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1 	Introduction
RAN4#107 had some discussion on pre DL and UL synchronization on R18 L1/L2 mobility [1] and RAN1 has asked RAN4 to analyze the feasibility of UE based TA measurement [2]. We will discuss related open issues in this contribution.
2 Discussion
2.1 Requirements for DL synchronization before cell switch command
RAN4#107 had some discussion on whether and how to define the requirements for pre DL synchronization on neighbor cell and some common understandings were reached [1]:
· Common understanding is that RAN4 does not need to define any new requirements for obtaining symbol boundary and frame boundary of target cell before cell switch command, as legacy requirements for PSS/SSS detection and time index detection apply, if needed.
· Common understanding is that RAN4 does not need to define any new requirements for SFN acquisition delay of target cell before cell switch command, as legacy requirements of SFN acquisition delay defined for L3 CSI-RS measurement in table 9.10.2.5-3 or Table 9.10.3.5-3 or TSSB_time_index_inter in Clause 9.3.4 apply, if needed.

But there are still some open issues related to pre DL synchronization. We list the open issues as below and analyse them one by one.
· when and how to acquire SFN of the candidate cell
· UE behaviour upon reception of TCI state activation of neighbor cell before cell switch command
· Whether and how to define requirements for pre-tracking on neighbor cell before cell switch command
· UE capability requirements for SSB based T/F fine time tracking
2.1.1 When and how to acquire SFN of the candidate cell
Before discussing when and how to acquire SFN of the candidate cell, we would like to discuss why we need to discuss this issue at first.

Why to discuss when and how to acquire SFN of the target cell
The motivation to support pre DL synchronization on neighbor cell is to skip the time for T/F fine tracking after cell switch, such that HO delay can be reduced. However, only asking UE to perform pre-tracking on neighbor cell is not sufficient, as with the SSB used for T/F fine tracking after cell switch, UE also uses the same shot of SSB for MIB decoding in order to get SFN of the target cell if needed. In other words, if UE has not obtained SFN of the target cell before cell switch command, UE still needs one shot SSB to derive SFN. In this case, even UE keeps performing pre-tracking on target cell frequently before cell switch, HO delay cannot be reduced.

When to acquire SFN of the target cell
From the point of reducing HO delay, we prefer UE acquiring SFN of the target cell before cell switch command.
How to acquire SFN of the target cell
· FR2: UE can get SFN of the target cell before cell switch through L3 measurement (reading SBI) in FR2 or NW configuration (deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is enabled, or NW configures candidate cells’ SFN).
· FR1: UE can get SFN of the target cell before cell switch through SFN acquiring procedure which is not supported yet, or NW configuration (deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is enabled, or NW configures candidate cells’ SFN).
We prefer UE getting SFN of target cell through NW configuration (deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is enabled, or NW configures candidate cells’ SFN) for both FR1 and FR2.
Observation 1: To reduce HO delay, UE needs to acquire SFN of the target cell before cell switch command.
Proposal 1: UE gets SFN of target cell through NW configuration (deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is enabled, or NW configures candidate cells’ SFN) for both FR1 and FR2.
2.1.2 TCI state tracking on neighbor cell
In this part, we will focus on the open issues related to pre-tracking on neighbor cell.
[bookmark: _Hlk133514092]RAN1 had agreed to support TCI state activation of a neighbor cell before cell switch and beam indication together with cell switch command. But RAN1 has not supported beam indication of a neighbor cell before cell switch yet. Therefore, UE is not expected to receiver or transmit data on the neighbor cell even the TCI state is activated. There is no need for UE to activate the BWP of the neighbor cell. We don’t need to define TCI state switching delay requirements like serving cell either. After the TCI state of a neighbor cell is activated, UE only performs SSB based T/F fine tracking on the corresponding beam.
[bookmark: _Hlk134281277]Proposal 2: After the TCI state of a neighbor cell is activated, UE performs SSB based T/F fine tracking on the corresponding TCI state, and UE will not active the corresponding BWP.
Proposal 3: RAN4 does not need to define TCI state switching delay requirements for pre-tracking on neighbor cell.
In our understanding, the main purpose to active the TCI state of a neighbor cell to skip fine T/F tracking during cell switch procedure (and maybe to guarantee DL ref timing sync for UL pre-sync with RACH transmission).
RAN4#105 reached the agreement that “Transmit timing accuracy requirements for any uplink transmission after cell switch should follow existing requirements.” RAN4#107 reached the following agreements:
	[bookmark: _Hlk135404216]Issue 1-1-4: Requirements of TCI state activation of neighbor cell before cell switch command
<Agreement>
· For DL T/F tracking to the candidate cells, at least one SSB is available at the UE during the last 160ms to satisfy transmit timing requirements.
[bookmark: _Hlk135409778]Issue 1-2-2-2: Basic assumption on DL synchronization before transmitting RACH
< Agreement>: 
· RAN4 to reuse the existing condition to meet the Te requirement in section 7.1.2 in TS38.133 for PDCCH ordered RACH transmission for candidate cell(s), i.e., at least one SSB is available (for T/F tracking) 
· at the UE during the last 160ms before msg1 is transmitted, and
· FFS: 
· after the random access is initiated by PDCCH order or other IE
· other side condition



[bookmark: _Hlk134281288]Based on the above agreement, to meet UL Tx timing accuracy requirement, at least one SSB is available at the UE during the last 160ms is reused. 
The issue arising is whether and how to guarantee that UE can perform SSB based T/F fine tracking at least every 160ms. In the next, we would like to share our understanding on the sharing mechanism of pre- TCI state tracking, L3 measurement and L1 measurement.
[bookmark: _Hlk141189101]Here, we want to take FR1 inter-frequency with Type 1 MG as an example. If MGRP equals to 80ms, as pre-tracking on one inter-frequency layer needs to share all the gap occasions with other L3 inter-frequency measurements, half of the gap occasions should be kept for pre-tracking to guarantee that UE can perform SSB based T/F fine tracking at least every 160ms. By doing like this, it would have big impact on L3 measurement and this method is not our preference. In addition, UE performs tracking together with L1 measurement for serving cell generally. For L1 measurement and tracking on neighbor cell, we would like to follow the same behavior. In this way, RAN4 only needs to define measurement period for L1 measurement. The tracking period would be the same as the measurement period of L1 measurement on corresponding beam.
[bookmark: _Hlk141191461][bookmark: _Hlk134281322]Proposal 4: UE performs tracking when performing L1-RSRP measurement. The tracking period is the same as the measurement period of L1 measurement on corresponding beam.
2.2 Requirements for Pre-UL Synchronization
2.2.1 PDCCH ordered RACH on neighbor cell
Last meeting, RAN4 had some discussion on how to define the requirements for PDCCH ordered RACH on neighbor cell [1]. We copy the related agreement here for information.
	Issue 1-2-2-1: Where to capture the delay requirements of PDCCH ordered RACH, RAN1 or RAN4 spec?
< Agreement>: 
· Time gap between a PDCCH order and the corresponding PRACH transmission will be captured in RAN1 spec as legacy. 
Issue 1-2-2-2: Basic assumption on DL synchronization before transmitting RACH
< Agreement>: 
· RAN4 to reuse the existing condition to meet the Te requirement in section 7.1.2 in TS38.133 for PDCCH ordered RACH transmission for candidate cell(s), i.e., at least one SSB is available (for T/F tracking) 
· at the UE during the last 160ms before msg1 is transmitted, and
· FFS: 
· after the random access is initiated by PDCCH order or other IE
[bookmark: _Hlk135409788]Issue 1-2-2-3: Whether additional time for DL synchronization is needed in the delay requirements for PDCCH ordered RACH before cell switch command
[bookmark: _Hlk135409924]Issue 1-2-2-4: Time for RF re-tuning and the value
[bookmark: _Hlk135409940][bookmark: _Hlk135409952]Issue 1-2-2-5: Time for baseband preparation time
Issue 1-2-2-6: Whether to update the legacy components in the legacy delay requirements specified for PDCCH ordered RACH transmission on serving cell in RAN1
<Agreement>
· On top of specified delay requirement in RAN1 as below the RAN4 agreed
· For PDCCH ordered CFRA, the minimum timing gap between PDCCH order reception and Msg1 transmission is  
·   
· Do not change ∆Delay component
· FFS for ∆BWPSwitching 
· FFS whether DCI-based or RRC-based BWP switching should be applied
· FFS whether to keep or remove the component
· FFS for additional delays components
· Option 1: 1 SSB occasion for T/F tracking
· Option 2: additional time for RF and/or BB preparation and retuning


[bookmark: _Hlk141191990]As agreed in RAN4#107, to satisfy Te requirement, at least one SSB should be available in the latest 160ms before RACH transmission on neighbor cell. If pre-tracking is not configured before PDCCH-order RACH on neighbor cell or tracking period (same as measurement period of L1 measurement on corresponding beam) is larger than 160ms, UE would need to perform fine tracking at first before RACH transmission on neighbor cell. If the candidate cell is an inter-frequency neighbor cell, UE would wait the first SSB overlapped with MG for fine tracking.
When NW configures SSB/MG for L1-RSRP measurement or SMTC/MG for L3 measurement, scheduling restriction is expected and will be defined. In our understanding, the scheduling or measurement restriction due to additional tracking on neighbor cell before RACH transmission can be covered by the ones defined for L1-RSRP and/or L3 measurements. 
In our understanding, as UE is not supposed to receive or transmit data except transmitting RACH on neighbor cell when receiving PDCCH-order, UE does not need to switch its BWP to target cell and ∆BWPSwitching =0. 
As the target cell may be an inter-frequency cell and RACH occasion may be outside the active BWP, UE would need some time for RF preparation and RF retuning. After RACH transmission, UE should return to serving cell and extra return time is needed. This return time should not be counted into the delay for PDCCH-order RACH transmission on neighbor cell, but it will cause interruption on serving cell(s).
So we propose the delay for PDCCH-order RACH on neighbor cell to be +  , where  are with the same definition as that of PDCCH-order RACH on serving cell; + 2ms is the time for fine tracking; is the time for RF preparation and RF retuning.
Proposal 5: The delay for PDCCH-order RACH on neighbor cell is +  , where 
·  are with the same definition as that of PDCCH-order RACH on serving cell
· + 2ms is the time for fine tracking
· is the time for RF preparation and RF retuning.
[bookmark: _Hlk134779864]Proposal 6: Scheduling restriction due to DL synchronization after reception of PDCCH order is needed. The requirements can be covered by the scheduling restriction of L1-RSRP and/or L3 measurement.
Proposal 7: If tracking period is within 160ms, + 2ms is not needed in the delay for PDCCH-order RACH on neighbor cell.
Proposal 8: For PDCCH-order RACH on neighbor cell, ∆BWPSwitching =0
Regarding the time needed for RF preparation and RF retuning, different from the retuning time needed for L3 measurement, UE needs to get prepared for UL transmission, so the retuning time for L3 measurement which is only for DL reception cannot be reused here. The time would also be different from the switching time needed for UL Tx switching or BWP switching. For UL Tx switching, UE has already generated the corresponding RF configuration before switching to another carrier and UE can only support limited band combinations. Also, for BWP switching, UE also has already generated the corresponding RF configuration. Here, multiple candidate cells may be configured, asking UE to generate RF configurations for all the candidate cells will consume quite an amount of memory. And the cell to transmit PRACH on can be on any band. We propose the time needed for RF preparation and RF retuning to be 10ms and would cause some interruption on both UL and DL of all the serving cells. As for the length of the interruption, we propose to reuse the same value as PSCell/SCell activation, i.e., 1ms.
Different from PDCCH-order RACH on serving cell which only scheduling restriction on UL is allowed, when the target neighbor cell is an inter-frequency cell, UE may not be able to support RACH transmission on an inter-frequency neighbor cell and DL reception on serving cell(s) as UE can only support limited DC/CA band combinations. Therefore, when UE retunes to neighbor cell and before UE retunes back to serving cell(s), there would be interruption on both UL and DL.
To reduce the interruption on serving cell(s), we assume UE keeps the RF configuration of serving cell(s). We propose UE needs 1ms time to retune back to serving cell(s). 
As RTD>CP case is also considered, we think one more slot interruption will be caused on serving cells.
We also want to mention there is another difference from transmitting RACH on serving cell. RACH transmission on serving cell would not cause interruption on DL but as RF is tuned, there will also be interruption on DL when transmitting RACH to neighbor cell.
Proposal 9: If RACH occasion of neighbor cell is not in the active BWP,   (time for RF preparation and RF retuning) is 10ms.
Proposal 10: If RACH occasion of neighbor cell is not in the active BWP, retuning to neighbor cell before RACH transmission would cause 1ms + 1 slot (due to uncertainty of RTD between cells) interruption on both UL and DL of all the serving cell(s).
Proposal 11: If RACH occasion of neighbor cell is not in the active BWP, retuning back to serving cell after RACH transmission would cause 1ms + 1slot (due to uncertainty of RTD between cells) interruption on both UL and DL of all the serving cell(s).
Proposal 12: If RACH occasion of neighbor cell is not in the active BWP, transmitting RACH will cause interruption on both UL and DL.
[image: ]
Fig. 1
As RAN1 is discussing the priority rules and UE capability about supporting simultaneous/parallel transmissions, we think RAN4 can focus on the length of interruption if needed when RO of neighbor cell is in the active BWP.
	RAN1#113 

Agreement
· For PDCCH-order based PRACH for candidate cell, If UE capability does not support simultaneous/parallel transmissions, when the PRACH transmission to a candidate cell other than current serving cell(including any interruption due to processing time to build the PRACH transmission, carrier or/and BWP switching time if any, UL or DL RF retuning time if any, additional preparation time if any) happen to overlap over one or more symbols or have a time gap below a certain threshold (e.g., N symbols, FFS: the value of N) with following UL transmission to one of the serving cells
· PRACH transmission 
· PUCCH/PUSCH transmission carrying HARQ-ACK, SR, P/SP CSI, aperiodic CSI 
· SRS transmission
· Any other PUCCH/PUSCH transmission
· Down-select the UE behavior in this case
· Alt 1: Dropping rule is needed 
· Alt 2: up to UE implementation 


If RO is in the active UL BWP, we think this extra for RF preparation and RF retuning is not needed. But due to RTD>CP case should also be considered, one more slot interruption on top of the legacy N symbols (defined in 38.213 for PDCCH-order RACH on serving cell) is necessary.
[bookmark: _Hlk142679663]Proposal 13: If RACH occasion of neighbor cell is in the active BWP, extra for RF preparation and RF retuning is not needed, i.e., .
Proposal 14: If RACH occasion of neighbor cell is in the active BWP, one more slot interruption (due to uncertainty of RTD between cells) on top of the legacy N symbols (defined in 38.213 for PDCCH-order RACH on serving cell) is necessary.
2.2.2 UE based TA measurement
RAN1#113 meeting has confirmed the working assumption on UE based TA measurement as below and asked RAN4 to analyze the feasibility of this mechanism [4]. Next we would provide our analysis.
	LS R1-2306259

D.  UE based TA measurement

RAN1 has confirmed the following working assumption, which was made in RAN1#112:

Working Assumption
From RAN 1 perspective, UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec

RAN1 respectfully asks RAN4 to analyze the feasibility of supporting this mechanism.


In our understanding, this mechanism is to derive TA of neighbor cell based on TA of serving cell and RTD between serving cell and neighbor cell as shown in Fig.2. Considering that serving cell and neighbor cell are not ideally synchronized in the field, there will be some synchronization error (denoted as y). Then TA2=TA1+2*RTD = TA1+2*(y+TP2-TP1). The synchronization error will be doubled. In addition, even for serving cell, UL timing after adjusted by TA for serving cell is not perfect. The errors, including Te, TA resolution error and TA adjustment accuracy, should be considered, i.e., 1.6us for FR1 and 0.5us for FR2 which the same value used to derive MTTD from MRTD. Then the total error of the UE based TA measurement mechanism is
· FR1: 2y+1.6us
· FR2: 2y+0.5us
[image: ]
Fig. 2
To guarantee the total error is not larger than CP length, we can derive the limitation on cell synchronization accuracy as the following table for different SCS.
	SCS (kHz)
	CP length (us)
	Limitation of synchronization error (us)

	15
	4.7
	1.55

	30
	2.3
	0.35

	60
	1.2
	0.35 in FR2
Infeasible in FR1

	120
	0.6
	0.05


Therefore, we can come to the conclusion that UE based TA measurement is only feasible under the condition that serving cell and target cell are well synchronized. It is not feasible if the cell synchronization accuracy is 3us as defined in RAN4. We propose not to define the requirements for UE based TA measurement.
[bookmark: _Hlk141805609]Observation 2: UE based TA measurement is only feasible under the condition that serving cell and target cell are well synchronized and the synchronization error should be less than 1.55us for 15kHz SCS, 0.35us for 30kHz SCS, 0.35us for 60kHz SCS in FR2, 0.05us for 120kHz SCS. UE based TA measurement is not feasible for 60kHz SCS in FR1.
Observation 3: Based on the cell synchronization accuracy defined in RAN4, UL timing error of UE based TA measurement is larger than CP length in both FR1 and FR2.
Proposal 15: Based on the cell synchronization accuracy defined in RAN4, UE based TA measurement is not feasible.
Proposal 16: Not to define the requirements for UE based TA measurement in RAN4.
3 Summary
In this paper, we provide some views on pre- DL and UL sync before cell switch command in L1/L2 triggered mobility. We have the following proposals and observations:
Observation 1: To reduce HO delay, UE needs to acquire SFN of the target cell before cell switch command.
Proposal 1: UE gets SFN of target cell through NW configuration (deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is enabled, or NW configures candidate cells’ SFN) for both FR1 and FR2.
Proposal 2: After the TCI state of a neighbor cell is activated, UE performs SSB based T/F fine tracking on the corresponding beam, and UE will not active the corresponding BWP.
Proposal 3: RAN4 does not need to define TCI state switching delay requirements for pre-tracking on neighbor cell.
[bookmark: _Hlk142597625]Proposal 4: UE performs tracking when performing L1-RSRP measurement. The tracking period is the same as the measurement period of L1 measurement on corresponding beam.
Proposal 5: The delay for PDCCH-order RACH on neighbor cell is +  , where 
·  are with the same definition as that of PDCCH-order RACH on serving cell
· + 2ms is the time for fine tracking
· is the time for RF preparation and RF retuning.
Proposal 6: Scheduling restriction due to DL synchronization after reception of PDCCH order is needed. The requirements can be covered by the scheduling restriction of L1-RSRP and/or L3 measurement.
Proposal 7: If tracking period is within 160ms, + 2ms is not needed in the delay for PDCCH-order RACH on neighbor cell.
Proposal 8: For PDCCH-order RACH on neighbor cell, ∆BWPSwitching =0
Proposal 9: If RACH occasion of neighbor cell is not in the active BWP,   (time for RF preparation and RF retuning) is 10ms.
Proposal 10: If RACH occasion of neighbor cell is not in the active BWP, retuning to neighbor cell before RACH transmission would cause 1ms + 1 slot (due to uncertainty of RTD between cells) interruption on both UL and DL of all the serving cell(s).
Proposal 11: If RACH occasion of neighbor cell is not in the active BWP, retuning back to serving cell after RACH transmission would cause 1ms + 1slot (due to uncertainty of RTD between cells) interruption on both UL and DL of all the serving cell(s).
Proposal 12: If RACH occasion of neighbor cell is not in the active BWP, transmitting RACH will cause interruption on both UL and DL.
Proposal 13: If RACH occasion of neighbor cell is in the active BWP, extra for RF preparation and RF retuning is not needed, i.e., .
Proposal 14: If RACH occasion of neighbor cell is in the active BWP, one more slot interruption (due to uncertainty of RTD between cells) on top of the legacy N symbols (defined in 38.213 for PDCCH-order RACH on serving cell) is necessary.
Observation 2: UE based TA measurement is only feasible under the condition that serving cell and target cell are well synchronized and the synchronization error should be less than 1.55us for 15kHz SCS, 0.35us for 30kHz SCS, 0.35us for 60kHz SCS in FR2, 0.05us for 120kHz SCS. UE based TA measurement is not feasible for 60kHz SCS in FR1.
Observation 3: Based on the cell synchronization accuracy defined in RAN4, UL timing error of UE based TA measurement is larger than CP length in both FR1 and FR2.
Proposal 15: Based on the cell synchronization accuracy defined in RAN4, UE based TA measurement is not feasible.
Proposal 16: Not to define the requirements for UE based TA measurement in RAN4.
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1. Overall Description:
RAN4 thanks RAN1 for the LS R1-2304276. As requested, RAN4 discussed how to update the time gap between a PDCCH order and the corresponding PRACH transmission for LTM in this meeting and would like to provide the following feedback:
· Delay requirements
As requested, RAN4 would provide required changes from RAN4’s point to RAN1. Final delay requirements will be captured in RAN1 spec as legacy.

The delay for PDCCH-order RACH on neighbor cell is +  , where 
·  are with the same definition as that of PDCCH-order RACH on serving cell
· ∆BWPSwitching =0
· For , as they are defined in RAN1, RAN4 would rely on RAN1 to check the need for any update
· + 2ms is the time for fine tracking
· If tracking period (will be defined in RAN4) of target cell is within 160ms, + 2ms is not needed.
· is the time for RF preparation and RF retuning
· If RACH occasion of neighbor cell is not in the active BWP, =[10ms]
· If RACH occasion of neighbor cell is in the active BWP, = 0
· Interruption requirements
· Scheduling restriction due to additional fine tracking before RACH transmission is needed and will be captured in RAN4 spec. 
· If RACH occasion of neighbor cell is not in the active BWP
· retuning to neighbor cell before RACH transmission would cause 1ms+ 1 slot interruption on both UL and DL of all the serving cell(s).
· retuning back to serving cell after RACH transmission would cause 1ms + 1 slot interruption on both UL and DL of all the serving cell(s).
· During RACH transmission, there will be interruption on both UL and DL
· If RACH occasion of neighbor cell is in the active BWP
· one more slot interruption (due to uncertainty of RTD between cells) on top of the legacy N symbols (defined in 38.213 for PDCCH-order RACH on serving cell) is necessary.

2. Actions:
[bookmark: OLE_LINK17]To RAN1 group.
ACTION: 	RAN4 kindly asks RAN1 to take above RAN4 agreements into consideration.

3. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #108-bis		              9 – 13 October 2023			 Xiamen, China
TSG RAN WG4 Meeting #109		              13 – 17 November 2023			Chicago, US
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