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1 Introduction
In RAN#94-e meeting, new Rel-18 WID on L1/L2 inter-cell mobility was reached as in [1]. As identified below, TA management for inter-cell mobility operation is one of the objectives according to the WID.
	1. 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 this contribution, we focus on some potential methods for timing advance acquisition to support mobility latency reduction in Rel-18 L1/L2 triggered mobility. 
2 Discussion
Although TA enhancement is being discussed under another agenda item, i.e., A.I. two TAs for multi-DCI multi-TRP, and has made some preliminary progress, the design requirements of TA for these two agenda items are actually different. For instance, two-TA enhancement for multi-DCI multi-TRP mainly focuses on associating TA with TRP under the legacy multi-DCI multi-TRP framework, and most of the enhancements related to TA are basically based on the legacy rather than re-design. While TA management for Rel-18 LTM emphasizes how to design a mechanism to acquire timing advance to make interruption latency as low as possible. Besides, two TAs for multi-DCI multi-TRP is designed for intra-DU case in principle, while TA management for Rel-18 LTM is designed for intra-DU and inter-DU cases. With the above considerations, we do not recommend to discuss and design TA enhancement for L1/L2 triggered mobility and multi-DCI multi-TRP scenarios together.
Observation 1: It is not recommended to discuss and design timing advance related aspects for L1/L2 triggered mobility and multi-DCI multi-TRP scenarios together.
2.1	PDCCH ordered RACH 
In RAN1#112 meeting, the following agreements on PDCCH ordered RACH for candidate cell(s) were endorsed [2].
	Agreement
For Rel-18 LTM, Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are configured for each candidate cell. 
Note: the detailed signalling is left to RAN2
Agreement
The PDCCH order from the source cell contains the indication of candidate cell.
· The reserved bit(s) in DCI format 1_0 for PDCCH order can be used for indication of cell identity
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
Agreement
For PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported.
Agreement
Whether RAR needs to be received is configured by RRC.


[bookmark: _GoBack]Due to detailed signaling of RACH resources configuration is up to RAN2 and it has not been decided yet, it is not clear whether the indication fields of legacy PDCCH order can be reused for PDCCH order for Rel-18 LTM. For instance, if RACH resources for PDCCH ordered CFRA are configured as cell specific in RACH-ConfigCommon rather than UE specific in RACH-ConfigDedicated, preambles for CBRA should be reserved always and the index of preambles for CBRA should start from 0, hence index of a preamble for CFRA cannot be zero and legacy CBRA is not supported naturally.
If RACH resources for PDCCH ordered CFRA are configured in RACH-ConfigDedicated, or they are configured individually in a new information element, index of a preamble for CFRA might be zero, and an additional rule is required to break the legacy rule that PDCCH order triggers CBRA when the preamble index is 0.
Observation 2: Details of the indication fields in PDCCH order for Rel-18 LTM should be clarified based on decisions of RACH resource configuration from RAN2.   
2.1.1	Reception of RAR
When UE is configured to receive RAR, the first urgent issue to be solved is RAR should be transmitted from source cell or candidate cell.
RAR from serving cell
If RAR message associated with random access procedure for candidate cell is transmitted from serving cell, it is unnecessary to configure Type-1 CSS per candidate cell to UE. UE only requires to detect PDCCH scheduling RAR based on the Type-1 CSS configured for serving cell and decode the corresponding PDSCH containing RAR within a random access response window. 
Considering the latency caused by RAR transfer from candidate DU to serving DU in inter-DU scenario, if the RAR message can be transferred from candidate cell to source cell via F1 interface, the corresponding latency can be around 40 to 80 milliseconds, which may have a significant impact on the RA response window specified in the existing spec.
In legacy, the length of RA response window can be configured to be lower than or equal to 10 ms when Msg2 is transmitted in licensed spectrum. RA response window should start at the first symbol of the earliest CORESET configured for Type-1 CSS and start at least one symbol after the last symbol of the PRACH occasion corresponding to the PRACH transmission. New rules to determine the length and starting point of the RA response window may be needed if RAR determined by candidate cell is transmitted from serving cell, as follows:
· Refinement of length of RA response window
· The simplest method is to configure a larger RA response window for candidate cells, but it can lead to severe energy wasting. Due to large latency of RAR transmission, basically RAR cannot be transmitted to UE on the relatively front symbols within the RA response window. Much energy will be wasted if UE still detects PDCCH scrambled by RA-RNTI within the whole RA response window.
· A method of configuring or indicating a part of the configured RA response window for candidate cells to detect PDCCH scrambled by RA-RNTI can be considered. The RA response window configuration specifies a maximum window to receive RAR, and the configuration or indication indicates an actual window to receive RAR. In such way, energy wasting can be alleviated to a large extent.
· Refinement of starting point of RA response window
· Since the demand of refinement of RA response window is caused by interruption time resulting from RAR transaction between DUs, the time gap between RAR transmission from serving cell and RAR reception at UE side can be considered to be within the legacy RA response window, hence postponing the starting point of RA response window in response to PRACH transmissions for candidate cells can be considered.
· Considering the interruption time caused by RAR transaction between serving DU and candidate DU can be relatively stable, and can be different for different candidate DU, the number of symbols or milliseconds to postpone the starting point of RA response window can be configured for each candidate cell.
· In such method, legacy configuration of RA response window can be reused, and the postponed time duration can be considered same as the RAR transaction delay.
Proposal 1: For PDCCH ordered-RACH for candidate cell(s), RAR should be received from serving cell if reception of RAR is configured.
Proposal 2: Considering latency caused by transferring RAR between target DU and serving DU, one of the following options can be considered when RAR is received from serving cell.
· Option 1: Configure the length of random access response window to be greater than 10 ms.
· Option 2: Introduce rules to postpone the starting point of random access response window.
RAR from candidate cell
If RAR messages associated with random access procedure for candidate cells are transmitted from the respective candidate cell, Type-1 PDCCH CSS configuration for each candidate cell is requested. UE can detect PDCCH scrambled by RA-RNTI according to Type-1 PDCCH CSS configured for the corresponding candidate cell. 
However, when multiple candidate cells are configured, multiple Type-1 PDCCH CSS are configured accordingly. and processing complexity of UE due to blind detection of PDCCH might increase significantly. A UE capability of maximum number of Type-1 PDCCH CSS configured for candidate cells might be needed in such case.  
Proposal 3: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is configured and RAR is received from candidate cell, support to configure Type-1 PDCCH CSS for each candidate cell.
· FFS: Whether UE capability of maximum number of Type-1 PDCCH CSS configured for candidate cells is needed.
Content of RAR
For PDCCH order triggered CFRA in legacy, random access procedure completes after receiving the RAR message and the fields in RAR are not changed even if TC-RNTI and uplink grant field are not necessary. In order to have less impacts on structure of RAR, TC-RNTI field and uplink grant field should also be reserved in RAR in response to RA procedure for candidate cells.
As for whether fields of TC-RNTI and uplink grant are needed to be re-interpreted for candidate cell identities or a new C-RNTI in response to switching towards the corresponding cell, some further considerations are as follows.
· Candidate cell ID
· It has been agreed that candidate cell identity can be indicated in PDCCH order, hence the association between a candidate cell and a RAR message can be determined based on the RA-RNTI and the RAPID, especially if Type-1 CSS is configured for each candidate cell. Accordingly, it is unnecessary to explicitly indicate the candidate cell identity in RAR. 
· C-RNTI
· When UE switches to a new cell, C-RNTI of UE might need update. TC-RNTI field in RAR can be re-interpreted to indicate the updated C-RNTI to UE. If update of C-RNTI is indicated by RAR, before applying the C-RNTI associated with the target cell, UE needs to restore C-RNTI associated with multiple candidate cells, which is unnecessary and leads to waste of UE storage.
· A more reasonable method is to indicate the updated C-RNTI in cell switch command, and UE can apply the updated C-RNTI directly when the cell switch command is received. Redundant occupation to restore multiple C-RNTI does not exist in such case, and it can be used to indicate C-RNTI for either RAR reception is configured or not.
· If the updated C-RNTI can be configured for candidate cell(s), UE can update the C-RNTI based on the TCI state or candidate cell index in the cell switch command, or based on the candidate cell index associated with the received RAR. In such method, C-RNTI field can be not needed in the cell switch command or RAR. However, the candidate cell is requested to reserve a valid C-RNTI for the UE before completion of cell switching.   
Based on analysis above, the following proposals are raised.
Proposal 4: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is configured, support to reuse the legacy RAR signaling, and then UE ID and candidate cell ID are not needed in the RAR.
Proposal 5: For PDCCH ordered-RACH for candidate cell(s), support updating C-RNTI based on reception of the cell switch command.
· FFS: Whether to introduce C-RNTI field in cell switch command or to configure C-RNTI parameter for each candidate cell. 
2.1.2	Without reception of RAR
In RAN1#112 meeting, the following agreement on PDCCH ordered-RACH for candidate cell(s) was endorsed [2].
	Agreement
On whether UE should initiate re-transmit PRACH when reception of RAR is not configured/indicated, down select one from the following alternatives.
· Alt 1: UE autonomous re-transmission of PRACH is not allowed (e.g., by setting the number of allowed PRACH transmission to the minimum value of PreambleTransMax=1)
· Alt 2: UE autonomous Re-transmission of PRACH is allowed,
The number of PRACH transmission will be defined e.g. set the times of RACH transmission to the minimum value of PreambleTransMax.


When UE is configured to receive RAR, the random access procedure can be considered completed once received the corresponding RAR message. But when UE is configured not to receive RAR, new rules to complete a random access procedure are needed.
In legacy, in response to a PRACH transmission, UE detects PDCCH scrambled by RA-RNTI and decodes the scheduled PDSCH within the random access response window. If RAR is not received by UE, UE behaviour should be clarified. For instance, it should be specified that UE does not start RA response window in response to PRACH transmission triggered by PDCCH order for candidate cells, or random access procedure is considered completed after PRACH transmission triggered by PDCCH order for candidate cells.
Proposal 6: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is not configured, specification impacts on completing the random access procedure should be clarified by RAN1.
For legacy random access procedure, PRACH transmission of a random access preamble can be transmitted in multiple times if UE does not receive the corresponding RAR message in the RA Response window, and power ramping can be applied to each of the consequent transmissions of the preamble. If RAR or some other messages indicative of completing PRACH transmission are not transmitted to UE, UE can not know when to stop retransmission of the PRACH and might transmit PRACH constantly till reaching the maximum number of RA preamble transmission performed before declaring a failure, which leads to huge energy wasting and strong interference to the other uplink transmissions.
For Alt 1, retransmission or re-triggering of PRACH is up to base station rather than UE. When base station does not receive PRACH during a time duration after transmitting the PDCCH order, base station can transmit PDCCH order again to re-trigger random access procedure.
For Alt 2, autonomous retransmission of PRACH is up to UE based on PreambleTransMax, where PreambleTransMax can be configured to be a small value for the sake of interference reduction. Since RAR will not be received within RA response window, there is no need to detect PDCCH scrambled by RA-RNTI within RA response window any more.    
In order not to have strong interference to other uplink transmissions, target received power configured for PRACH transmission is not very large generally. PRACH transmission re-triggered by a PDCCH order or re-transmitted autonomously due to failed PRACH transmission can be a normal case, and then our considerations in aspect of interruption and power control are provided as follows.
Interruption 
· As illustrated in Figure 1, factors of interruption time between two PRACH transmissions are totally different. 
· For Alt 1, only one PRACH transmission can correspond to one PDCCH order and random access response window is not needed. If one-shot PRACH transmission is not received by base station, UE should be re-triggered random access procedure after receiving another PDCCH order. Exchange delay of PDCCH order between serving cell and candidate cell, transmission delay of PDCCH order, and time gap between PDCCH order and PRACH transmission are additionally required for each re-triggered PRACH transmission.
· According to TS 38.213, time gap between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to  msec. Based on the candidate values defined for the parameters above, it can be roughly estimated that the time gap is less than 5 ms. Exchange delay of PDCCH order varies for different candidate cells, and it is assumed to be larger than 10 ms for analysis. Transmission delay of PDCCH order is basically in the level of microsecond. Combining the assumptions above, interruption time between two PRACH transmissions for Alt 1 can be less than 15 ms. 
· For Alt 2, the interruption time due to PRACH retransmission is only related to the time gap between two consequent PRACH transmissions. The timing of consequent PRACH retransmission can reuse the legacy, i.e., it should be no later than NT,1+0.75 ms after the last symbol of RA response window.
· RA response window can be configured to be not greater than 10 ms for licensed spectrum, and interruption time between two PRACH transmissions for Alt 2 will be less than 12 ms based on the definition of NT,1. 
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(a) Alt 1                                                                           (b) Alt 2
Figure 1 Interruption between two consequent PRACH transmissions 
Based on the analysis above, we observe that Alt 1 does not outperform Alt 2 in terms of interruption reduction when multiple PRACH transmissions are needed for TA acquisition of a candidate cell. 
Observation 3: On UE re-transmitting PRACH when reception of RAR is not configured, re-triggering of PRACH by PDCCH order does not outperform than autonomous re-transmission of PRACH in aspect of interruption reduction. 
Power control
According to TS 38.331, preambleReceivedTargetPower configured for PRACH transmission can be in the range of (-202..-60) dBm, and P0 configured for PUCCH and PUSCH can be in the range of (-202..24) dBm. For the sake of having less interference to other uplink signals/channels, transmission power of PRACH without power ramping is quite less than transmission power of PUCCH/PUSCH, which means that it can not be guaranteed that the single PRACH from UE  can be received by base station successfully. 
· If UE is re-triggered PRACH transmission without power adjustment, PRACH transmission is more likely to be missed by base station again, which leads to energy wasting and additional interruption time. Therefore, new mechanism of PRACH  transmission power control should be further considered for Alt 1.  
· For Alt 2, PRACH transmission power control can reuse the legacy power ramping mechanism, and few specification efforts are needed. Considering the maximum number of random access preamble transmission, i.e., PreambleTransMax, can be configured to be one of {3, 4, 5, 6, 7, 8, 10, 20, 50, 100, 200} by now, it is hard to tell which value should be defined for the UE autonomous re-transmission of PRACH. 
· In one method, setting a small value (e.g., 3) can ensure the maximum transmission power of PRACH not be too large to have severe interference to other uplink transmissions. 
· In another method, the maximum transmission times of PRACH is still configured by RRC, and a new signaling is introduced to terminate the autonomous retransmission.
Proposal 7: On UE re-transmitting PRACH when reception of RAR is not configured, support UE autonomous retransmission of PRACH and legacy power ramping mechanism for PRACH power control is reused.  
2.2	RACH-less solutions
In RAN1#112 meeting, the following working assumption of UE-based TA measurement of candidate cell(s) was reached [2].
	Working Assumption
UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec


RACH-less mechanism as in LTE
Noted that RACH-based solutions might have large latency due to PRACH must be transmitted in a specific PRACH occasion among all valid PRACH occasions within a period, but they have high reliability instead. RACH-less mechanism in LTE is specific to some scenarios, e.g., small cell or co-located source/target cells, where the TA for candidate cell is the same as that for source cell or equal to 0. In this method, the latency of acquiring TA of candidate cells is 0 in principle, hence it should be reused in Rel-18 LTM for some specific scenarios.
Proposal 8: RACH-less mechanism in LTE should be supported for Rel-18 LTM, e.g., if target cell is small cell, or source and candidate cells belong to the same TAG.
UE-based TA measurement
For UE-based TA measurement, it can be based on the receive timing difference between serving cell and candidate cell, and TA difference between serving cell and candidate cell might simply be twice of the receive timing difference by assuming the same values of downlink and uplink transmission delay. Due to downlink timing is measured based on reception of SSB, the accuracy of the measured downlink timing difference might not be guaranteed fully. Detailed discussion and analysis on feasibility and application scenarios of UE-based TA measurement mechanism can be found in our RAN4’s contribution [3] and the corresponding draft reply LS to RAN1 is given in [4].
Observation 4: From our RAN4’s evaluation and analysis, supporting UE-based TA measurement mechanism  should take the following into account.
· Unknown time differences in TA derivation is present due to the existence of uplink timing errors.
· Difference between MRTD and MTTD to estimate the maximum value of downlink time difference between serving cell and target cell.
· Comparing the max timing error (i.e., MTTD-MRTD) with CP,the TA derivation method is feasible in FR1, but might be problematic in FR2-1.
As in TS 38.133, Maximum receive timing difference (MRTD) and Maximum uplink transmission timing difference (MTTD) are defined for CA and DC scenarios respectively, and the feasibility of UE-based TA measurement can be considered based on MTTD and MRTD. However, whether the definition of MTTD and MRTD for CA and DC can be applied for Rel-18 LTM needs clarification as well. Considering uplink transmissions towards serving cell and candidate cell will not exist simultaneously, whether requirements of MTTD can be necessary or not for Rel-18 LTM might need further consideration.
Proposal 9: For TA acquisition of candidate cell(s) before cell switch command, whether to confirm the Working Assumption of UE-based TA measurement in RAN1 should be decided until RAN4 has a preliminary evaluation result and discussion.
Similar as the case when reception of RAR is configured, UE needs to memorize TA values associated with multiple candidate cells for UE-based TA measurement, and the UE capability of maximum number of memorized TA values and the further dropping rules analyzed in sub-section 2.1.1 should be considered as well.
Furthermore, UE reporting of TA values should be considered for UE-based TA measurement. After sending the cell switch command, it can be assumed that UE will apply the TA value associated with the target cell. If UE does not report the TA value, bases station can not know the current TA value applied by UE, and might be incapable of receiving/decoding uplink transmissions from UE successfully due to lacking of the starting point of the uplink frames.
2.3	Number of TA acquired for candidate cells
In RAN1#112 meeting, the following agreement on the maximum number of TA values memorized by UE has been endorsed [2].
	Agreement
If reception of RAR is configured/indicated, RAR contains at least TA of candidate cell.
· The maximum number of TA values memorized by UE is a UE capability
· FFS: whether other parameters such as UE ID, candidate cell ID etc. is contained in RAR


Although it has been agreed that the maximum number of TA values memorized by UE is a UE capability, details of handling the case when a new timing advance value is requested after the number of memorized TA values has reached the maximum number, or additional rules to prevent from the occurrence of case above need further discussion. Some potential options to avoid or handle the case above are considered as follows. 
Due to there are no agreements on acquiring multiple TA values for one candidate cell, only one TA value for one candidate cell is taken into account in the following analysis.
· Option 1: Based on RRC configuration
· Since the basic framework of candidate cell configuration has not been decided by RAN2 yet, it is unclear whether a maximum number of candidate cells can be specified and whether the maximum number of candidate cells equals to the maximum number of memorized TA values.
· It can be conservatively estimated that at least 7 candidate cells can be configured, analogous to Rel-17 ICBM. For Rel-18 L1/L2 triggered mobility, DL/UL synchronization might be operated for multiple candidate cells rather than only for the target cell indicated by the cell switch command. Obviously operating UL synchronization for all configured candidate cells is time-consuming and complicated when the number of candidate cells is large, and will bring additional processing complexity to UE, which is one significant reason to introduce the UE capability, therefore the number of configured candidate cells should be not greater than the UE capability of maximum number of memorized TA values.   
· In this option, the case that the number of timing advance values requested to be memorized exceeds the UE capability can not happen, and additional signaling or rules are not needed.     
· Option 2: Based on activation/deactivation MAC CE
· If restriction of the maximum number of configured candidate cells equals to the maximum number of memorized TA values is not supported, activation/deactivation MAC CE can be used to instruct UE to drop some memorized TA values when the number of memorized TA values exceeds the UE capability.
· Analogous to the TCI state activation MAC CE discussed in our contribution [5], the activation MAC CE can indicate multiple TCI states associated with multiple candidate cells or explicitly indicates identities of multiple candidate cells, where the number of candidate cells indicated by activation MAC CE is not greater than UE capability, UE drops the TA values associated with the candidate cells which are not indicated in the activation MAC CE. Similarly, a deactivation MAC CE can indicate UE to drop the TA values associated with one or more candidate cells.
· In Option 2, the candidate cells indicated by the activation/deactivation MAC CE can be determined by base station based on the L1 measurement and reporting, and the candidate cells having lower possibility to be the target cell can be indicated to UE to drop the corresponding TA values. 
· Option 3: Based on dropping rules at UE side
· Dropping rules can be specified to allow UE to drop memorized TA values and leave room for newly acquired TA values. For instance, when UE receives a RAR indicating a TAC and determines a new TA value, if the number of memorized TA values reaches the maximum number, UE can drop the TA value which is memorized by UE most remotely, and then UE memorizes the new TA value.    
If the number of TA values associated with one candidate cell can be larger than 1 as analyzed below in this section, the total number of TA values requested to be memorized by UE will be quite large, options above should be discussed more.     
Proposal 10: For TA acquisition of candidate cell(s) when reception of RAR is configured, support to consider the following three options to handle the case when the number of acquired TA values exceeds the UE capability of maximum number of memorized TA values.
· Option 1: The number of configured candidate cells should be not greater than the UE capability. 
· Option 2: Introduce a(n) activation/deactivation MAC CE to instruct UE to drop TA values.
· Option 3: Introduce dropping rules at UE side.
In the legacy specification, TAG is applied to manage TA for multiple serving cells in a cell group. For L1/L2 triggered mobility, whether to acquire one or more TAs for a candidate cell is determined by the framework of candidate cell configuration.
· If only serving cell is configured for a candidate cell, each candidate cell requires to acquire one TA and the acquired TA can be associate with the corresponding candidate cell directly.
· If a cell group is configured for a candidate cell, the number of acquired TAs is related to the number of TAGs.
· If the whole cell group is configured with the same TAG, only one TA is needed then. TA acquisition can be operated in PCell only and the acquired TA is shared by all serving cells in the TAG, which means that it will not bring additional complexity compared with the case that only one serving cell is configured for a candidate cell.
· If more than one TAGs are configured for the cell group, TA acquisition based on the framework of TAG should be performed. It should be noted that TA acquisition latency for multiple TAGs is much larger than that for only one TAG due to TA acquisition has to be operated for each TAG individually.
· If only PCell of a candidate cell requires TA acquisition in LTM, and TA acquisition for SCells will be performed after the corresponding candidate cell is switched to be the target cell, UE only needs to acquire one TA value for a candidate cell. 
· As one may argue that MTRP operation should be considered for candidate cell due to the discussion on two TAs enhancement in another agenda item, and then more than one TAs are required for a candidate cell. However, such scenario seems unnecessary, especially when the basic framework of L1/L2 triggered mobility has not been stable yet. In one aspect, single TRP scenario should be considered as a starting point since it is the typical and essential scenario in reality. In another aspect, latency reduction of TA management is the main target for Rel-18 LTM, and taking MTRP operation into consideration will complicate the discussion of Rel-18 LTM. Therefore, we tend to discuss the issue of typical Rel-18 LTM scenario firstly at this stage and discuss MTRP scenario after the overall Rel-18 LTM design is completed or stabilized.
Based on the analysis above, acquiring one TA for a candidate cell should be considered as a starting point to not introduce much complexity and latency to TA management in Rel-18 LTM.
Proposal 11: For TA acquisition of candidate cell(s), support to acquire one TA of each candidate cell.
· FFS: Whether to acquire more than one TAs of a candidate cell, and explicit/implicit mechanism that each TA is associated with a TAG.
3 Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss some potential mechanisms and methods for timing advance acquisition to support mobility latency reduction with the following observations and proposals.
Observation 1: It is not recommended to discuss and design timing advance related aspects for L1/L2 triggered mobility and multi-DCI multi-TRP scenarios together.
Observation 2: Details of the indication fields in PDCCH order for Rel-18 LTM should be clarified based on decisions of RACH resource configuration from RAN2.   
Observation 3: On UE re-transmitting PRACH when reception of RAR is not configured, re-triggering of PRACH by PDCCH order does not outperform than autonomous re-transmission of PRACH in aspect of interruption reduction. 
Observation 4: From our RAN4’s evaluation and analysis, supporting UE-based TA measurement mechanism  should take the following into account.
· Unknown time differences in TA derivation is present due to the existence of uplink timing errors.
· Difference between MRTD and MTTD to estimate the maximum value of downlink time difference between serving cell and target cell.
· Comparing the max timing error (i.e., MTTD-MRTD) with CP,the TA derivation method is feasible in FR1, but might be problematic in FR2-1.

Proposal 1: For PDCCH ordered-RACH for candidate cell(s), RAR should be received from serving cell if reception of RAR is configured.
Proposal 2: Considering latency caused by transferring RAR between target DU and serving DU, one of the following options can be considered when RAR is received from serving cell.
· Option 1: Configure the length of random access response window to be greater than 10 ms.
· Option 2: Introduce rules to postpone the starting point of random access response window.
Proposal 3: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is configured and RAR is received from candidate cell, support to configure Type-1 PDCCH CSS for each candidate cell.
· FFS: Whether UE capability of maximum number of Type-1 PDCCH CSS configured for candidate cells is needed.
Proposal 4: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is configured, support to reuse the signaling structure of the legacy RAR.
Proposal 5: For PDCCH ordered-RACH for candidate cell(s), support updating C-RNTI based on reception of the cell switch command.
· FFS: Whether to introduce C-RNTI field in cell switch command or to configure C-RNTI parameter for each candidate cell. 
Proposal 6: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is not configured, specification impacts on completing the random access procedure should be clarified by RAN1.
Proposal 7: On UE re-transmitting PRACH when reception of RAR is not configured, support UE autonomous retransmission of PRACH and legacy power ramping mechanism for PRACH power control is reused.  
Proposal 8: RACH-less mechanism in LTE should be supported for Rel-18 LTM, e.g., if target cell is small cell, or source and candidate cells belong to the same TAG.
Proposal 9: For TA acquisition of candidate cell(s) before cell switch command, whether to confirm the Working Assumption of UE-based TA measurement in RAN1 should be decided until RAN4 has a preliminary evaluation result and discussion.
Proposal 10: For TA acquisition of candidate cell(s) when reception of RAR is configured, support to consider the following three options to handle the case when the number of acquired TA values exceeds the UE capability of maximum number of memorized TA values.
· Option 1: The number of configured candidate cells should be not greater than the UE capability. 
· Option 2: Introduce a(n) activation/deactivation MAC CE to instruct UE to drop TA values.
· Option 3: Introduce dropping rules at UE side.
Proposal 11: For TA acquisition of candidate cell(s), support to acquire one TA of each candidate cell.
· FFS: Whether to acquire more than one TAs of a candidate cell, and explicit/implicit mechanism that each TA is associated with a TAG.
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