


[bookmark: _Hlk67474238]3GPP TSG RAN WG4 Meeting #101-bis-e	R4-2201385
[bookmark: _Hlk488924106]E-meeting, 17 January 2022 – 25 January 2022
Agenda Item:	6.19.3.2
Source: 	Ericsson
Title:	RRM requirements of inter-cell BM in FeMIMO
Document for:	Discussion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk78575445]In this contribution, we discuss RRM requirements of inter-cell beam management in FeMIMO.  
Discussion
[bookmark: _Toc5952573]Inter-cell beam management 
In last meeting following WF [1] is agreed. 
· Define known/unknown cell condition for non-serving cell configured for L1-RSRP measurements
· Measurement accuracy for serving cell L1-RSRP can be reused for L1-RSRP measurement for non-serving cell for inter-cell beam management 
· The L1-RSRP measurement requirements for non-serving cells are only applicable to SSB within the active DL BWP of the UE.
· RAN4 develops UE requirements for at least Nmax = 1, where Nmax is the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting.
· RAN4 will further study to specify the requirements for other Nmax value taking RAN1 decision into account 
· RAN4 will further study timing offset assumptions between non-serving cell and serving cell for L1-RSRP measurement in future RAN4 meetings 
· Where non-serving cell refers to all the TRPs configured by gNB for inter-cell BM and serving cell(s) is the cell(s)/TRP(s) from which UE receive PDCCH/PDSCH.
· RAN4 will further study the FFT implementation assumption for L1-RSRP measurement
· RAN4 will further study the Rx beam assumption for L1 RSRP measurement
· RAN4 will further study the measurement behaviour for L1-RSRP measurement for non-serving cell whether to perform the non-serving cell L1-RSRP measurement outside SMTC or within SMTC

From the WF, we could observe that the following issues need to be addressed to make further progress in defining the inter-cell BM requirements
· Number of non-serving TRPs to be measured 
· Timing offset assumption between serving and non-serving cell
· FFT implementation assumption 
· [bookmark: _Hlk92084419]RX beam sweeping assumption for L1-RSRP measurement
· Measurement behaviour w.r.t SMTC window
 Number of non-serving TRPs to be measured 
RAN1 is discussing the measurement capability of L1 measurements for non-serving cells and RAN1 sent LS [2] to RAN4 in RAN1#107-e meeting. LS text is copied below for reference.
	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
· [bookmark: _Hlk92636912]FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability 

Send an LS to RAN4 to inform and recommend them to investigate the following issue:
· On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the UE behavior when there is overlap for L1-RSRP measurement for SSB associated with serving cell PCI and PCIs different from the serving cell PCI

Note: Discussion in UE feature agenda on this issue is not ruled out




In last RAN1 meeting, the value of X (can be at least 0, 1, 2, 3, and 7 as per previous RAN1 agreements) is agreed to be discussed during UE feature discussion. From the RAN1 agreement, 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. By assuming X=7, to support 7 other TRPs measurement, we study if RAN4 need to introduce any additional restrictions or conditions. 
In last meeting RAN4 agreed that “RAN4 develops UE requirements for at least NMAX = 1, where NMAX is the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting”. As per our understanding, it is important for UE to support L1-RSRP measurement on NMAX+1 (where NMAX=X) TRPs for efficient beam management. 
[bookmark: _Hlk85709372]Proposal 1: RAN4 to support L1-RSRP measurement on NMAX+1 TRPs. 
LS reply to RAN1:
· On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the UE behaviour when there is overlap for L1-RSRP measurement for SSB associated with serving cell PCI and PCIs different from the serving cell PCI

In Rel-16, the UE shall be able to measure all CSI-RS resources and/or SSB resources configured for L1-RSRP if they are within the active BWP and 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} 
}
[bookmark: _Hlk92700256]In our understanding, 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., 32 SSBs being transmitted by 2 PCIs/TRPs vs 8 SSBs being transmitted by 8 PCIs/TRPs).
Moreover, UE measurement behaviour when SSBs associated with different PCIs overlap, we think L3-measurement behaviour can be followed.
Based on the above analysis, our view is, in the intra-frequency scenario, when the SSBs from different PCI overlap, and if the received SSB from different PCI are within the active BWP, UE can measure them at the same time as long as their receive time difference is within the CP. If the receive time difference is not within the CP, UE can measure them in TDM fashion, similar to L3 measurement framework. 
Proposal 2: When SSB from different PCI overlap, UE should be able to measure them at the same time if following conditions are met. 
· Received SSB are within the active BWP
· Received time difference between the SSB of different PCI is within the CP 
Timing offset between serving cell and non-serving cell
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 sum of propagation delay between TRP and the synchronisation error between the TRP.  As the propagation delay between two TRP who are at 900m is 3us, and assuming the TRP are connected to the same DU, synchronisation error to be within 260ns. In this case, net time offset between the two TRPs can be up to is 3260ns. For some SCS this may be more than the CP length and measuring them at the same time may not be possible. Moreover, it may be difficult for UE to measure more than one TRP at a time while maintaining the different timing relationships with different TRPs. When the time difference between different TRP are more than the CP length, UE can measure them in TDM fashion, similar to L3 measurements framework.
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 BM. 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. For example, in inter-cell BM since UE is assumed to be connected to two TRP at a time, UE need to maintain timing relationship with serving TRP and additional serving TRP. The serving TRP/additional serving TRP can be used as reference timing. Our understanding is UE should measure the neighbouring TRPs whose timing offset is less than a certain threshold from the reference timing. Further in our understanding, the threshold can be equal to Cyclic Prefix (CP) length. If the TRPs offset is more than CP, they can be measured in TDM fashion. In this method, UE can measure all the TRPs in least possible time. 
[bookmark: _Hlk92081707]Proposal 3: RAN4 to agree that the non-serving TRPs, whose timing offset w.r.t reference TRP   is less than CP to be measured at the same time. If the timing offset of the non-serving TRPs w.r.t reference TRP are more than CP, they are to be measured in TDM fashion. Where reference TRP refers to serving TRP and additional serving TRP. 
FFT assumptionFigure 2: FFT assumption for inter-cell BM


 Our understanding is, since UE is assumed to be connected to serving and additional serving TRP at same time, and these TRP can be non-collocated. Due to this, we think two independent RF chains and two independent baseband (two FFT) can be assumed.  As shown in figure 2, UE can use different and independent RF chain and FFT and simultaneously receive from serving and additional serving cell TRP from different directions with different QCL type-D.
Proposal 4: RAN4 to agree on the assumption that two independent FFT and RF chain are used for inter-cell beam management.
Assuming different RF chain and different FFT, UE measures all the non-serving TRP whose timing offset is within CP length from the reference TRP. UE measures rest of the TRPs in TDM fashion. Using this approach, UE could measure the non-serving TRPs in least possible time. Here, reference TRP is serving TRP or additional serving TRP. 
Proposal 5: RAN4 to agree that UE measures all the non-serving cell TRPs whose timing offset is within CP from the reference cell TRP at the same time and other TRPs whose timing offset is more than CP in TDM fashion.  Where reference cell TRP is serving TRP or additional serving TRP.
RX beam sweeping assumption for L1-RSRP measurement
RAN1 agreed to introduce multiple neighbour/non-serving cell TRP measurements for inter-cell beam management. Since L1-RSRP is used for beam management, it is essential UE measure all the configured neighbour TRP. In Rel-15/16, RAN4 assumed different RX beam for L3 measurement and L1-RSRP, where L3 is assumed to be rough beam and L1 is assumed to be fine beam. Assuming this RAN4 introduced sharing factor between L3 and L1. With the existing sharing factor between L3 and L1, L3 measurements are measured on 2 occasions and L1 is measured on one occasion for every three overlapping occasions. Our understanding is if UE have to measure one serving cell, then the sharing factor approach works well. In inter-cell BM, since UE have to measure on multiple non-serving cells, we think sharing factor-based approach may delay the measurements quite a bit and there by impacting the inter-cell BM performance. Further based on our understanding of RAN1 intention of introduction of L1-RRSP measurement on multiple TRP is L1 measurements can reuse the L3 measurements framework. 
Based on the above analysis, we suggest RAN4 to use the same RX beam for computing L1-RSRP and L3-RSRP. 
Proposal 6: RAN4 to agree that same RX beam can be used for L1-RSRP and L3-RSRP computation for non-serving cell inter-cell beam management in Rel-17.
With same RX beam is assumed for L3-RSRP and L1-RSRP, it may be possible to use only SSB (as CSI-RS can be fine beam) based L1-RSRP measurements for inter-cell beam management. 
Proposal 7: L1-RSRP measurements for inter-cell beam management to be based on SSB only for non-serving cell inter-cell beam management in Rel-17.  
Known and unknown condition for non-serving cells 
In Rel-17 UE is assumed to measure only the configured cells and need not measure the detected cells for inter-cell beam management. Since only configured cells are assumed, our view is Handover, or SCell activation known/unknown condition criteria can be re-used. 
Proposal 8: RAN4 to re-use HO and SCell known/unknown definitions for inter-cell beam management.
Summary and Conclusion
In this contribution we have analysed RRM requirement for inter-cell beam management operation in FeMIMO and made following proposals. 
Proposal 1: RAN4 to support L1-RSRP measurement on NMAX+1 TRPs. 
Proposal 2: When SSB from different PCI overlap, UE should be able to measure them at the same time if following conditions are met. 
· Received SSB are within the active BWP
· Received time difference between the SSB of different PCI is within the CP 
Proposal 3: RAN4 to agree that the non-serving TRPs, whose timing offset w.r.t reference TRP   is less than CP to be measured at the same time. If the timing offset of the non-serving TRPs w.r.t reference TRP are more than CP, they are to be measured in TDM fashion. Where reference TRP refers to serving TRP and additional serving TRP.
Proposal 4: RAN4 to agree on the assumption that two independent FFT and RF chain are used for inter-cell beam management.
Proposal 5: RAN4 to agree that UE measures all the non-serving cell TRPs whose timing offset is within CP from the reference cell TRP at the same time and other TRPs whose timing offset is more than CP in TDM fashion.  Where reference cell TRP is serving TRP or additional serving TRP.
Proposal 6: RAN4 to agree that same RX beam can be used for L1-RSRP and L3-RSRP computation for non-serving cell inter-cell beam management in Rel-17.
Proposal 7: L1-RSRP measurements for inter-cell beam management to be based on SSB only for non-serving cell inter-cell beam management in Rel-17. 
Proposal 8: RAN4 to re-use HO and SCell known/unknown definitions for inter-cell beam management.
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1. Overall Description: 
RAN4 thanks RAN1 for the LS. RAN4 has discussed the L1-RSRP measurement behaviour when SSBs associated with different PCIs overlap and RAN4 would like to provide following feedback. 

RAN4 feedback to RAN1: 
RAN4 understanding is UE shall be able to measure all CSI-RS resources and/or SSB resources configured for L1-RSRP if they are within the active BWP and the number of resources does not exceed the UE capability indicated by beamManagementSSB-CSI-RS (TS 38.331). From RAN4 point of view, UE aggregate capability w.r.t to maximum number of beams measured for L1-RSRP measurements from different PCIs may be same as single PCI if the following conditions are met. 
· Received SSB are within the active BWP
· Received time difference between the SSB of different PCI is within CP
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., 32 SSBs being transmitted by 2 PCIs/TRPs vs 8 SSBs being transmitted by 8 PCIs/TRPs).
In short, when SSB from different PCI overlap for L1-RSRP measurements, UE should be able to measure them at the same time if following conditions are met. 
· Received SSB are within the active BWP
· Received time difference between the SSB of different PCI is within CP


2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly requests RAN1 to take the above information into consideration in the further specification work.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
[1] TSG RAN WG4 Meeting #102-e			21 February 2022 – 03 March 2022				E-Meeting
[2] TSG RAN WG4 meeting #103-e			16 May 2022 - 27 May 2022							E-Meeting
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