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Introduction
RAN4#100 started Rel-17 feMIMO WI discussion to identify RRM core requirements to be specified RRM requirements.  In RAN4 #101e meeting, companies mainly discussed RRM requirements of items below :
· TCI switching delay requirements under Rel-17 unified TCI framework
· L1 measurement requirements for inter-cell beam management
· Others : BFD/CBD/BFRQ and simultaneous reception, multiple panel UE 
After RAN4#101 meeting, RAN4 reached to two agreed WFs [2,3] and noted WF [4]. Rel-17 contains several UE capabilities to support Rel-17 feMIMO sub-features and network deployments. In this contribution, we provide our view on UE requirements on inter-cell beam management based on WF [3].
Discussion
RAN4 has discussed about L1 beam management and reached to agreements below in RAN4#101. In this contribution, we discuss L1-RSRP measurement requirements when a UE does not support simultaneous reception. For a UE supporting simultaneous reception, we have another contribution to discuss in [5].
In [5], we propose to introduce separate UE requirements of two types of UE reception capability
(i)  A UE not supporting simultaneous reception from different QCL-type-D sources
(ii) A UE supporting simultaneous reception from two (or multiple) different QCL-type-D sources
[bookmark: _Hlk92756045]From RAN4#101 discussion, we observed that requirement introduction for UE simultaneous RX was very controversial due to lack of Rel-17 TU budget. Although most of companies shared the same view that MIMO features requiring UE simultaneous RX capability have been defined since Rel-16, Rel-17 TU is not enough to complete the UE simultaneous RX requirement. If it is TU issue in Rel-17 phase, it is agreeable firstly to introduce requirements for a UE not supporting simultaneous reception from different QCL-type-D sources in Rel-17, and the study on simultaneous RX can be continued under a Rel-18 WI. However, requirement applicability rules should be discussed together to map them to the Rel-16/17 features.
In RAN4#101, agreements below have made regarding inter-cell beam management. Mainly RAN4 focuses on how to measure L1-RSRP on a non-serving cell.
	
WF R4-2120321
· 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 withing 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 behavior for L1-RSRP measurement for non-serving cell whether to perform the non-serving cell L1-RSRP measurement outside SMTC or within SMTC





L1 RSRP measurement of UE not supporting simultaneous RX
In this section, we discuss L1-RSRP measurement on non-serving cell for a UE not supporting simultaneous RX. 

Known cell condition for L1 measurement
A non-serving cell for L1 measurement should be detected through L3-measurement. When a UE is requested to measure L1-RSRP, the target cell needs to be a cell that the UE has measured and reported L3-RSRP within a given time and initial sync from PSSS should have been acquired.
Proposal 1 : For L1-RSRP measurement on non-serving cell, a UE has sent at least L3-RSRP report within a given time and acquired initial sync by detecting PSSS from the non-serving cell.
In order to support Proposal 1, a UE should be aware of the association of the non-serving cell PCI and SSB. Based on RAN1 agreement below, a UE is configured by higher layer signal with association of a set of SSB indices and PCI indices.
Proposal 2 : a UE should be configured with association information of the non-serving cell PCI and SSB to support L1 RSRP measurement on non-serving cell.
	RAN1#107 Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, a CSI-SSB-ResourceSet configured for L1-RSRP measurement/reporting includes at least a set of SSB indices where PCI indices are associated with the set of SSB indices, respectively. The PCI indices refer to PCIs within the set of PCIs configured for inter-cell beam management or inter-cell multi-TRP.
· The additionalInfo associated with SSB(s) with PCI(s) different from the serving cell agreed in RAN1 Agenda Item 8.1.2.2 is also applicable to inter-cell BM
· Detailed signaling design is up to RAN2
· FFS (to be concluded in RAN1#107-e): Whether the above L1-RSRP measurement/reporting also includes group-based beam report for inter-cell mTRP




If a UE knows about association of non-serving cell PCI and SSB, the next condition is how to find the SSB resource. Of course, a UE can search the SSB by cell detection procedure. Regarding a known target cell, SSB of a non-serving cell has the same center frequency, SCS, SFN offset in the same BWP with a serving cell. Also SSB time domain position can be also known by pre-configuration with additional assistance information.
	
RAN1#106b Agreement 
· Center frequency, SCS, SFN offset are assumed to be the same for SSBs from the serving cell and the configured SSBs with PCI different from the serving cell for inter-cell multi TRP operation.
· The information related to “SSB time domain position” for SSB with PCI different from the serving cell consists of [halfFrameIndex and] ssb-PositionsInBurst

RAN4#101 Agreement 
· The L1-RSRP measurement requirements for non-serving cells are only applicable to SSB withing the active DL BWP of the UE.




Proposal 3 : SSB of a non-serving cell has the same center frequency, SCS, SFN offset in the same active BWP with a serving cell in Rel-17. Also, SSB time domain position can be also known.
     - If SSB time domain position is not given, a UE can search the non-serving cell using the SSB association information.
If a UE knows about association of non-serving cell PCI and SSB, time positioning and numerology, quality of the RX signal can be a matter for L1 measurement. Like TCI known state conditions, SNR can be one of the L1 measurement conditions, however, SNR is not a general metric known externally to network. Assuming L3-RSRP has been measured and reported to a serving cell before L1-RSRP measurement trial, a serving cell can evaluate if quality of signal is enough to measure L1-RSRP based on L3-RSRP. 
Proposal 4:  Assuming L3-RSRP on non-serving cell has been measured and reported to a serving cell before L1-RSRP measurement trial on non-serving cell, the serving cell can evaluate if quality of signal is good enough to measure L1-RSRP based on L3-RSRP value. ( FFS on a threshold value).
We note that L1-RSRP measurement for non-serving cell may not require complex hardware under the given known conditions. For L1 measurement on non-serving cell, challenging UE impact can be minimized, if RAN4 introduce reasonable known conditions as above. 

Timing offset assumptions between non-serving cell and serving cell
For a UE not supporting simultaneous RX, the UE captures the RS symbols in different time slots between serving and non-serving, so a single FFT assumption is not so meaningful. For a UE supporting simultaneous RX captures and processes them at one time, time difference between the two cells will be more stringent (i.e. within CP length) comparing to a UE not supporting it.
If a UE separately processes the L1-RSRP over time between serving and non-serving cells through different FFT, then FFT window adjustment gets more room to cover the time difference. Moreover, the non-serving cell will be identified by configuration as proposals above. If the timing difference between non-serving cell and serving cell can be assumed within CP length, there is no need to introduce the limitation of identified non-serving cell.
Observation 1 : If a UE is not support simultaneous RX, then a UE can apply different FFT windowing with timing adjustment. It exploits benefits of more adjustment room to cover timing difference between serving cell and non-serving cell. 
Observation 2 : A single FFT implementation assumption for L1-RSRP and time difference is not essential for a UE not support simultaneous RX. 

Also, from Proposal 1 a UE is in the status after acquiring initial sync from L3 measurement. Therefore, the time difference does not essentially need to be within CP length. A UE is capable to adjust FFT window depending on the timing difference. RAN1 has also had similar discussion on time difference, but no consensus for the UE reception timing difference between serving cell and non-serving cell. RAN4 needs to discuss if a UE can handle time difference 
If a UE is not support simultaneous RX and if the timing difference between non-serving cell and serving cell is assumed within CP length, there is no strong motivation to introduce the limitation of known conditions of non-serving cell, since the measurement on non-serving cell has almost same conditions as a serving cell.
Proposal 5 : If a UE is not support simultaneous RX and if the RX timing difference between non-serving cell and serving cell is assumed within CP length, there is no strong motivation to introduce the limitation of known conditions of non-serving cell.

Measurement accuracy for serving cell L1-RSRP
For a UE not supporting a simultaneous RX, the current accuracy requirement is applied based on the agreement.
	RAN4#101 agreement

Measurement accuracy for serving cell L1-RSRP can be reused for L1-RSRP measurement for non-serving cell for inter-cell beam management

Agreement in RAN4 #100-e
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. 




From the two agreements above, an interpretate of their meaning is possible : 
Proposal 6 : If a UE does not support simultaneous RX, measurement accuracy for serving cell L1-RSRP can be reused for L1-RSRP measurement for non-serving cell.
 Proposal 7 : If a UE does not support simultaneous RX, and if SSB from serving cell and non-serving overlap over time, the UE should be able to sequentially measure L1-RSRP on SSB from serving and from non-serving cell.
· The current measurement period for L1-RSRP can be scaled by a scaling factor.
· FFS : How to apply a scaling factor (including considering inside or outside of SMTC window discussion) 
 

RX scheduling restriction due to SSB overlapping
Next, if SSB from serving cell and non-serving overlap and if a UE measure SSB sequentially from serving cell and non-serving cell, new UE RX behaviors and scheduling restriction should be defined. RAN1 LS R1-2112762 also asks how to treat such a case.
	Agreement in RAN1 LS R1-2112762
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



We provide our view on LS reply in [Nokia, 5], in addition there are more cases that require rules of measurements due to signal overlapping. As far as we know, we have not discussed how to treat listed cases below. 
[bookmark: _Hlk92189008]Proposal 8 : If a UE does not support simultaneous RX and if SSB from a cell and other DL signal from another cell overlap in time, RAN4 studies to set RX scheduling restriction of a UE.  
i. Overlap between L1 measurement on a cell and another cell
ii. Overlap between L1 measurement on a cell and L3 measurement on another cell
iii. Overlap between L1 measurement on a cell and PDCCH/PDSCH reception from another cell 

Measurement within SMTC or out of SMTC
We don’t think that SMTC window is essential for non-serving cell measurement, but as we discuss above, a certain RX scheduling restriction will be required for a UE does not support simultaneous RX. SMTC window is set for L3 measurement, it would be hard to maintain the same L1 beam assumption within SMTC window. Of course, it is not restricted to measure L1-RSRP outside of SMTC window either if a UE implementation is designed to measure it within SMTC.
If the RX scheduling restriction is introduced, then there won’t be a problem that a UE measures L1-RSRP for non-serving cell out of SMTC window under the conditions stated in previous proposals.
Proposal 9: Assuming RX scheduling restriction and measurement conditions proposed above, SMTC window is not essentially required for L1-RSRP measurement on non-serving cell.
     -   Also, a UE is not mandated to measure L1-RSRP measurement outside of SMTC window.

Conclusion
In this contribution, we provide our observations and proposals on L1 RSRP measurement.
Known cell condition for L1 measurement
Proposal 1 : For L1-RSRP measurement on non-serving cell, a UE has sent at least L3-RSRP report within a given time and acquired initial sync by detecting PSSS from the non-serving cell.
Proposal 2 : a UE should be configured with association information of the non-serving cell PCI and SSB to support L1 RSRP measurement on non-serving cell.
Proposal 3 : SSB of a non-serving cell has the same center frequency, SCS, SFN offset in the same active BWP with a serving cell in Rel-17. Also, SSB time domain position can be also known.
     - If SSB time domain position is not given, a UE can search the non-serving cell using the SSB association information.
Proposal 4:  Assuming L3-RSRP on non-serving cell has been measured and reported to a serving cell before L1-RSRP measurement trial on non-serving cell, the serving cell can evaluate if quality of signal is good enough to measure L1-RSRP based on L3-RSRP value. ( FFS on a threshold value).
Timing offset assumptions between non-serving cell and serving cell
Proposal 5 : If a UE is not support simultaneous RX and if the RX timing difference between non-serving cell and serving cell is assumed within CP length, there is no strong motivation to introduce the limitation of known conditions of non-serving cell.
Measurement accuracy & period for serving cell L1-RSRP
Proposal 6 : If a UE does not support simultaneous RX, measurement accuracy for serving cell L1-RSRP can be reused for L1-RSRP measurement for non-serving cell.
Proposal 7 : If a UE does not support simultaneous RX, and if SSB from serving cell and non-serving overlap over time, the UE should be able to sequentially measure L1-RSRP on SSB from serving and from non-serving cell.
· The current measurement period for L1-RSRP can be scaled by a scaling factor.
· FFS : How to apply a scaling factor (including considering inside or outside of SMTC window discussion) 
RX scheduling restriction due to SSB overlapping
Proposal 8 : If a UE does not support simultaneous RX and if SSB from a cell and other DL signal from another cell overlap in time, RAN4 studies to set RX scheduling restriction of a UE.  
i. Overlap between L1 measurement on a cell and another cell
ii. Overlap between L1 measurement on a cell and L3 measurement on another cell
iii. Overlap between L1 measurement on a cell and PDCCH/PDSCH reception from another cell 
Proposal 9: Assuming RX scheduling restriction and measurement conditions proposed above, SMTC window is not essentially required for L1-RSRP measurement on non-serving cell.
     -   Also, a UE is not mandated to measure L1-RSRP measurement outside of SMTC window.
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