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Introduction
In previous meetings, RAN2 made several agreements on LTM procedure and captured the basic procedure for LTM in 38.300 running CR. The overall procedure of LTM includes 4 phases, i.e. LTM preparation phase, early synchronization phase, LTM execution phase and LTM completion phase. There are several remaining issues in each phase above. Besides, at last meeting, RAN1 and RAN3 sent LSs to ask some issues related to the LTM procedure. In this contribution, we discussed remaining issues for the LTM overall procedure and questions from other work groups.
Discussions 
The 38.300 running CR [1] illustrated the overall procedure for LTM, shown as follows:


Figure 1. Signaling procedure for LTM
2.1 LTM preparation
LTM candidate cell preparation
In LTM preparation phase, the NW initiates LTM candidates preparation and sends the pre-configured LTM candidate configurations to the UE via RRCReconfiguration message. In current 38.300 running CR, the NW shall initiate the LTM preparation after reception of the measurement report from the UE. However, it’s still unclear whether the LTM preparation must be triggered by L3 measurement results. In our understanding, the LTM preparation should be initiated by the CU. Similar to L3 handover, the NW can also blindly select the candidate cells for LTM, even if there is no available L3 measurement results at the time of triggering LTM preparation. For example, in some scenario where the UE trajectory was determined, e.g. HST scenario, the NW can know the subsequent candidate cells to be switched, e.g. based on the handover history information. Thus, it’s possible for the NW to prepare LTM candidate cells blindly, i.e. without L3 measurement report.
In some scenario where the UE trajectory was determined, e.g. HST scenario, it’s possible for the NW to prepare LTM candidate cells blindly without L3 measurement results.
It’s up to CU implementation to initiate LTM candidate preparation, e.g. based on L3 measurement results, or blind initiation without L3 measurement result.
Regarding the detailed discussion on how to configure the candidate cell configuration and how to handle the reference and candidate configuration, it can be found in our companion paper in [2].
L1 measurement configuration
Another important aspect needs to be considered is to provide L1 measurement configuration for candidate cells. In previous meeting, RAN1 discussed L1 measurement RS configuration and made the following agreement [3]:
	Regarding the configuration for L1 measurement RS, RAN1 achieved the following agreement
· For L1-RSRP measurement RS configuration
· For SSB based L1-RSRP measurement: 
· As a starting point, at least the following information needs to be provided to a UE, e.g.
· For intra- and inter- frequency: PCI or logical ID (e.g., as being defined in R17 ICBM), time domain (e.g. SMTC or periodicity and SSB position in burst) 
· For inter-frequency: frequency domain location (e.g. center frequency), SCS
· FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· The detailed design of RRC structure is up to RAN2, and send an LS to RAN2 to request to work on the RRC structure design on the measurement configuration.

	RAN1 has discussed the following configuration options for L1 measurement configurations for SSB till RAN1#112: 
· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
· Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
· Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 

RAN1 believes this is a RAN2 expert region, and respectfully asks RAN2 to finalize the RRC structure design for LTM L1 measurement configurations. It is noted that RAN2 has a full flexibility to design the whole RRC structure design, and RAN1 foresees the necessity of similar discussions on TCI state pool for candidate cells and L1 measurement report configurations.

Note: CellGroupConfig above is the RAN1 assumption of the LTM RRC model for each candidate cell configuration as of the RAN1 discussion.



Regrading how to configure L1 measurement RS configuration, RAN1 has researched three options for SSB based L1 measurement. For each option proposed by RAN1, we further discuss the possible signaling structure and impact on specs from RAN2 perspective:
· Option 1: Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
This option is aim to reuse R17 ICBM framework. In Rel-17 ICBM, the L1 measurement RS resources for the non-serving cell (i.e. the additional PCI information and associated SSB configuration) is configured under the ServingCellConfig. The UE can be configured to measure SSB resources from non-serving cells using existing CSI measurement framework, where each configured SSB resource provided in the IE CSI-SSB-ResourceSet is associated with a PCI indicated via ServingAdditionalPCIIndex. And IE CSI-SSB-ResourceSet is also included under the IE ServingCellConfig, as shown in Figure 2. 


Figure 2. A structure of L1 measurement configuration for candidate cells based on Rel-17 ICBM framework
In the above Rel-17 ICBM framework, due to that fact that only intra-DU and intra-frequency scenarios are supported, it is not needed to coordinate the measurement configuration between serving cell and non-serving cell in the same DU. However, if measurement configuration specified for Rel-17 ICBM is directly reused for Rel-18 LTM, it is required to introduce an additional signaling to support interaction among serving DU, CU and candidate DU in inter-DU case. That is, serving DU needs to be informed the L1 measurement configuration of candidate cell by CU. Furthermore, L1 measurement configurations for candidate cells are configured repeatedly, which will cause the heavy signaling structure and considerable signaling overhead.
If Rel-17 ICBM framework is reused, in inter-DU case, an additional inter-node interaction between the candidate DU, the CU and the serving DU is required to transfer the L1 measurement RS configuration of candidate cells from the candidate DU to the serving DU.
L1 measurement RS configurations for each candidate cell with multiple additionalPCIs are configured repeatedly, which will cause the heavy signalling structure and the considerable signalling overhead. 
If L1 inter-frequency measurement is supported, some enhancements are needed, such as introduce the frequency, SMTC or measurement gap (MG) with candidate cell in ServingCellConfig. In such case, whether L1 inter-frequency measurement to be supported and SMTC and MG to be introduced need to wait for RAN4 conclusion.
· Option 2: Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
In option 2, a common L1 measurement RS pool can be configured for serving cells and candidate cells. An example of signalling structure is shown as follows:


Figure 3. A structure of common L1 measurement configuration for serving cell and candidate cell
Compared with Option 1, Option 2 provides an independent measurement configuration for all cells including serving cell and candidate cells. Such configuration is decoupled with L1 measurement RS configuration of serving cell and configured outside ServingCellConfig and CellGroupConfig as shown in Figure 3. The benefit to do this is to build a lighter and more flexible RRC configuration structure to avoid duplicate configuration of L1 measurement resource for candidate cells in consecutive cell switch scenario.
· Option 3: Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
For Option 3, the UE can be configured a L1 measurement configuration for each cell including serving cell and candidate cell, that is, each candidate cell and serving cell configures its own L1 measurement information. An example of signalling structure is shown as follows:


Figure 4. A structure of L1 measurement configuration under candidate cell configuration
In this solution, the UE can perform L1 measurement based on pre-configured candidate cells by RRC and report related measurement results to NW. However, since the L1 measurement configuration is included in each candidate cell configuration, the UE needs to firstly decode the candidate cell configuration and apply such L1 measurement configuration to perform the measurement on candidate cell. Although this approach can avoid to introduce new signaling to let serving DU know the L1 measurement configuration of candidate cell served by candidate DU in inter-DU case, it is at the cost of increasing UE complexity to parse all information of corresponding cell. 
If the UE uses the L1 measurement configuration included in each candidate cell configuration to perform the L1 measurement on candidate cells, the UE needs to firstly decode the candidate cell configuration and apply the related L1 measurement configuration, which introduces new UE behaviour and increases the UE complexity to parse all information of corresponding cell.
Based on the analysis above, we prefer option 2 and give the following proposal:
RAN2 to introduce a common L1 measurement RS pool to include L1 measurement RS config for serving cells and candidate cells. The pool is configured external to the ServingCellConfig for the serving cells and LTM candidate cell configurations.
Another issue is which node to generate the common L1 measurement RS pool. Currently, RAN1 agreed that the SSB based L1 measurement is supported, but no conclusion on CSI-RS based L1 measurement. Regarding the detailed information included in each RS config, it’s agreed to include time domain (e.g. SMTC or periodicity and SSB position in burst) information, frequency domain location (e.g. center frequency), and SCS information. Other information, e.g. transmission power (for pathloss calculation), is pending on RAN1 discussion. Such information is similar to the SSB resource configuration for L3 measurements.
RAN 1 agreed to support SSB based L1 measurement, but no conclusion on CSI-RS based L1 measurement.  
In the current L3 measurement, the CU can generate the SSB and CSI-RS resources for neighbour cells by itself. Usually, L3 measurement is based on rough beam, while L1 measurement is based on fine beam. At last meeting, RAN4 discussed whether to reuse intermediate L3 measurement results in L1 measurement report. But RAN4 has not concluded on this, i.e. FFS whether to consider rough beam also for L1 measurement on neighbor cell (including intra and inter-frequency). 
Currently, the SSB and CSI-RS resource configurations for L3 measurements are generated by the CU.
RAN4 discussed whether to reuse intermediate L3 measurement results in L1 measurement report at last meeting, but has not concluded on this.
If the L3 beam measurements can be reused for L1 measurement report, then we think the measurement RS config for L1 measurement can be generated by the CU, as the L3 measurement RS resources configuration. Namely, a common L1 measurement RS pool is generated by the CU. However, if the L1 measurement RS config for candidate cells should be generated by the DU, the candidate DU needs to inform the CU about the configuration. Anyway the CU can generate the common pool, based on the RS config received from each candidate DU.
A common L1 measurement RS pool is provide by the CU. FFS: whether the CU can generate the L1 RS config for candidate cells by itself, or each candidate DU generates the L1 RS config for candidate cells and then sends to the CU.  

2.2 Early synchronization
In early synchronization phase, the UE can perform DL synchronization and TA acquisition with candidate cell(s) before receiving the cell switch command, to reduce the latency during cell switch.
One LS R1-2302194 [3] has been received after RAN2 #121 meeting which is regarding the agreements of the early TA and L1 measurement and report achieved in RAN 1. In the LS, RAN 1 request RAN2 to analyse the feasibility and specification impact of the early RACH.
	To RAN2 and RAN3 group.
ACTION: 	RAN 1 respectfully asks RAN2 and RAN3 to check the feasibility and potential impact on specs of RAN2 and RAN 3 of all options, i.e. with RAR (from serving or candidate cell) and without RAR, in the agreement described in section B. Also, RAN1 respectfully asks RAN2 and RAN3 to take the RAN1 agreements into consideration for their work.


According to the RAN1 agreements, only PDCCH ordered CFRA is supported:
	Agreement
· For PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported


[bookmark: _Toc131725116][bookmark: _Hlk127256781]RAN1 concluded the PDCCH-order based CBRA for early TA is not supported, in other words, only PDCCH ordered CFRA is supported. That means the serving cell need to be aware of the dedicated RACH resources (i.e. dedicated Preamble ID) before sending the PDCCH Order to UE.  
For initiating the PDCCH ordered CFRA, the PDCCH order shall include the preamble ID that is not 0b000000. 
In intra-DU LTM case, there is no issue that the legacy mechanism of RACH on SCell can be reused since the DU can promise the selected preamble ID for one UE will never have a collision with other UEs. 
[bookmark: _Toc131725117]For supporting the early RACH in intra-DU LTM, the legacy mechanism can be reused, for example, the RACH resources for PDCCH ordered RACH is configured with rach-ConfigCommon, UE select the preamble and RACH occasion from rach-ConfigCommon based on the indication of PDCCH order.
However, in inter-DU LTM case, the situation is different, if the legacy mechanism is reused, the serving DU cannot guarantee the selected preamble ID for one UE is not simultaneously selected by the candidate DU for another UE. 
[bookmark: _Toc131725118]For PDCCH ordered-CFRA for inter-DU LTM, one dedicated preamble selected by one DU for a UE may be simultaneously selected by the other DU for another UE, as a result, the collision is occurred.
For resolving the issue raised in observation above, the following solutions shall be taken into account:
· Solution 1: Dedicated RACH resources for PDCCH ordered-RACH is configured.
· Solution 2: F1AP coordination between the source DU and candidate DU is needed before source DU sending the PDCCH order to UE.
In solution 1, the candidate DU allocate the dedicated RACH resources to a UE for the early RACH in the candidate RRC configuration before hand. In Solution 2, the F1AP coordination is needed for source DU to acquire a dedicated RACH resource from candidate DU for each time to trigger the ealry RACH for a UE. 
In solution 1, the dedicated RACH resources will be reserved for a DU for a long time but there is no need of the interaction between two DUs for each time the early RACH is triggered for one UE. In solution 2, although the efficiency of RACH resources is improved but the interaction between two DUs are so frequent since each time an early RACH for a UE is triggered, the source DU need to interact with the target DU for acquiring a dedicated RACH resource.
Compare between two solutions, in solution 1, even though the RACH resources seems to be reserved for one UE from UE’s angle, but from NW’s angle, the candidate DU will reserve some RACH resources for the candidate DU and candidate DU share those RACH resources with the served UE, the RACH resources efficiency can still be guaranteed.  In solution 2, it is not a good idea to earn a tiny gain of RACH resources efficiency at the cost of the frequent interaction between two DUs, so we prefer solution 1 over solution 2. For realizing solution 1, we propose:
[bookmark: _Toc131725119]For supporting the early RACH for inter-DU LTM, RAN2 needs to discuss how to configure the dedicated RACH resources for early RACH in candidate cell configuration.
There is another agreement about RAR of early RACH from RAN1：
	Agreement
For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
· FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order
· If reception of RAR is configured/indicated (with RAR), FFS
· whether RAR is received from serving cell or candidate cell
· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR
· FFS: signaling for configuration/indication of whether RAR needs to be received
· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement
· Note: Definition of candidate cells is up to RAN2


[bookmark: _Toc131725120]RAN1 has concluded that the presence of the RAR is configurable for PDCCH ordered-RACH and hope RAN2 to evaluate the feasibility and specification impact (i.e. RAR is present on candidate or serving cell, without RAR)  
RAR is present on candidate DU
Assuming the RAR is present and sent on the candidate cell, UE switch into the candidate cell to send the preamble and receive the RAR from it. 
In the intra-DU case, the RACH procedure is performed within the same DU, the only concern is the data interruption. The time duration of the data interruption is approximately equal to the time duration of a whole CFRA procedure.
In the inter-DU case, in addition to the data interruption mentioned in the intra-DU case, the source DU has no idea whether and when UE successfully obtains the TA from the target DU and returns back, so the indication to source DU is needed so that the source DU can be informed of the returning back of the UE. Moreover, since the early RACH is normally performed in advance to the LTM execution, a mechanism shall be introduced for the source DU to be aware of whether the TA value of the target cell stored at UE side is valid when source DU is going to generate a cell switch command to the UE.
[bookmark: _Toc131725121]Assuming RAR is present on the candidate cell, for both intra-DU and inter-DU case, the UP data interruption may last the time duration of a whole RACH procedure. Beyond the data interruption, in inter-DU case, the source DU must be aware of when UE returns back so that some specification effort is needed to resolve this issue. And a mechanism should be introduced to guarantee the source DU to be aware of whether the TA value of the target cell stored at UE side is still valid when the source DU is going to generate a cell switch command to UE.
RAR is present on serving DU
Assuming the RAR is present and sent on the serving cell, that is, UE switches to the candidate DU to send the preamble after receiving the PDCCH order from source cell, after sending the preamble, UE switches back to the serving cell for RAR reception.
In the intra-DU LTM case, data interruption is also the only concern since the RACH is performed in the same DU. The time duration of the data interruption only includes the time consumption of UE switch to the candidate cell for sending the preamble until to switch back to the source cell.
In the inter-DU LTM case, in addition to the data interruption, the F1AP coordination for candidate DU share the TA value with the source DU is needed, then the R3 impact is caused. Besides, RAN2 also need to discuss whether the value range of the ra-ResponseWindow shall be prolonged or not due to the latency caused by the TA value propagation between two DUs..
[bookmark: _Toc131725122]Assuming RAR is present on the serving cell, for both inter-DU LTM and intra-DU LTM, the UP data interruption may last the time period while UE switches to the candidate cell for sending the preamble. Beyond data interruption, some specification effort in RAN3, in the inter-DU case, it is needed for the candidate DU to share the TA value with the source DU in order to facilitate the source DU to generate the RAR for the early RACH. 
RAR is not present
Assuming the RAR is not present for early RACH, that is, UE switches to the candidate DU to send the preamble with a certain number of transmission times indicated by the information element (e.g. PreambleTransMax) after receiving the PDCCH order from source DU. After sending a certain number of preambles if the retransmission of preamble is allowed, UE switches back to the source DU. 
In the intra-DU case, also only the data interruption is the concern, and the data interruption is relevant to the value of the PreambleTransMax as well as the period of the RACH occasion, the less the value of the PreambleTransMax is, the less time the data interruption last.
In the inter-DU case, In addition to the data interruption, this assumption may leave a lot of issues. For example, the source DU needs a ‘come back’ indication from UE; the F1AP coordination for candidate DU to share the TA value with the source DU is needed; the serving DU needs to handle the TA validity for the candidate cell from other DUs, etc.
[bookmark: _Toc131725123]Assuming RAR is not present, for both intra-DU LTM and inter-DU LTM, the time duration of the UP data interruption is dependent on the maximum times of preamble transmission. In addition to the data interruption, in the inter-DU case , specification efforts in both RAN2 and RAN3 are needed, for example: a ‘come back’ indication from UE to source cell is needed ; F1-AP coordination for candidate DU to share the TA value with source DU is needed; source DU needs to handle the validity of the TA from other DUs. 
For realizing the RACH-less LTM, aiming to reduce the data interruption by excluding the RACH procedure for LTM cell switch, the early RACH is introduced. However, by considering above observations in combination, it is figured out that the data interruption is not entirely extinguished but merely put into the early sync phase from LTM execution phase. Moreover, for realizing the early RACH in the inter-DU LTM, additional specification efforts are inevitable. For understanding easily on above analysis, a table is established as shown below:
Table 1: The evaluation of early RACH for different cases
	Solution
	LTM Type
	Specification Impact
	Data Interruption

	No early RACH
	Intra-DU LTM
	Null
	5~15 ms (CFRA for LTM execution)

	
	Inter-DU LTM
	Null
	5~15 ms (CFRA for LTM execution)

	RACH with RAR present on candidate cell
	Intra-DU LTM
	1: Specify the RAR reception on the candidate cell.
	5~15 ms ( CFRA for LTM preparation)

	
	Inter-DU LTM
	1: Specify the RAR reception on the candidate cell;
2: The UE ‘come back’ indication to the serving cell is needed;
3: Source DU needs to be aware of the validity of the TA value stored at UE side when triggering a LTM.
	5~15 ms (CFRA for LTM preparation)

	RACH with RAR present on serving cell
	Intra-DU LTM
	Null (like the RACH on SCell )
	>= 1 ms (preamble transmission for LTM preparation)

	
	Inter-DU LTM
	1: F1AP coordination between serving DU and candidate DU is needed.
2: The range of ra-ResponseWindow shall be extended for UE to wait for the source DU obtain the TA value from candidate DU.
	>= 1 ms (preamble transmission for LTM preparation)

	RACH without RAR present
	Intra-DU LTM
	1: Define the RACH procedure without RAR in MAC specification.
	>= 1 ms (For preamble transmission in LTM preparation, the minimum value is due to no retransmission of preamble is allowed)

	
	Inter-DU LTM
	1: Define the RACH procedure without RAR in MAC specification.
2: The UE ‘come back’ indication to the serving cell is needed.
3: The F1AP Coordination between candidate DU and serving DU is needed.
4: The serving DU needs to handle the TA validity of the candidate cell of the candidate DU for a UE.
	>= 1 ms (For preamble transmission in LTM preparation, the minimum value is due to no retransmission of preamble is allowed)


According to the table , compare all the cases of RAR present on serving cell and RAR present on candidate cell, it can be seen that only early RACH with RAR present on serving cell cause the less specification impact and obtain more data interruption saving gain for both inter-DU and intra-DU LTM. So, we propose:
[bookmark: _Toc131725124]From RAN 2 perspective, in the case of RAR is present, the early RACH with the RAR presenting on the serving cell is preferred due to the data interruption saving gain and less specification impact.
When it comes the early RACH for inter-DU LTM, the realization complexity and specification effort draw our intention , such as: the F1AP coordination must be needed for source DU to acquire the target DU with the TA value, the UE ‘come back’ indication may be needed in some cases, the RACH configuration for early RACH shall be redesigned due to the inter-DU as we proposed in proposal above, etc. Especially, the additional F1AP coordination potentially postpones the NW time line to trigger the LTM even though such coordination happened in the preparation stage. Therefore, we do not think the benefits the early RACH brings in is significant enough at such cost of specification effort for inter-DU LTM, and considering that the large work load and limited time in Rel-18 LTM, we propose:
[bookmark: _Toc131725125]RAN2 considers not to support early RACH for inter-DU LTM in Rel-18.

2.3 LTM execution
In LTM execution phase, the source cell sends a LTM cell switch command to indicate the target candidate cell, based on L1 measurement results. At RAN2#120 meeting, it’s agreed that:
	· RAN2 assumes that LTM (intra DU and inter DU) is network-controlled mobility where the control is from the source, i.e. measurements (L1 measurements) are configured in the UE from the source Cell, and the decision to switch cell is by the source cell, and enhancements considered for LTM before cell switch, e.g. pre-synchronization, TA handling, target beam mgmt (to the extent it is supported) may be by the source cell. RAN2 understands that this may require cooperation source DU CU target DU and/or OAM coord. RAN2 don’t see any blocking issue to share information between DUs but the support of this is in RAN3 domain. RAN2 see no necessity for a direct inter-DU-interface to support this.


In RAN2 understanding, it’s the source DU to trigger the LTM execution for both intra-DU and inter-DU cases. Regarding how to cooperate source DU, CU and target DU during LTM execution phase for inter-DU LTM, RAN3 has researched two approaches on this and asked RAN2 to provide feedback on this [4], as follows:
	RAN3 has discussed the following two approaches to support inter-DU LTM cell switch during execution. 
Approach 1: the serving gNB-DU triggers the execution by transmitting LTM cell switch command to the UE and then informs the gNB-CU of the serving cell switch. 
Approach 2: the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.
RAN3 would like to get feedback from RAN2 about the above-mentioned approaches, and provide suggestion if there is any other possibility identified.


We think the main difference between Approach 1 and Approach 2 is whether the source DU is required to coordinate with the target DU before triggering the LTM cell switch. If it’s required, the source DU needs to send the request message to the target DU via the CU, and then wait for the response message from the target DU via the CU before sending the LTM cell switch command to the UE. The coordination procedure is similar to that preparation procedure for the legacy L3 HO, which shall cause latency, e.g. about 40ms. But the main motivation for LTM is to support fast cell switch with less latency, especially for the FR2 scenario where the radio channel quality may fluctuate rapidly. 
The interaction between source DU, CU and candidate DU before triggering LTM execution, is similar to the legacy L3 handover preparation, which will cause additional latency, e.g. about 40ms.
Thus, from RAN2 perspective, the inter-DU coordination before triggering LTM execution should be avoided as much as possible. Besides, whether such inter-DU coordination is required or not, mainly depends on the information to be included in the LTM cell switch command. Currently, the cell switch command can contain at least the candidate configuration index and beam indication. The target candidate cell is determined by the source DU based on L1 measurements, so need to coordinate with the candidate DU before sending cell switch command. For the beam indication, assuming that RACH-less is supported in inter-DU case, it’s still possible to let the UE inform the target DU about the selected beam, e.g. via SRS signaling or pre-allocated UL grant with specific beam. The pre-allocated information can be coordinated during the LTM preparation phase. Besides, in order to support RACH-less LTM, RAN1 has researched early TA acquisition based on PDCCH ordered RACH before triggering LTM execution. Thus, if the inter-DU interaction on TA acquisition is required, the coordination can be performed during early synchronization phase, e.g. transmitting the TA value from the candidate DU to the source DU if early RACH is performed and RAR is not sent to the UE in inter-DU case.
The coordination on pre-allocated resources between source DU and candidate DU can be performed during LTM preparation phase or/and early synchronization phase (for inter-DU early RACH), which is not necessarily before triggering LTM execution.
RAN2 understands that the coordination between source DU and candidate DU can be performed during LTM preparation phase or/and early synchronization phase, but the inter-DU coordination during LTM execution phase is not required, i.e. no need to request information from target DU before triggering LTM cell switch command to the UE. 
2.4 LTM completion
At RAN2#120 meeting, it’s agreed that the UE arrival in the target cell need to be indicated. But it’s FFS whether a uplink signal or message after the UE has switched to the target cell is used to indicate successful completion of the LTM cell switch. In the legacy L3 handover, RACH is always performed, so Msg.1 in CFRA and Msg. 3 in CBRA can be taken as the notification of the UE arrival in the target cell. And the UE sends the RRCReconfigurationComplete message to indicate the completion of handover procedure.
At last meeting, RAN2 decided the RRC model for LTM candidate, and made the following agreement:
	· agree to use Model 1: One RRCReconfiguration message for each candidate target configuration RRCReconfiguration to configure target candidate cells


Since RRCReconfiguration message is used to configure LTM candidate cell, it’s natural to send RRCReconfigurationComplete message to the target cell to indicate the completion of LTM execution, as legacy L3 handover. The complete message corresponds to the RRCReconfiguration message for the LTM candidate cell indicated in the cell switch command.
The UE sends RRCReconfigurationComplete message to the target cell to indicate the completion of LTM execution.
Another issues is how to inform the target cell about the UE arrival and send RRCReconfigurationComplete message to the target cell. In RACH-based LTM, the arrival of RRCReconfigurationComplete message at MAC shall trigger the RACH procedure to the target cell. And Msg.1 in CFRA and Msg. 3 in CBRA can be taken as the notification of the UE arrival at the target cell. Then the UE can send the complete message in Msg. 3 to the target cell. 
For RACH-based LTM, the reception of Msg.1 in CFRA and Msg. 3 in CBRA can be taken as the notification of the UE arrival at the target cell. The RRCReconfigurationComplete message can be carried in Msg. 3 to the target cell, as the legacy L3 handover.
However, in RACH-less LTM, the RACH procedure is skipped, so the target cell has no idea when the UE is accessing. In order to inform the UE arrival at the target cell, from the UE perspective, the UE needs to know which TX beam and UL resources can be used to send the UL signalling to the target cell. From the NW perspective, the target cell also needs to know the TX beam that would be used by the UE when the UE accessing to it, to determine the RX beam. Besides, the target cell needs to identify the UE identity from the UL signaling. That means, if the NW cannot find the suitable beam to receive the UL signaling form the UE, the LTM failure is inevitable. Thus, in order to successful transmission the RRCReconfigurationComplete message to the target cell, at least two important information: 1) UL resources and 2) the beam information, needs to be considered.
In RACH-less LTM, in order to successful transmission RRCReconfigurationComplete message to the target cell, at least two important information: 1) UL resources and 2) the beam information, needs to be taken into account.
Taking the above factors into consideration, there are several options can be considered to provide UL resources for the UE:
· Option 1: The resources can be pre-configured for each LTM candidate cell (as part of candidate cell configuration), each resource is associated with RS/beams, e.g. pre-configured UL grant with SSBs, like CG-SDT. 
· Option 2: The resource is dynamically indicated in the cell switch command.
· Option 3: The resource is dynamically scheduled by the target cell after the target cell identifies the UE has accessed to that cell.
In option 1, the candidate cell provides the pre-configured UL grant with SSB in the LTM candidate configuration during LTM preparation phase. Upon triggering the LTM execution, the UE selects the UL grant associated with the beam indicated in the cell switch command to send the RRCReconfigurtaionComplete message to the target cell. Upon reception of the complete message, the target cell knows the UE has accessed to that cell.
In option 2, the UL resource is dynamically indicated in the cell switch command. In inter-DU case, the source DU needs to interact with the target DU to achieve the UL resource configured by the target cell before sending the cell switch command to the UE, which shall delay the LTM triggering. So it’s not preferred.
In option 3, there is no pre-allocated UL grant for the UL message transmission at the target cell. Thus, the UE needs to send other UL signaling (e.g. SR or SRS) to the target cell to inform the UE arrival and request the UL resources. And then the target cell starts to schedule the UL grant for the UE. For SRS, the target cell can prepare SRS resources associated with beam information in LTM candidate cell configuration. Upon receiving the cell switch command with beam indication, the UE sends the SRS associated with the indicated beam to the target cell to notify the UE arrival.
For RACH-less LTM, RAN2 to discuss options for the notification of the UE arrival (i.e. to send the RRCReconfigurationComplete message): 
Option 1: The UE sends the RRCReconfigurationComplete message to the target cell via the pre-allocated UL grant (as part of candidate cell configuration) which is associated with an indicated RS/beam by the cell switch command; 
Option 2: The UE sends SR or SRS to the target cell to inform the UE arrival, and then waits the dynamic scheduling of UL grant from the target cell.
After the notification of UE arrival, the NW needs to send the UE with the ACK for the notification, in order to confirm the successful completion of LTM execution. For RACH-based LTM, there is a direct way that the successful completion of the RACH is an ACK to the notification of the UE arrival. As for the RACH-less LTM, the reception of the DCI addressed to the new C-RNTI for dynamic scheduling of the UL grant or DL assignment can be considered as the ACK to the notification of UE arrival. So we propose：
The UE considers the successful completion of LTM execution by:
For RACH based LTM: The successful completion of the RACH procedure.
For RACH-less LTM: The reception of the DCI addressed to the new C-RNTI for dynamic scheduling of the UL grant or DL assignment from the target cell.
[bookmark: _GoBack]2.5 Failure detection and handling
At RAN2#120 meeting, it’s agreed that LTM cell switch is supervised by a timer. Similar to legacy HO, a T304-like timer can be used in LTM for failure detection. The UE starts the timer upon triggering the LTM execution, i.e. upon reception of the cell switch command. And the UE stops the timer upon successful completion of LTM execution, i.e. successful completion of RACH procedure or upon reception of the DCI addressed to the new C-RNTI for dynamic scheduling of the UL grant or DL assignment from the target cell. If the timer expires, the UE shall consider that the LTM fails. 
A T304-like timer is introduced for LTM procedure, with the following principle:
The UE starts the timer upon triggering the LTM execution, i.e. reception of the cell switch command;
The UE stops the timer upon successful completion of LTM execution;
When the timer expires, the UE considers that the LTM fails, i.e. LTM failure.
Regarding whether to introduce a new timer for LTM or reuse the current T304 timer, we think the main point is whether new values are required for the supervision of LTM execution. The value range for the current T304 timer is from 50ms to 10000ms, which is used for RACH-based handover. Considering that RACH-less LTM is to be supported and the LTM is targeted for a quick cell switch with less interruption time, a short timer may be useful for the fast failure detection. Thus we can further consider about the smaller value of the LTM timer, e.g. 10ms, 20ms, 40ms.
The value range for the current T304 timer is from 50ms to 10000ms, which is used for RACH-based handover. Considering that RACH-less LTM is to be supported and LTM is targeted for a quick cell switch with less interruption time, a short timer could be useful for the fast failure detection. 
RAN2 to discuss whether smaller values are required for the LTM timer, e.g. 10ms, 20ms, 40ms.
In the legacy handover, upon T304 expires, the UE shall trigger RRC re-establishment procedure, which shall cause the longer data interruption. Considering that the LTM may happen frequently, we think the RRC re-establishment should be avoided as much as possible. Regrading how to improve the LTM failure handling, there are several options that can be considered:
· Option 1: the UE selects one of another LTM candidate cells to trigger LTM execution autonomously based on a NW-configured condition/threshold, i.e. when the condition for that candidate cell is met;
· Option 2: the UE falls back to the source cell and reports the LTM failure information to the source cell;
In option 1, a possible way is to reuse a CHO based recovery during RRC re-establishment procedure. Namely, the UE performs the cell re-selection, if the selected cell is a LTM candidate cell, the UE can trigger the LTM execution to the selected candidate cell, based on the stored LTM candidate cell configuration. Otherwise, the UE shall perform the legacy re-establishment procedure. This solution can reduce the data interruption time compared to the legacy re-establishment procedure. However, the cell re-selection procedure still cause relative long time to perform cell selection and compare the cell quality based on the L3 measurement. 
For CHO based recovery, the UE performs the cell re-selection during RRC re-establishment procedure, if the selected cell is a CHO candidate cell, the UE shall trigger the execution of CHO to the selected candidate cell. Otherwise, the UE shall trigger legacy re-establishment.
Another possible way is to allow the UE directly select a suitable candidate cell to perform the second LTM execution, according to the L1 measurement, e.g. when the L1 measurement on the candidate cell is above a threshold configured by the NW. In this way, a new recovery procedure may need to be defined.
In option 2, in order to ensure the source cell quality when the UE falls back to the source cell, the UE is required to keep radio link monitoring and beam failure detection on the source cell during performing LTM execution to the target cell, i.e. like DAPS HO. It requires some enhancements for the current RLM and BFD mechanism, e.g. to support RLM/BFD on source cell while performing random access to the target cell.
Considering that the LTM candidate cell configurations are maintained at the UE, we slightly prefer option 1 to make full use of the stored candidate cell configuration to realize the fast failure recovery. And the similar recovery operation can be also applicable upon detection of RLF on source cell. And RAN2 can further discuss whether to reuse the CHO based recovery procedure or define a new procedure for LTM recovery.
Upon detection of RLF or LTM failure, the UE selects one of another LTM candidate cells to trigger LTM execution autonomously based on the NW-configured condition/threshold, i.e. when the condition for that candidate cell is met. FFS: whether to reuse CHO based recovery procedure during RRC re-establishment or define a new recovery procedure.
Conclusion and Proposals
In this contribution, we discussed open issues on LTM overall procedure with the following observations and proposals:
LTM preparation
Observation 1: In some scenario where the UE trajectory was determined, e.g. HST scenario, it’s possible for the NW to prepare LTM candidate cells blindly without L3 measurement results.
Observation 2: If Rel-17 ICBM framework is reused, in inter-DU case, an additional inter-node interaction between the candidate DU, the CU and the serving DU is required to transfer the L1 measurement RS configuration of candidate cells from the candidate DU to the serving DU.
Observation 3: L1 measurement RS configurations for each candidate cell with multiple additionalPCIs are configured repeatedly, which will cause the heavy signalling structure and the considerable signalling overhead.
Observation 4: If the UE uses the L1 measurement configuration included in each candidate cell configuration to perform the L1 measurement on candidate cells, the UE needs to firstly decode the candidate cell configuration and apply the related L1 measurement configuration, which introduces new UE behaviour and increases the UE complexity to parse all information of corresponding cell.
Observation 5: RAN 1 agreed to support SSB based L1 measurement, but no conclusion on CSI-RS based L1 measurement.
Observation 6: Currently, the SSB and CSI-RS resource configurations for L3 measurements are generated by the CU.
Observation 7: RAN4 discussed whether to reuse intermediate L3 measurement results in L1 measurement report at last meeting, but has not concluded on this.

Proposal 1: It’s up to CU implementation to initiate LTM candidate preparation, e.g. based on L3 measurement results, or blind initiation without L3 measurement result.
Proposal 2: RAN2 to introduce a common L1 measurement RS pool to include L1 measurement RS config for serving cells and candidate cells. The pool is configured external to the ServingCellConfig for the serving cells and LTM candidate cell configurations.
Proposal 3: A common L1 measurement RS pool is provide by the CU. FFS: whether the CU can generate the L1 RS config for candidate cells by itself, or each candidate DU generates the L1 RS config for candidate cells and then sends to the CU.

Early Synchronization
Observation 8: RAN1 concluded the PDCCH-order based CBRA for early TA is not supported, in other words, only PDCCH ordered CFRA is supported. That means the serving cell need to be aware of the dedicated RACH resources (i.e. dedicated Preamble ID) before sending the PDCCH Order to UE.
Observation 9: For PDCCH ordered-CFRA for inter-DU LTM, one dedicated preamble selected by one DU for a UE may be simultaneously selected by the other DU for another UE, as a result, the collision is occurred.
Observation 10: RAN1 has concluded that the presence of the RAR is configurable for PDCCH ordered-RACH and hope RAN2 to evaluate the feasibility and specification impact (i.e. RAR is present on candidate or serving cell, without RAR)
Observation 11: Assuming RAR is present on the candidate cell, for both intra-DU and inter-DU case, the UP data interruption may last the time duration of a whole RACH procedure. Beyond the data interruption, in inter-DU case, the source DU must be aware of when UE returns back so that some specification effort is needed to resolve this issue. And a mechanism should be introduced to guarantee the source DU to be aware of whether the TA value of the target cell stored at UE side is still valid when the source DU is going to generate a cell switch command to UE.
Observation 12: Assuming RAR is present on the serving cell, for both inter-DU LTM and intra-DU LTM, the UP data interruption may last the time period while UE switches to the candidate cell for sending the preamble. Beyond data interruption, some specification effort in RAN3, in the inter-DU case, it is needed for the candidate DU to share the TA value with the source DU in order to facilitate the source DU to generate the RAR for the early RACH.
Observation 13: Assuming RAR is not present, for both intra-DU LTM and inter-DU LTM, the time duration of the UP data interruption is dependent on the maximum times of preamble transmission. In addition to the data interruption, in the inter-DU case , specification efforts in both RAN2 and RAN3 are needed, for example: a ‘come back’ indication from UE to source cell is needed ; F1-AP coordination for candidate DU to share the TA value with source DU is needed; source DU needs to handle the validity of the TA from other DUs.

Proposal 4: For supporting the early RACH in intra-DU LTM, the legacy mechanism can be reused, for example, the RACH resources for PDCCH ordered RACH is configured with rach-ConfigCommon, UE select the preamble and RACH occasion from rach-ConfigCommon based on the indication of PDCCH order.
Proposal 5: For supporting the early RACH for inter-DU LTM, RAN2 needs to discuss how to configure the dedicated RACH resources for early RACH in candidate cell configuration.
Proposal 6: From RAN 2 perspective, in the case of RAR is present, the early RACH with the RAR presenting on the serving cell is preferred due to the data interruption saving gain and less specification impact.
Proposal 7: RAN2 considers not to support early RACH for inter-DU LTM in Rel-18.

LTM execution
Observation 14: The interaction between source DU, CU and candidate DU before triggering LTM execution, is similar to the legacy L3 handover preparation, which will cause additional latency, e.g. about 40ms.
Observation 15: The coordination on pre-allocated resources between source DU and candidate DU can be performed during LTM preparation phase or/and early synchronization phase (for inter-DU early RACH), which is not necessarily before triggering LTM execution.

Proposal 8: RAN2 understands that the coordination between source DU and candidate DU can be performed during LTM preparation phase or/and early synchronization phase, but the inter-DU coordination during LTM execution phase is not required, i.e. no need to request information from target DU before triggering LTM cell switch command to the UE.

LTM Completion
Observation 16: In RACH-less LTM, in order to successful transmission RRCReconfigurationComplete message to the target cell, at least two important information: 1) UL resources and 2) the beam information, needs to be taken into account.

Proposal 9: The UE sends RRCReconfigurationComplete message to the target cell to indicate the completion of LTM execution.
Proposal 10: For RACH-based LTM, the reception of Msg.1 in CFRA and Msg. 3 in CBRA can be taken as the notification of the UE arrival at the target cell. The RRCReconfigurationComplete message can be carried in Msg. 3 to the target cell, as the legacy L3 handover.
Proposal 11: For RACH-less LTM, RAN2 to discuss options for the notification of the UE arrival (i.e. to send the RRCReconfigurationComplete message):
• Option 1: The UE sends the RRCReconfigurationComplete message to the target cell via the pre-allocated UL grant (as part of candidate cell configuration) which is associated with an indicated RS/beam by the cell switch command;
• Option 2: The UE sends SR or SRS to the target cell to inform the UE arrival, and then waits the dynamic scheduling of UL grant from the target cell.
Proposal 12: The UE considers the successful completion of LTM execution by:
- For RACH based LTM: The successful completion of the RACH procedure.
- For RACH-less LTM: The reception of the DCI addressed to the new C-RNTI for dynamic scheduling of the UL grant or DL assignment from the target cell.

Failure detection and handling
Observation 17: The value range for the current T304 timer is from 50ms to 10000ms, which is used for RACH-based handover. Considering that RACH-less LTM is to be supported and LTM is targeted for a quick cell switch with less interruption time, a short timer could be useful for the fast failure detection.
Observation 18: For CHO based recovery, the UE performs the cell re-selection during RRC re-establishment procedure, if the selected cell is a CHO candidate cell, the UE shall trigger the execution of CHO to the selected candidate cell. Otherwise, the UE shall trigger legacy re-establishment.

Proposal 13: A T304-like timer is introduced for LTM procedure, with the following principle:
- The UE starts the timer upon triggering the LTM execution, i.e. reception of the cell switch command;
- The UE stops the timer upon successful completion of LTM execution;
- When the timer expires, the UE considers that the LTM fails, i.e. LTM failure.
Proposal 14: RAN2 to discuss whether smaller values are required for the LTM timer, e.g. 10ms, 20ms, 40ms.
Proposal 15: Upon detection of RLF or LTM failure, the UE selects one of another LTM candidate cells to trigger LTM execution autonomously based on the NW-configured condition/threshold, i.e. when the condition for that candidate cell is met. FFS: whether to reuse CHO based recovery procedure during RRC re-establishment or define a new recovery procedure.
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