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Introduction

In RAN #96 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 discussion on L1/L2 inter-cell mobility delay requirements.

Discussion 
The existing HO delay equals the applicable RRC procedure delay plus the interruption time. The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. Similar for L1/L2-based inter-cell mobility, the cell switch delay equals the applicable signalling procedure delay plus the interruption time. And according to RAN1 and RAN2 agreements, MAC CE is used for the LTM triggering of the cell switch.

For cell switch delay for Pcell/PSCell, no matter RACH-based LTM or RACH-less LTE, it was agreed that the baseline of cell switch delay requirements is Tdelay = Tcmd + Tprocessing / TLTM-processing + Tsearch + T∆ + Tmargin + Tuncertainity /TIU, where Tuncertainity /TIU is the uncertainty in acquiring the first available PRACH occasion in the new cell. Tcmd equals to THARQ+3ms, where THARQ is the timing between cell switch command and acknowledgement as specified in TS 38.213. The exact value of other component is FFS. Some components can be 0 in certain cases, if agreed. 

Tprocessing / TLTM-processing is the time for processing and loading configuration and RF retuning. In legacy L3 HO delay requiements, Tprocessing is 20 ms when source and target cell are in the same frequency range, and the value is 40 ms when source and target cell are in different frequency ranges. Normally, the Tprocessing of L3 HO can be reused for LTM. In last meeting, it was agreed that when the target cell is not a current serving cell, as a baseline, Tprocessing,2 /TLTM_processing is 20ms for the intra-FR cell switch and 40ms for inter-FR cell switch. One different case is that the target cell could be a current serving cell. For this case, Tprocessing could be 0.

Proposal 1: for the case that target cell is an active serving cell, Tprocessing/ TLTM-processing is 0. 
T∆ and Tmargin are about T/F fine tracking and SFN. In legacy HO delay requirements, T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs for both known and unknown target cell. Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the measObjectNRs having the same SSB frequency and subcarrier spacing configured by MN and SN have different SMTC, Trs is the periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. Tmargin is time for SSB post-processing. Tmargin can be up to 2ms. In our understanding, similar approach can be reused for cell switch delay requirements. In detail, T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs, Trs specified in HO interruption time (6.1.1.2.2, TS 38.133) can be used as baseline. Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.

T∆ and Tmargin could be zero for some cases. If DL synchronization for candidate cell(s) is performed before cell switch command or the target cell is current SCell, T/F fine tracking is not necessary. In last meeting, for DL synchronization before cell switch command, it was agreed that if TCI state of target cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms, UE doesn’t need additional time for SSB based T/F tracking to meet Te requirements. Otherwise, additional time for SSB based T/F tracking is needed. This agreement can be reused. In detail, if TCI state of target cell has been activated before cell switch command, and measurement period of L1-RSRP is no longer than 160ms, T∆ and Tmargin is zero. Otherwise, additional time for SSB based T/F tracking is needed. Taking legacy HO delay requirements as baseline, T∆ = Trs, Trs specified in HO interruption time (6.1.1.2.2, TS 38.133) , and Tmargin is 2ms.
Proposal 2: if TCI state of target cell has been activated before cell switch command, and measurement period of L1-RSRP is no longer than 160ms, T∆ and Tmargin is zero. Otherwise, T∆ = Trs, Trs is specified in HO interruption time (6.1.1.2.2, TS 38.133), Tmargin is 2ms.
For legacy HO, interruption is handover delay minus RRC procedure delay. This approach can be reused for interuption design of cell switch. The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd. Some companies proposed that for some cases, e.g. target Pcell/SCell is current SCell/Pcell, there is almost no interruption during cell switch procedure. We agree this observation. But we think it is better to firstly agree the high level framework of interruption requirements, and the details can be further considered as whether some of the components can be zero for some conditions.

Proposal 3: From requirements framework point of view, the components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd. In detail, some of the components can be zero for some conditions. 

Another issue is about the known cell conditions. In legacy HO delay requirements, for FR1, a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.4 for inter-frequency handover. For FR2, the target cell is known if it has been meeting the following conditions:

-
During the last 5 seconds before the reception of the handover command:

-
the UE has sent a valid measurement report for the target cell and

-
One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.3,

-
One of the SSBs measured from the target cell also remains detectable during the handover delay according to the cell identification conditions specified in clause 9.3. 
For known cell condition, the progress in last meeting is duplicated as following:

	Issue 3-5-1: known cell conditions

< Way forward >: 

For FR2, use the conditions for L3 HO with a bit modification:

The target cell is known if it has been meeting the following conditions:

-
During the last 5 seconds before the reception of the cell switch command:

-
the UE has sent a valid L1 [or L3] measurement report for the target cell and

-
One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency cell,

-
One of the SSBs measured from the target cell also remains detectable during the cell switch delay according to the cell identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency cell.

otherwise it is unknown.

For FR1:

Option 1: same as known cell conditionfor FR1 for L3 HO (6.1.1.2, TS38.133):

A cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown

Option 2:

The target cell is known if it has been meeting the following conditions:

-
During the last 5 seconds before the reception of the cell switch command:

-
the UE has sent a valid L1 [or L3] measurement report for the target cell and

-
One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency cell,

-
One of the SSBs measured from the target cell also remains detectable during the  cell switch delay according to the cell identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency cell.

otherwise it is unknown.



For FR2 LTM, the known cell conditions is aligned with that for L3 HO. But for FR1 LTM, option 1 is aligned with the known cell condition for FR1 L3 HO. While option 2 is the same approach as for FR2 LTM. It is a little bit confusing if we use different known cell conditions for LTM and L3 HO. From this point of view, we slightly prefer option 1.
Proposal 4: For FR1 cell switch, known cell conditions specified for legacy HO requirements can be reused:

For FR1, a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown (6.1.1.2, TS38.133).

RAN1 LS on beam application time [8] are duplicated as following:

	RAN1 LS (R1-2306259)

Beam application time

RAN1 has made the following agreement in RAN1#113:

Agreement

For the beam application time for Rel-18 LTM,
Beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s)

FFS: reference SCS, i.e. serving cell and/or target cell

At least the following components are further studied to define the beam application time

Whether TCI state activation is received before/together with cell switch command

Legacy values, i.e. [image: image2.png]N ubrrame



 and BeamAppTime-r17
RF retuning time when inter-frequency switch is performed, which is up to RAN4
Whether the target cell is one of the current serving cells
Cell switching time, which is defined by RAN2 and RAN4, may or may not include the potential components of beam application time above. 

RAN1 respectfully asks RAN2 and RAN4 to provide their feedback to complete the RAN1 work on beam switching time for LTM.


According to RAN1 agreements, which are duplicated as following, for the case that beam indication is covered in the cell switch command, the TCI state activation command can be received before cell switch command or in the cell switch command. In detail, for multiple TCI state activation, do not support TCI state activation together with beam indication of the candidate cell in the same MAC-CE message, which means the activation command can only be received before cell switch command. For single TCI state, it is supported that a UE can be indicated and activated a single joint TCI state or a pair of UL/DL TCI state in the cell switch command. Both of the two scenarios need to be considered in RAN4.
	RAN1 agreements (R1-2306259)
Conclusion

For R18 LTM, in order to activate multiple joint TCI state or/and pair of (DL/UL) TCI states for candidate cell case, do not support TCI state activation together with beam indication of the candidate cell in the same MAC-CE message.

FFS: UE assumption on the active TCI states other than the indicated TCI state after the reception of the cell switch command.

Agreement 
A UE can be indicated and activated a single joint TCI state or a pair of UL/DL TCI state in the cell switch command.


According to RAN1 LS, beam application time is supported, while whether cell switching time include the potential components of beam application time is up to RAN2/4. In general, cell switch delay includes two scenarios: RACH-based and RACH-less. And in previous meetings, it was agreed that the ending point of RACH-based cell switch is UE transmitting PRACH to the target cell [5]. And according to RAN1 agreements in last meeting, UE behaviour for the beam indication field for the RACH-based handover scenario after cell switch command is FFS. If the beam indicated in beam indication field is used for RACH-based cell switch, beam application time may need to be considered. While the beam used for RACH-based cell switch is different from the one indicated in beam indication field, beam application time is not needed. From this point of view, whether beam application time is not needed for RACH-based cell switch can be FFS and pending on RAN1 progress.

	RAN1 Agreement

On top the confirmed working assumption, on the presence of beam indication within cell switch command, at least for scenario 2 following is supported:

A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.

FFS UE behaviour for the beam indication field for the RACH-based handover scenario after cell switch command


Proposal 5: for RACH-based cell switch, whether to include beam application time in the cell switching delay can be FFS and pending on RAN1 progress.

For RACH-less based cell switch, according to the agreements in last meeting, the ending point of cell switch delay is the time when UE performs the first UL transmission on the indicated beam of the target cell. 

However, pending on the components of cell switch delay requirements, may be no dedicate component for TCI state switching need to be added to the cell switch delay. According to the agreed WF [4], the baseline of RACH-less cell switch delay requirements is Tdelay = Tcmd + Tprocessing,2 / TLTM-processing + Tsearch + T∆ + Tmargin + Tuncertainity/TIU. Tcmd equals to THARQ+3ms, where THARQ is the timing between cell switch command and acknowledgement as specified in TS 38.213. The value of Tprocessing,2 / TLTM-processing is under discussion, while the common understanding is that this component is for L1/L2/L3, RF/BB retuning. In our view, the BeamAppTime-r17 and RF retuning time for beam application stated in RAN1 LS is covered in Tprocessing,2 / TLTM-processing. T∆ + Tmargin  are for T/F fine tracking and MIB decoding to get SFN. In last meeting, it was agreed that when TCI state is indicated together with cell switch command, only define cell switch delay requirements for known TCI state case and not define requirements for unknown TCI state case [5]. For the case that TCI state activation is received before cell switch command, UE will perform fine T/F tracking for the activated TCI state before receiving cell switch command. If the target TCI is in the active TCI state list, no fine T/F tracking is needed. If the target TCI is not in the active TCI state list, fine T/F tracking is necessary which is covered by T∆ + Tmargin. Similarly, for the case that indication and activation of sigle TCI state are in the cell switch command, UE need to perform fine T/F tracking, which is covered by the component of T∆ + Tmargin.      
Proposal 6: for RACH-less cell switch, with previous agreements that Tdelay = Tcmd + Tprocessing,2 / TLTM-processing + Tsearch + T∆ + Tmargin + Tuncertainity/TIU, the beam application time can be covered, no dedicated component of beam application time need to be added to the cell switch delay.
Conclusion

This contribution provides discussion on L1/L2 inter-cell mobility delay requirements. The proposals are:

Proposal 1: for the case that target cell is an active serving cell, Tprocessing/ TLTM-processing is 0. 
Proposal 2: if TCI state of target cell has been activated before cell switch command, and measurement period of L1-RSRP is no longer than 160ms, T∆ and Tmargin is zero. Otherwise, T∆ = Trs, Trs is specified in HO interruption time (6.1.1.2.2, TS 38.133), Tmargin is 2ms.
Proposal 3: From requirements framework point of view, the components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd. In detail, some of the components can be zero for some conditions. 

Proposal 4: For FR1 cell switch, known cell conditions specified for legacy HO requirements can be reused:

For FR1, a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown (6.1.1.2, TS38.133).

Proposal 5: for RACH-based cell switch, whether to include beam application time in the cell switching delay can be FFS and pending on RAN1 progress.

Proposal 6: for RACH-less cell switch, with previous agreements that Tdelay = Tcmd + Tprocessing,2 / TLTM-processing + Tsearch + T∆ + Tmargin + Tuncertainity/TIU, the beam application time can be covered, no dedicated component of beam application time need to be added to the cell switch delay.
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