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1. Introduction
L1/L2-triggered mobility (LTM) aims at reducing the latency during cell switch [1]. RACH-less cell switch is one essential technology that helps to reduce the handover latency. In this contribution, we analyse how to achieve RACH-less LTM cell switch. 
2. Discussion
In the legacy L3 handover in NR, the UE performs RACH during cell switch. Through the RACH procedure, the UE gets the TA towards the target cell, gets the UL grant of the target cell and completes beam alignment with the target cell. Therefore, to enable RACH-less cell switch for LTM, three aspects need to be considered: 1) target cell TA acquisition, 2) target cell UL grant acquisition, and 3) beam alignment between the UE and the target cell.
2.1 Inter-DU RACH-less LTM supporting
To enable LTM RACH-less, 1) target cell TA acquisition, 2) target cell UL grant acquisition, and 3) beam alignment between the UE and the target cell, these three aspects need to be considered.
In inter-DU case, it is more complicated to achieve these three features than intra-DU scenario.
1) TA acquisition 
RAN1 agreed that PDCCH ordered RACH for target cell TA acquisition is supported before LTM cell switch. The PDCCH order is sent in the source cell, but the indicated RACH resources belong to the target cell. This means the target cell should allocate RACH resources (e.g., CFRA preamble, SSB index), and then forward to the source cell. So in inter-DU case, when the network intends to use the RACH-less LTM cell switch, the procedure should be the source DU requests RACH resources from the target DU, and the target DU responses with the allocated RACH resources. Note that this procedure is usually dynamic, and it does not happen on candidate cell pre-configuration phase. Therefore, it needs dynamic F1 interaction to determine the RACH resources for target cell TA acquisition.
After a PDCCH order is transmitted on the serving cell, the UE sends a preamble to the target cell with the indicated RACH resources. RAN1 is discussing whether RAR is needed. If RAR is needed, then the UE tries to detect RAR from the target cell. However, this may interrupt the serving cell data transfer procedure. Therefore, we consider the case where RAR is not needed, which has little impact to the serving cell data transfer. In inter-DU case, the target DU provides the calculated TA value to the source DU, and the source DU put the TA in the LTM MAC CE. This is also one dynamic F1 interaction.
Observation 1: The network normally triggers the UE to perform early TA acquisition if, and only if, the network intends to use the RACH-less LTM cell switch, since obtaining the target TA is necessary to avoid RACH for UL sync.
2) UL grant
In RACH-less procedure, the UE needs to send a UL message to let the target cell/DU know that this UE is coming. So a UL grant should be provided to the UE, either a configured grant or a dynamic grant.
The configured grant can be provided to the UE in the candidate cell pre-configuration phase. After the UE receives LTM MAC CE, the UE uses the CG resources for UL transmission to the target cell. In inter-DU case, since the target DU does not know the exact cell switch time, it tries to receive UL message from each pre-allocated CG resource, which increases network resource occupation.

As for dynamic grant, if the dynamic grant is provided in the LTM MAC CE, then in inter-DU case, it requires the source DU requests the UL grant from the target cell before sending the LTM MAC CE. This is also a dynamic F1 interaction. If the dynamic grant is provides by the target cell PDCCH scheduling, this requires the source DU notifies the target DU that the UE is going to switch to the target cell. This F1 notification causes additional interruption time (maybe ~10ms in some deployment scenarios).
3) Beam alignment
Beam indication is necessary in the LTM MAC CE when RACH-less handover is performed. The UE obtains transmitting and/or receiving beam directions from the LTM MAC CE. So the UE will use the indicated beam to send a UL message to the target cell. In FR1, the gNB can receive this UL message by omnidirectional reception. However, in FR2, the gNB uses beam sweeping to receive signals. In inter-DU FR2 case, if the target DU already provides configured grant, these CG resources need to associate with beams. Then the UE selects a CG resource associated with the indicated beam. 
If the target DU provides dynamic grant by PDCCH scheduling, the target DU needs to know to which beam direction this PDCCH should be transmit, which means it needs to get a beam indication from the source DU. 
Observation 2: The three features (early TA management before LTM cell switch, target cell UL grant acquisition and target cell beam indication) are bounded with LTM RACH-less cell switch and they are always used together.
With the above analysis, one example of the flowchart of the inter-DU LTM RACH-less procedure is shown as follows. More standard discussion across RAN1/2/3 are required. And more F1AP coordination are needed, especially, most of the F1AP impact (if agreed) cannot be done in the same step as candidate pre-configuration. In addition, LTM cell switch could be delayed, because some F1AP coordination needs to be completed right before sending LTM cell switch command, e.g., the “UL grant allocation + beam alignment” procedure as shown in the figure.
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Figure 1. Example of the inter-DU RACH-less procedure
In summary, the issues to be discussed for inter-DU RACH-less LTM are listed in the below table.
Table 1. The open issue list inter-DU RACH-less
	Features
	Issues
	F1AP impact
	Uu impact

	Step1:
Early TA acquisition before LTM cell switch
	How to provide the RA resource of target cell to source cell and then to configure UE for early TA acquisition
	Target DU provides this to source DU by F1AP via CU, before triggering the early TA acquisition. 
	Source DU needs to configure UE with the RA resource for early TA acquisition. FFS as candidate configuration or serving cell configuration.

	
	How to provide the TA value to the source DU, if it will be included in the LTM command
	Target DU provides this TA value to source DU by F1AP via CU, before LTM cell switch.
	/

	
	How can UE know the TA value of the target cell, if it is NOT included in the LTM command
	(Alt.1) Target DU provides this TA value to source DU by F1AP via CU, before LTM cell switch.
	(Alt.1) Source DU configures/informs this TA value to UE, before LTM cell switch.

	
	
	/
	(Alt.2) Or, UE monitors RAR from target DU.

	Step2a:
RACH-less procedure after LTM cell switch Command
	How to allocate the UL grant used for the first UL data at the target cell
	If it is configured grant, target DU allocates and provides this UL grant to source DU by F1AP via CU, before LTM cell switch.
	Source DU needs to configure UE with the UL grant.

	
	
	If it is dynamic grant, source DU informs target DU by F1AP via CU about when to start scheduling the UE.
	/

	Step2b:
Target beam indication in LTM cell switch command
	How can target DU know the indicated beam (since it is determined by source DU)
	(Atl.1) Source DU provides the determined beam to target DU by F1AP via CU, right before LTM cell switch.
	(Atl.2) Or, UE reports this to target DU via Uu.



Observation 3: To support the inter-DU RACH-less procedure, further discussion (across RAN1/2/3) on the following issues is required:
· How to provide the RA resource of the target cell to the source cell and how to configure the UE for early TA acquisition;
· How to provide the TA value of the target cell to the source DU, if it is to be included in the LTM command;
· How the UE knows the TA value of the target cell, if it is NOT included in the LTM command;
· How to allocate the UL grant used for the first UL data at the target cell;
· How the target DU knows the indicated beam, since it is determined by source DU.

As to the RA resource for early RACH, if we consider less number of candidate cells using early TA management than the number of total candidate cells, NW may decide the cells to configure RA resource for TA acquisition after some further L1 measurement. So, this step may be done after the pre-configuration step. And, the time to trigger this early TA management is better to be closed to the time to cell switch, which means it is more dynamic or real time.
As to the UL grant issue, in intra-DU case, it is very easy to design this as dynamic grant to save the reserved UL grant resource, since target cell can know when the source cell switches UE. In inter-DU case, if this configured grant is allocated during the pre-configuration phase, target cell needs to reserve the resource for a long time. Otherwise, this should be close to the cell switch phase rather than the pre-configuration phase.
As to the beam indication issue, source DU may need to inform the determined beam to target DU by F1AP via CU, right before LTM cell switch. This should be done after source DU decision. So there will be some delay due to F1AP from the time of source DU decision to the time when target DU is ready to receive UL data.
Observation 4: To support the inter-DU RACH-less LTM procedure, most of the F1AP signalling exchanges (if agreed) have to be performed after the candidate pre-configuration step, including: 
· Target DU provides the TA value of the target cell to source DU by F1AP via CU, before LTM cell switch;
· Target DU allocates and provides the configured grant for UL data to source DU by F1AP via CU before LTM cell switch, or source DU informs target DU by F1AP via CU about when to start scheduling the UE UL data by dynamic grant;
· [bookmark: _GoBack]Source DU provides the selected beam to target DU by F1AP via CU, immediately before LTM cell switch.
Observation 5: The F1AP coordination on the target beam, immediately before sending LTM cell switch command, may cause additional LTM delay.
Proposal 1: In R18 LTM, RAN2 does not support the inter-DU RACH-less during LTM cell switch, and consequently does not support the inter-DU early TA acquisition before cell switch and target cell beam indication.

2.2 TA indication in CA cell swap
In RACH-less LTM cell switch, the UE needs to get a valid TA towards the target cell. RAN1 is discussing how to obtain the TA towards a candidate cell when the UE is still in the source cell. Since RAN1 has not finished the discussion, we can wait for their solution and analyse the corresponding RAN2 specification impact. There are some cell switch cases that do not need RAN1’s solution for the candidate cell TA acquisition, e.g., the CA cell swap scenario. In RAN2 #119bis meeting, RAN2 has the following agreements.
	RAN2 119bis
For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.


If the target PCell is a current SCell, then the UE should already have the TA towards this cell. If the TA is still valid, e.g., timeAlignmentTimer associated with the TAG containing this cell is not expired, the UE can use this TA for the target PCell. 
Proposal 2: In the CA cell swap scenario (i.e. the target PCell is a previous SCell), the UE can perform RACH-less LTM cell switch if the TA towards the target PCell is valid.
In the CA cell swap scenario, both the NW and the UE are able to determine whether the TA to the target cell is valid or not, e.g., by checking the corresponding timeAlignmentTimer is still running or not when the LTM cell switch is performed. 
Observation 6: At both NW and UE sides in the CA cell swap scenario, the TA can be determined as valid if the target PCell is one of previous source cell and if the corresponding timeAlignmentTimer is still running.
In the CA swap scenario, there are different methods to let the UE know the TA value towards the target cell.
Option 1: After the UE receives a LTM MAC CE, the UE applies the target cell (group) configuration. And the UE checks whether the target cell PCI is equal to any current serving cell PCI. If yes, then the UE use the TA value associated with that serving cell. The network also has the knowledge of whether this cell switch is a CA swap case, and the network can determine whether the TA is still valid or not. Therefore, the network can use 1 bit in the LTM MAC CE to indicate whether to perform RACH-less. In this option, the UE does not need to check whether the corresponding timeAlignmentTimer is expired or not.
Option 2: The network indicate the TA of which TAG can be re-used for the target cell. In this option, we think the network has the knowledge of whether this cell switch is a CA swap case, and the network can determine whether the TA is still valid or not.
Option 3: The network explicitly indicate the TA value in the LTM MAC CE. In this option, we think the network has the knowledge of whether this cell switch is a CA swap case, and the network can determine whether the TA is still valid or not. Further, the network knows the exact TA value for that cell.
All those options work. Option 1 needs UE procedure for checking whether this cell switch is a CA swap scenario, which increases the UE complexity. But it can reduce the payload of the LTM MAC CE. Option 2 and Option 3 rely on network’s checking, which reduces the UE complexity. But they increase the LTM MAC CE payload a bit. In addition, the option 3 may align with the RAN1’s solution about PDCCH ordered RACH for early TA acquisition. RAN2 can discuss using which option to provide the TA value to the UE in the CA swap scenario.
Proposal 3: In the CA cell swap scenario, discuss the options on how to indicate the TA to perform RACH-less LTM cell switch: 
· Option 1: the LTM MAC CE (1 bit) indicates whether the UE performs RACH-less cell switch, and if it does, the UE determines which TA is re-used for the target cell.
· Option 2: the LTM MAC CE indicates the source TAG whose TA is to be re-used to perform RACH-less cell switch. 
· Option 3: the LTM MAC CE provides the TA value to perform RACH-less cell switch.
After the UE gets the target cell TA in the CA cell swap scenario, the UE can restart the corresponding time alignment timer and regard this is a new received TA. But since the partial MAC reset and PDCCH ordered early RACH are both under discussion, and whether to stop or continue running the timeAlignmentTimer is not determined. RAN2 can have the decision on the timeAlignmentTimer behaviour for the CA cell swap case later.
Proposal 4: For RACH-less LTM cell switch in the CA cell swap scenario, it is FFS whether UE restarts the timeAlignmentTimer upon cell switch when reusing the TA value of the previous serving cell.
There is another cell switch case that does not need RAN1’s solution for the candidate cell TA acquisition, i.e., when the UE switches back to a previous serving cell. E.g., first the UE switches from cell 1 to cell 2, then the UE switches back to cell 1 after a short period of time. In this case, the UE and the network may still have a valid TA, and RACH-less LTM switch can be performed.
Proposal 5: Discuss whether the UE can perform RACH-less LTM cell switch, when the target cell was a serving cell before one or more LTM cell switch instances and the TA is still valid.
2.3 UL grant for the first UL data
In RACH-less LTM cell switch, the UE needs to send a UL message to let the target cell know that this UE is coming. So a UL grant should be provided to the UE, either a pre-allocated grant before cell switch (e.g., configured grant) or a grant allocated at cell switch (e.g., dynamic grant). There are different alternatives. RAN2 can further discuss how to provide the UL grant to the UE.
Alt 1: the target cell provides configured grant in pre-configuration step via RRC message.
Alt 2: the source cell provides a UL grant in the LTM MAC CE for the target cell. In this alternative, if it is intra-DU case, then the source cell can easily know the UL grant of the target cell. But if it is inter-DU case, RAN2 and RAN3 should FFS on when/how the target cell decides the timing of the UL grant and when/how to provide it to the source cell.
Alt 3: the target cell provides a UL grant in PDCCH. In this alternative, the UE monitors the PDCCH or the target cell after receiving the LTM MAC CE.
Alt 4: the target cell provides a UL grant in RAR, which is transmitted through early TA acquisition step. In this alternative, we assume the target cell needs to send a RAR in the early TA acquisition step which is discussed in RAN1.
Proposal 6: In RACH-less LTM, discuss how the UL grant for the first UL data at target cell is provided, i.e. whether to use the pre-allocated grant before cell switch (e.g. configured grant) and/or the grant allocated at cell switch (e.g. dynamic grant).
With the provided UL grant, the UE sends a UL message to the target cell, and this message is the arrival indication to the target cell. As for the content of this UL message, it could be the RRCReconfigurationComplete message, if the candidate cell configuration could be modelled as an RRCReconfiguration message. If there is no such an RRC message, RAN2 can further discuss the content of this UL message to the target cell after LTM RACH-less cell switch.
Proposal 7: The first UL data transmission can be used to indicate the UE arrival to the target cell. FFS on the content/SDU to trigger this first MAC PDU.
After receiving the UL message, the target cell should send a feedback to the UE, to let the UE know that the target cell has successfully known that this UE is coming. Without the feedback, the UE may re-transmit the UL message if the provided UL grant has periodical resources, which causes unnecessary uplink transmission. In LTE RACH-less procedure, the target cell sends a UE contention resolution identity MAC CE to the UE as the feedback. This is a possible way. Another way could be that the target cell sends a PDCCH scrambled with C-RNTI, either indicating a DL assignment or a UL grant for new transmission.
Proposal 8: The target cell shall feedback/ACK the UE first UL data, as the completion of LTM RACH-less cell switch procedure, e.g., sending a UE contention resolution identity MAC CE.
2.4 Beam indication in RACH-less 
In NR, the UE and the gNB use beams to transmit and receive signals. In LTM RACH-less cell switch, since the RACH procedure is not normally used to obtain beam information, the UE and the gNB need another way to align beams. Before cell switch, the UE reports beam measurement results to the network, so a beam indication could be provided to the UE via the LTM MAC CE and the UE would use the indicated beam to send an UL message to the target cell.
RAN2 has agreed that LTM cell switch with RACH is also supported. In that case, it is not necessary to include a beam indication in the LTM MAC CE and the UE uses the current RACH procedure to complete the beam alignment with the target cell.
Observation 7: Indicating the target beam in the LTM cell switch MAC CE is necessary and only useful for RACH-less LTM cell switch.
Proposal 9: Beam indication is always included in the LTM cell switch MAC CE in the RACH-less LTM cell switch case and only in this case.
2.5 L1 measurement configuration 
In order to indicate a target beam for target cell to the UE. The source DU needs the L1 measurement results from the UE to makes the target cell and target beam selection. The UE measures and reports candidate cells RS only after the UE receives the candidate cells configuration. Therefore, the network first need to prepare some candidate cells. Regarding the candidate cell preparation, the network does not need very frequent and beam level measurement results, so L3 measurement results can be utilized to complete the preparation. In addition, the L3 report is read by the CU and the CU knows the neighbour cell relationships. Therefore, L3 measurements are also needed, e.g., for LTM candidate cell preparation. It means RAN1 does not need to enhance the L1 measurement to achieve the candidate cell discovery. And, even if the L1 measurement is configured, the UE is still configured with the L3 measurement at the same time. 
After the UE receives candidate cells pre-configuration, the UE can begin L1 measurement and report for LTM cell switch decision. As for L1 measurement and report configuration, CSI-ReportConfig is associated with CSI-ResourceConfig. By this association, the UE knows the UL resource to report the L1 measurement results. In CU-DU split architecture, the DU generates the L1 measurement related configuration and provides it to the CU to include it in the RRC configuration message. In the inter-DU L1/L2 mobility case, the candidate DU needs to provide the candidate cells RS configuration to the source DU via the CU. Then the source DU associates the candidate cells RS with the serving cell report configuration. This procedure is shown in the figure below.

[image: ]
Figure2. Example of L1 measurement configuration procedure
Proposal 10a: In inter-DU LTM, the candidate DU provides the configuration of candidate cells RS to the source DU via the CU, which is used for L1 measurement configuration before cell switch.
Proposal 10b: In inter-DU LTM, the source DU configures L1 measurement/report to UE as the serving cell configuration.

3. Conclusion
In this contribution, we have the following proposals:
Observation 1: The network normally triggers the UE to perform early TA acquisition if, and only if, the network intends to use the RACH-less LTM cell switch, since obtaining the target TA is necessary to avoid RACH for UL sync.
Observation 2: The three features (early TA management before LTM cell switch, target cell UL grant acquisition and target cell beam indication) are bounded with LTM RACH-less cell switch and they are always used together.
Observation 3: To support the inter-DU RACH-less procedure, further discussion (across RAN1/2/3) on the following issues is required:
· How to provide the RA resource of the target cell to the source cell and how to configure the UE for early TA acquisition;
· How to provide the TA value of the target cell to the source DU, if it is to be included in the LTM command;
· How the UE knows the TA value of the target cell, if it is NOT included in the LTM command;
· How to allocate the UL grant used for the first UL data at the target cell;
· How the target DU knows the indicated beam, since it is determined by source DU.
Observation 4: To support the inter-DU RACH-less LTM procedure, most of the F1AP signalling exchanges (if agreed) have to be performed after the candidate pre-configuration step, including: 
· Target DU provides the TA value of the target cell to source DU by F1AP via CU, before LTM cell switch;
· Target DU allocates and provides the configured grant for UL data to source DU by F1AP via CU before LTM cell switch, or source DU informs target DU by F1AP via CU about when to start scheduling the UE UL data by dynamic grant;
· Source DU provides the selected beam to target DU by F1AP via CU, immediately before LTM cell switch.
Observation 5: The F1AP coordination on the target beam, immediately before sending LTM cell switch command, may cause additional LTM delay.
Inter-DU RACH-less supporting
Proposal 1: In R18 LTM, RAN2 does not support the inter-DU RACH-less during LTM cell switch, and consequently does not support the inter-DU early TA acquisition before cell switch and target cell beam indication.
TA indication in CA cell swap
Proposal 2: In the CA cell swap scenario (i.e. the target PCell is a previous SCell), the UE can perform RACH-less LTM cell switch if the TA towards the target PCell is valid.
Proposal 3: In the CA cell swap scenario, discuss the options on how to indicate the TA to perform RACH-less LTM cell switch: 
· Option 1: the LTM MAC CE (1 bit) indicates whether the UE performs RACH-less cell switch, and if it does, the UE determines which TA is re-used for the target cell.
· Option 2: the LTM MAC CE indicates the source TAG whose TA is to be re-used to perform RACH-less cell switch. 
· Option 3: the LTM MAC CE provides the TA value to perform RACH-less cell switch.
Proposal 4: For RACH-less LTM cell switch in the CA cell swap scenario, it is FFS whether UE restarts the timeAlignmentTimer upon cell switch when reusing the TA value of the previous serving cell.
Proposal 5: Discuss whether the UE can perform RACH-less LTM cell switch, when the target cell was a serving cell before one or more LTM cell switch instances and the TA is still valid.
UL grant
Proposal 6: In RACH-less LTM, discuss how the UL grant for the first UL data at target cell is provided, i.e. whether to use the pre-allocated grant before cell switch (e.g. configured grant) and/or the grant allocated at cell switch (e.g. dynamic grant).
Proposal 7: The first UL data transmission can be used to indicate the UE arrival to the target cell. FFS on the content/SDU to trigger this first MAC PDU.
Proposal 8: The target cell shall feedback/ACK the UE first UL data, as the completion of LTM RACH-less cell switch procedure, e.g., sending a UE contention resolution identity MAC CE.
Beam indication
Proposal 9: Beam indication is always included in the LTM cell switch MAC CE in the RACH-less LTM cell switch case and only in this case.
L1 measurement configuration
Proposal 10a: In inter-DU LTM, the candidate DU provides the configuration of candidate cells RS to the source DU via the CU, which is used for L1 measurement configuration before cell switch.
Proposal 10b: In inter-DU LTM, the source DU configures L1 measurement/report to UE as the serving cell configuration.
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