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Introduction
L1/L2 based inter-cell mobility was discussed in last meeting [1]. This contribution provides further analysis on some general aspects and scenarios on L1/L2 based inter-cell mobility from RRM perspective.
Discussion
· [bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]Downlink fine synchronization before cell switch
RAN1 agreed to support DL sync before cell switch. It means that UE can acquire and track DL fine timing of candidate cells based on SSB before cell switch. 
	RAN1 Agreement
· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM
· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command
· Further study the necessary mechanism, e.g. signaling and UE capability




	RAN1 has made the following agreement in RAN1#112bis-e

· Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported), 
· Alt. 1: By indicating RS identifier, i.e. mapping between RS identifier and Rel-17 unified TCI state is done by a UE
· Alt. 2: By indicating Rel-17 TCI state index
Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
· FFS: the presence of each field (i.e. always present or configurable)

Agreement
For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at least Alt 1 is supported:
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability
FFS: signalling details for TCI state activation
FFS: For Alt 1, whether/how TCI state activation for candidate cell(s) is allowed
Note: If scenarios 1 and 3 are to be supported other beam indication/TCI activation timing relationships are not precluded.




To reduce the interruption time after cell switch, TCI state index can be conveyed in cell switch command. According to RAN1 agreement, TCI state is activated before TCI index is received, it means that multiple TCI states are in the active TCI state list. UE would keep tracking on the TCI state in the active TCI state list. In other words QCL-type C level DL fine sync on multiple TCI states has already been acquired. Therefore if the target TCI state index is indicated in cell switching command, only known TCI state switching is to be considered.
Proposal 1: Only known TCI state switching is to be considered if TCI state index is included in cell switching command.
· Uplink synchronization before cell switch
Regarding UL synchronization, PDCCH-order based RACH for TA measurement for candidate cells before cell switch is supported in RAN1. Regardless without RAR or with RAR scheme, UE shall transmit preamble to multiple candidate non-serving cells. 
According to RAN4 spec, the legacy transmit timing accuracy requirement Te is supposed to be applied to PDCCH ordered RACH transmission for candidate cell(s) before cell switch command.
“The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission, or it is the first transmission sent on the PSCell for activating the deactivated SCG without RACH.”
In RAN1 meeting, RAN1 ask RAN4 for some feedback on time gap between a PDCCH order and the corresponding PRACH transmission [R1-2304276].
	A. Time gap between a PDCCH order and the corresponding PRACH transmission
RAN1 discussed the time gap between a PDCCH order and the corresponding PRACH transmission for LTM. RAN1 believes that this will require that the time gap is increased at least for the following scenario
· For PDCCH-order based PRACH on a candidate cell that is not a current serving cell with PUCCH/PUSCH or inter-frequency with the current serving cell
RAN1 relies on RAN4: 
· to verify the need for the above additional latency and, if so, the corresponding value is needed.
· to investigate any impact/interruption on UL Tx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH
· to verify the need for any update is required to ΔBWPSwitching, ΔDelay if so, the corresponding values and whether UE capability is needed
Potential RAN1 spec update will be based on RAN4’s feedback.




The legacy the time gap between reception of PDCCH order to transmission of PRACH is specified in TS38.213 section 8.1. 
	If a random access procedure is initiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH in the selected PRACH occasion, as described in [11, TS 38.321], for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to  msec, where 
-	 is a time duration of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH transmission 
-	 if the active UL BWP does not change and  is defined in [10, TS 38.133] otherwise 
-	 msec for FR1 and  msec for FR2
-	 is a switching gap duration as defined in [6, TS 38.214] 
For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines  assuming SCS configuration .




For R18 LTM, UE would transmit PDCCH order based PRACH to candidate neighbour cell. Based on our understanding the timeline from reception of DCI command for PDCCH order to transmission PRACH on RO to candidate cell is shown Figure 1. In the following, time delay for each component is analysed.
[image: ]
Figure 1 timeline for PDCCH order based RACH on neighbour cell
· Additional delay for DL sync
PDCCH ordered RACH transmission for candidate cell before cell switch command shall satisfy the legacy timing error Te requirements. There is a condition for uplink timing accuracy:
When the UL SCS is 120 kHz or smaller, the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms.
It means that to guarantee UL transmission, DL sync shall be first ensured. That is also why DL sync is put in the beginning in Figure 1 upon DCI command is received. After DL sync is ready, UE would start UL preparation related work. 
Upon UE receives cell switching command, UE first decodes the command (THARQ+3ms) and process L1/L2/L3 (Tprocessing2), at this moment, if the time tracking is valid, the fine time acquisition step can be skipped. As per agreement achieved at RAN4#107 meeting, at least one SSB is available in last 160ms to support the first UL transmission. 
As we know UE performs timing tracking together with L1-RSRP measurement. In FR1, if L1-RSRP measurement period <160ms, when UE receives DCI command for PDCCH order based RACH, the fine timing information is supposed to be within 160ms either. Therefore no additional time for DL timing acquisition is needed, otherwise one complete SSB burst is needed for fine time tracking. 
Proposal 2: In FR1, if L1-RSRP measurement period >160ms, additional one complete SSB burst is needed for fine timing during the duration from reception of DCI command for PDCCH order to transmission PRACH, otherwise no additional time is needed.
In FR2, For L1-RSRP measurement, Rx beam sweeping shall be performed. Considering the typical SSB configuration is 20ms, L1-RSRP measurement period is 160ms. It is up to UE implementation, which RX sweeping beam is used for time tracking, the worst timing tracking acquisition time before cell switch equals to L1-RSRP measurement period. Considering the additional time for DCI decoding, fine timing may be larger than160ms. Network has no idea whether SSB available at UE side or not, therefore for FR2, therefore additional one complete SSB burst is needed for fine timing.
Proposal 3: In FR2, additional one complete SSB burst is needed for fine timing during the duration from reception of DCI command for PDCCH order to transmission PRACH.
· 
 is the time for L1/L2 interaction. This part can remain unchanged in LTM.
Proposal 4: In LTM during the duration from reception of DCI command for PDCCH order to transmission PRACH, legacy time of ∆_Delay is to be kept unchanged.
· Delta_BWPswitching
 is the time for BWP switching delay. In LTM, to transmit PRACH on target cell, UE is still required to switch to target BWP on neighbour cell and load related parameters. It shall be noted that the RF retuning time is already included in BWP switching time. We suppose the legacy time of  is to be kept unchanged in LTM.
Proposal 5: In LTM during the duration from reception of DCI command for PDCCH order to transmission PRACH, legacy time of  is to be kept unchanged.
· Tswitch 
 is a switching gap duration for UL TX switching. This part can also remain unchanged in LTM.
Proposal 6: In LTM during the duration from reception of DCI command for PDCCH order based PRACH to transmission PRACH, legacy time of Tswitch is to be kept unchanged.
· NT,2
 is the time for PUSCH preparation time. After UE switches to target BWP on neighbour cell, UE would execute PUSCH preparation related work. In LTM, this component is to be kept unchanged.
Proposal 7: In LTM during the duration from reception of DCI command for PDCCH order to transmission PRACH, legacy time of NT,2 is to be kept unchanged.
Conclusions
This contribution provides further analysis on L1/L2 based inter-cell mobility for mobility latency reduction. The following proposals are provided:
Proposal 1: Only known TCI state switching is to be considered if TCI state index is included in cell switching command.
Proposal 2: In FR1, if L1-RSRP measurement period >160ms, additional one complete SSB burst is needed for fine timing during the duration from reception of DCI command for PDCCH order to transmission PRACH, otherwise no additional time is needed.
Proposal 3: In FR2, additional one complete SSB burst is needed for fine timing during the duration from reception of DCI command for PDCCH order to transmission PRACH.
Proposal 4: In LTM during the duration from reception of DCI command for PDCCH order to transmission PRACH, legacy time of ∆_Delay is to be kept unchanged.
Proposal 5: In LTM during the duration from reception of DCI command for PDCCH order to transmission PRACH, legacy time of  is to be kept unchanged.
Proposal 6: In LTM during the duration from reception of DCI command for PDCCH order based PRACH to transmission PRACH, legacy time of Tswitch is to be kept unchanged.
Proposal 7: In LTM during the duration from reception of DCI command for PDCCH order to transmission PRACH, legacy time of NT,2 is to be kept unchanged.
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