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Introduction
L1/L2 based inter-cell mobility was discussed in last meeting [1]. This contribution provides further analysis on maintenance requirements on L1/L2 based inter-cell mobility from RRM requirement perspective.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667] General
· PDCCH order RACH on neighbor cell
In WF[1], one open issue on PDCCH order RACH is whether addition time is needed for fine time tracking, when RTD between SSB of the cell are within 260ns, and SSB index indicated in PDCCH order is not in the active TCI state list and measurement period of L1-RSRP is no longer than 160ms.
	Issue 1-1-1-1: Further clarification on the condition when additional time for DL synchronization needed in the delay requirements for PDCCH ordered RACH before cell switch command 
<Way Forward>: Further discuss the following option:
· For FR1 LTM candidate cell, if SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, when the measurement period of L1-RSRP is no longer than 160ms, additional delay is not needed for fine time tracking. 
· This is applicable when RTD between SSB of the cell are within 260ns.




If SSB index indicated in PDCCH order is not in the active TCI list, it means the candidate SSB index does not been kept tracking. although the L1-RSRP measurement periodicity on the candidate cell is less than 160ms, it does not mean the fine timing is maintained for the cell. As we all know, whether the fine time delay is needed depends on whether the SSB is in TCI state list or not, rather than L1-RSRP measurement.
Moreover for PRACH transmission, UE is required to satisfy Te requirements. Taking FR1 SCS 30Hz as an example, PRACH transmission timing error shall be less than Te (8Ts/7Ts) where Te=260.4ns/227.9ns. If RTD between the serving cell and candidate cell 260ns is added on top of itself transmit error, it is harder to ensure Te for PRACH transmission. In addition, we don’t think it is a typical case that the SSB index in PDCCH order is not in active TCI state list.
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2-1
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc



Proposal 1: Even when RTD between SSB of the cell are within 260ns, if SSB index indicated in PDCCH order is not in the active TCI state list, when the measurement period of L1-RSRP is no longer than 160ms, additional delay is needed for fine time tracking. 
· UL timing
	Issue 1-1-2-1: Reference DL timing when the target cell for early TA acquisition is a secondary serving cell
<Way Forward> FFS
· When the target cell for early PRACH transmission is an DL-only SCell, DL timing of the target cell is a reference timing for the PRACH transmission.



The scenario of issue 1-1-2-1 is that the current DL-only serving SCell is a candidate LTM cell and UE is to perform PRACH transmission on the cell. Therefore it is natural that the DL timing of the target cell is a reference timing for the PRACH transmission.
Proposal 2: confirm: When the target cell for early PRACH transmission is an DL-only SCell, DL timing of the target cell is a reference timing for the PRACH transmission.
L1-RSRP measurement requirements
Some company proposed that UE is to perform LTM measurement only when UE is in activated data transmission, e.g., when the UE is in Active time or when the Inactivity timer is running.
	[bookmark: _Hlk150988126]Issue 2-1-3: Additional conditions to perform L1 measurement for LTM
<Way Forward> FFS
· Option 1 (Nokia): 
· UE is not required to perform LTM measurements when UE is not in active data transmission.
· Option 2 (MTK):
· UE can perform L1-RSRP measurement no matter inactivity timer is running or not.
· Option 3 (Apple): 
· considering core part of this work item has been closed, RAN4 shall not further investigate optimization for L1 measurement in R18. Further improvement can be considered in future release.



Recalling the definition of “DRX is used” specified in clause 3.6.1 in TS 38.133, when inactive timer is running UE is regarded as non-DRX is used, and when the timer is not running the UE is regarded as DRX is used. 
	3.6.1	RRC connected state requirements in DRX
For the requirements in RRC connected state specified in this version of the specification, the UE shall assume that no DRX is used provided the following conditions are met:
-	DRX parameters are not configured or
-	DRX parameters are configured and
-	drx-InactivityTimer is running or
-	drx-RetransmissionTimerDL is running or
-	drx-RetransmissionTimerUL is running or
-	ra-ContentionResolutionTimer is running or
-	a Scheduling Request sent on PUCCH is pending or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity
Otherwise the UE shall assume that DRX is used.



In current specification, both measurement requirements on Non-DRX and DRX cases for L1-RSRP measurement are specified. It means that UE can perform L1-RSRP measurement no matter inactivity timer is running.
Proposal 3: UE can perform L1-RSRP measurement no matter inactivity timer is running.
There are some further enhancements on reducing L1-RSRP measurement period in FR2. The solutions are mainly decreasing RX beam factor and suspending L3 measurement after TCI state activation. 
	Issue 2-2-3: Whether and how to reduce L1-RSRP measurement period in FR2 
<Way Forward> FFS
· Option 1 (ZTE): 
· To reduce L1-RSRP measurement period, N should be reduced to some other value smaller than 8.
· Option 2 (Ericsson):
· In FR2, L1-RSRP measurement period of less than 160ms is only possible under one of the following conditions. 
· L3 measurements are suspended after TCI state activation
· N is 1 or reduced to some other value smaller than 8 (i.e., beam sweeping or reduced after TCI state activation for certain time)
· Option 3 (Apple): 
· considering core part of this work item has been closed, RAN4 shall not further investigate optimization for L1 measurement in R18. Further improvement can be considered in future release.




Decreasing RX beam number is an objective in another R18 parallel WI (FeRRM). Mixed enhanced solution between two sperate on-going WI is not preferred. 
Another solution is skipping/suspending L3 measurements after TCI state activation till cell switch command, afterwards UE performing only L1 measurements. The motivation is to reduce scaling factor P. However L3 measurement is to identify new cells as UE keeps moving. Skipping/suspending L3 measurement especially in cell edge would bring significant risk of degrading mobility performance. Moreover the frequency layer where L1 measurement performs on shall be the subset of L3 MO. It means that L1-RSRP can not replace L3 measurement. As the core requirements have been completed for R18 mobility WI, the solutions of further enhancements on reducing L1-RSRP measurement period still need a lot of discussion, we suggest that such enhancements for LTM can be discussed in next release.
Proposal 4: Further reduction on L1-RSRP measurement period in FR2 for LTM can be discussed in next release.
Another open issue is whether “timeRestrictionForChannelMeasurements” is to be introduced in LTM L1 measurement.
	Issue 2-4-4: Whether “timeRestrictionForChannelMeasurements” is needed in LTM L1 measurement configuration
Let’s try to make an agreement. Please check whether it is ok to go with Option 1a.
< Agreement> Down selection on the two options in RAN4#110bis
· Option 1
· No need for RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration.
· M=1 for intra-frequency, M=2 for inter-frequency in L1-RSRP measurement delay requirements.
· Option 2
· RAN4 recommend RAN1/2 to introduce RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration.
For information
	
Candidate options:
Option 1: No need for RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration.
Option 1a: 1 for intra-frequency, 2 for inter-frequency (vivo, CMCC, E///, Nokia, ZTE)
Option 1b: 3 for intra-frequency, 4 for inter-frequency (Apple)
Encourage compromised proposal on the numbers for option 1, for example, based on certain condition.
Option 2: RAN4 recommend to Introduce RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration.





In legacy, the motivation of timeRestrictionForChannelMeasurements is to acquire instant measurement result. In LTM, as the L1-RSRP measurement is on the same carrier frequency of SSB configured for L3 intra-frequency measurement, the L3 measurement results have been obtained. L3 measurement result is a measurement after filtering. To fasten the measurement, it seems the instant L1-RSRP measurement on candidate neighbour cell is expected to be obtained. At the present stage, it is a bit late for RAN2 to add a new IE. So we think in TS38.133, LTM measurement requirement can be regarded as that 1 sample for intra-frequency, 2 samples for inter-frequency in LTM.
Proposal 5: No need for RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration. For LTM, 1 for intra-frequency, 2 for inter-frequency in L1-RSRP measurement delay requirements.
L1/L2 inter-cell mobility delay requirements
One proposal is to update the definition of Tfirst-RS considering the case when target SSB is within active BWP and when target SSB is not within active BWP. When cell switch command is received, UE would release the connection with serving cell (a hard handover procedure). The gap configuration from old serving cell is not applied for the target cell. So even if the target cell is an inter-frequency cell, gap is not used. Therefore Tfirst-RS is the time to the first SSB transmission on the target cell [after Tcmd] regardless SSB is within active BWP or not, in other words, no need to restrict SSB overlapped with MGL.
Proposal 6: Tfirst-RS is the time to the first SSB transmission on the target cell [after Tcmd] regardless SSB is within active BWP or not (i.e., no update on the current definition). In other words, no need to restrict SSB to be overlapped with MGL.
The issue of extra time for PL-RS measurement is still under discussion. RACH based cell switch is alike legacy handover procedure where the PRACH transmission are based on SSB. There is no additional time for PL-RS measurement when specifying legacy handover delay requirements.
Regarding RACH-less cell switch, from implementation perspective, initial UL signal can be transmitted without pathloss-RS measurement where the initial transmit power can be set a large value. Moreover it is supported in RAN1 that PL-RS is maintained before cell switch command. In this case, no additional time for PL-RS measurement. As we know one motivation of LTM is to reduce the cell switch delay, therefore it is not expected to add extra time for PL-RS measurement
Proposal 7: No need to have extra time for PL-RS measurement in cell switch delay.
Feature list
In RAN1, the granularity of L1-RSRP measurement related FGs (45-1, 45-1a and 45-2) have been approved as per BC, e.g., intra-frequency L1 and inter-frequency L1 measurement.
	45. NR_Mob_enh2
	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of intra-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for intra-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement  
5. Maximum number of LTM CSI report configs
	Per BC

	45. NR_Mob_enh2
	45-1a
	Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of inter- frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for intra- and inter-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra- and inter-frequency L1-RSRP measurement
	Per BC

	45. NR_Mob_enh2
	45-2
	Inclusion of current SpCell in the L1 measurement report
	1. Support of always including the current SpCell in the L1 measurement report
	Per BC


In RAN4 RRM, the report granularities of some FGs are still FFS. For “per UE”, it means whether a UE supports the capability regardless UE is in which band or in which band combination. However from UE implementation perspective, L1-RSRP measurement on neighbour cells can be based on CA structure. Under different band combination, the UE processing resource may be different. In addition, ‘per BC’ can enable UE to share its processing capability within certain band combination.
Regarding whether UE supports L1-RSRP measurement on neighbour cell with RTD>CP, it depends on how many FFT resources UE have. UE may support the capability under FR1+FR1 BC, but not support under FR2+FR2 BC, as baseband processing capability of FR2+FR2 BC is different as that of FR1+FR1BC. The more complicated case is FR1+FR2. Based on the above analysis, FG 39-1 is supposed to be per BC.
	39.
NR_Mob_enh2
	39-1
	SSB based L1-RSRP measurements for multiple cells with RTD > CP 
	Capability of simultaneous L1-RSRP measurements for more than one cell when the max RTD among the cells on the same frequency layer or in the same active BWP is larger than CP length of the cell on the frequency layer.

	Per BC



Proposal 8: The granularity of FG 39-1 is per BC.
When SSB of inter-frequency is within active BWP, FG 39-2 is whether UE is capable to measurement it without gap. It is natural that the granularity of this capability is per UE.
	39.
NR_Mob_enh2
	39-2
	SSB based inter-frequency L1-RSRP measurements without measurement gaps
	Capability of SSB based inter-frequency L1-RSRP measurements without measurement gaps (without interruption on serving cell(s)) for LTM
	Per UE


Proposal 9: The granularity of FG 39-2 is per UE.
Regarding the supported number of frequency layers for L1-RSRP measurement, the baseband processing capability may be different under different BC. Especially under FR1+FR1 BC, FR2+FR2 BC and FR1+FR2 BC, there are various BB capability. Therefore FG 39-3-1 is supposed to be per BC.
	39.
NR_Mob_enh2
	39-3-1
	Number of frequency layers for L1-RSRP measurement

	1. The max number of frequency layers UE can measure for intra- and inter-frequency without measurement gaps L1-RSRP measurement
1. The max number of frequency layers UE can measure for inter-frequency L1-RSRP measurement with measurement gaps 

	Per BC


Proposal 10: The granularity of FG 39-3-1 is per BC.
Recalling legacy L3 measurement, the number of cells and SSB for FR1 and FR2 are different. 
	9.2.3.1	Requirements for FR1
For each intra-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	8 identified cells, and
-	14 SSBs with different SSB index and/or PCI on the intra-frequency layer, where the number of SSBs in the serving cell (except for the SCell) is not smaller than the number of configured RLM-RS SSB resources.
9.2.3.2	Requirements for FR2
For one single intra-frequency layer in a band, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	6 identified cells, and
-	24 SSBs with different SSB index and/or PCI,



Regarding L1-RSRP measurement on neighbour cell, the supported number of to-be-measured cells and SSB resources can be various in different BC, especially for FR1+FR1BC, FR2+FR2 and FR1+FR2 BC. Taking SSB resource as an example, as RX beam sweeping is additionally considered for FR2, more SSB resources would be buffered (at least buffer 20*8ms). The buffer cost in FR2 would be larger than FR1. So the number of SSB resource in FR2+FR2 BC would be different of that in FR1+ FR1 BC. Under FR1+FR2 BC, it is more complicated and its buffer capability would be various as FR1+FR1 BC and FR2+FR2 BC as well. Therefore we propose the to-be-measured cell number and to-be-measured SSB resource number shall be per BC.

	Features
	Index
	Feature group
	Components
	Type

	39.
NR_Mob_enh2
	39-3-2
	Number of neighbour cells to be measured per frequency layer 
	1. The max number of neighbour cells UE can measure for L1-RSRP per frequency layer for intra-frequency or inter-frequency without measurement gaps

2. The max number of neighbour cells UE can measure for L1-RSRP per frequency layer for inter-frequency with measurement gaps
	Per BC

	39.
NR_Mob_enh2
	39-3-3
	Number of total cells to be measured
	The max number of total cells of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.

	Per BC

	39.
NR_Mob_enh2
	[39-3-4]
	Number of SSB resources for L1-RSRP measurement within a slot
	[bookmark: _Hlk158040982]The max number of SSB resources for L1-RSRP measurement that UE can measure within a slot across candidate cells for intra- and inter-frequency without gap L1-RSRP measurement

	Per BC

	39.
NR_Mob_enh2
	39-3-5
	Number of SSB resources for L1-RSRP measurement per frequency layer
	1. The max number of SSB resources UE can measure for L1-RSRP per frequency layer for intra-frequency or inter-frequency without measurement gaps

2. The max number of SSB resources UE can measure for L1-RSRP per frequency layer for inter-frequency with measurement gaps

	Per BC

	39.
NR_Mob_enh2
	39-3-6
	Number of total SSB resources to be measured
	The max number of total SSB resources of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.
	Per BC


Proposal 11: The granularity of FG 39-3-2, 39-3-3, 39-3-4, 39-3-5 and 39-3-6 is per BC.
FG 39-3-4 is still FFS. As we know, the max number of SSB resources configured to measure L1-RSRP within a slot across cells reflects the UE capability of “simultaneously” processing SSB resources. The max number of SSB resources configured for L1-RSRP across all cells in FG 39-3-5 and FG39-3-6 reflects the UE buffer resource capability. RAN4 has agreed to introduce FG 39-3-5 and 39-3-6 which are related with UE buffer capability. It is natural to introduce processing capability as well.
	39.
NR_Mob_enh2
	39-3-4
	Number of SSB resources for L1-RSRP measurement within a slot
	The max number of SSB resources for L1-RSRP measurement that UE can measure within a slot across candidate cells for intra- and inter-frequency without gap L1-RSRP measurement




Proposal 12: Confirm to introduce FG 39-3-4: Number of SSB resources for L1-RSRP measurement within a slot.

Conclusions
This contribution provides further analysis on maintenance requirements on L1/L2 based inter-cell mobility. The following proposals are provided:
Proposal 1: Even when RTD between SSB of the cell are within 260ns, if SSB index indicated in PDCCH order is not in the active TCI state list, when the measurement period of L1-RSRP is no longer than 160ms, additional delay is needed for fine time tracking. 
Proposal 2: confirm: When the target cell for early PRACH transmission is an DL-only SCell, DL timing of the target cell is a reference timing for the PRACH transmission.
Proposal 3: UE can perform L1-RSRP measurement no matter inactivity timer is running.
Proposal 4: Further reduction on L1-RSRP measurement period in FR2 for LTM can be discussed in next release.
Proposal 5: No need for RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration. For LTM, 1 for intra-frequency, 2 for inter-frequency in L1-RSRP measurement delay requirements.
Proposal 6: Tfirst-RS is the time to the first SSB transmission on the target cell [after Tcmd] regardless SSB is within active BWP or not (i.e., no update on the current definition). In other words, no need to restrict SSB to be overlapped with MGL.
Proposal 7: No need to have extra time for PL-RS measurement in cell switch delay.
Proposal 8: The granularity of FG 39-1 is per BC.
Proposal 9: The granularity of FG 39-2 is per UE.
Proposal 10: The granularity of FG 39-3-1 is per BC.
Proposal 11: The granularity of FG 39-3-2, 39-3-3, 39-3-4, 39-3-5 and 39-3-6 is per BC.
Proposal 12: Confirm to introduce FG 39-3-4: Number of SSB resources for L1-RSRP measurement within a slot.
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