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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk78575445]In this contribution, we discuss RRM requirements for multi-beam operation in FeMIMO. Please note that since RAN1 design is not yet completed, any potential impact due to RAN1 design evolution shall be further evaluated w.r.t multi beam operation requirements defined in RAN4. 
Discussion
[bookmark: _Toc5952573]As part of the multi-beam operations, RAN1 has been discussing the following topics. 
· Unified TCI framework 
· L1/L2 centric inter-cell mobility 
· Dynamic TCI state update signalling medium
· Fast UL panel selection for multi-panel UE  
· MPE mitigation

In this contribution, we discuss RRM requirements for the first three topics. In our understanding, fast UL panel selection and MPE mitigation are more of RF issues and may be discussed in RF session. If any RRM impacts are identified, RRM may need to be involved at later stage. 
Unified TCI framework
In Rel-17, enhancement on multi-beam operation contains following objectives. 
· Introduce the concept of UL TCI to handle the spatial properties of the UL transmissions. 
· To achieve this objective DL TCI framework of Rel-15/16 has been extended to UL TCI in Rel-17. 
· Introduce common beam framework for data and control transmission/reception for DL and UL 
· Unified TCI framework for DL and UL beam indication.
To achieve the above objectives UL TCI and unified TCI framework has been introduced by RAN1. Some of the RAN1 agreements regarding UL TCI and unified TCI state framework are reproduced below for convenience (which are agreed in RAN1#104-e meeting).  
	On Rel.17 unified TCI framework, based on the agreements in RAN1#102-e and 103-e, the following terms are defined as follows (at least for the purpose of discussion and reaching agreements). 
For M=1:
· DL TCI: The source reference signal(s) (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC 
For N=1:
· UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC
For M=N=1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.  
· Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).
For M>1:
· DL TCI: Each of the M source reference signals (or 2M, if qcl_Type2 is configured in addition to qcl_Type1) in the M DL TCIs provides QCL information at least for one of the M beam pair links for UE-dedicated receptions on PDSCH and/or subset of CORESETs in a CC
For N>1:
· UL TCI: Each of the N source reference signals in the N UL TCIs provide a reference for determining UL TX spatial filter at least for one of the N beam pair links associated with dynamic-grant(s)/configured-grant(s) based PUSCH, and/or subset of dedicated PUCCH resources in a CC
For M>1 and/or N>1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter. In this case, M=N.  
· Separate DL/UL TCI: The M DL TCIs and N UL TCIs are distinct (therefore, separate).
Note: Other TCI types/terms such as “common TCI” are not used.




The unified TCI state indication framework contains following TCI state indication methods.
· Separate DL/UL TCI state indication
· Joint DL/UL TCI state indication

The definition of separate and joint TCI state varies based on M and N values. For M=N=1, the definition is described below.

· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.  
· Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).

  RAN4 requirements for unified TCI state indication 
From RAN4 point of view, we need to define unified TCI state switching delay requirements. To define the delay requirements, at least configuration and TCI state activation method (e.g., using MAC-CE or DCI) of unified TCI should be finalised in RAN1/RAN2. From the RAN1#105-e agreements mentioned below, we can observe that at least RRC-based configuration method is agreed. However, there is no consensus on how to support dynamic switching (MAC-CE or code-point based).   

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




We can further observe from the below described RAN1 agreements that RRC configures joint and/or separate TCI states and activation of the RRC configured TCI states is FFS in RAN1 (FFS between MAC CE or MAC-CE+DCI).
	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



Since most of the essential design details are under discussion in RAN1, it may be early for RAN4 to define delay requirements. However, in our view, RAN4 may need to define following broad class of requirements.
· Unified TCI state switch delay 
· May need to study if separate requirements for DL and UL, DL only, or UL only TCI state switching needs to be specified.
· Switching delay between joint and separate DL/UL TCI state indication method 
· It refers to dynamically switching between joint TCI method and separate TCI state method. UE may be configured with joint TCI state indication method at one point of time and later may be switched to separate TCI state indication method. 

Based on the above analysis we make following proposal.
Proposal 1: RAN4 to study following potential delay requirements
a) Unified TCI state switch delay requirements; and 
b) Switching delay between joint and separate TCI state indication. 

L1/L2 centric inter-cell mobility 
RAN2 in a LS [3] described the inter-cell multi-TRP model and L1/L2 mobility model and the same is copied below for reference. 
	Scenario 1: Inter-cell multi-TRP-like model 
	1. UE receives from serving cell, configuration of SSBs of the TRP with different PCI for beam measurement, and configurations needed to use radio resources for data transmission/reception incl resources for different PCI. 
	2. UE performs beam measurement for the TRP with different PCI and report it to serving cell.
	3. Based on the above reports, TCI state(s) associated to the TRP with different PCI is activated from the serving cell (by L1/L2 signalling). 
	4. UE receives and transmits using UE-dedicated channel on TRP with different PCI. 
	5. UE should be in coverage of a serving cell always, also for multi-TRP case, e.g. UE should use common channels BCCH PCH etc. from the serving cell (as in legacy).
RAN2 confirm the simplified procedures on the L1L2 mobility model as a baseline RAN2 understanding:
	Scenario 2: L1L2 mobility model (i.e. with serving cell change)
	1. UE receives from serving cell, configuration of SSBs of the cell with different PCI for beam measurement/ serving cell change.
	2. UE performs beam measurement for the cell with different PCI and report it to serving cell. 
	3. Serving cell configuration for cell with other PCI is provided to the UE by RRC (pre-configuration for serving cell change, FFS if this step is same as 1). 
	4. Based on the above reports, TCI states for cell with different PCI is activated along with the serving cell change (by L1/L2 signalling). FFS if this is multiple steps.
	5. UE changes the serving cell and starts receiving/transmitting using the pre-configured UE-dedicated channel and TCI states.

In previous RAN4 discussions there was confusion whether which of the scenarios (between inter-cell multi-TRP like model and/or L1L2 mobility like model) are supported. However, in last RAN plenary it was agreed that only scenario 1 (inter-cell multi-TRP like model) is supported in Rel-17. 
In subsequent sections we discuss the RRM requirements for support of inter-cell multi-TRP model.
  Non-Serving Cell (NSC) activation delay 
From RAN2 agreements we can observe that for inter-cell multi-TRP operation, there is no change in serving cell and a new non-serving cell (TRP) is activated using TCI state activation. In other words, NSC activation is nothing but a TCI state activation from the procedure perspective as there is no serving cell change. That means non-serving cell activation delay can be represented as TCI state activation delay. The actual delay depends on the frequency of operation of NSC. Following frequency of operation may be possible for NSCw.r.t serving cell:
· Intra-frequency
· Inter-frequency (by intra-band or inter-band)
Further for delay definition, RAN4 need to know the activation method used in RAN1/RAN2. Since the activation method used for TCI state switching is not finalised in RAN1/RAN2, delay and interruption requirements (if any due to inter-band operation) can be FFS for now in RAN4.
Observation 1: NSC activation delay requirements can be FFS for now.
  Measurement requirements
RAN1 agreed Rel.15 L1-RSRP to be used as reporting quantity for measurement and reporting of non-serving-cell(s). Further, SSB based L1-RSRP is agreed as one of the reporting quantities for L1 measurements on non-serving cells. There are other reporting quantities under discussion in RAN1 but nothing is agreed so far. The other report quantity under consideration is L3-RSRP, hybrid L1/L3 RSRP. 
	On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP,
· [bookmark: _Hlk78985713]Support at least K=4, where K is defined as the number of beams associated at least with non-serving cell(s) reported in a single CSI reporting instance
· The maximum value of supported K is a UE capability
· K is configured by NW based on the UE capability 
· FFS: The support of K=8 and 16
· [bookmark: _Hlk78985777]For K>4, the maximum number of beams associated with one cell is 4
· FFS: Support L1-based event-driven reporting based on Rel-16 SCell BFR framework or analogous to L3-based event-driven reporting, including the definition of L1-based event, if needed
Note: If another beam metric other than L1-RSRP is supported (e.g., L3-RSRP is still FFS), the above also applies



With the introduction of non-serving cell measurements, UE may need to report L1 RSRP measurements on serving cell and non-serving cell simultaneously. However, current measurement requirements are designed only for serving cell L1-RSRP measurements.  Following measurement requirements are specified in TS 38.133 for serving cell L1-RSRP measurements. 
· Number of cells and number of beams
· Measurement reporting requirements
· Measurement period 
· Measurement restrictions
· [bookmark: _Hlk78559145]Scheduling availability of UE during L1-RSRP measurement

With the introduction of non-serving cell measurements, RAN4 need to study possible enhancements to the above-mentioned measurement requirements to support different reporting quantities (e.g., L1-RSRP or L3-RSRP or hybrid of L1/L3-RSRP) from serving and non-serving cell simultaneously in a single measurement reporting instance. In addition, when RAN4 introduces non-serving cell measurements, another important aspect is to guarantee PCell/PSCell’s mobility performance which is related to the L1-RSRP measurement of the serving cell. 
Proposal 2: To guarantee UE’s mobility performance, RAN4 shall agree that PCell/PSCell’s L1-RSRP measurement delay shall not be impacted by NSC measurements.

We further analyse each of the serving cell measurement requirements described above for possible enhancement.
  Number of Cells and number of beams
RAN1 is discussing the measurement capability of L1 measurements for at least non-serving cells. The measurement capability value is denoted by K. Where K is defined as the number of beams associated at least with non-serving cell(s) reported in a single CSI reporting instance. The value of K is at least agreed as 4 in previous RAN1 meetings, and other values of K such as 8 and 16 are under consideration. When K is >4, it is agreed that the maximum number of beams associated with one cell is 4 and minimum number of beams associated with one cell can be 1. 
Observation 2: Minimum number of beams supported for a cell/TRP is 1 and maximum number of beams supported for a cell/TRP is 4 when K is >4.
From the observation 2, with currently agreed K value (K=4), 4 TRPs with different physical cell id (PCI) are possible to be configured for a UE for L1-RSRP measurement. 
Legacy UE needs to measure only one physical cell ID from a serving cell. In Rel-17 m-TRP case, UE should be able to measure at most 4 TRPs per cell.  
Though K value is still in discussion in RAN1, max number of TRPs which UE needs to measure may not change. 
Based on the above analysis we make following proposal. 
Proposal 3: RAN4 to agree that max number of TRPs (including serving and non-serving cells having different PCI and associated with single cell) for L1-RSRP measurements is [4]. 
Proposal 4: RAN4 to study the max number of supported NSC.
  Measurement reporting requirements
Since measurement RS is same for serving cell and non-serving cell, the L1-RSRP reporting range and accuracy of reporting used for serving cell L1-RSRP can be reused for non-serving cell L1-RSRP reporting range and accuracy.
Proposal 5: The same L1-RSRP reporting range and accuracy can be reused for non-serving cell. 
  Measurement period
From the below RAN1 agreement, we could observe that L1-RSRP of serving cell and non-serving cell can be mixed in a single reporting instance.  
	· 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.



From another RAN1 agreement described below, we could observe that reporting quantity is not finalised in RAN1 design. Due to this measurement period computation can be FFS till RAN1 design is completed.

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




Observation 3: Measurement period can be FFS for now as the reporting quantity design is under discussion in RAN1.
 Measurement restrictions
As per RAN1 design, in a single CSI report instance, UE can report N beam pairs and M beams per pair. 

	· For beam measurement/reporting, the maximum number of beam groups in a single CSI-report is a UE capability and may take value from Nmax = {1,2,3,4} in Rel.17.
· FFS: If UCI payload reduction for Nmax>=2 is needed and if so, how
· The number of beam groups (N) reported in a single CSI-report
· Alt1: The value of N is configured by RRC signalling



When UE supports multiple panels, based on the beam management method supported at UE (i.e., common beam management (CBM) or independent beam management (IBM)), UE may only receive from single direction (if only CBM is supported) at a given point of time or from multiple directions (if IBM is supported) at a given point of time. 
As per RAN1 design more than one beam pair group can be reported in a single measurement report. Maximum number of beam pairs UE can report in a single measurement report is UE capability and it can be up to 4. 
When N is >1, based on UE capability, some UEs may not receive all the beam pairs at the same time. In this scenario when more than one beam pair is configured, UE need to split the measurement occasions between the beam pairs. In other words, when N is >1, measurement occasions may need to be shared between beam pairs once UE doesn’t support IBM or number of panels are more than beam pair groups. RAN4 needs to study the measurement procedure for multiple beam pair groups.  
Proposal 6: RAN4 to study measurement requirements for multiple beam pair groups. 
  Scheduling availability of UE during L1-RSRP measurement
[bookmark: _Hlk78832868]If the data channel QCL is different from the QCL of L1-RSRP measurement RS or data channel SCS is different from the SCS of L1-RSRP measurement RS, UE cannot be scheduled for data when performing L1-RSRP measurements. This is in principle same as serving cell L1-RSRP scheduling restriction.  
Proposal 7: RAN4 to study scheduling restriction on non-serving cell by taking serving cell scheduling restriction as baseline.  

Dynamic TCI state update 
Dynamic TCI state update medium has dependency on unified TCI framework design and the dynamic beam switching methods. From the below RAN1 agreement we can observe that it is in discussion in RAN1, hence we suggest RAN4 can wait till RAN1 design is finalised.

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




Proposal 8: RAN4 to wait for further progress of RAN1 to analyse impacts of dynamic TCI state update medium on RRM requirements. 

Summary and Conclusion
In this contribution we have analysed RRM requirements for multi-beam operation in FeMIMO and made following observations and proposals. 
Observation 1: NSC activation delay requirements can be FFS for now.
Observation 2: Minimum number of beams supported for a cell/TRP is 1 and maximum number of beams supported for a cell/TRP is 4 when K is >4.
Observation 3: Measurement period can be FFS for now as the reporting quantity design is under discussion in RAN1.

Proposal 1: RAN4 to study following delay requirements
a) Unified TCI state switch delay requirements; and 
b) Switching delay between joint and separate TCI state indication methods. 

Proposal 2: To guarantee UE’s mobility performance, RAN4 shall agree that PCell/PSCell’s L1-RSRP measurement delay shall not be impacted by NSC measurements.
Proposal 3: RAN4 to agree that max number of TRPs (including serving and non-serving cells having different PCI and associated with single cell) for L1-RSRP measurements is [4]. 
Proposal 4: RAN4 to study the max number of supported NSC.
Proposal 5: The same L1-RSRP reporting range and accuracy can be reused for non-serving cell. 
Proposal 6: RAN4 to study measurement requirements for multiple beam pair groups. 
Proposal 7: RAN4 to study scheduling restriction on non-serving cell by taking serving cell scheduling restriction as baseline.  

Proposal 8: RAN4 to wait for further progress of RAN1 to analyse impacts of dynamic TCI state update medium on RRM requirements. 
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