: Exact association mechanism
· Association between TCI state and PL-RS is RRC configured
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state

2.2		Inter-Cell Beam Management

2.2.1 Inter-cell Beam Management

Following updates to the feMIMO WI objectives were made in RAN#92 (RP-211586). Relevant for inter-cell beam management are highlighted with yellow. 

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 for intra-cell and inter-cell scenarios to support higher intra- and L1/L2-centric inter-cell mobility UE speed and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
4. The beam indication is based on Rel-17 unified TCI framework
5. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
6. This work shall only consider intra-DU and intra-frequency cases
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework

· Investigate if the requirements on link recovery procedure is suitable for FR2 serving cells [RAN4]
· Specify higher layer support of enhancements listed above, at least including [RAN2]
· For inter-cell beam management: MAC (if any) and RRC enhancements (including signaling, measurement configuration and TCI state switching) assuming no impact to serving cell (i.e. serving cell does not change when beam selection is done)
· Specify signaling between CU and DU to enable inter-cell beam management if any [RAN3]
· Specify core requirements associated with the items specified by RAN1, at least including [RAN4]
· UE requirements for inter-cell beam management

[bookmark: _Ref54263051]RAN plenary agreed to update the scope of feMIMO with respect to the inter-cell beam management operation. Thus, it could be observed that the R17 objective currently aims to support inter-cell operation within the beam management framework in two ways: inter-cell beam management through unified TCI framework and inter-cell mTRP extending the R16 mTRP framework. 
[bookmark: _Ref79154675]Observation 3: R17 feMIMO aims to support inter-cell operation using beam management framework in two ways beam management through unified TCI framework and multi-TRP framework extending the R15/16 functionality.
The inter-cell mTRP aims to extend the R16 M-DCI mTRP framework i.e. UE could be configured to monitor PDCCH/PDSCH on both serving and non-serving cell. In inter-cell BM the inter-cell operation can be see as a dynamic point selection where the reception/transmission of channels are switched to another cell.
[bookmark: _Ref79154676]Observation 4: Inter-cell beam management in 1a can be seen as dynamic point selection.
[bookmark: _Ref79154754]Proposal 14: The inter-cell beam management is considered as dynamic point selection type of operation where UE can be configured to switch the reception/transmission of channels to another cell.

a. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework

As the inter-cell mTRP operation is considering the TCI/QCL related enhancements to support inter-cell operation it would be beneficial to harmonize/re-use the enhancements for inter-cell BM as most likely similar enhancements are needed or at least the inter-cell BM track should aim as much as possible for similar enhancements. For measurements and reporting, the RAN#92 aligned that similar 
[bookmark: _Ref79154677]Observation 5: In both tracks, inter-cell beam management and inter-cell mTRP, the QCL/TCI related enhancements are required.
[bookmark: _Ref79154678]Observation 6: It was agreed RAN#92 In both tracks, inter-cell beam management and inter-cell mTRP, the QCL/TCI related enhancements are required.
[bookmark: _Ref79154755]Proposal 15: Inter-cell BM aims for similar QCL/TCI enhancements as inter-cell mTRP or reuses them.  

When considering RLM and BFD aspects, the existing procedures may need to be revisited and checked whether this kind of operation can be supported. In beam failure detection, in implicit BFD-RS configuration (and RLM-RS), UE would include the RSs indicated by the active TCI states to the set of q0.. For beam failure recovery, the current procedures would need to be revisited as well. In one option, once the mTRP BFR (.e. where UE can be configured recover one or both of the failed TRPs) progresses further, it could be considered for inter-cell beam management as well. 
[bookmark: _Ref79154756]Proposal 16: Consider beam failure detection and recovery enhancements for inter-cell beam management.

2.2.2 SSB and NZP-CSI-RS measurements
Agreement
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s)
· Support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s)
· FFS: Whether the measurement for SS-RSRP is limited within SMTC
· FFS: Detailed reporting method, e.g. via including existing L1-RSRP report, UE-initiated report etc.
· FFS: Whether or not to support CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP. If the support of CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP is confirmed, Rel.15 CSI-RSRP is also supported  
· Whether the support applies to CSI-RS with or without QCL source, or both
· FFS: The number of non-serving cell(s) for measurement/reporting 

As per RAN plenary alignment, both L1/L2 centric mobility and inter-cell mTRP should share the same solution 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]Proposal 17: 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 18: 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). 

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]Proposal 19: 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 20: 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.


2.2.3 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]Proposal 21: 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]Proposal 22: The referenceSignal parameter is used for SRS-SpatialRelationInfo, PUSCH-PathlossReferenceRS-r16, PUSCH-PathlossReferenceRS, PUCCH-SpatialRelationInfo and PUCCH-PathlossReferenceRS-r16.
[bookmark: _Ref61881319]Proposal 23: SSB is the main QCL source for beam management reference signals.
[bookmark: _Ref61881340]Proposal 24: 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 25: 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 26: Allow configuration of TCI State of non-serving cell RS to the serving cell TCI State list. 
[bookmark: _Ref61881373]Proposal 27: 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.

2.2.5 On the Use of Unified TCI framework 
[bookmark: _Hlk71634369]The reception of downlink signals and channels from the non-serving cell, as well as potential uplink transmissions to non-serving cell should be able to use the unified TCI framework being designed for the serving cell signals and channels. As it has been discussed, joint DL/UL TCI state is a special case of separate DL and UL TCI states where the TCI codepoint would have the same TCI state for the DL and UL TCIs. UL transmissions towards the non-serving cell need to consider MPE issue similarly to serving cell communication. Thus, the design should similar to serving cell what comes to providing UE with the QCL and spatial source assumptions. In other words, for the future proof design, as unified TCI framework is to be extended to cover also non-serving cell DL and UL transmission the UE should be able to be provided with TCI codepoint having possibility for the separate DL and UL TCI states. 
[bookmark: _Ref71642484]Proposal 28: For inter-cell beam management, using unified TCI framework, UE should be able to be indicated with TCI codepoint having possibility for the separate DL and UL TCI states for the non-serving cell DL receptions and UL transmissions.

2.2.4 On the Reporting of Non-serving Cell RS 

Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· On the value of K (defined in RAN1#104-e as the number of beam qualities associated at least with non-serving cell(s) can be reported in a single CSI reporting instance), 
· For the supported maximum value(s) of K, down-select at least one from the following candidates {4, 8, 16}
· FFS: whether the maximum value of K is a UE capability
· Periodic, semi-persistent, and aperiodic reporting (and the respective measurements) are supported.
· Note: Semi-persistent and aperiodic reporting (and their respective measurements) are NW-initiated

Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· In one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell 
· FFS: whether this applies to periodic, semi-persistent, and/or aperiodic
· FFS: How to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
· Note: The supported numbers of non-serving cells (in terms of measurement/reporting) have not yet been decided. The above description doesn’t imply only one non-serving cell is allowed to be configured for measurement. Nor does this imply that only one non-serving cell is allowed in one reporting instance.

RAN1#105-e:
Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, decide by RAN1#106-e whether to support the following RS types as measurement RS or not:
· CSI-RS for mobility/RRM associated with a non-serving cell  
· CSI-RS for BM associated with a non-serving cell  
· CSI-RS for tracking associated with a non-serving cell  
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or configured for a serving cell but is QCLed with a non-serving cell SSB
RAN1#105-e:
Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP,
· Support at least K=4, where K is defined as the number of beams associated at least with non-serving cell(s) reported in a single CSI reporting instance
· The maximum value of supported K is a UE capability
· K is configured by NW based on the UE capability 
· FFS: The support of K=8 and 16
· For K>4, the maximum number of beams associated with one cell is 4
· FFS: Support L1-based event-driven reporting based on Rel-16 SCell BFR framework or analogous to L3-based event-driven reporting, including the definition of L1-based event, if needed
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies

Currently the maximum number of beam qualities in a single reporting instance is K=4. In case the network configures mixed reporting (combined serving/non-serving cell reporting of measurements) for single reporting instance the maximum value should be increased. As an example, if UE is configured to report N=4 for the serving cell, and K=4 for the non-serving cell, the maximum number should be increased.    
If network configures reporting of beams for more than one cell in a single reporting instance, the maximum value per reporting instance should scale similarly i.e. if 2 cells are configured to be reported with K=4 the UE should be able to report up to K=8 and so on. It could assumed e.g. for mTRP case that UE could report serving 
[bookmark: _Ref71642501]Proposal 29: The maximum value of reported beam qualities in single reporting instance is K=8
However, the maximum value (K beam qualities) may in the end depend on the UE capability, thus the mixed reporting mode should take this into consideration. If UE supports up to 4 beam qualities (K=4) in total for one reporting setting the number of reported qualities should be divided between the reported cells serving and non-serving cell (e.g. Nserving=2 and Nnonserving=2) based on NW configuration. The current reporting format could be reused if the reported RS are included in the report with predefined order. Linking the SSB resource configurations of different cells to the same reporting configuration should be also considered e.g. reporting configuration may not need to always carry the reporting of non-serving cell beam qualities and such reporting mode could be triggered by network.
For mixed mode reporting, as well as any reporting using BM framework for non-serving cells the same reporting time types should be supported, and the configuration of the reporting modes are up to NW implementation.
[bookmark: _Ref71642508]Proposal 30: For mixed reporting, periodic, semi-persistent, and/or aperiodic reporting are supported.

On the supported measurement quantities 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 to be reported within beam management framework for the purpose of L1/L2 centric mobility. 
[bookmark: _Ref61881388][bookmark: _Ref71642527]Proposal 31: For non-serving cell beam management measurements and reporting, support the same CSI feedback as currently in rel15/rel16, no new reporting quantity is introduced.
CSI-RS for L3 mobility require additional configuration and cannot be used as QCL source for any other signal/channel, thus we see no use case for supporting L3 CSI-RS measurements for L1/L2 centric mobility.
[bookmark: _Ref68609491]Proposal 32: L1/L2 centric L1-RSRP measurements of CSI-RS for mobility for non-serving cells are not supported.
To support beam indication and beam refinement for non-serving cell the CSI-RS for BM and CSI-RS for tracking associated with non-serving cell should be supported where the association means that the CSI-RS are QCL’d with non-serving cell SSB.

· CSI-RS for BM associated with a non-serving cell  
· CSI-RS for tracking associated with a non-serving cell  
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or configured for a serving cell but is QCLed with a non-serving cell SSB

[bookmark: _Ref79154773]Proposal 33: Support CSI-RS for BM and CSI-RS for tracking associated with non-serving cell wherein the association means that CSI-RS are QCL’d with non-serving cell SSB.


2.2.5 On the Event-based Activation of Inter-Cell Beam Reporting

Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, for L1-RSRP measurement and at least aperiodic reporting, investigate and, if needed, specify MAC CE based dynamic activation/deactivation of a subset of higher-layer-configured measurement for non-serving cell SSBs
RAN1#105-e Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP,
· Support at least K=4, where K is defined as the number of beams associated at least with non-serving cell(s) reported in a single CSI reporting instance
· The maximum value of supported K is a UE capability
· K is configured by NW based on the UE capability 
· FFS: The support of K=8 and 16
· For K>4, the maximum number of beams associated with one cell is 4
· FFS: Support L1-based event-driven reporting based on Rel-16 SCell BFR framework or analogous to L3-based event-driven reporting, including the definition of L1-based event, if needed
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies

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 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 non-serving cells are considered for reporting. 
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. Once the UE has reported to NW that e.g. A4 event has been triggered for a non-serving cell, NW can configure UE with SSB/CSI-RS measurements and reporting. It should be noted that RRC level reporting operates on cell quality level (considers all the SSB in the cell) and it does allow to limit the SSB measurements to a smaller subset as can be done in the beam management measurements/reporting.
[bookmark: _Ref71642557]Proposal 34: It is not beneficial to have the L1 beam reporting of non-serving cell active all the time.
Alternative way (to RRC level reporting) would be define UE event triggered indication that some beam management reporting configuration for a non-serving cell could be activated. Based on the indication, network could signal to UE to activate specific reporting configuration or reporting of non-serving cell signals. NW activation of a reporting configuration could be done e.g. using a MAC CE. 
[bookmark: _Ref71642572][bookmark: _Ref54263383][bookmark: _Ref68609578][bookmark: _Ref61881470]Proposal 35: UE can be configured to indicate to network that a non-serving cell reporting configuration should be activated.
[bookmark: _Ref71642583]Proposal 36: Network can active/deactivate the reporting of beam measurements for a non-serving cell.

2.3 On Dynamic TCI State Update Signaling Medium
Agreements related to the dynamic TCI state update signalling medium in RAN1#105-e are as follows [2]:
	[bookmark: _Hlk78963819]Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability
· FFS: Application time and whether additional offset is needed for the application time in case of cross carrier beam indication and common TCI state ID update across a set of configured CCs if CCs have different SCSs 
· FFS: Whether inter-cell beam switching needs higher X/Y values than intra-cell
· FFS: Whether application time can be indicated/determined dynamically for different scenarios, e.g. cross CC, inter-cell, inter-panel without reverting previous RAN1 agreements



2.3.1	Beam Application Time
Regarding 
· FFS: Application time and whether additional offset is needed for the application time in case of cross carrier beam indication and common TCI state ID update across a set of configured CCs if CCs have different SCSs 

it’s noted that in case PDSCH is scheduled by DCI on another component carrier with different SCS, the additional timing delay is added [3GPP TS 38.214]:
“If the PDCCH carrying the scheduling DCI is received on one component carrier, and the PDSCH scheduled by that DCI is on another component carrier:
-	The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay  is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1, otherwise d is zero;
-	For both the cases, when the UE is configured with enableDefaultBeamForCCS, and when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, and when the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.”
Similarly, the additional offset in case of cross carrier beam indication should be introduced. The additional delay is needed for determining the minimum allowed time between DCI and HARQ resource.
[bookmark: _Ref79165172]Proposal 37: Additional offset in case of cross carrier beam indication with different SCS should be introduced. The additional delay is needed for determining the minimum allowed time between DCI and uplink HARQ resource.

2.3.2	On the activation step
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) from which to indicate one. 
[bookmark: _Ref61881632]Proposal 38: 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#105-e and RAN1#104-bis-e are as follows [2], [1]:
	Agreement
On Rel.17 enhancements for MPUE, investigate and, if needed, specify the following:
· UE reporting of panel-specific information as a UE capability, for example:
· Information related to the total number of DL/UL panel entities
· Information related to the number of (max) antenna ports/layers per panel entity
· Information related to the maximum number of resources per panel entity for SRS BM
· Information related to panel selection delay
· Information related to panel activation delay 
· UE reporting information related to minimal activation/selection delay for a panel based on L1 or L2 signaling
· UE reporting of panel activation/selection status of a panel entity, e.g. active state for both DL and UL, or active state for DL only
· FFS: details of this information (e.g. minimal activation/selection delay for a panel) and signaling (e.g. L1 or L2 signaling)
· UE-reported information in MPE report (if supported) is used to indicate the minimal activation/selection delay and panel activation/selection status 
· Note: above ‘panel entity’ is a logical entity and how to map physical panels to the logical entities is up to UE implementation
· Note: This will depend on the final outcome of whether specification support for UE-initiated panel activation/selection is agreed 

Agreement
On Rel.17 enhancements for MPUE, for codebook based UL transmission, decide by August RAN1 meeting whether to support CB-based SRS resources with different numbers of ports
· FFS details (e.g. per resource or per resource set)
· Note: the above is not for Rel-16 full power transmission but for Rel-17 panel-specific UL transmission
· FFS: non-codebook based UL transmission for MPUE 
· FFS whether existing BWP switch based mechanism (discussed previously in Rel-16 power saving WI) can serve such purpose 

Proposal from RAN1#105-e: 
Proposal 4.2: Support configuring a UE with two SRS resource sets by RRC having different numbers of ports for codebook-based UL transmission
· Only one of the configured SRS resource sets is valid for SRS transmission at a time 
· FFS: UE reported information, and how gNB signals whether SRS resource set based on the UE reported information 
· FFS: this can be applied to non-codebook-based UL transmission
· This feature is UE optional
· FFS: If there is any spec impact




The UE may exhibit panels with different capabilities, thus different performance depending on the active panel, e.g. 
· different number of antenna elements among the panels which impact e.g. on the number of receive and transmit beams the panel would require to fill the certain spatial aperture with the maximum gain
· different number of antenna ports among the panels which impact e.g. on the SRS resource configuration for codebook based PUSCH
· different EIRP capabilities for the UL transmissions of the different panels

As such, the gNB does not have dynamic panel level knowledge on UE serving panel. Thus, the network cannot properly schedule/adapt to e.g. UE Rx beam training (P3).

However, this dynamic panel capability knowledge does not require a panel ID which would represent additional signalling that would require to be updated frequently. Panel ID is not beneficial for optimizing the network performance, and basically not needed. The serving panel capability rather relates to the current active TCI state (or to the corresponding QCL source DL RS to be used).

The knowledge regarding the capability of the UE serving panel can be indicated to the network based on the used reference signals. Indeed, different UE panels may be associated to different UL/DL reference signals at a time. The UE could provide e.g. dynamic capability information associated to each reported DL RS in beam reporting. In general, current DL RS reporting for DL and UL beam selection is UE panel agnostic but having different panel capabilities reflected e.g. in the SRS resource configuration (number of ports) may lead to more optimal spatial source configuration per SRS resource.
[bookmark: _Ref79165275]Observation 7: The gNB does not have dynamic panel level knowledge on UE serving panel which may depend on panel capability and current channel conditions. 
[bookmark: _Ref79165298]Proposal 39: Consider associating reported DL RS in beam report (for DL and/or UL beam selection) with dynamic panel capability (index).  
For link robustness and MPE/blockage mitigation, gNB may support multiple simultaneously active spatial sources. This will also provide clear benefits for fast beam selection, e.g. beam alignment and/or beam training (P2 and/or P3).
[bookmark: _Ref79165306]Proposal 40: Regarding gNB beam switches requiring UE panel switch, gNB may benefit from an indication of which DL reference signals that may be simultaneously used as active spatial sources (among which fast beam selection/indication can take place) for optimizing triggering of SRS resources and supporting MPE mitigation.


Regarding MPUE enhancements on codebook-based UL transmission:
RAN1 104b-e meeting reached an agreement to support dynamic panel switching for codebook-based UL transmission, as an enhancement for MPUE. There are two issues related to this agreement. The first issue is the usage of uplink codebook-based transmission scheme to support dynamic panel switching for MPUE. The second issue the is the relevance to the Rel-16 feature of uplink full Tx power transmission (ULFPTx). 
NR Rel-15 supports codebook-based transmission. The determination of PUSCH transmission precoder is based on SRI, TPMI, and the transmission rank, which are provided by DCI fields of SRS resource indicator and Precoding information and number of layers for DCI format 0_1 and 0_2, as specified in TS 38.214. Up to two SRS resources are supported when the SRS-resourceSet is configured with usage as “codebook”. In the context of MPUE operation, if one SRS resource is configured per UE panel, up to maximal two UE panels can be supported where the UE can dynamically switch its PUSCH Tx precoder based on DCI indications of SRI, TPMI, and the transmission rank. 
Related to the Rel-16 ULFPTx feature, if the UE indicates its UE mode 2 capability, up to 4 SRS resource can be configured to support full Tx power transmission. Hence, if one SRS resource is configured per UE panel, up to four UE panels can be supported, where the UE can dynamically switch its PUSCH Tx precoder based on DCI indications of SRI, TPMI, and the transmission rank. The UE mode capability assumes that the antenna port virtualization is used so that full Tx power can be reached. Although there might be some similarity on the SRS resource configuration to UE dynamic panel switching, the function to support dynamic panel switching shall be specified in Rel-17, independently from Rel-16 ULFPTx feature.
There will be specification impact on UE capability, if this feature is specified. SRS port number per UE panel, or the maximum rank per UE panel shall be indicated to gNB. gNB shall have this information for PUSCH scheduling. Besides, if dynamic switching shall be supported for more than two UE panels, the maximum CB-based SRS resources shall be increased accordingly.
[bookmark: _Ref71642817]Proposal 41: SRS port number per UE panel, or the maximum rank per UE panel shall be indicated to gNB. gNB shall have this information for PUSCH scheduling. 
[bookmark: _Ref71642824][bookmark: _Ref79165321]Proposal 42: If dynamic switching shall be supported for more than two UE panels, the maximum CB-based SRS resources shall be increased accordingly. 
[bookmark: _Ref79165329]Proposal 43: gNB may receive an indication on whether a DL reference signal could be a feasible spatial source for an SRS resource of the SRS resource set. 

Regarding UE Rx beam refinement capability: 
Furthermore, Rx beam refinement may be only feasible for certain panels of the UE. Such feasibility information could be included in e.g. L1-RSRP reporting to help gNB accurately evaluating alternative links to optimize link budget.  In addition, the UE’s ability to refine its beam does not only depend on the panel characteristics (e.g. number of elements, phase shifter granularity) but also depends on the channel characteristics (i.e. dynamic change of PDP profiles). 
Since, the ability to align the UE narrow beam may change the link budget by up to 6 dB for 1 x4 array compared to a single-element design, it would be beneficial to dynamically report such feasibility on candidate beams to the network in order to enhance beam decision mechanisms.
Such indication cannot be always reliable when reported as a static capability and the gNB would benefit from dynamic indication instead. In the two examples below, the candidate beam may not be able to provide a similar gain to the serving beam, because the arrays are of different sizes (on the left figure) or because the environment does not support narrow beam alignment (in the right figure).
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Figure 3: Examples where the gNB is not aware whether switching to a candidate SSB will improve (left) or degrade (right) the link budget, as it is missing the information on potential UE beam refinement gain (of the candidate UE beam in the current channel conditions).
[bookmark: _Ref71642792]Proposal 44: A UE beam refinement index may be different for each SSBRI/CRI thus it will be beneficial for network to have knowledge on which gNB candidate beam supports what level of UE beam refinement.


2.5 MPE Mitigation
Agreements related to the MPE mitigation in RAN1#105-e are as follows [2]:
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support one of the following schemes (to be down-selected in RAN1#106-e):
· Opt1A. Rel.16 P-MPR based (TCI or SSBRI/CRI-specific) together with Virtual PHR (or a modified version) 
· The modified version may be associated with each activated UL TCI or, if applicable, joint TCI, or associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured) from candidate pool, if reported.
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· FFS: Definition of virtual PHR and how it is used
· Opt2A. Reporting at least {SSBRI(s)/CRI(s)} (beam/panel level) to indicate gNB beam(s) that are preferred for UL transmission in NW-initiated CSI-report on PUCCH/PUSCH
· Down-select one option from the followings by RAN1#106-e: 
· Alt1: …. (in short: + offsetting L1-RSRP that accounts for MPE effect) 
· Alt2: … (in short: + DL/UL validity idx + L1-RSRP/modified virtual PHR) 
· Note:  The determination of power backoff due to power management is the same for Opt2A as for Opt1A  




MPE mitigation requires network support. Contrarily to SAR in FR1, MPE in FR2 may require significantly larger power back-off values and is triggered at significantly larger distances. Therefore, MPE has a substantial impact on UL coverage and is triggered more frequently, since the user hand is likely to cover multiple panels simultaneously and the proximity sensors may be triggered by any nearby objects. The inherent spatial filtering of FR2 UE panels is not alleviating the issue as a UE panel switch will not necessarily be able to point its beam in the same direction. Therefore, network coordination is needed to solve MPE issue.
Furthermore, MPE issues are not necessarily seen in DL reporting as the hand dielectric properties are mostly reflective in mmW frequencies (as opposed to absorptive as in FR1). UL duty cycle reduction can only compensate up to 15% UL scheduling (i.e. 8 dB) which is not enough to avoid UE Tx power reduction to comply with MPE regulation. Therefore, a dedicated MPE solution for UL beam selection is needed.

Regarding Rel.17 enhancements to facilitate MPE mitigation:
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 beams (e.g. up to four PUCCH groups in Rel16 regarding group based spatial relation update). 
An enhancement that Rel-17 may offer compared to Rel-16 is to inform the network in advance of the upcoming MPE event as well as the severity of it. Thus, it is understood that the Rel-17 reporting solution is done prior to the MPE event. This is what is understood by Virtual PHR, where the UE may report using the MPE bits the estimated required P-MPR value for a given beam, before the MPE event is triggered.
[bookmark: _Ref79165415]Observation 8: Opt 1A means extending MAC based P-MPR for MPE to consider multiple candidate/active UL beams, not just UL beam used for PUSCH to transmit MAC-CE. The virtual PHR refers to the estimated MPE event and P-MPR level on each active UL TCI. The UE indicates the estimated P-MPR per link – if used for PUSCH. 

Virtual PHR definition: 
Currently per Rel16 framework the UE provides P-MPR for MPE only for the UL beam used for PUSCH to transmit MAC-CE. The Rel-16 MPE reporting solution (Figure 6.1.3.8-1: Single Entry PHR MAC CE from TS38.321) is as follows.
[image: ]
An enhancement that Rel-17 may offer with the virtual PHR (compared to Rel-16) is to inform the network in advance of the upcoming MPE event as well as the severity of it. It is understood that the Rel-17 reporting solution is done prior to the MPE event. This is what is understood by Virtual PHR, where the UE may report using the MPE bits the estimated required P-MPR value for a given beam, before the MPE event is triggered, i.e. on candidate gNB beams (not yet active TCI states).
Virtual PHR informs the network on the virtual P-MPR levels that will be applied if this beam is selected/activated. It is a pro-active solution.
Virtual PHR relies on virtual P-MPR definition for calculating Pcmax. It is understood that virtual P-MPR is the P-MPR that would be applied by the UE if this link is activated/selected.
[bookmark: _Ref79165442]Proposal 45: Defining virtual PHR and virtual P-MPR for candidate beams.
It informs on time and severity aspects; therefore, the network can prioritize solutions to mitigate UL degradation and RLF.
[bookmark: _Ref68611121]Furthermore, Opt1-A stand alone is not enough to mitigate MPE events as it only addresses active TCI states. In cases where the number of active TCI states supported by the UE is very low, Opt1-A alone will not necessarily improve MPE mitigation. Therefore, Opt 2-A is needed in connection with Opt1-A.
[bookmark: _Ref71642856]It is understood that option 2A aims at formulating a solution for candidate beams. It is also understood that virtual PHR reporting is done prior or upon the MPE event on the used/serving beam pair link(s) (e.g. indicated UL TCI states). The user blockage is not necessarily impacting the DL due to the user position and dielectrical properties in mmW spectrum. Therefore, L1-RSRP reporting alone will not be able to identify links that may break under MPE once activated. The solution needs to comprise indication of potential MPE event on the candidate link, as well as indication of the severity of the MPE event on the candidate link, associated to L1-RSPR DL reporting. Only then, the network has all the information needed to optimally mitigate MPE events.
As a metric a virtual 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)

Virtual Pcmax is scaled with virtual P-MPR which is the UE predicted P-MPR when/if this link becomes active.
[bookmark: _Ref71642870][bookmark: _Ref68611275][bookmark: _Ref79165476]Observation 9: Opt 2A targets a solution for candidate beams. Alt 2 includes virtual PH + L1-RSRP + SSBRI/CRI and accounts for MPE effect in L1-RSRP report e.g. virtual PH or estimated UL RSRP.  
[bookmark: _Ref79165529]Proposal 46: Support Opt2A Alt 2 in addition to Option 1A: modified Virtual PHR associated with each activated UL TCI + L1-RSRP including modified virtual PHR with each candidate beam. 
[bookmark: _Ref79165536]Proposal 47: Inform RAN2 and RAN4 of the decision.
In any case, panel indication is not needed to address MPE issues. This needs to be solved per beam pair link, i.e. TCI state indication or SSBRI/CRI indication is sufficient.
[bookmark: _Ref68611281]Proposal 48: Panel indication is not needed for any MPE mitigation technique.
Lastly, MPE - if not addressed appropriately - may result in beam failures hence beam failure recovery procedures. However, the CFRA resources for recovery are configured before the MPE event is triggered. Nonetheless, MPE may affect all configured resources thereby forcing the UE to fall-back on a contention-based mechanism for recovery. While, configuring a very large number of recovery resources will mitigate this issue, it will have a high cost in resources.
[bookmark: _Ref68612119]Proposal 49: For MPE context, consider enhancements to configuration of CFRA resource for beam failure recovery.
2.6 Other enhancements
Regarding issue 6, the following agreement was made in RAN1#105-e [2]:
	Agreement

On Rel.17 enhancements to facilitate advanced beam refinement/tracking, focus study (including down-selection) and, if needed, specification effort on the following options:​

· Group 1: Aim for at most one solution for Group 1 in Rel-17 to address issue 6​

· Opt 1-A. UE-initiated beam selection/activation based on beam measurement and/or reporting (without beam indication or activation from NW)​

· Opt 1-B. Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)​

· Opt 1-C. Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency​

· Group 2: Aim for at most one solution for Group 2 in Rel-17 to address issue 6​

· Opt 2-A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking​

· Opt 2-B: Latency reduction for MAC CE based PL-RS activation​

· Opt 2-C: One-shot timing update for TCI state update​

· 



2.6.1	Candidate schemes in group 1

Regarding Rel.17 enhancements for group 1:
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/Rel16:
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. TCI state of the unified TCI framework) 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: _Ref71643281]Proposal 50: Support Opt 1-A by considering TCI state switch or update based on UE’s beam report without explicit TCI activation and indication where the gNB indicates whether or not the certain reported DL RS in L1-RSRP reporting would be switched to be used as the QCL/spatial source in the TCI state used to receive DL signals and/or to transmit UL signals.
[bookmark: _Ref79165635]Proposal 51: Support gNB confirmation in Opt 1-A.
UL-initiated beam switch may be an important feature in e.g. MPE scenarios where the UE radiation pattern is affected by the user presence and the UE needs to perform P-MPR for compliance.
In connected mode the selection of the UL transmit beam is performed by the gNB by explicitly providing the spatial source per uplink signal and channel. This enhancement would target how to facilitate UE selection for the UL transmit beam while enabling the gNB and the UE to still remain beam aligned after UE’s UL beam switch, while maintaining gNB in control of the operation.
The UE can be configured with a candidate list of reference signals (RS). Such list can include 16 RS in Rel.15 and up to 64 RS in Rel.16 (and 16 and 48 respectively can be associated with a PRACH preamble, [38.331]). Although in Rel.16 network could in theory configure UE with majority of e.g. SSBs signal as CFRA candidate beams, in reality it may only be feasible to configure a limited set because of UL resource overhead (and waste if e.g. UE is not in a coverage area of all the DL RS (SSB) in the cell). Thus, it is considered important to manage the PRACH resources accordingly, i.e. when a subset of BFR candidate resources can be associated with PRACH resources. As a result, the DL RS (candidates) may change over time. Furthermore, the Rel.15 and Rel.16 only consider the BFR from the DL perspective and ignore any UL aspects in the candidate beam selection. 
When user blockage causes beam failure, the UE attempts BFR (PRACH) with CFRA configured resources. These resources have been configured by the network before the MPE event. Therefore, the CFRA resources for BFR are likely on the same (and/or neighbouring) SSB and/or even on the same panel.
In case of MPE events, the user may cover the entire panel and BFR on a SSB beam (or any other RS signal that has the serving SSB as QCL source) will fail (at least from uplink perspective when NW assumes the uplink spatial relation based on the indicated DL reference signal; possibly in DL as well if CFRA was configured before the MPE event).
[bookmark: _Ref71643331]Proposal 52: Opt 1-A may include the study of reporting of feasible UL beams in BFR mechanism (e.g. excluding MPE beams).
Furthermore, the gNB may avoid entirely beam failure by scheduling e.g. repetitions of the RS instead, i.e. P3. This may be activated based on feasible UL beams e.g. in MPE context.
[bookmark: _Ref71643337]Proposal 53: Opt 1-A may include to investigate whether CSI-RS repetitions (e.g. upon MPE events) may enhance UE-initiated beam selection and reduce the number of beam failures.

Regarding Rel.17 enhancements for group 2:
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, in some cases, the UE may be able to autonomously align its narrow beam while in other cases the UE needs gNB assistance to perform narrow beam alignment. Since these cases are not distinguishable by the network, it may lead to gNB scheduling NZP-CSI-RS-ResourceSet in a suboptimal manner and waste resources. Hence, MAC activation could be enhanced if gNB has UE assistance regarding RS needed for beam refinement in connection with UE beam/panel switch, i.e. whether the UE can e.g. perform autonomous beam switch to adjacent narrow beam or whether additional RS are required for beam refinement.
[bookmark: _Ref79165658]Proposal 54: Support Opt 2-A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking.

3	Conclusions
Based on the discussion the following observations and proposals were made:
[bookmark: _Hlk54404629]On the unified TCI framework:
Proposal 1: SRS resource of the SRS resource set for BM can be configured with Rel-17 UL TCI.
Proposal 2: Apply the Rel17 indicated DL TCI to CSI-RS for CSI.
Proposal 3: Apply the Rel17 indicated DL TCI to CSI-RS resource set with repetition “ON”.
Proposal 4: Apply the Rel17 indicated DL TCI to CSI-RS for tracking.
Proposal 5: Indicated TCI state can be applied for the DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs.
Proposal 6: Support Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC.
Proposal 7: Support UL SRS BM as a QCL information/spatial source RS in the DL TCI state.
Proposal 8: Support UL SRS BM as QCL-typeD source for the following RSs: P/A-TRS, PDSCH DMRS and PDCCH DMRS.
Proposal 9: Support M > 1 and N > 1. Main use case is multi-TRP, both intra-cell and inter-cell. Consider in Rel-17 M and N up to 2. 
Proposal 10: In case of two coresetPoolIndices are configured for the UE support DL and UL TCI state per coresetPoolIndex using Rel16 principles, i.e. by providing in MAC activation command of the TCI codepoint(s) corresponding to a coresetPoolIndex.
Proposal 11: Dependency between UL PC parameters (P0, alpha) and TCI state should be supported.
Observation 1: AltC of PL-RS configuration does not have any consideration on UE complexity for the case when more than 4 RSs are configured as spatial source of UL transmission.
Observation 2: AltB of PL-RS discussion has the most similarity with Rel-15 on signalling structure.
Proposal 12: RAN1 select following alternative
· AltB. PL-RS can be associated with (but not included in) UL TCI state (or, if applicable, joint TCI state)
· FFS: Exact association mechanism
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state

Proposal 13: After down selection, Support following clarifications on remained FFS points.
· PL-RS can be associated with (but not included in) UL TCI state (or, if applicable, joint TCI state)
· FFS: Exact association mechanism
· Association between TCI state and PL-RS is RRC configured
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state

L1/L2-centric inter-cell mobility:
Observation 3: R17 feMIMO aims to support inter-cell operation using beam management framework in two ways beam management through unified TCI framework and multi-TRP framework extending the R15/16 functionality
Observation 4: Inter-cell beam management in 1a can be seen as dynamic point selection.
Observation 5: In both tracks, inter-cell beam management and inter-cell mTRP, the QCL/TCI related enhancements are required.
Observation 6: It was agreed RAN#92 In both tracks, inter-cell beam management and inter-cell mTRP, the QCL/TCI related enhancements are required.
Proposal 14: The inter-cell beam management is considered as dynamic point selection type of operation where UE can be configured to switch the reception/transmission of channels to another cell.
Proposal 15: Inter-cell BM aims for similar QCL/TCI enhancements as inter-cell mTRP or reuses them.
Proposal 16: Consider beam failure detection and recovery enhancements for inter-cell beam management.
Proposal 17: SSB based measurements can be supported by BM framework by associating the SSBs in csi-SSB-ResourceSet with a cell specific identifier.
Proposal 18: 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).
Proposal 19: 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 20: 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.
Proposal 21: 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.
Proposal 22: The referenceSignal parameter is used for SRS-SpatialRelationInfo, PUSCH-PathlossReferenceRS-r16, PUSCH-PathlossReferenceRS, PUCCH-SpatialRelationInfo and PUCCH-PathlossReferenceRS-r16.
Proposal 23: SSB is the main QCL source for beam management reference signals.
Proposal 24: Associating SSB with a cell specific identifier enables configuration of non-serving cell RS within the beam management framework.
Proposal 25: 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 26: Allow configuration of TCI State of non-serving cell RS to the serving cell TCI State list.
Proposal 27: 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 28: For inter-cell beam management, using unified TCI framework, UE should be able to be indicated with TCI codepoint having possibility for the separate DL and UL TCI states for the non-serving cell DL receptions and UL transmissions.
Proposal 29: The maximum value of reported beam qualities in single reporting instance is K=8
Proposal 30: For mixed reporting, periodic, semi-persistent, and/or aperiodic reporting are supported.
Proposal 31: For non-serving cell beam management measurements and reporting, support the same CSI feedback as currently in rel15/rel16, no new reporting quantity is introduced.
Proposal 32: L1/L2 centric L1-RSRP measurements of CSI-RS for mobility for non-serving cells are not supported.
Proposal 33: Support CSI-RS for BM and CSI-RS for tracking associated with non-serving cell wherein the association means that CSI-RS are QCL’d with non-serving cell SSB.
Proposal 34: It is not beneficial to have the L1 beam reporting of non-serving cell active all the time
Proposal 35: UE can be configured to indicate to network that a non-serving cell reporting configuration should be activated
Proposal 36: Network can active/deactivate the reporting of beam measurements for a non-serving cell

On Dynamic TCI State Update Signaling Medium:
Proposal 37: Additional offset in case of cross carrier beam indication with different SCS should be introduced. The additional delay is needed for determining the minimum allowed time between DCI and uplink HARQ resource.
Proposal 38: 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:
Observation 7: The gNB does not have dynamic panel level knowledge on UE serving panel which may depend on panel capability and current channel conditions.
Proposal 39: Consider associating reported DL RS in beam report (for DL and/or UL beam selection) with dynamic panel capability (index).  
Proposal 40: Regarding gNB beam switches requiring UE panel switch, gNB may benefit from an indication of which DL reference signals that may be simultaneously used as active spatial sources (among which fast beam selection/indication can take place) for optimizing triggering of SRS resources and supporting MPE mitigation.
Proposal 41: SRS port number per UE panel, or the maximum rank per UE panel shall be indicated to gNB. gNB shall have this information for PUSCH scheduling.
Proposal 42: If dynamic switching shall be supported for more than two UE panels, the maximum CB-based SRS resources shall be increased accordingly.
Proposal 43: gNB may receive an indication on whether a DL reference signal could be a feasible spatial source for an SRS resource of the SRS resource set.
Proposal 44: A UE beam refinement index may be different for each SSBRI/CRI thus it will be beneficial for network to have knowledge on which gNB candidate beam supports what level of UE beam refinement.

MPE mitigation:
Observation 8: Opt 1A means extending MAC based P-MPR for MPE to consider multiple candidate/active UL beams, not just UL beam used for PUSCH to transmit MAC-CE. The virtual PHR refers to the estimated MPE event and P-MPR level on each active UL TCI. The UE indicates the estimated P-MPR per link – if used for PUSCH.
Proposal 45: Defining virtual PHR and virtual P-MPR for candidate beams.
Observation 9: Opt 2A targets a solution for candidate beams. Alt 2 includes virtual PH + L1-RSRP + SSBRI/CRI and accounts for MPE effect in L1-RSRP report e.g. virtual PH or estimated UL RSRP.
Proposal 46: Support Opt2A Alt 2 in addition to Option 1A: modified Virtual PHR associated with each activated UL TCI + L1-RSRP including modified virtual PHR with each candidate beam.
Proposal 47: Inform RAN2 and RAN4 of the decision.
Proposal 48: Panel indication is not needed for any MPE mitigation technique.
Proposal 49: For MPE context, consider enhancements to configuration of CFRA resource for beam failure recovery.

Other enhancements:
Proposal 50: Support Opt 1-A by considering TCI state switch or update based on UE’s beam report without explicit TCI activation and indication where the gNB indicates whether or not the certain reported DL RS in L1-RSRP reporting would be switched to be used as the QCL/spatial source in the TCI state used to receive DL signals and/or to transmit UL signals.
Proposal 51: Support gNB confirmation in Opt 1-A.
Proposal 52: Opt 1-A may include the study of reporting of feasible UL beams in BFR mechanism (e.g. excluding MPE beams).
Proposal 53: Opt 1-A may include to investigate whether CSI-RS repetitions (e.g. upon MPE events) may enhance UE-initiated beam selection and reduce the number of beam failures.
Proposal 54: Support Opt 2-A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking.
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