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Introduction
In RAN1#112bis-e meeting, following agreements on TA management for R18 L1/L2 triggered mobility were achieved [1]:
	Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured, UE autonomous re-transmission of PRACH is not allowed, regardless of the configuration of PreambleTransMax.
Agreement
When reception of RAR is configured, support RAR is received from serving cell at least in intra-DU case. 
Agreement
When reception of RAR is configured, support RAR is received from serving cell in inter-DU case.
-	FFS: RA response window related issues
Agreement 
For PDCCH ordered RACH mechanism in R18 LTM, when reception of RAR is configured, 
· the UE stores(remembers/maintains/handles) a TA for at least one candidate cell
· storing(remembering/maintaining/handling) corresponding TAs for more than one candidate cell is up to UE capability
· detailed number of candidate cell is up to UE capability 
Agreement
For PDCCH-order based PRACH for candidate cell study the following issues:
· whether/how prioritizations for transmission power reduction for a PRACH transmission to a LTM candidate cell is performed
· whether/how prioritizations for prioritization of a PARCH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission
Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured
· Whether power ramping is performed or not is determined from PDCCH order
· If power ramping is performed, 
· whether PRACH is an initial transmission or retransmission is explicitly indicated in PDCCH order (FFS exact indication mechanism)
· power ramping-up value is configured 
· else, the power should be determined by open-loop power control


RACH-based TA scheme
Significant progress has been made on RACH based TA scheme in the last meetings and the basic framework of RACH-based (i.e., PDCCH order triggered RACH) initial TA acquisition is clear. Some details, e.g., the priority of PRACH transmission, and RA response window need further discussion. Besides, TA maintenance also should be discussed when the reception of RAR is configured.
Initial TA acquisition for candidate cell(s)
Timeline of initial TA acquisition
As shown in Figure 1, the simplest initial TA acquisition scheme is that PDCCH order only triggers UE to send Msg1 to one candidate cell at a time. After PRACH transmission is complete, UE will switch back to the source cell to perform data transmission and reception. If the candidate cell receives the Msg1 successfully, the candidate cell calculates the corresponding TA value and then packages the TA value and information identifying the UE or PRACH resource to send to the source cell. The source cell delivers the TA value to the corresponding UE.  Similar to legacy RACH procedure, once UE receives the TA value of the candidate cell within a predefined window, the process of initial TA acquisition is complete. While if UE does not receive the TA value of the candidate cell within the predefined window, another PRACH transmission would be started if the transmission times do not exceed the maximum number of transmissions, i.e., PreambleTransMax. 


Timeline of initial TA acquisition
To simplify the timeline of initial TA acquisition,
· PDCCH order only triggers UE to send Msg1 to one candidate cell at a time;
· Legacy RACH procedure can be reused, i.e., if UE receives the TA value of the candidate cell within a predefined window, the process of initial TA acquisition is complete; if not, autonomous re-transmission of PRACH would be performed when the transmission times do not exceed the value of PreambleTransMax.
PRACH transmission
[bookmark: _Hlk131791245]Two remaining issues about PRACH transmission are transmission power reduction for PRACH transmission and prioritization of PRACH transmission. For prioritization of PRACH transmission, it applies to the case that PRACH transmission to an LTM candidate cell is overlapped in time and frequency domain with serving cell UL transmission. Since the PRACH transmission is triggered by the network and serving cell UL transmission is also configured or scheduled by the network, the most straightforward way is to avoid such collision by gNB scheduling. If the network scheduling can ensure PRACH transmission to an LTM candidate cell and serving cell UL transmission do not overlap in time and frequency domain, transmission power reduction is not needed as parallel transmission of PRACH on candidate cell and PUSCH/PUCCH/SRS on serving cell does not happen. For parallel transmission of PRACH on CCs, UE can only maintain one RACH procedure in the current specification, which means UE can only perform PRACH transmission to an LTM candidate cell at a time. And, the network can ensure the transmission power of the PRACH transmission does not exceed the threshold.
Overlapping in the time and frequency domain of PRACH transmission to an LTM candidate cell and serving cell UL transmission should be avoided by gNB scheduling.
Reception of RAR
When reception of RAR is configured, according to agreement in RAN1#112b-e, RAR is received from serving cell in both intra-DU or inter-DU scenarios. Whether the RAR information is carried in RAR MAC PDU and MAC CE was discussed without any consensus. In our view, MAC CE to carry the TA value of the candidate cell is more reasonable. In the current specification, the RAR is included in PDSCH scheduled by the PDCCH addressed to RA-RNTI. However, the serving cell cannot determine the PRACH occasion on which UE transmits the preamble, so it cannot calculate the corresponding RA-RNTI. For using the RA-RNTI of the serving cell, it requires the serving cell to reserve some RA-RNTI to achieve UE-specific RA response or UE id needs to be included in the RAR.  In addition, UE is not allowed to simultaneously monitor PDCCHs addressed to RA-RNTI for RAR and C-RNTI for data transmission. Hence, if RAR information for the candidate cell is carried in the legacy RAR, the normal data transmission in the serving cell will be interrupted when UE monitors the RAR.  The function of RAR in LTM is to inform UE of the TA value of the candidate cell. Rather than interrupting transmission in the serving cell, the TA value of candidate cell(s) carried in MAC CE, which is carried by PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI from the serving cell, is more appropriate. 
For early TA acquisition with reception of RAR configured, the RAR information is carried by MAC CE, which is scheduled by PDCCH with CRC scrambled by the concerned UE’s C-RNTI from the serving cell. 
As mentioned in section 2.1.1, a RAR window should be pre-defined and some additional elements need to be taken into account for the design of the window, e.g., candidate cell and source cell are in different DUs and/or different frequency layers. For example, the RAR window starts with the last symbol of the PRACH transmission + max (X, Y) msec. X is RF retuning time and Y is the duration required for the exchange of information over F1 interface. And, after transmitting the preamble, the UE will monitor the RAR within the pre-defined window. If the MAC CE is not monitored, similar to legacy RACH procedure, another PRACH transmission would be triggered if the transmission times do not exceed the maximum number of re-transmissions. 
As for the contents of the RAR, other information such as candidate cell identity and UE id are not needed. According to the current specification, UE only maintains one RACH procedure. UE cannot transmit preamble to another candidate cell until receiving the RAR containing TA value of the candidate cell indicated in the last DCI. Therefore, there is no confusion between TA value and candidate cell. Since only CFRA triggered by PDCCH order has been agreed so far, when receiving exchanged information over F1 interface containing UE id and/or PRACH resource indicator, the serving cell could determine the corresponding UE and then send the MAC CE to the UE. 
[bookmark: _Hlk131791441]If RAR is received from the serving cell before the cell switch command is supported, 
· The duration of time gap between the end of preamble transmission and the start of the RAR window should take FR retuning time and duration for exchange of information over F1 interface into account;
· Besides TA value, other information such as candidate cell identity and UE id are not needed in RAR.
TA maintenance for candidate cell(s)
After receiving the MAC CE carrying the TA value to achieve initial time alignment for candidate cells, multiple TAs for candidate cells could be maintained by UE before handover. Thus, when receiving the cell switch command, UE can transmit UL signals based on the maintained timing advance towards the target cell at once.  And in the last meeting, it was agreed that UE maintains a TA for at least one candidate cell and maintaining corresponding TAs for more than one candidate cell is up to UE capability.
As for the maintenance methods of multiple TAs, UE-based TA measurement should be considered. For asynchronous scenarios, after initial time adjustment for candidate cell(s) achieved by early RACH procedure, the time offset p between the serving cell and candidate cell(s) can be calculated by utilizing two initial TA values received from two RACH procedures and the DL timing difference between serving cell and candidate cell(s) measured by UE, and TAs for candidate cell(s) can maintained by UE-based TA measurement. Corresponding details are referred to R1-2300475.
TA maintenance based on UE-based TA measurement has minimum spec impact, because once the TAC for the serving cell is indicated and other TACs for candidate cells can be acquired by UE implementation. Compared to the network-initiated RACH to update TA for candidate cell(s) agreed in the RAN1#111 meeting [2], it could save significant RACH overhead, especially when the number of candidate cells is large. Therefore, the following working assumption of UE-based TA measurement should be confirmed.
	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


Confirm the work assumption on UE-based TA measurement.
If the number of cells configured with the reception of TA value is larger than the maximum number of TAs UE can maintain, and if multiple TA maintenance based on UE-based TA measurement is supported by UE, in this case the network would not have knowledge of which candidate cell TA is maintained by the UE, such that when transmitting cell switch command, the network cannot judge whether the TA for the target is valid or not. To avoid confusion, a default mapping rule for TA maintenance by UE should be introduced, such as the UE only maintains TA for the first N cells in the list of candidate cells configured with the reception of TA value before cell switch. Or an indicator for TA maintenance by UE should be introduced in the RAR for candidate cell before cell switch. In another way, the root of the confusion is the number of cells configured with the reception of TA value is larger than the maximum number of TAs UE can maintain. Therefore, the most straightforward way is to limit the number of cells configured with the reception of TA value is no more than the maximum number of TAs UE can maintain. 
If the multiple TA maintenance based on UE-based TA measurement is supported by UE, it is not expected that the number of cells configured with the reception of TA value before cell switch is larger than the maximum number of TAs UE can maintain.
TAT related issues
If maintenance of TA(s) for at least one candidate cell is supported by UE, the TAT-related issues should be further discussed, e.g., TAT configuration, and the condition of TAT to be started/restarted. To simplify multiple TA maintenance procedures, independent TAT configuration should be supported. As shown in Figure 4, serving cell and candidate cells are associated with 4 TAGs, and each TAG is configured with TAT. When UE receives initial TA value or relative TAC, the corresponding TAT would be started/restarted. 
Support independent TAT configuration for candidate cell(s), and when UE receives initial TA value, corresponding TAT would be started.


TAG configuration for candidate cell(s)
When UE receives a PDCCH order from the PCell, it would send a preamble to candidate cell#2. If RAR is received by UE within a pre-defined window, the TAT associated with TAG#2 would be started. In the procedure of TA maintenance, if multiple TAs are maintained by UE-based TA measurement with one TAC from the serving cell, once receiving one TAC associated with TAG#1 from the serving cell, UE would calculate and update the TA value for TAG#1, TAG#2, TAG#3 and TAG#4 respectively. Due to the TA updating, the TATs associated with TAG#1, TAG#2, TAG#3 and TAG#4 need to be restarted. 
For UE-based TA measurement, when one TAC is received for the serving cell, all running TAT(s) associated with candidate cell(s) that UE maintains need to be restarted.
Conclusions 
1. To simplify the timeline of initial TA acquisition,
· PDCCH order only triggers UE to send Msg1 to one candidate cell at a time;
· Legacy RACH procedure can be reused, i.e., if UE receives the TA value of the candidate cell within a predefined window, the process of initial TA acquisition is complete; if not, autonomous re-transmission of PRACH would be performed when the transmission times do not exceed the value of PreambleTransMax.
Overlapping in the time and frequency domain of PRACH transmission to an LTM candidate cell and serving cell UL transmission should be avoided by gNB scheduling.
For early TA acquisition with reception of RAR configured, the RAR information is carried by MAC CE, which is scheduled by PDCCH with CRC scrambled by the concerned UE’s C-RNTI from the serving cell. 
If RAR is received from the serving cell before the cell switch command is supported, 
· The duration of time gap between the end of preamble transmission and start of the RAR window should take FR retuning time and duration for exchange of information over F1 interface into account;
· Besides TA value, other information such as candidate cell identity and UE id are not needed in RAR.
Confirm the work assumption on UE-based TA measurement.
1. 
1. 
1. 
1. 
1. 
1. If the multiple TA maintenance based on UE-based TA measurement is supported by UE, it is not expected that the number of cells configured with the reception of TA value before cell switch is larger than the maximum number of TAs UE can maintain.
Support independent TAT configuration for candidate cell(s), and when UE receives initial TA value, corresponding TAT would be started.
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. For UE-based TA measurement, when one TAC is received for the serving cell, all running TAT(s) associated with candidate cell(s) that UE maintains need to be restarted.
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