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1. Introduction
[bookmark: _Hlk54343086]The following agreements have been achieved for multi-beam operation in RAN1 #103-e.  
	Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured

Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.

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

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

Agreement
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 

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

Agreement
[bookmark: _Hlk61697618]In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support.

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

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

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

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

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

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



[bookmark: _Hlk525732985]
1. Issue 1 – Unified TCI Framework
One remaining issue from last meeting is whether the new TCI states can be applied to a single and a subset of channels/RSs. In our view, this should be supported. Although applying the new TCI states to all channels/RSs is one good use case, it may lack of diversity to against beam blocking. Enabling multiple active TCI states with each applied to a subset of channels/RSs can provide higher reliability by fully exploiting UE capability of multiple active TCI states. 
Proposal 1: Support TCI states for a single and a subset of channels/RSs.
In last meeting, 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. 
[bookmark: _Hlk61600105]As for the relation between different types of TCI states, it might be beneficial to allow simultaneous usage of any combination of TCI types. For example, two active joint DL/UL TCI states can be used to provide diversity. However, if the UE beam of the 2nd joint TCI state suffers from MPE issue, the 2nd joint TCI state can be replaced with a separate DL TCI state plus a separate UL TCI state, which together with the 1st joint TCI state can still provide 2-beam diversity in both DL and UL. 
However, if different TCI types are configured simultaneously, it would be beneficial for them to have disjoint sets of applicable channels/RSs. For example, if joint DL/UL TCI state and separate DL TCI state have overlapped applicable channels/RSs, ambiguity may exist on which TCI state should be applied to those overlapped channels/RSs. Specifically, suppose the joint TCI state is applicable to PDSCH and SRS, while the separate DL TCI state is applicable to PDSCH and PDCCH. When the joint TCI state is updated, the ambiguity is whether the overlapped PDSCH should be updated by the joint TCI state or stays with the separate DL TCI state. If the PDSCH should be updated by the joint TCI state, another ambiguity could be whether the PDCCH beam should follow the updated PDSCH beam to maintain the common DL beam or remains the same as the DL TCI state. To avoid those ambiguities, a simple rule is to configure disjoint sets of applicable channel(s)/RS(s) for different types of TCI states. 
Proposal 3: If different types of TCI state are configured simultaneously, they should have disjoint sets of applicable channel(s)/RS(s).
· Types of TCI state include joint DL/UL, separate DL, and separate UL TCI states.
In R15, power control parameters are signalled per PUCCH spatial relation and per SRI for PUSCH. The same flexibility can be maintained for power control parameters of various UL channels/RSs associated with a joint DL/UL TCI state or a separate UL TCI state. Therefore, it would be flexible to support power control parameters except for the PL RS to be signalled per UL channel/RS per TCI state. A common PL RS can be signalled per TCI state, since the PL RS is to measure the pathloss of the associated beam pair link. 
Proposal 4: For UL channel(s)/RS(s) associated with a joint DL/UL or a separate UL TCI state.
· Power control parameters except for PL RS can be signalled per UL channel/RS and per TCI state.
· A common PL RS can be signalled for all UL channel(s)/RS(s) per TCI state.
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 5: 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, default PDSCH beam follows the beam of CORESET with lowest ID in latest monitored slot. The varying default PDSCH beam across slots may not be friendly for optimization: even if that CORESET beam does not yield highest SNR, the default PDSCH beam has to follow it. With the introduction of common beam, default PDSCH beam can be configured to always follow the common beam optimized by certain criterion. For low mobility UE, default PDSCH beam can follow the common beam with the best SNR, while for high mobility UE, default PDSCH beam can follow the common beam with wide beam width for better tracking. Therefore, it would be beneficial to allow default PDSCH beam to follow the common beam, indicated by the joint DL/UL TCI state.
[bookmark: _Hlk61704809]Proposal 6: Joint DL/UL TCI state can indicate default PDSCH beam.
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 
Proposal 7: Joint DL/UL TCI state of periodic CSI-RS and SRS can be updated by MAC-CE or DCI.
[bookmark: _Hlk54257923]For UEs in close proximity, 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 8: Support a common beam selected for a group of UEs.
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 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 9: Support implicit update of a common beam via L1 report.
[image: ]
Figure 1: Implicit Beam Update via L1 Report

2. Issue 2 – L1/L2 Centric Inter-Cell Mobility
In inter-cell mobility, each serving cell can have single or multiple TRPs sharing same PCI, which is unique per serving cell as in R16. To facilitate fast beam switching across different cells, TCI state of a serving cell can be QCLed with SSB from a neighbour non-serving cell, in addition to SSB from the serving cell. The SSB from neighbour non-serving cell is only for beam indication purpose. In this way, cell switching can be implicitly achieved by indicating the TCI state QCLed with SSB from different cells. This is illustrated in Figure 2, where UE can be indicated with TCI state QCLed with SSB from its own serving cell with PCI 0, or with SSB from a neighbour non-serving cell with PCI 3 or 4. Moreover, the concept of QCL source from non-serving cell has been adopted in R16 Positioning. 
Proposal 10: Support TCI state with QCL source as SSB from non-serving PCI.
To facilitate the beam selection among serving and non-serving cells, it is necessary to configure UE report of L1 metrics for non-serving cells.
Proposal 11: UE can be configured to report L1 metrics for non-serving cells.
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.
[bookmark: _Hlk61100227]Proposal 12: 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 3, 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 13: Support L1/L2 based selection of serving cell(s), including PCell.
Proposal 14: 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 2: TCI State with QCL Source as SSB from Non-Serving PCI



Figure 3: L1/L2 Based Active Cell Set Selection from Configured Cell Set
In addition to QCL source from non-serving cell, another alternative for the beam indication in L1/L2 mobility is to configure multiple PCIs per serving cell. In this case, QCL source can be from any PCI of the serving cell. The advantage is that UE can move beyond the coverage of individual PCI, and the multiple PCIs may provide a large mobility area without serving cell change. For the option of QCL source from non-serving cell, each serving cell has a single PCI as today, and UE may have to stay within the coverage of the PCell for all PCell related functions, e.g. RACH, SIB, paging, PUCCH, etc. It would be beneficial to fundamentally eliminate this constraint.  
Proposal 15: Both options of a single and multiple PCIs per serving cell are not precluded.
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 4, 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. 
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Figure 4: Serving Sector Switching Time Trace for L1 & L3 Mobility (11 SSBs per Sector)

[bookmark: _Hlk54266194][image: ] [image: ]
Figure 5: Serving Sector RSRP Trace and RSRP Difference CDF for L1 & L3 Mobility (11 SSBs per Sector)
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Figure 6: Serving Sector RSRP Trace and RSRP Difference CDF for L1 & L3 Mobility (22 SSBs per Sector)
To investigate the impact of the cell switch latency on system performance, the serving sector’s RSRP trace is plotted in Figure 5 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 6 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.
3. Issue 3 – Dynamic TCI Update Signalling
In addition to DL DCI format, UL DCI format can also be used for TCI update to allow more flexibility. In this case, the scheduled UL transmission can naturally serves as the acknowledgement for the DCI.  
Proposal 16: Support using DCI format 0_1 and 0_2 to update TCI states.
· The scheduled UL transmission(s) can serve as the acknowledgement for the DCI.
Besides DCI scheduling transmission(s), it is also beneficial to support DCI without any scheduled transmission to update the TCI states. Therefore, the beam can be updated even without the need for any other transmission. To achieve the goal, introducing a new DCI format with dedicated acknowledgement may be more straightforward than using existing DCI formats with different modification rules. 
Proposal 17: Support using DCI without scheduling transmission to update TCI states.
· Both existing DCI formats and new format can be considered. 
[bookmark: _Hlk61688086]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 18: 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.
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.
In some applications, multiple UEs may move together in close proximity, e.g. backhaul relaying UEs mounted in a vehicle/train carriage, sensor UEs located at different parts of a robot, etc. In those scenarios, multiple UEs may share a common beam and, hence, it would be more efficient to update the common beam for those UEs via a group common DCI. 
Proposal 20: DCI based beam update can be extended to group common DCI.
4. Issue 4 – Fast UL Panel Selection
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, we believe 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: _Hlk61101334]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. 
[bookmark: _Hlk61700375]Both gNB and UE should be aligned on which set of UE panels are active, such that gNB can select the panel within the active panel set. 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: gNB and UE should be aligned on the UE panel activation status.
· Panel status reported by UE can be common across multiple CCs. 
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. 
Proposal 23: gNB and UE should be aligned on the mapping between TCI state and UE panel. 
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 24: 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. 
5. Issue 5 – UL Beam Selection Considering MPE
Due to the RF exposure issues, a UE cannot transmit with very high power towards a nearby human body. RAN4 has introduced during Rel-15 in the specification to enable the UE to comply with regulatory maximum permittable exposure (MPE) limits, one is P-MPR, the other is maxUplinkDutyCycle capability. When suffering from the MPE issue, the transmit power may be significantly reduced and, hence, may result in large performance degradation or even link failure in uplink transmissions. However, the MPE issue is highly directional in FR2. This means, for a certain UL beam, it may point towards a human body, and have potentially high P-MPR, while for some other uplink beams which may not point towards a human body, they can have low P-MPR. Thus, the MPE issue can be UL beam specific and can be effectively alleviated by the UL beam management. 
Basically, the MPE issue can be solved either from the gNB side or from the UE side. From the gNB side, UL beam reporting can be considered. In R15/16, DL beam reporting is supported for UE to report the preferred DL reception beams, where the RSRP is used as the beam selection metric primarily for DL. However, the preferred beams for receiving DL transmission can be different from the preferred beams for UL channels. For example, the UL beam may suffer from the MPE issue, while the corresponding DL beam is not affected by the MPE. Thus, to maximize the UL coverage while maintaining DL performance, it is beneficial for UE to report CRI/SSBRI for preferred UL and DL beams, respectively. To achieve this, gNB may configure UE to report the preferred UL beams in UL beam report, separately from the preferred DL beams in DL beam report. Via UL beam report, gNB can keep the preferred UL beams updated for UL transmission via UL TCI framework to avoid the MPE issue. 
Proposal 25: Support UE to report preferred CRI/SSBRI for DL and UL transmissions, separately.
· Estimated max UL RSRP can be a reported metric per UL beam.
From UE side, MPE reporting can also be triggered by UL beam failure. In general, the MPE event is difficult to be predicted at gNB or UE, and may happen in any serving cell. Once MPE happens, the serving UL beam may fail and may not be able to report the preferred DL/UL beams as scheduled by gNB. In the presence of UL beam failure, the BFR framework in R15/16 can be reused for UE to report the MPE issue via RACH or SR. Upon receiving the MPE report, gNB can rely on UL TCI framework to either use any new UL beam indicated in the report or trigger beam sweep to find new UL beam. Thus, R15/16 BFR procedure can serve as a reference for the MPE reporting procedure. For example, similar to R16 SCell BFR, MAC-CE can be used to indicate the UL beam failure in the MPE reporting, and SR may be used when there is no suitable PUSCH.  
The event triggered MPE report can be based on R16 P-MPR report with the extension to panel/beam level, such that gNB can know which panel/beam suffering from the MPE issue and corresponding candidate panel/beam for replacement. This can be achieved by reporting P-MPR for multiple panels/beams per CC in the P-MPR report. 
Proposal 26: Support event triggered MPE report for UE to report UL beam failure due to MPE issue.
· R15/16 BFR procedure can be a reference for the event triggered MPE report.
· The report can be panel/beam level based P-MPR report with P-MPR reported for multiple panels/beams per CC.
To enable the MPE report from the UE, it is better to clarify the report triggering condition from L1/L2 aspects. In R15/16, metrics are defined for DL BFD and new beam identification, such as hypothetical BLER and RSRP. In case of UL beam failure, it needs to clarify for a UE how to determine the serving UL beam suffers from MPE, and another UL beam is better than the serving UL beam. Specifically, the MPE report may be triggered for the serving UL beam when the power backoff is greater than a certain threshold, or the estimated UL RSRP is below a certain threshold.
Proposal 27: The condition for UE to trigger MPE report should be specified.
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 
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Figure 8: 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 8 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 8 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%.
6. [bookmark: _Hlk54342831]Issue 6 – Beam Acquisition Latency Reduction
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 9, 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 28: Support UE to report a new beam in Msg3 in initial access.
In additional to the P1/P2/P3 procedure, another important factor affecting the beam tracking/refinement latency is the period of P1/P2/P3 measurement/report, which ideally should be adapted to the beam changing rate to achieve a good trade-off between overhead and beam tracking/refinement performance. However, gNB may not quickly identify the variation of beam changing rate based on the measurement report. For example, suppose the P1 beam report period is 240 ms for a UE initially in slow movement. If the UE later transfers to high speed state, it may take gNB for multiple report cycles to realize the change of mobility state, and then gradually adapts the reporting period to the optimal value potentially based on trial and error. The beam tracking/refinement period can be more quickly adapted via UE feedback of statistics on the beam change rate or dwelling time. Specifically, UE can feed back the best SSB change rate to assist gNB for fast adaptation of the P1 reporting period. The best SSB change rate can be measured by the SSBs periodically transmitted every 20 ms. For a given gNB P2 beam, UE can feed back the best UE Rx beam change rate to assist gNB to optimize the P3 measurement period. UE can identify the change of best UE Rx beam via measuring CSI-RS or PDSCH DMRS periodically transmitted from a given gNB P2 beam by different UE Rx beams on different panels. 
Proposal 29: Support UE feedback of statistics on beam change rate or dwelling time to assist gNB to identify the optimal P1/P2/P3 measurement/report period.

[image: ]
Figure 9: Early Beam Refinement via New Beam Report in Msg3 During Initial Access
7. 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 TCI states for a single and a subset of channels/RSs.
Proposal 2: Support a common pool for all types of TCI states. 
Proposal 3: If different types of TCI state are configured simultaneously, they should have disjoint sets of applicable channel(s)/RS(s).
· Types of TCI state include joint DL/UL, separate DL, and separate UL TCI states.
Proposal 4: For UL channel(s)/RS(s) associated with a joint DL/UL or a separate UL TCI state.
· Power control parameters except for PL RS can be signalled per UL channel/RS and per TCI state.
· A common PL RS can be signalled for all UL channel(s)/RS(s) per TCI state.
Proposal 5: 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 6: Joint DL/UL TCI state can indicate default PDSCH beam.
Proposal 7: Joint DL/UL TCI state of periodic CSI-RS and SRS can be updated by MAC-CE or DCI.
Proposal 8: Support a common beam selected for a group of UEs.
Proposal 9: Support implicit update of a common beam via L1 report.
Proposal 10: Support TCI state with QCL source as SSB from non-serving PCI.
Proposal 11: UE can be configured to report L1 metrics for non-serving cells.
Proposal 12: Serving and non-serving cells can have different TAs at least for single TRP operation.
Proposal 13: Support L1/L2 based selection of serving cell(s), including PCell.
Proposal 14: 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 15: Both options of a single and multiple PCIs per serving cell are not precluded.
Proposal 16: Support using DCI format 0_1 and 0_2 to update TCI states.
· The scheduled UL transmission(s) can serve as the acknowledgement for the DCI.
Proposal 17: Support using DCI without scheduling transmission to update TCI states.
· Both existing DCI formats and new format can be considered. 
Proposal 18: 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 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: DCI based beam update can be extended to group common DCI.
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: gNB and UE should be aligned on the UE panel activation status.
· Panel status reported by UE can be common across multiple CCs. 
Proposal 23: gNB and UE should be aligned on the mapping between TCI state and UE panel. 
Proposal 24: 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 25: Support UE to report preferred CRI/SSBRI for DL and UL transmissions, separately.
· Estimated max UL RSRP can be a reported metric per UL beam.
Proposal 26: Support event triggered MPE report for UE to report UL beam failure due to MPE issue.
· R15/16 BFR procedure can be a reference for the event triggered MPE report.
· The report can be panel/beam level based P-MPR report with P-MPR reported for multiple panels/beams per CC.
Proposal 27: The condition for UE to trigger MPE report should be specified.
Proposal 28: Support UE to report a new beam in Msg3 in initial access.
Proposal 29: Support UE feedback of statistics on beam change rate or dwelling time to assist gNB to identify the optimal P1/P2/P3 measurement/report period.
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