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1. Introduction
[bookmark: _Hlk54343086]The following agreements have been achieved for multi-beam operation in RAN1 #104-bis-e.  
	Conclusion
On Rel.17 unified TCI framework, at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC, there is no consensus in supporting non-BM CSI-RS other than for tracking and non-BM SRS as source RS types for UL TX spatial filter reference
No further discussion in Rel-17

Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, perform study (for the purpose of down-selection and/or combining) and, if needed, specify the following candidate schemes from Group 1:
· Opt 1-1A: Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)
· Opt 1-1B: UE-initiated beam selection/activation based on beam measurement (without beam indication or activation from NW)
· Opt 1-2: Semi-static NW-configured beam selection (without beam indication and measurement/reporting)
· Opt 1-3: SSB grouping to reduce beam training 
· Opt 1-4: Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency
· Note: Aim for at most one solution for Group 1 in Rel-17 to address issue 6

Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, perform study (for the purpose of down-selection and/or combining) and, if needed, specify the following candidate schemes from Group 2:
· Opt 2-1A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking
· Opt 2-1B: Latency reduction for MAC CE based PL-RS activation
· Opt 2-1C: Latency reduction for MAC CE based PUCCH resource/resource group activation
· Opt 2-2: Direct SCell TCI state activation
· Opt 2-3: Replacing RRC-based with MAC CE (or DCI) based for DL QCL or UL information update
· Opt 2-4: One-shot timing update for TCI state update
· Note: Aim for at most one solution for Group 2 in Rel-17 to address issue 6
· Note: At least for Opt 2-1A/B, 2-2, and 2-4, RAN2 and RAN4 will at least have to be involved (some may be exclusively RAN2 and/or RAN4 work) 

Agreement
For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook:
· Upon a successful reception of the beam indication DCI, the UE reports an ACK 
· Note that upon a failed reception of the beam indication DCI, a NACK can be reported.
· For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH
· For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release 
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
· When used for beam indication:
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· Set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: Whether HPN is also used     
· Use the existing TCI field (always present) to signal the following: 1) Joint DL/UL TCI state, 2) DL-only TCI state (for separate DL/UL TCI), 3) UL-only TCI state (for separate DL/UL TCI) 
· FFS: Whether both DL TCI and UL TCI states can be signaled in one instance of beam indication DCI
· FFS: Relation with joint vs separate TCI (DL and/or UL) switching, including M/N>1 if supported
· In addition, use the following DCI fields as the fields are being used in Rel-16:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· TDRA
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator 
· PDSCH-to-HARQ_feedback timing indicator (if present)   
· The remaining unused DCI fields and codepoints are reserved in R17
· Support UE to report whether or not to support TCI update by DCI format 1_1/1_2. 
· For a UE supporting TCI update by DCI format 1_1/1_2, it must support TCI update by using DCI 1_1/1_2 with DL assignment, and support of the above feature for TCI update by DCI format 1_1/1_2 without DL assignment is UE optional
· FFS: How to handle the case when there is only UL data
· FFS: The case for UE being indicated with separate UL TCI in DCI format 1_1/1_2 with DL assignment
· FFS: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied 
· Support of this feature is UE optional
· The “lowest codepoint” function can be configured on or off.
· FFS: Interaction with the DCI based beam update if needed, whether/how to support the case with M or N > 1 if supported
· Note: This agreement on DCI beam indication design is not to be used to be against the support of the cases of M/N>1. The support of M/N>1 will be separately discussed and not dependent on the decision here.

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, in RAN1#105-e, further discuss to down-select at least one or combine from the following options:
· Opt 1A. {Rel.16 P-MPR based (beam/panel-level)} + 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: how to determine the virtual PHR or the modified version.
· Opt 1D. {Rel.16 P-MPR based (beam/panel-level)}
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· Opt 2A. {SSBRI(s)/CRI(s) and/or panel indication} + L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
· FFS: Whether/how to enhance existing beam reporting format to support Option 2A
· FFS: When multiple SSBRIs/CRIs and their corresponding metrics are reported in the same reporting instance, whether to allow mixture between the SSBRI(s)/CRI(s)) intended for MPE mitigation and for DL beam reporting 
· FFS: Whether the reporting is UE-initiated (event-driven) and/or NW-initiated
· FFS: If Opt2A is selected and there is no consensus on a modified L1-RSRP definition, at least the Rel-15 L1-RSRP definition is reused and virtual PHR may be added
FFS: If gNB acknowledges MPE report from UE for UE-initiated (event-driven) reporting 
FFS: If differential report is supported when multiple UL beams are reported in the same report

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 enhancements to facilitate UE-initiated panel activation and selection, for CSI/beam measurement/reporting, down select and/or modify from the following candidates:
· Opt1-1: A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS: How to inform through CSI/beam reporting framework
· FFS: Detailed design of the correspondence including the conveyed information 
· Note: the correspondence between a CSI-RS and/or SSB resource index and a panel entity is determined by the UE (analogous to Rel-15/16)
· Opt1-2: A panel entity is referring to a new panel ID within CSI/beam reports
· FFS: Detailed design of the new panel ID including the information conveyed by the new panel ID
· Note: The association between the new panel ID and the panel entity is determined by the UE
· Opt1-3: No additional specification support
· The duration in which the above panel entity reference is valid and the respective setting are FFS
Note: “panel entity” is only used for discussion purpose

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
1. AltB. The setting of (P0, alpha, closed loop index) is also included with UL or (if applicable) joint TCI state
1. 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 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.

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

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


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 



[bookmark: _Hlk525732985]
2. Issue 1 – Unified TCI Framework
One remaining issue from last meeting is M and N can be only 1 or larger than 1. In our view, M and N larger than 1 should be supported to provide multiple active beams for reliability. Such flexibility is already supported in R15/16, where 2 active control beams are supported as minimum UE capability even for single TRP scenario.  
Proposal 1: Support M>1 and N>1 active joint or separate DL/UL TCI states.
In RAN1 #103e, it was agreed that the joint DL/UL TCI states will be configured in one pool, which may or may not be shared with separate DL/UL TCI states. We slightly prefer a common pool shared by all types of TCI states. This way does not need to solve the ambiguity of TCI type for the same TCI ID. Furthermore, the same TCI field in DCI can indicate all types of TCI states. 
Proposal 2: Support a common pool for all types of TCI states. 
For separate enablement of joint and separate DL/UL TCI states, dynamic enablement of one TCI type via MAC-CE may have enablement less latency compared with RRC configuring one TCI type at one time. For example, once UE reports UL beam suffering from the MPE issue, gNB can deactivate joint DL/UL TCI states and activate separate DL/UL TCI states via MAC-CE. 
Proposal 3: Support a UE can be activated with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signalling.
For the PC parameters of UL channels/RSs sharing the same UL/joint TCI state, they can be configured in the shared UL/joint TCI state. However, to satisfy the constraint that at most 4 PL RSs are maintained by UE, it would be flexible to allow the PC parameters especially the PL RS to be further updated by MAC-CE or DCI. 
[bookmark: _Hlk68354856]Proposal 4: For the setting of (P0, alpha, closed loop index) for PUCCH, PUSCH, and SRS, the setting can be configured in each UL or (if applicable) joint TCI state.
· The setting can be further updated by MAC-CE or DCI.
Proposal 5: Support pathloss RS can be configured in each UL or (if applicable) joint TCI state.
· The PL RS can be further updated by MAC-CE or DCI.
In R16, the maximum number of configured TCI states is 128 per BWP. Due to the introduction of new types of TCI states, the demand can be higher for more configured TCI states. However, simply increasing the configured TCI state number may not be desirable at UE due to cost/complexity considerations. One way to resolve this issue is to configure a single set of TCI states for multiple CCs. Each configured TCI state is applied to every CC. In a TCI state, if the BWP/CC ID of an QCL source RS is not specified, it can be implicitly determined by the ID of each applied active BWP/CC. For example, the QCL-TypeA RS in the TCI state #1 can be only configured with RS ID but without corresponding BWP/CC ID. If the TCI state #1 is applied to BWP #2 in CC #2, UE will look for the QCL-TypeA RS in that BWP/CC. In this way, UE only needs to store a single set of TCI states for all CCs while maintaining the current rule that QCL-TypeA RS must be in the active BWP. UE capability can also support more configured TCI states, e.g. 256 or 512 for the single set of TCI states shared by multiple CCs, while the total configured TCI states can still be reduced across all CCs. 
Proposal 6: Support of configuring a single set of TCI states for multiple CCs.
· Each configured TCI state is applied to every CC.
· If not specified, BWP/CC ID of an QCL source RS in a TCI state can be implicitly determined based on each applied active BWP/CC.
In R15, the TCI state of periodic CSI-RS and the spatial relation of periodic SRS have to be updated via RRC. To save RRC reconfiguration latency, the joint DL/UL TCI state of periodic CSI-RS and SRS can be dynamically updated via 
[bookmark: _Hlk68354894]Proposal 7: Joint DL/UL TCI state of periodic CSI-RS and SRS can be updated by MAC-CE or DCI.
3. [bookmark: _Hlk54257923]Issue 2 – L1/L2 Centric Inter-Cell Mobility
In RAN1 #104e, it was agreed to report up to K beams associated at least with non-serving cell(s). On the reported beam metric for non-serving cell, both L1 and L3 RSRP should be supported. L1-RSRP can be used for dynamic beam/cell selection, while L3-RSRP can be used to determine the beams/cells with good long-term quality as candidates for L1-RSRP measurement. 
Proposal 8: For the up to K beams associated at least with non-serving cell(s) in a single report, support that gNB can configure either L1 or L3 RSRP as the reported beam metric. 
It is also agreed in RAN1 #104bis-e that the configured K will have at least one candidate value from the set of {4, 8, 16}. For flexible implementation, it would be beneficial to have UE capability on the maximum supported K, under which the K can be configured. 
Proposal 9: For the up to K beams associated at least with non-serving cell(s) in a single report, support that the maximum value of K is a UE capability. 
In the context of inter-cell mTRP, group-based beam report should be extended such that the two reported beams per group can be from serving and non-serving cells, respectively. For example, one reported RS can have the root QCL source RS as SSB from a non-serving cell, while the other reported RS can have the root QCL source RS from the serving cell. Both reported beams from serving and non-serving cells in a beam group can be simultaneously received by the UE.
Proposal 10: For group-based beam report in inter-cell mTRP, support that the two reported beams per group can be from serving and non-serving cells, respectively. 
To save resource and power consumption for periodic reporting, event triggered beam/cell report should be supported for UE to report a better candidate non-serving cell if its best SSB RSRP is sufficiently better than that of the serving cell. The report may contain the candidate SSB/cell ID. UE may request UL grant for the report by reusing regular or dedicated SR resource. 
Proposal 11: Support event triggered report of SSB L1-RSRP from a candidate non-serving cell.
To accurately measure SSB from non-serving cells, UE may need to continuously track those SSBs for corresponding timing and Rx beams. To save UE power consumption, the measurement for SSBs on non-serving cells can be dynamically (de)activated by gNB, e.g. activated only when the best SSB RSRP of the serving cell is below a certain threshold, which may imply UE is near the serving cell boundary. 
Proposal 12: Support dynamic (de)activation of the SSB measurement on non-serving cell(s) via MAC CE.
In L1/L2 based inter-cell mobility, candidate cells or PCIs can be widely separated with different propagation delays to the UE and, hence, UE may have different TAs to them. Therefore, it would be beneficial to support different TAs for serving and non-serving cells at least for single TRP operation. This will increase applicable mobility area without requiring dense deployment of cells.
Proposal 13: Serving and non-serving cells can have different TAs at least for single TRP operation.
For inter-cell mobility, one important aspect is the mobility of PCell, which provides basic cell functions including RACH, PUCCH, paging, system info, RLM, etc. UE’s mobility area will be significantly limited if the PCell cannot be moved around. In R16, PCell is changed in RRC level. To truly realize L1/L2 based inter-cell mobility, serving cells including PCell should be dynamically selected/deselected via L1/L2 signalling. A general example is illustrated in Figure 1, where a set of cells, e.g. Cell 1-8, are pre-configured at UE for L1 measurement, based on which a subset of pre-configured cells, e.g. Cell 2-4, are dynamically activated by L1/L2 signalling to serve the UE, and one activated cell can function as the PCell. In this way, L1/L2 based inter-cell mobility can potentially offer a large area for UE mobility. 
Proposal 14: Support L1/L2 based selection of serving cell(s), including PCell.
Proposal 15: A set of candidate serving cells can be pre-configured for L1 measurement, based on which a subset of pre-configured cells can be dynamically activated by L1/L2.



Figure 1: L1/L2 Based Active Cell Set Selection from Configured Cell Set
For L1/L2 based inter-cell mobility performance, evaluation was conducted based on the agreed assumptions in [1]. The HO starts when the target cell has 3 dB better L1-RSRP for 10 consecutive measurements than the source cell. The HO latency is modelled as 2 slots for L1 based mobility to account for the DCI based beam switch, and is modelled as a random number in U[1, 1.5]sec followed by an 80 ms blackout duration for L3 based mobility. In Figure 2, as expected, the L3 based cell switch is always behind the L1 based cell switch in case of 11 horizontally placed SSBs, and the latency increases for higher UE speed. 
To investigate the impact of the cell switch latency on system performance, the serving sector’s RSRP trace is plotted in Figure 3 for both L1 and L3 based mobility in case of 11 SSBs per sector, based on which the CDF of RSRP difference between L1 and L3 mobility is also plotted for different UE speeds. It can be seen that the median RSRP difference is 18 and 20 dB for UE speed of 60 and 120 kmph, respectively. Similar results can be observed in Figure 4 for 22 SSBs per sector with 2 rows of 11 SSBs placed vertically. The large RSRP gap implies a significant impact on throughput and latency.
Observation 1: It can be observed that the median RSRP difference between L1 and L3 based mobility is 18 and 20 dB for UE speed of 60 and 120 kmph, respectively.
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Figure 2: Serving Sector Switching Time Trace for L1 & L3 Mobility (11 SSBs per Sector)
[bookmark: _Hlk54266194][image: ] [image: ]
Figure 3: Serving Sector RSRP Trace and RSRP Difference CDF for L1 & L3 Mobility (11 SSBs per Sector)
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Figure 4: Serving Sector RSRP Trace and RSRP Difference CDF for L1 & L3 Mobility (22 SSBs per Sector)
4. Issue 3 – Dynamic TCI Update Signalling
In RAN1 #104bis-e, it is agreed that RV field of all ‘1’s is used to differentiate DCI format 1_1/1_2 for TCI update without DL assignment from other use cases. However, the RV field may be configured with 0 bit by higher layer parameter numberOfBitsForRV-DCI-1-2. In this case, the rvid is assumed to be 0, which is different from the all ‘1’s used to identify the DCI format for TCI update. Therefore, the RV field should always present for DCI format 1_2 for TCI update and without DL assignment.
Proposal 16: For DCI format 1_2 for TCI update and without DL assignment, clarify that the RV field should always present. 
To ensure reliability of DCI based TCI update, the application time should be defined as at least X symbols from the end of acknowledgement with X based UE capability. This guarantees that both sides will switch the beam after the acknowledgement is transmitted/received. For DCI based update of the PL RS associated with the updated TCI state, the same application time can be applied at least when the PL RS has already been maintained by the UE. 
Proposal 17: Application time for DCI based TCI state update should be defined as the first slot that is at least X symbols after the acknowledgment for the DCI, where X depends on UE capability.
· The same application time can be applied to DCI based update of PL RS associated with the updated TCI state at least when the PL RS has already been maintained by the UE.
Furthermore, additional application time should be added when the SCS of the TCI updating DCI is smaller than that of applied channel(s) to account for extra DCI decoding latency. The additional application time may reuse the additional beam switching delay defined for cross-carrier AP CSI-RS triggering with different numerologies. 
[bookmark: _Hlk71210101]Proposal 18: If the TCI updating DCI has smaller SCS than the applied channel(s), additional application time should be added to account for extra DCI decoding latency.
· Value may reuse the additional beam switching timing delay d defined in 38.214 Table 5.2.1.5.1a-1.
In R17, PUCCH repetition has been introduced to further improve control reliability in mTRP. In presence of PUCCH repetition, the application time for DCI based TCI state and PL RS update should be defined from the end of last PUCCH repetition. 
Proposal 19: In presence of PUCCH repetition, the application time for DCI based TCI state and PL RS update should be defined from the last PUCCH repetition.
5. Issue 4 – Fast UL Panel Selection
On the UL panel selection, one use case is to support different configurations across UE panels. To support panel specific configuration, UE needs to report panel related capabilities, including number of DL/UL panels, number of beams per panel, number of antenna ports per panel, and panel specific activation/selection delay. In addition, the panel specific capability can be common across multiple CCs, which share the same physical panel. 
Proposal 20: Support UE to report the panel related capabilities.
· The capabilities include number of DL/UL panels, number of antenna ports per panel, maximum resource number per resource set of SRS for BM, panel specific activation/selection delay.
·  Reported panel related capabilities can be common across multiple CCs. 
In RAN1 #103e, it is agreed that UE-initiated UL panel selection/activation should be supported. The UE-initiated activation could be UE request for gNB to approve, or UE indicating its decision to gNB. However, the final decision on UE panel activation should be left to UE as today’s behaviour. Because UE’s decision on panel activation is based on various factors like power consumption, which are difficult to be known by gNB accurately and timely. To avoid negative impact to UE performance, the panel activation decision should made by UE. Among those active panels, gNB may select which one to use per transmission based on gNB’s knowledge, e.g. UL interference control, MPE mitigation, etc. 
[bookmark: _Hlk68355669]Proposal 21: Final decision of UE panel activation should be made by UE.
· Among active UE panels, gNB may select which one to use per transmission. 
For the UL panel selection, gNB may need to know which UE panels are active and hence select UL panel(s) among those active panels. Therefore, it would be beneficial for UE to report the panel activation status, which may vary across time based on UE’s panel management, e.g. for power saving purpose. In addition, to reduce the reporting overhead, UE can report the panel activation status common across a set of CCs, since the same UE panel is typically shared by multiple CCs.
Proposal 22: Support UE reporting of panel activation status.
· Reported panel activation status can be common across multiple CCs. 
In R15/16, SRS resources for CB based UL transmission have same number of ports. To support panel specific configuration, the CB based SRS resources may be configured to have different number of ports to match the different number of antenna ports across UE panels. 
Proposal 23: Support CB based SRS resources with different numbers of ports.
To indicate the selected UE panel per UL transmission, both gNB and UE should be aligned on the mapping between the TCI state for UL transmission and the corresponding UE panel. The mapping can be semi-statically configured or dynamically indicated to UE per scheduled transmission. In addition, if the mapping is changed due to UE movement/rotation, UE should report the updated panel corresponding to a TCI state. 
Proposal 24: gNB and UE should be aligned on the mapping between TCI state and UE panel. 
· UE can report the updated panel corresponding to a TCI state.
In R15/16, for a measured DL RS, UE only reports a single L1 metric corresponding to one UE panel. However, selecting which panel for UL transmission may not only depend on L1 metric. gNB may need to jointly consider other factors. For example, for the same TCI state, gNB may select the UE panel causing less UL interference to neighbour cells among candidate panels with similar L1 metrics. Therefore, for a measured DL RS, it would be beneficial for UE to report L1 metrics for multiple UE panels, among which gNB may select the one by jointly considering L1 metric and UL interference. 
Proposal 25: In the beam report for UL beam selection, for each reported DL RS, UE can report multiple L1 metrics measured on different panels for that DL RS.
· Among multiple reported panels for the same DL RS, gNB may select the one for UL transmission by jointly considering L1 metric and UL interference. 
6. Issue 5 – UL Beam Selection Considering MPE
As for enhancement on P-MPR report, it would be beneficial to support the beam level P-MPR report, such that gNB can directly identify UL beam suffering MPE and corresponding candidate UL beam. For the panel level P-MPR report, gNB may still need to figure out the best UL beam on a candidate panel. On the reported metric, the modified virtual PHR should be sufficient to reflect the UL performance, where the modification considers the actual P-MPR under the MPE requirement instead of 0 dB P-MPR in current spec. 
Proposal 26: Support beam level P-MPR report with modified virtual PHR per reported SSBRI/CRI.
· The modified virtual PHR considers the actual P-MPR under the MPE requirement.
For event triggered P-MPR report, the failed UL beam can be quickly recovered by resetting the UL beam to the new one in the report after UE receives gNB’s response to the report. For example, UE can send the P-MPR report via MAC-CE on the PCell in FR1 and, after receiving the gNB’s response on PCell, both sides will reset the UL beam on the SCell suffering from the MPE issue in FR2. 
Proposal 27: Support UL beam resetting based on reported new UL beam in UE triggered P-MPR report, after UE receives gNB’s response to the report.
For regular beam report scheduled by gNB, modified RSRP is agreed as a potential metric per reported UL beam. To reflect the general UL performance including both UL Tx power backoff and channel quality, the modified RSRP can be defined as the maximum allowed UL Tx power under MPE constraint minus the path loss, which can be estimated based on the measured RSRP and the Tx power of the DL RS for UL beam indication. 
[bookmark: _Hlk71210222]Proposal 28: For gNB scheduled report with separate preferred DL/UL beams, support report of UL RSRP per reported SSBRI/CRI for UL beam.
· Where UL RSRP = UL max Tx power under MPE – Estimated path loss.
Similar to the existing DL beam report, differential report can be considered to reduce reporting overhead when multiple UL beams are reported in the same reporting instance. 
Proposal 29: Support differential report when multiple UL beams are reported in the same reporting instance.
The performance of MPE is investigated next. The assumptions for dense urban outdoor scenario are based on the agreement in Table 3 of [1]. Additional details are listed below for calibration purpose.  
	Parameter Name
	Value
	Parameter
	Value

	Channel Model 
	UMI with ISD 200 m
	gNB element # per sector
	256

	Max UE Tx power
	23 dBm
	gNB antenna element gain
	8 dBi

	UE antenna element gain
	5 dBi
	Blocked UE panel
	Random one at sim start

	UE array gain
	6 dB
	UE # per sector
	10

	Blocked panel modelling
	Additional 10 dB loss on DL/UL + 10 dB max UL power reduction
	UE orientation
	Vertical but random in azimuth

	Panel # per UE
	3
	Panel orientation
	Left, back, right


Table 1: Simulation Assumptions for MPE Performance 

	
	All UEs
	Impacted UEs

	
	Without MPE mitigation
	With MPE mitigation
	Without MPE mitigation
	With MPE mitigation

	5%ile TPUT (Mbps)
	0.2
	0.5
	0.01
	0.2

	5%ile TPUT gain
	–
	250%
	–
	2000%

	Mean TPUT (Mbps)
	13.2
	21.1
	5.4
	10.6

	Mean TPUT gain
	–
	62%
	–
	96%


Table 2: Summary of UE Throughput Gain with MPE Mitigation 

[image: Chart, scatter chart

Description automatically generated][image: Chart

Description automatically generated]
[image: Chart, line chart

Description automatically generated][image: Chart, line chart

Description automatically generated]
Figure 5: Comparison of UE Throughput, SNR, and SINR for without and with MPE mitigation
· alwaysBest (green) – Best DL beam as UL beam (without MPE mitigation)
· hybrid (blue) – Best DL beam not suffering MPE as UL beam (with MPE mitigation)
· noMPE (red) – Same as Scheme 1 but without max UL power reduction (ideal reference)
The CDFs of UE mean throughput, median SNR, median SINR are plotted in Figure 5 for the following 3 schemes. Compared with the scheme without MPE mitigation (green), the scheme with MPE mitigation (blue) improves all metrics by selecting the best DL beam not suffering MPE as the UL beam, which enhances the UL performance significantly. The throughput gain with MPE mitigation is summarized in Table 2, where for the 5%ile TPUT gain: 250% in general, 2000% for suffering UEs, and for the mean TPUT gain: 62% in general, 96% for suffering UEs. Meanwhile, the CDF of UE path loss is plotted in Figure 5 as well for calibration purpose.  
Observation 2: Throughput improvement can be observed with MPE mitigation in dense urban scenario.
· 5%ile TPUT gain is 250%; mean UE TPUT gain is 63%.
7. [bookmark: _Hlk68340179][bookmark: _Hlk54342831]Issue 6.1 – BM with Reduced DL Signalling to Reduce Latency
As agreed in RAN1 #104e, group 1 in Issue 6 will discuss beam management with reduced DL signalling to reduce latency. The corresponding proposals are described below. 
In R15/16, after receiving the beam report, gNB will activate the new beam via MAC-CE which, however, will increase the beam update latency. To further reduce the beam update latency especially in high mobility scenario, a common beam for multiple channels can be implicitly updated via the beam report, e.g. the 1st reported beam will be used as the common beam after the report.
Proposal 30: Support implicit update of a common beam for multiple channels via L1 report.
[image: ]
Figure 6: Implicit Beam Update via L1 Report
For UEs in close proximity, e.g. CPEs in a train carriage or sensors in a robot/car, a common beam can be selected for them to save beam management latency/overhead. In addition, in IIOT scenario, a UE may not need large bandwidth. It would be more efficient to group UEs that can be served by a wider common beam and FDM them, instead of individual UE-specific narrower beams but with more symbols. The common beam can be updated via a group common DCI for a UE group. The beam measurement & report can be done by one UE in the group. gNB can learn the UEs sharing the same group via positioning report or UE feedback of group formation, e.g. UEs installed on the same moving object, e.g. car/train/robot, can inform gNB that a common beam can be selected for them. 
Proposal 31: Support a common beam selected for a group of UEs.

[image: ]
Figure 7: Early Beam Refinement via New Beam Report in Msg3 During Initial Access

In R15/16, the beam refinement can only be performed via L1 report after RRC setup complete, and the refined beam needs to be further activated by MAC-CE. As shown in Figure 7, this requires at least about 144 slots. Before that time, the message exchange has to rely on the Msg3 beam, which may not be the best beam. In R17, the beam refinement can be sped up via reporting a better beam in Msg3, since UE may identify a better SSB after Msg1. The refined beam can provide improved link quality for the remaining message exchange, which is critical for initial access latency reduction. 
Proposal 32: Support UE to report a new beam in Msg3 in initial access.
8. Issue 6.2 – TCI & PL RS Activation Latency Reduction
In R15/16, MAC-CE based TCI state activation latency is defined in both RAN1 and RAN4 aspects. However, MAC-CE based PL RS activation latency is only defined in RAN1 for PL RS already maintained by UE. The activation latency for PL RS not maintained by UE should also be clarified in RAN1 or RAN4, e.g. X samples after the acknowledgement for the MAC-CE. This will align the understanding between gNB and UE. For example, with the clarified PL RS activation time, gNB can align the activation time for both TCI state and PL RS to ensure sufficient UL performance while minimizing UL interference. 
Proposal 33: Clarify the application time for PL RS not previously maintained by UE. 
In [2], RAN4 informs RAN1/RAN2 that TCI state activation is required as part of the SCell activation procedure in NR. Currently, network needs to send separate MAC CE to complete SCell activation procedure. To address this issue, RAN2 #113e is discussing to simply add the TCI state information via RRC for direct SCell activation in R16. In R17, temporary RS triggered by DCI/MAC-CE is also being discussed in RAN1 for efficient SCell activation. As a further enhancement, the unified TCI framework introduced in R17 can be extended to direct SCell activation. For example, a pre-configured joint DL/UL TCI state can be implicitly activated by the SCell activation MAC-CE and applied to all channels on the activated SCell. 
Proposal 34: Support extension of unified TCI framework to direct SCell TCI state activation.
· Joint/Separate DL/UL TCI state(s) can be pre-configured and implicitly activated by SCell activation MAC-CE.
9. Conclusion
In this contribution we discussed enhancements for Rel-17 NR FeMIMO beam management. Below are the observations and proposals
Observation 1: It can be observed that the median RSRP difference between L1 and L3 based mobility is 18 and 20 dB for UE speed of 60 and 120 kmph, respectively.
Observation 2: Throughput improvement can be observed with MPE mitigation in dense urban scenario.
· 5%ile TPUT gain is 250%; mean UE TPUT gain is 63%.

Proposal 1: Support M>1 and N>1 active joint or separate DL/UL TCI states.
Proposal 2: Support a common pool for all types of TCI states. 
Proposal 3: Support a UE can be activated with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signalling.
Proposal 4: For the setting of (P0, alpha, closed loop index) for PUCCH, PUSCH, and SRS, the setting can be configured in each UL or (if applicable) joint TCI state.
· The setting can be further updated by MAC-CE or DCI.
Proposal 5: Support pathloss RS can be configured in each UL or (if applicable) joint TCI state.
· The PL RS can be further updated by MAC-CE or DCI.
Proposal 6: Support of configuring a single set of TCI states for multiple CCs.
· Each configured TCI state is applied to every CC.
· If not specified, BWP/CC ID of an QCL source RS in a TCI state can be implicitly determined based on each applied active BWP/CC.
Proposal 7: Joint DL/UL TCI state of periodic CSI-RS and SRS can be updated by MAC-CE or DCI.
Proposal 8: For the up to K beams associated at least with non-serving cell(s) in a single report, support that gNB can configure either L1 or L3 RSRP as the reported beam metric. 
Proposal 9: For the up to K beams associated at least with non-serving cell(s) in a single report, support that the maximum value of K is a UE capability. 
Proposal 10: For group-based beam report in inter-cell mTRP, support that the two reported beams per group can be from serving and non-serving cells, respectively. 
Proposal 11: Support event triggered report of SSB L1-RSRP from a candidate non-serving cell.
Proposal 12: Support dynamic (de)activation of the SSB measurement on non-serving cell(s) via MAC CE.
Proposal 13: Serving and non-serving cells can have different TAs at least for single TRP operation.
Proposal 14: Support L1/L2 based selection of serving cell(s), including PCell.
Proposal 15: A set of candidate serving cells can be pre-configured for L1 measurement, based on which a subset of pre-configured cells can be dynamically activated by L1/L2.
Proposal 16: For DCI format 1_2 for TCI update and without DL assignment, clarify that the RV field should always present. 
Proposal 17: Application time for DCI based TCI state update should be defined as the first slot that is at least X symbols after the acknowledgment for the DCI, where X depends on UE capability.
· The same application time can be applied to DCI based update of PL RS associated with the updated TCI state at least when the PL RS has already been maintained by the UE.
Proposal 18: If the TCI updating DCI has smaller SCS than the applied channel(s), additional application time should be added to account for extra DCI decoding latency.
· Value may reuse the additional beam switching timing delay d defined in 38.214 Table 5.2.1.5.1a-1.
Proposal 19: In presence of PUCCH repetition, the application time for DCI based TCI state and PL RS update should be defined from the last PUCCH repetition.
Proposal 20: Support UE to report the panel related capabilities.
· The capabilities include number of DL/UL panels, number of antenna ports per panel, maximum resource number per resource set of SRS for BM, panel specific activation/selection delay.
·  Reported panel related capabilities can be common across multiple CCs. 
Proposal 21: Final decision of UE panel activation should be made by UE.
· Among active UE panels, gNB may select which one to use per transmission. 
Proposal 22: Support UE reporting of panel activation status.
· Reported panel activation status can be common across multiple CCs. 
Proposal 23: Support CB based SRS resources with different numbers of ports.
Proposal 24: gNB and UE should be aligned on the mapping between TCI state and UE panel. 
· UE can report the updated panel corresponding to a TCI state.
Proposal 25: In the beam report for UL beam selection, for each reported DL RS, UE can report multiple L1 metrics measured on different panels for that DL RS.
· Among multiple reported panels for the same DL RS, gNB may select the one for UL transmission by jointly considering L1 metric and UL interference. 
Proposal 26: Support beam level P-MPR report with modified virtual PHR per reported SSBRI/CRI.
· The modified virtual PHR considers the actual P-MPR under the MPE requirement.
Proposal 27: Support UL beam resetting based on reported new UL beam in UE triggered P-MPR report, after UE receives gNB’s response to the report.
Proposal 28: For gNB scheduled report with separate preferred DL/UL beams, support report of UL RSRP per reported SSBRI/CRI for UL beam.
· Where UL RSRP = UL max Tx power under MPE – Estimated path loss.
Proposal 29: Support differential report when multiple UL beams are reported in the same reporting instance.
Proposal 30: Support implicit update of a common beam for multiple channels via L1 report.
Proposal 31: Support a common beam selected for a group of UEs.
Proposal 32: Support UE to report a new beam in Msg3 in initial access.
Proposal 33: Clarify the application time for PL RS not previously maintained by UE. 
Proposal 34: Support extension of unified TCI framework to direct SCell TCI state activation.
· Joint/Separate DL/UL TCI state(s) can be pre-configured and implicitly activated by SCell activation MAC-CE.
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