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Introduction

In RAN #98 meeting, the revised WID on further NR mobility enhancements was approved [1]. One of the objectives is about L1/L2 based inter-cell mobility, the details are duplicated as following:

	To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:

Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]

Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]

L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]

Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet

Timing Advance management [RAN1, RAN2]

CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.

Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:

Standalone, CA and NR-DC case with serving cell change within one CG

Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)

Both intra-frequency and inter-frequency

Both FR1 and FR2

Source and target cells may be synchronized or non-synchronized




In last meeting, there is discussion on L1/L2 based inter-cell mobility, and a WF was approved [2]. This contribution provides further discussion on general aspects and scenarios for this topic.

Discussion 
One of the open issues is about the scenario to define the requirements of PDCCH ordered RACH for LTM. From RAN1 perspective, both PDCCH ordered RACH without RAR and PDCCH ordered RACH with RAR are under discussion. However, according to RAN2 agreements in last meeting, it was agreed that PDCCH ordered early TA acquisition with RAR is not needed in Rel-18. From this point of view,  
	RAN2#122 Agreements

For PDCCH ordered early TA acquisition without RAR, there is no need for UE to maintain the TA timer for candidate cell (i.e. it is NW implementation to determine the TA validity), TA is given in the cell switch MAC CE (when available in the network). 
RAN2 doesn’t see a need for a solution with RAR in for Rel-18. 


Observation 1: according to RAN2 agreements, PDCCH ordered early TA acquisition with RAR for LTM is not considered in Rel-18.

Proposal 1: it is proposed to follow RAN2 agreements that only consider PDCCH ordered early TA acquisition without RAR to define RAN4 requirements.
In April meeting, RAN1 sent LS to RAN4 on time gap between a PDCCH order and the corresponding PRACH transmission[3]. The related content of the LS is duplicated as following:

	RAN1 LS (R1-2304276)

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 time gap between a PDCCH order and the corresponding PRACH transmission is specified in TS 38.213. 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 NT,2 + ∆BWPSwitching + ∆Delay + Tswitch msec, where NT,2 is a time duration of N2 symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming μ corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH transmission. ∆BWPSwitching = 0 if the active UL BWP does not change and ∆BWPSwitching is defined in [10, TS 38.133] otherwise. ∆Delay includes at least MAC layer delay in initializing PRACH, which is 0.5 msec for FR1 and 0.25 msec for FR2. Tswitch 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 N_2 assuming SCS configuration μ =0.
In last meeting, it was agreed that the legacy transmit timing accuracy requirement Te is applicable to PDCCH ordered RACH transmission for candidate cell(s), with the condition that at least one SSB is available (for T/F tracking) at the UE during the last 160ms before msg1 is transmitted, and FFS on other side conditions, e.g. SSB is available after the random access is initiated by PDCCH order or other IE. On one hand, the key point is that DL sync is ensured before UL transmission, if DL sync is guaranteed before DCI command, it is also fine. On the other hand, in legacy requirements,  UE initial transmission timing error shall be less than or equal to Te with the condition that at least one SSB is available at the UE during the last 160 ms, no other conditions are identified. Similarly, for DL synchronization before transmitting RACH, we do not see the necessity to have other conditions. 
	TS 38.133 7.1.2

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.

-
when it is the transmission for PUSCH on CG resources for SDT in RRC_Inactive.

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. When the UL SCS is 480 kHz the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available in the last 80 ms. When the UL SCS is 960 kHz the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available in the last 40 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: image1.wmf]c
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. The downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame used by the UE to determine downlink timing  is received from the reference cell at the UE antenna. NTA for PRACH is defined as 0.


Proposal 2: to meet the Te requirement in section 7.1.2 in TS38.133 for PDCCH ordered RACH transmission for candidate cell(s),the condition that at least one SSB is available before transmission is enough, no more conditions are needed.
In last meeting, it was agreed no to change ∆Delay component. FFS for ∆BWPSwitching and additional delays components [2]. According to RAN1 spec, in legacy requirements, ∆BWPSwitching is BWP switching delay, which is 0 if the active UL BWP does not change and ∆BWPSwitching is defined in [10, TS 38.133] otherwise. However, for LTM, it is for PRACH for target cell. Some companies commented that there is no active BWP before cell switch. From this point of view, there is no BWP switching. This comments make sense. The terminology of BWP switching may be not appropriate. From our point of view, whether to change the terminology of ∆BWPSwitching, we do not have strong opinion. But the time UE to perform BB/RF preparation and RF retuning need to be considered and specified. 
According to TS 38.133, DCI based BWP switching delay is 1ms for Type 1 UE, including time for DCI decoding, time for preparing/calculating for RF/baseband reconfiguration, time for RF reruning, which is similar as the UE behaviour during the time gap between a PDCCH order and the corresponding PRACH transmission. If ∆BWPSwitching is kept, DCI based BWP switching delay can be applied, no additonal components on RF and/or BB preparation and retuning is needed. If ∆BWPSwitching is removed, new components on RF and/or BB preparation and retuning is needed, and the DCI based BWP switching delay can be applied.

Proposal 3: if ∆BWPSwitching is kept, DCI based BWP switching delay can be applied, no additonal components on RF and/or BB preparation and retuning is needed. 

Proposal 4: If ∆BWPSwitching is removed, new components on RF and/or BB preparation and retuning is needed, and the DCI based BWP switching delay can be applied.
According to RAN1 LS, two scenarios are under discussion: 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. For LTM, one difference is UE may need to perform the DL synchronization to get the accurate UL timing before PRACH transmission for some cases, e.g. terget cell is not serving cell. At least, this additional delay on DL sync need to be added when candidate cell is not the current serving cell.

Proposal 5: for RAN1 LS on time gap between a PDCCH order and the corresponding PRACH transmission, the delay on DL synchronization to the target cell need to be added when target cell is not the current serving cell. 
Conclusion

This contribution provides discussion on general aspects for L1/L2 based inter-cell mobility. The proposals are:
Observation 1: according to RAN2 agreements, PDCCH ordered early TA acquisition with RAR for LTM is not considered in Rel-18.

Proposal 1: it is proposed to follow RAN2 agreements that only consider PDCCH ordered early TA acquisition without RAR to define RAN4 requirements.
Proposal 2: to meet the Te requirement in section 7.1.2 in TS38.133 for PDCCH ordered RACH transmission for candidate cell(s),the condition that at least one SSB is available before transmission is enough, no more conditions are needed.
Proposal 3: if ∆BWPSwitching is kept, DCI based BWP switching delay can be applied, no additonal components on RF and/or BB preparation and retuning is needed. 

Proposal 4: If ∆BWPSwitching is removed, new components on RF and/or BB preparation and retuning is needed, and the DCI based BWP switching delay can be applied.
Proposal 5: for RAN1 LS on time gap between a PDCCH order and the corresponding PRACH transmission, the delay on DL synchronization to the target cell need to be added when target cell is not the current serving cell. 
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