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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 [7]. This contribution provides further discussion on general aspects and scenarios for this topic.

Discussion 
2.1 PDCCH-order RACH on neighbor cell
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.


In August meeting, a RAN4 reply LS to RAN1 was sent [5]. For ΔDelay, includes at least MAC layer delay in initializing PRACH, RAN4 has agreed to not change the component. ∆BWPSwitching is not needed because all required components will be addressed separately. For the need for additional latency, RAN4 agreed to introduce new additional delay components at least for SSB based T/F tracking (TSSB) and RF and/or BB preparation and retuning (∆RF/BB_preparation ). 

For any impact/interruption on UL Tx and/or DL Rx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH, RAN4 is still discussing. The related issues are duplicated as following.

	Issue 1-2-2-1: Interruption due to RACH transmission

< Agreement>
Leave the interruption on UL during PDCCH order RACH transmission to RAN1

Introduce a UE capability to indicate whether there will be interruption on DL during PDCCH order RACH transmission to target cell. FFS the details of the capability.

Issue 1-2-2-2: Interruption due to RF/BB retuning to target cell before RACH transmission or retuning back to serving cell after RACH transmission
< Agreement>
When RACH bandwidth is in the UL active BWP, reuse legacy N symbols. 

For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, reuse interruption requirements of BWP switching on other serving cells in NR-DC for asynchronous scenarios which are defined in 38.133 cl. 8.2.4.2.5.  

FFS:

For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell

The interruption on both UL and DL is 

Option 1: ⌈Y/1slot length⌉ slot +1 slot
Option 2: ⌈(Y+1 symbol)/1slot length⌉ slot
Other options not precluded
Make a down-selection on the value of Y next meeting
Alt.1: 0.5ms
Alt.2: 1ms
Alt.3: 0.5ms in FR1 and 0.25ms in FR2

Alt.4: based on UE capability


If RACH occasion of neighbor cell is not in the active BWP, RF retuning is needed. For measurement gap, the assumption of RF retuning is 0.5ms for frequency range FR1 and 0.25ms for frequency range FR2. The same assumption can reused. Which means Y is 0.5ms in FR1 and 0.25ms in FR2.

Proposal 1: for the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell, the interruption due to RF retuning (Y) is 0.5ms for FR1 and 0.25ms for FR2.
Due to RTD>CP, more interruption is needed. According to the agreements on measurement restriction and scheduling restriction of intra-frequency L1-RSRP measurement for UE capable of RTD>CP [2], additional 1 symbol is added before and after those OFDM symbols corresponding to the configured LTM L1-RSRP measurement SSBs. Similar approach can be used. One more symbol of interruption can be considered. 
	Agreements in RAN4 #108 (R42314454)

Issue 2-4-3-4: Measurement restriction and scheduling restriction of intra-frequency L1-RSRP measurement for UE capable of RTD>CP

As NW has no idea whether the actual RTD is larger or within CP, it is also not possible for UE to report the actual RTD in time, scheduling restriction has to be defined assuming the worst case.
<Way Forward>:

In FR1, if UE doesn’t support simultaneousRxDataSSB-DiffNumerology, RAN4 is not to specify scheduling restriction requirements for L1-RSRP measurement on neighbor cell when deriveSSB_IndexFromCell is not enabled.

In FR1, When UE don’t support simultaneousRxDataSSB-DiffNumerology and deriveSSBIndexFromCell is enabled, UE would not receive and transmit on SSB which are configured as LTM L1-RSRP measurement, and 1 symbol before and after SSBs.

In FR2, for scheduling restriction for L1-RSRP measurement on neighbor cell, on top of the legacy scheduling restriction defined for non-serving cell in R17, additional 1 symbol is added before and after those OFDM symbols corresponding to the configured LTM L1-RSRP measurement SSBs.


In total, the interruption length is (Y+ 1 symbol) before/after RACH transmission, which is ceil((Y+1 symbol)/1slot length)  slot.

Proposal 2: the additional interruption length due to RTD >CP is 1 symbol before/after RACH transmission, which is same as we agreed for scheduling restriction.

Proposal 3: for the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell, the interruption is ceil((Y+1 symbol)/1 slot length) slot before/after RACH transmission.
2.2 UE based TA measurement
In May meeting, RAN1 sent LS to RAN4 on UE based TA measurement for LTM [6], which are duplicated as following:

	UE based TA measurement  (R1-2306259)
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.


According to RAN1 LS, RAN4 is asked to check whether 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 feasible. In August meeting, RAN4 reply LS was agreed, which are duplicated as following:

	RAN4 reply LS (R4-2314455)

UE based TA measurement:

Existing time alignment error (TAE) (from TS 38.104) is provided below. 

For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.

For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.

For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.

For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.

Due to TAE, DL timing estimation error (of both serving and target cell), serving cell TA resolution error and TA adjustment error, though UE may be able to derive the TA, the actual UL Rx timing error at the target gNB may be larger than CP and may cause performance degradation at the gNB. 

However, in some specific scenarios, for example, in FR1, where the TAE between serving cell and candidate cell is within 260ns, UE may be able to derive the TA based on UE based TA measurement and may meet the UL transmit timing requirements under good SNR condition and may not cause any performance degradation at the gNB.

Note: TAE of 260ns corresponds to Intra-band contiguous carrier aggregation, where the CC are collocated.


One of the related issue is whether and how to define requirements for UE-based TA measurement. From operator point of view, in order to guarantee performance, it is preferred to define transmit timing related requirements.

This mechanism of UE-based TA measurement is similar like one shot large UL timing adjustment introduced for FR2 Power Class 6 UE (FR2 HST UE). If the timing difference between the time when UE receives downlink frame with new target TCI state and the DL timing defined as the time when UE receives downlink frame with old source TCI state is larger than CP/4,  gradual timing adjustment is not enough, one shot large UL timing adjustment is in use and UE UL transmission timing error shall be less than or equal to ±Te as specified in clause 7.1.2 TS 38.133 if the new target TCI state is within active TCI state list. In our view, the requirements introduced for FR2 Power Class 6 UE (FR2 HST UE) can be reused for UE-based TA measurement.

As for the issue that the actual UL Rx timing error at the target gNB may be larger than CP and may cause performance degradation at the gNB, our understanding is that it can be left to network implementation since whether whether UE-based TA measurement is in use is up to network configuration. If UE is capable of UE-based TA measurement and network configure to use this mechanism, the timing requirements introduced for FR2 Power Class 6 UE (FR2 HST UE) can be reused, in detail, UE autonomously adjusts the TA based on twice of the DL timing difference, and UL transmission timing error shall be less than or equal to ±Te if the new target TCI state is within active TCI state list.    
Proposal 4: it is proposed to define timing requirements for UE-based TA measurement, and the timing requirements introduced for FR2 Power Class 6 UE (FR2 HST UE) can be reused. 
Conclusion

This contribution provides discussion on general aspects for L1/L2 based inter-cell mobility. The proposals are:

Proposal 1: for the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell, the interruption due to RF retuning (Y) is 0.5ms for FR1 and 0.25ms for FR2.
Proposal 2: the additional interruption length due to RTD >CP is 1 symbol before/after RACH transmission, which is same as we agreed for scheduling restriction.

Proposal 3: for the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell, the interruption is ceil((Y+1 symbol)/1 slot length) slot before/after RACH transmission.
Proposal 4: it is proposed to define timing requirements for UE-based TA measurement, and the timing requirements introduced for FR2 Power Class 6 UE (FR2 HST UE) can be reused. 
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