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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In last meeting RAN4 agreed to introduce following RRM requirements for FeMIMO WI. The agreements from last meeting WF [1] are as follows.
Unified TCI 
· Specify TCI switching delay requirements for 
· Joint TCI with UL and DL 
· Separate TCI for UL
· FFS: TCI for DL
· Specify the requirements for PL-RS update under unified TCI framework
Inter-cell beam management 
· RAN4 needs to specify the intra-frequency L1-RSRP measurement requirements for non-serving cells 
· RAN4 needs to specify the intra-frequency L1-RSRP measurement accuracy requirements for non-serving cells 
· For non-serving L1-RSRP measurement of single panel FR2 UE, requirements will be applied if UE only measure L1-RSRP from one single cell at a time. 
· To guarantee UE’s mobility performance, RAN4 shall agree that PCell/PSCell’s L3-RSRP measurement delay shall not be impacted by NSC measurements. FFS UE measurement behaviour for L1-RSRP.
· [bookmark: _Hlk85704244]RAN4 will further study if UE only performs L1-RSRP measurements on the identified non-serving cell(s) 
QCL definition 
· RAN4 will further study QCL definition update for PUCCH and PUSCH in applicability of requirements

[bookmark: _Hlk78575445]In this contribution, we discuss RRM requirements for inter-cell beam management operation in FeMIMO.  
Discussion
[bookmark: _Toc5952573]Inter-cell beam management 
In last meeting it was agreed to introduce L1-RSRP measurement for non-serving cells (NSC). In this section we further discuss L1-RSRP requirements for NSC.
 Intra-frequency L1-RSRP measurement requirements for NSC
Currently in Rel-16, UE need to measure only serving cell L1-RSRP measurements.  With the introduction of non-serving cell L1-RSRP measurements, UE need to measure L1 RSRP measurements on serving cell and non-serving cell. Following aspects to be discussed and specified to support the L1-RSRP measurements on non-serving cells and serving cells.   
· Number of TRPs and SSBs
· Measurement reporting requirements
· Measurement period 
· Measurement restrictions
· [bookmark: _Hlk78559145]Scheduling availability of UE during L1-RSRP measurement
  Number of TRPs and SSBs:
RAN1 is discussing the measurement capability of L1 measurements for non-serving cells. In the RAN1#106-bis-e meeting following is agreed.
	On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, NMAX (the maximum number of RRC-configured PCIs different from the serving cell for measurement/reporting) is up to UE capability with candidate values of at least 1 and X.
· Note: The upper bound for X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE is RRC-configured for L1-RSRP measurement with up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability 


Support two independent X values (X1, X2) are reported as a UE capability for two different assumptions on additional SSB time domain position and periodicity with respect to serving cell SSB.
· X1 (Case 1) = The maximum number of configured additional PCIs when each configurations of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI
· X2 (Case 2) = The maximum number of configured additional PCIs when the configurations of SSB time domain positions and periodicity of the additional PCIs is not according to Case 1
· Note: By definition, Case 1 and Case 2 cannot be enabled simultaneously
· Supported values for X1 and X2 includes at least 0,1,2,3 and 7. FFS on other values
· This UE capability has FR1 and FR2 differentiation (FFS: Whether this UE capability is per UE or per band)




The value of X can be at least 0, 1, 2, 3, and 7 as per agreements in last RAN1 meeting. From the RAN1 agreement number of TRPs UE can measure is up to UE capability and further as per RAN1 agreement RAN4 can study any issues at UE side to support 7 other TRPs measurement and introduce any additional restrictions or conditions if required. 
As per our understanding it is important for UE to support L1-RSRP measurement on NMAX+1 TRPs for efficient beam management. However, there may be some UE complexity issues and measurement delay issues for supporting L1-RSRP measurement on NMAX+1 TRPs. We are open to study solutions for any issues that may arise regarding the UE complexity and measurement delay.  
[bookmark: _Hlk85709372]Proposal 1: RAN4 to support L1-RSRP measurement on NMAX+1 TRPs. 
Below we analyse possible issues from UE side to support L1-RSRP measurement on NMAX TRPs.    
As per TS 38.133, when configured by the network, the UE shall be able to perform L1-RSRP measurements of configured CSI-RS, SSB or CSI-RS and SSB resources for L1-RSRP. In Rel-16, the L1-RSRP measurements shall be performed by UE only for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-RSRP measurements within the active BWP. 
In Rel-16, the UE shall be able to measure all CSI-RS resources and/or SSB resources configured for L1-RSRP for the active BWP, provided that the number of resources does not exceed the UE capability indicated by beamManagementSSB-CSI-RS. Where the IE BeamManagementSSB-CSI-RS from TS 38.331 is shown below.
BeamManagementSSB-CSI-RS ::= SEQUENCE { 
maxNumberSSB-CSI-RS-ResourceOneTx 		ENUMERATED {n0, n8, n16, n32, n64}, 
maxNumberCSI-RS-Resource 					ENUMERATED {n0, n4, n8, n16, n32, n64}, 
maxNumberCSI-RS-ResourceTwoTx 			ENUMERATED {n0, n4, n8, n16, n32, n64}, 
supportedCSI-RS-Density 						ENUMERATED {one, three, oneAndThree} 		OPTIONAL, 
maxNumberAperiodicCSI-RS-Resource 		ENUMERATED {n0, n1, n4, n8, n16, n32, n64} 
}
In Rel-16 and 17 UE may be connected to two different TRPs to receive/transmit data from/to TRPs. In the example shown in figure 1, UE is connected to TRP1 and TRP2 (with PCI1 and PCI2). In Rel-17, UE is expected to be connected to serving TRP (TRP1) all the time and other TRP can be changed based on mobility of the UE and the signal strength of other TRP seen by UE. In this case serving TRP is mainly used for transmitting control information and other TRP is used for throughput enhancement. If UE moves with in the larger underlying coverage area of TRP1 as shown in figure 1, UE may be switched from TRP2 to TRP3 or TRP4, etc., while maintaining connectivity with TRP1. To achieve this, UE need to measure L1-RSRP on these TRPs (configured or detected neighbour TRP which are connected to same DU and has different PCI) periodically. 
[image: Diagram
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UE aggregate capability w.r.t to maximum number of beams measured for L1-RSRP measurements for all PCIs may be same as single PCI. For example, maximum number of SSBs to be measured by the UE as part of CSI reporting framework may be independent of how many PCIs are transmitting them (i.e., 64 PCIs/TRPs transmitting only one SSB vs 64 SSBs are transmitted by only one PCI/TRP vs 32 SSBs being transmitted by 2 PCIs/TRPs).
For inter-cell Beam Management (BM), UE may be configured to measure up to 8 TRPs including serving cell (serving TRP).  Since these TRPs are assumed to be non-collocated, the time difference observed by UE from these TRPs can be up to 3µs (assuming inter-TRP distance of 900m).  Further from RAN1 agreement below, as there is no timing assumption is agreed, we feel it may be difficult for UE to measure more than one TRP at a time while maintaining the different timing relationships with different TRPs. 
[bookmark: _Hlk84843602]On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, there is no consensus in RAN1 on UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell
In this case L1-RSRP measurements from different TRP may have to be measured in TDM fashion. This results in longer measurement delay, which may affect the BM performance of inter-cell mTRP. Further if UE have to maintain up to 8 timing relationships with respect to different TRPs to be measured, it results in higher UE complexity. 
Observation 1: UE may need to maintain up to NMAX+1 different timing relationship with the TRPs configured to measure L1-RSRP measurements. Which increases UE complexity.
The UE complexity of maintaining larger number of timing relationships with other TRPs to be measured can be solved if UE can maintain timing relation with fewer TRPs. 
Proposal 2: RAN4 to study solutions which achieve lesser UE complexity in terms of number of timing relationships UE has to maintain for measuring NMAX+1 TRPs.
Further RAN4 to study solutions which decreases the measurement delay for measuring NMAX+1 TRPs.
Proposal 3: RAN4 to study solutions to reduce measurement delay for measuring NMAX TRPs.    
Other open issue discussed in last meeting was “RAN4 will further study if UE only performs L1-RSRP measurements on the identified non-serving cell(s)”
Before going into details of whether UE to measure only identified non-serving cells we have to first agree on what is definition of identified non-serving cell or how long a cell/TRP will stay as identified. 
Condition for TRP to be considered identified and stay identified:
A TRP is considered identified if the beams from the TRP are reported by a UE using L3-RSRP measurement or L1-RSRP before X ms. If not, it is considered unidentified. 
Proposal 4: RAN4 to first agree on the definition of the identified TRP and on the condition of TRP to stay identified. 
In a scenario of dense TRP deployment, the number of neighbour TRPs reported or tracked by a UE may be limited. In this case if a UE has to measure a TRP only when a TRP is identified, it may limit the beam management performance. Hence, we feel that RAN4 shall consider unidentified TRPs also for inter-cell beam management.  
Proposal 5: RAN4 to agree that unknown TRPs are to be considered for L1-RSRP measurements on NSC.
Now we look at the challenges at UE side for measuring the unidentified non-serving cells or TRPs. If UE need to monitor unknown TRPs on the same frequency layer as PCell, UE may need to search the unknown TRPs on the PCell frequency layer. The search of unknown TRP consumes searcher resources and since the searcher is a scarce resource, RAN4 assumed only one searcher for neighbour cell search on PCell frequency layer (for L3 measurements in Rel-15 and Rel-16). In Rel-17, if unknown TRPs are to be searched, RAN4 should study the solution to enable this.
Proposal 6: The framework or solutions for measuring unidentified non-serving cells/TRPs can be FFS in RAN4.
  Measurement period
Measurement period depends on the number of TRPs to be measured. Since this is under discussion, measurement period can be FFS for now.  
Proposal 7: Measurement period can be FFS for now and pending on other issues.
  Measurement restrictions
As per RAN1 design, in a single CSI report instance, UE can report N beam pairs and M beams per pair. Further different beams within a pair/group can be received simultaneously.

	· 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 time or from multiple directions (if IBM is supported) at a given time. However, simultaneous reception from different antenna panels for performing measurements is in discussion in RAN4. Hence, we can wait for the issue conclusion.  
Proposal 8: Measurement restrictions can be FFS for now and pending on other issues.
  Scheduling availability of UE during L1-RSRP measurement
[bookmark: _Hlk78832868]Scheduling availability of UE during L1-RSRP measurements depends on whether simultaneous data reception and L1-RSRP measurements are possible on different antenna panels. Since this issue is under discussion in RAN4, this can be FFS. 
Proposal 9: Scheduling restrictions can be FFS for now and pending on other issues.

Intra-frequency L1-RSRP measurement accuracy requirements
Since measurement RS is same for serving cell and non-serving cell, the L1-RSRP reporting range and accuracy of reporting of serving cell L1-RSRP can be reused for non-serving cell L1-RSRP reporting range and accuracy. Further RAN1 also agreed “On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table”
However, we may need to discuss few other things like whether the TRPs transmit power is same or not for deciding L1-RSRP reporting. This results in following two cases
· L1-RSRP reporting when the TRPs power is same
· L1-RSRP reporting when the TRPs power is not same
When the TRPs power is same, we can follow RAN1 agreement and re-use Rel-15 L1-RSRP table.
Proposal 10: L1-RSRP reporting range and accuracy of reporting for non-serving cell can be same as Rel-15 L1-RSRP reporting range and accuracy. 
Summary and Conclusion
In this contribution we have analysed RRM requirement for inter-cell beam management operation in FeMIMO and made following proposals. 
Observation 1: UE may need to maintain up to NMAX+1 different timing relationship with the TRPs configured to measure L1-RSRP measurements. Which increases UE complexity.
Proposal 1: RAN4 to support L1-RSRP measurement on NMAX+1 TRPs. 
Proposal 2: RAN4 to study solutions which achieve lesser UE complexity in terms of number of timing relationships UE has to maintain for measuring NMAX+1 TRPs.
Proposal 3: RAN4 to study solutions to reduce measurement delay for measuring NMAX TRPs.    
Proposal 4: RAN4 to first agree on the definition of the identified TRP and on the condition of TRP to stay identified. 
Proposal 5: RAN4 to agree that unknown TRPs are to be considered for L1-RSRP measurements on NSC.
Proposal 6: The framework or solutions for measuring unidentified non-serving cells/TRPs can be FFS in RAN4.
Proposal 7: Measurement period can be FFS for now and pending on other issues.
Proposal 8: Measurement restrictions can be FFS for now and pending on other issues.
Proposal 9: Scheduling restrictions can be FFS for now and pending on other issues.

Proposal 10: L1-RSRP reporting range and accuracy of reporting for non-serving cell can be same as Rel-15 L1-RSRP reporting range and accuracy. 
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