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1. [bookmark: _Ref165266342]Introduction
In RAN4 99-e, RAN4 has agreed to prioritize the discussion on the RRM impacts due to multi-beam operation enhancement[1]. In this meeting, we aim to share further observations and analysis on the RAN1 agreements as of RAN1 105-e.
For this paper, following aspects are covered.
· Unified TCI and implications
· Enhancements in the beam indication mechanisms
· Inter-cell beam management(via unified TCI. Was originally L1/L2 based inter-cell mobility)
2. Discussions
a. Change of WID scope
	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
…
· 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


As highlighted above, RAN plenary 92-e has made updates on the WID scope[2] by down-scoping the L1/L2 inter-cell mobility. The motivation was to achieve realistic progress in line with the TU budget for work groups. Two clarifications have been added to the WID. For one, the serving cell doesnot change even the beam selection could switch the TCI to another beam in another cell. This means mobility is not expected as there is no cell change. Instead, the resources from another cell shall be configured, measured, reported and indicated to/by the UE to fullfill the beam management. As such, L1/L2 based mobility is re-scoped to inter-cell beam management.   
Observation1: L1/L2 based inter-cell mobility is out-of-scope. Per RP decision, RAN4 is asked to discuss the requirements for inter-cell beam management.
Further according to the approved WID, only the intra-frequency scenario is considered. Thus RAN4’s question6 in the previous meeting’s LS [3] to RAN1 has already been addressed by the plenary decision.
Observation2: inter-cell beam management only considers the intra-frequency scenario.
b. Scope analysis in unified TCI state
In R17 feMIMO WI, unified TCI is introduced to provide the overhead and latency improvements in the legacy UL/DL beam management. For instance, in legacy, DL beam for PDSCH is indicated to UE either implicitly by following the lowest configured coreset or via MAC-CE/DCI based TCI switch/activation. While UL can employ the MAC-CE based spatial relationship change and a separately indicated PL-RS provision. For efficiency, it is aimed to have a mechanism for jointly switching the QCL source reference signals for both UL and DL in what’s termed as the unified TCI state. 
Per our reading of the RAN1 agreements, the unified TCI framework shall support following tasks.
· Joint UL/DL beam indication through unified TCI
· Separate DL or separate UL beam indication throught unified TCI
· In addition, provision of PL-RS as part of or, associated with joint DL/UL TCI or separate DL/UL TCI
With these in mind, a more detailed prediction on the RRM impacts can be made.
In current RAN4 spec of 38.133, requirements on the TCI switch delay are defined in section 8.10 for active TCI state(list) change through RRC/MAC-CE and DCI. With the unified TCI, new requirements may have to be introduced for the joint UL/DL TCI switch while separate UL TCI swich shall be specified in a similar context as section 8.12 for uplink spatial relation switch delay. RAN4 may further discuss whether to merge with existing sections or have a separate section for unified TCI related requirements. In our view, at least joint UL/DL TCI switch is a new scenario that can be specified separately. 
Observation3: Separate DL unified TCI state switch may be similar to legacy TCI switch. Separate UL unified TCI switch perform similar task as legacy UL spatial relation change while joint UL/DL TCI switch is a new scenario to be defined.
Proposal1: RAN4 to specify the requirements for the joint UL/DL TCI switch delay.
Proposal1.1: For completeness, requirements shall be discussed for separate DL only TCI switch and UL only TCI switch respectively as well. 
Besides, as RAN1 has agreed to specify the design for supporting PL-RS update via unified TCI but what remains open is whether PL-RS is provided as part of the unified TCI or associated with the UL TCI state. 
	Agreement
On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability


Observation4: RAN1 design supports PL-RS in the framework of unified TCI with pending open issues on the technical details. 
Given obervation4: it is necessary to specify the requirements for jointly update UL only TCI state and PL-RS. Note in legacy, network can issue two MAC-CE commands for UL spatial relation change and PL-RS update respectively. In R17, unified TCI could enable an one-shot update for both. 
Proposal2: RAN4 to specify the requirements for PL-RS update under the framework of R17 unified TCI pending on finalized RAN1 design.
Proposal2.1: A joint PL-RS update and UL-only TCI state switch can be specified.
c. Scope analysis in beam indication mechanisms
With the introduction of unified TCI, enhancements in the mechanism of beam indication are also being discussed by RAN1 in the topic of multiple beam operation. As UE can be configured by RRC with unified TCIs for aforementioned use cases, existing RRC and MAC-CR based TCI switch can be expanded accordingly. 
Since RAN1 103-e, agreements were achieved related to enhancing DCI based beam indication as below[4-8].
	105-e 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
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
104-e-bis 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:
104-e Agreement
On the Rel.17 DCI -based beam indication, in RAN1#104bis-e, down-select at least one of the following alternatives regarding the support of DCI format(s) for beam indication in addition to the agreed DCI formats 1_1/1_2 with DL assignment (in RAN1#103-e):
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
· 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
102-e Agreement
· [Issue 3] For Rel.17 NR FeMIMO, on dynamic TCI state update signaling medium: 
· In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives:
· Alt1. DCI
· Alt2. MAC CE


As seen, RAN1 design considers enhancing the DCI based unified TCI switch with and without DL assignment. As a starting point, M=N=1 which means scenarios of DL only/UL only and DL+UL beam indication are considered. Thus RAN4 can further discuss for each case, what channels can be considered for applying the beam change. Namely for DL only(M=1) TCI switch, consider a common beam change for PDCCH in all or subset of coresets, PDSCH and CSI-RS for tracking/BM. For UL only(N=1), enable the UL spational relation change for PUCCH and PUSCH. For joint DL and UL(M=N=1), allow common RS configuration for both DL QCL information and UL spatial filter.
Observation5: In addition to RRC/MAC-CE based approaches, RAN1 design supports DCI based beam indication in the unified TCI framework which can be employed for DL only/UL only and DL+UL schemes.
Proposal3: RAN4 to specify the requirements for the DCI based beam indication utilizing the unified TCI.
Proposal3.1: RAN4 to clarify for defining the requirements for scenarios of DCI based beam indication, what channels shall be considered.
If unified TCI is supported by the UE and configured by the network, legacy RRC and MAC-CE signalling may be expanded for beam indication for multiple UL/DL channels. As such, there is a need to investigate whether and how to capture the requirements given unified TCI in 38.133 sections 8.10.3 and 8.10.5. For example, given unified TCI, one MAC-CE command is capable of performing the changes in both the UL spatial relation and PL-RS.
Proposal4: RAN4 to discuss whether existing RRC and MAC-CE based TCI switch requirements shall be expanded by incorporating the support for unified TCI.
d. Scope analysis in inter-cell beam management
Observations 1 and 2 per plenary decisions suggest the RAN4 focus on defining the requirements for inter-cell beam management based on the intra-frequency measurements on the resources from a non-serving cell with a different PCI. In consequence, alternative L1 non-serving cell resources shall be configured for UE to measure and report, after which, network may initiate the beam indication to convey the QCL resource towards a non-serving cell’s reference signal, again, based on the unified TCI state. Note RAN1 hasnot discussed the impacts and design changes to configure inter-cell resource signals for BFD and LRR. Nevertheless, further evaluations may be needed for handling the beam failure for non-serving cell beam resources at a later stage. 
d-1) Measurement/reporting
Relevant agreements are summarized. It is observed that in 104-e, SSB of non-serving cell is agreed and R15 L1-RSRP is the quantity for measuring and reporting. Although per 105-e, RAN1 is still in the discussion on other types of measasurement RS and metric, RAN4 may start looking into the requirements due to measuring non-serving cell SSBs and reporting the L1-RSRP. Therefore, existing 38.133 section9.5 shall be revisited. 
Observation6: Non-serving cell SSBs are agreed RS for measuring and reporting which follows the R15 L1-RSRP flow per 104-e.
Consider observations 2 and 6 and the status of RAN1 design, we propose,
Proposal5: RAN4 to start with defining the requirements for intra-frequency L1 RSRP measurements on the SSBs of non-serving cells.
In RAN1 104-e-bis, it was agreed “Periodic, semi-persistent, and aperiodic reporting (and the respective measurements) are supported”, thus it is reasonable to leverage the existing L1 Measurement Reporting Requirements as a starting point.
Proposal5.1: Existing L1 Measurement Reporting Requirements in 38.133 9.5.3 can be revisited or expanded to consider inter-cell SSBs L1-RSRP report.
	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
104-e-bis
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}
· 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 
104-e
Agreement
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· A quality of up to K beams associated at least with non-serving cell(s) can be reported in a single CSI reporting instance 
· For each beam, the UE can report at least: (1) a Measured RS Indicator, and (2) a Beam Metric associated with the Measured RS Indicator
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: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of non-serving cell RS measurement
103-e
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- 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
· 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) 


Since SSBs for inter-cell beam measurement have a different PCI other than the serving cell, it is expected UE would firstly perform the PSS/SSS detection at least before measuring the target SSB RS. Hence it is necessary to clarify whether the cell detection(PSS/SSS at least) time may be considered in addition to the measurement period. 
Proposal6: Support calrifying the requirement of detecting PSS/SSS for getting to know the PCI for measuring the non-serving cell SSBs’ L1-RSRP in addition to defining the measurement period.
Another issue related to the measurement is the assumption of the timing. In the 99-e meeting[R4-2108044], RAN4 did not conclude whether to limit the L1-RSRP measurement within the SMTC or not. However, for measuring and handling the measurement in the L1-RSRP flow, especially the intra-frequency scenario, lower measurement latency and less impact on L3 measurements are more enticing without the constraint of SMTC window.
Further, should RAN1 design agrees to support non-serving cell’s RS without the constraint of the SMTC window, scheduling restrictions may be imposed similar to the existing scheduling availability for L1-RSRP measurements which also depends on the UE capability of simultaneousRxDataSSB-DiffNumerology. For measuring the non-serving cell, due to non-colocation, larger cell timing offset is likely the case. As such, the scheduling restriction may be extended to more than one symbols. 
Proposal7: Support measuring the NSC target SSBs without the constraint of SMTC in line with the L1 RSRP measurement and report framework.
Proposal7.1: Notify RAN1 about RAN4’s conclusion to handle the L1 NSC SSB measurement without SMTC constraint. 
Proposal7.2: RAN4 to discuss whether to introduce the scheduling restriction if RAN1 design doesnot introduce the SMTC constraint of the non-serving cell RS.
d-2) Beam indication
Beam indication in the context of inter-cell beam management means the network can configure or switch the TCI states with the QCL reference signal to be the RS of non-serving cell with different PCI. There are several agreements by RAN1 that shall be considered for RAN4 discussions.
Based on the latest working assumption by RAN1 105-e, some kind of unified TCI states is to be configured and the target QCL RS is associated with a different physical cell ID. However, the details are still being discussed in RAN1 regarding applicable channels, joint v.s. separate DL/UL TCIs, activation TCIs states of more than one cells and choice of beam indication schemes. Hence RAN4 may need to agree on a basic scenario for scoping the requirements. In our view, a starter scenario could be the case of TCI state switch for both PDSCH and PUSCH towards a QCL RS of the non-serving cell by assuming the unified TCI mechanism. 
As RAN1 has agreed on the DCI-based beam indication in observation 5, RAN4 may discuss the requirements on employing the enhancement for inter-cell beam management. 
	105-e
Working Assumption
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell mobility, support the following:
· Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary
· The DL QCL and UL spatial relation rules already agreed for intra-cell scenario 
· FFS: The use of SSB associated with a physical cell ID different from that of the serving cell as an indirect QCL reference for UE-dedicated PDSCH 
· FFS (to be decided in RAN1#106-e): Whether this also applies to UE-dedicated PDCCH 
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel
· FFS (to be decided in RAN1#106-e): Whether SSB associated with a physical cell ID different from that of the serving cell can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies


Proposal8: RAN4 to discuss the requirements for MAC-CE and DCI based beam indication for inter-cell beam management.
Proposal8.1: The scenario of joint TCI switch for PDSCH/PUSCH can be the starter for inter-cell beam indication.
Also RAN1 has FFS on use of SSB associated with a different PCI as an indirect versus direct QCL reference. As a result, should SSBs are only agreed to serve as the indirect QCL reference, there could be potential RAN4 impact on UE behavior because other reference signal such as CSI-RS may have to be maintained which could cause longer switch delay. 
Observation7: RAN1 decision on SSB being used as indirect or direct QCL reference has RAN4 impacts.
Proposal9: RAN4 discussions assume that SSBs are direct QCL reference or hold till RAN1 reaches the conclusion.
d-3) Beam failure detection and link recovery
As of 105-e, RAN1 has not discussed or agreed on design changes for inter-cell beam failure detection and link recovery. RAN4 may hold the discussions till RAN1 design settles.






3. Conclusion
In this paper, we shared a brief summary of RAN1 feMIMO work and potential RRM impacts. We further propose the following issues to be addressed based on the observations on the RAN1 progress.
Observation1: L1/L2 based inter-cell mobility is out-of-scope. Per RP decision, RAN4 is asked to discuss the requirements for inter-cell beam management.
Observation2: inter-cell beam management only considers the intra-frequency scenario.
Observation3: Separate DL unified TCI state switch may be similar to legacy TCI switch. Separate UL unified TCI switch perform similar task as legacy UL spatial relation change while joint UL/DL TCI switch is a new scenario to be defined.
Proposal1: Ran4 to specify the requirements for the joint UL/DL TCI switch delay.
Proposal1.1: For completeness, requirements shall be discussed for separate DL only TCI switch and UL only TCI switch respectively as well. 
Observation4: RAN1 design supports PL-RS in the framework of unified TCI with pending open issues regarding some technical details. 
Proposal2: RAN4 to specify the requirements for PL-RS update under the framework of R17 unified TCI pending on finalized RAN1 design.
Proposal2.1: A joint PL-RS update and UL-only TCI state switch can be specified.
Observation5: In addition to RRC/MAC-CE based approaches, RAN1 design supports DCI based beam indication in the unified TCI framework which can be employed for DL only/UL only and DL+UL schemes.
Proposal3: RAN4 to specify the requirements for the DCI based beam indication utilizing the unified TCI.
Proposal3.1: RAN4 to clarify for defining the requirements for scenarios of DCI based beam indication, what channels shall be considered.
Proposal4: RAN4 to discuss whether existing RRC and MAC-CE based TCI switch requirements shall be expanded by incorporating the support for unified TCI.
Observation6: Non-serving cell SSBs are agreed RS for measuring and reporting which follows the R15 L1-RSRP flow per 104-e.
Proposal5: RAN4 to start with defining the requirements for intra-frequency L1 RSRP measurements on the SSBs of non-serving cells.
Proposal5.1: Existing L1 Measurement Reporting Requirements in 38.133 9.5.3 can be revisited or expanded to consider inter-cell SSBs L1-RSRP report.
Proposal6: Support calrifying the requirement of detecting PSS/SSS for getting to know the PCI for measuring the non-serving cell SSBs’ L1-RSRP in addition to defining the measurement period.
Proposal7: Support measuring the NSC target SSBs without the constraint of SMTC in line with the L1 RSRP measurement and report framework.
Proposal7.1: Notify RAN1 about RAN4’s conclusion to handle the L1 NSC SSB measurement without SMTC constraint. 
Proposal7.2: RAN4 to discuss whether to introduce the scheduling restriction if RAN1 design doesnot introduce the SMTC constraint of the non-serving cell RS.
Proposal8: RAN4 to discuss the requirements for MAC-CE and DCI based beam indication for inter-cell beam management.
Proposal8.1: The scenario of joint TCI switch for PDSCH/PUSCH can be the starter for inter-cell beam indication.
Observation7: RAN1 decision on SSB being used as indirect or direct QCL reference has RAN4 impacts.
Proposal9: RAN4 discussions assume that SSBs are direct QCL reference or hold till RAN1 reaches the conclusion.
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the resources from 


another cell shall be configured, measured, reported and indicated to


/by the UE to fullfill the beam management. As such, 


L1/L2 based mobility is re


-


scoped 


to in


ter


-


cell beam management. 


 


 


 


Observation1: 


L1/L2 based inter


-


cell mobility


 


is out


-


of


-


scope. 


Per RP decision, 


RAN4 is asked to discuss the 


requirements for inter


-


cell beam management.


 


Further 


according to the approved WID, only 


the 


intra


-


frequency 


scenario 


is considered. 


Thus RAN4�s question


6


 


in the 


previous meeting�s LS [


3


] to RAN1 


has 


already 


been addressed


 


by the plenary decision


.


 


Observation2: inter


-


cell beam management only considers the 


intra


-


frequency scenario.
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3GPP TSG - RAN WG4 Meeting # 100 - e   R4 - 2114430   Electronic Meeting,  August 16 - 27 , 2021     Source:    Qualcomm CDMA Technologies   Title:     Views on  RRM impacts of feMIMO multi - beam operation  enhancement   Agenda item:   9.19.3.2   Multi - beam   operation enhancement   Document for:   Discussion   1.   Introduction   In  RAN4 99 - e , RAN4  has  agreed to prioritize   the discussion on the RRM impacts due to multi - beam operation  enhancement [1] .  In this meeting, we aim to share further  observations and  analysis  on   the RAN 1 agreements   as of RAN1  105 - e .   For this paper , following aspects are covered.      Unified TCI and implications      Enhancements in the b eam indication   mechanism s      Inter - cell beam management ( via unified TCI . Was  originally L1/L2 based inter - cell mobility )   2.   Discussions   a.   Change of WID scope  

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 s ignaling (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 i ndication 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 - f requency cases   …   -   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  

As  highlighted   above, RAN plenary 92 - e  has made updates on the WID scope [ 2 ]   by   down - scoping  the L1/L2 inter - cell  mobility.  The motivation was to achieve realistic progress in line with the TU budget for work groups.  Two clarifications  have been   added to the WID. For one, the   serving cell doesnot change  even   the   beam selection could switch the TCI to  another beam in another cel l. This  means mobility is not expected as there is no cell  change.  Instead ,  the resources from  another cell shall be configured, measured, reported and indicated to /by the UE to fullfill the beam management. As such,  L1/L2 based mobility is re - scoped  to in ter - cell beam management.        Observation1:  L1/L2 based inter - cell mobility   is out - of - scope.  Per RP decision,  RAN4 is asked to discuss the  requirements for inter - cell beam management.   Further  according to the approved WID, only  the  intra - frequency  scenario  is considered.  Thus RAN4’s question 6   in the  previous meeting’s LS [ 3 ] to RAN1  has  already  been addressed   by the plenary decision .   Observation2: inter - cell beam management only considers the  intra - frequency scenario.  

