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1 Introduction
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
2.1	Power control for PRACH transmission
In RAN1#113 meeting, the following agreement related to PRACH transmission power determination was endorsed [1].
	Agreement
On the determination of the PRACH transmission power when reception of RAR is not configured, a 1-bit field in PDCCH order explicitly indicating initial transmission or retransmission of PRACH, FFS
· UE will increase the power with the value of power ramping configuration if it is indicated as re-transmission, unless the max allowed power is achieved
· whether/how to reset the counter


Regarding the indication of retransmission and initial transmission, it has been captured in the draft CR for 38.212 as follows [2].
	7.3.1.2.1	Format 1_0
< Unchanged parts are omitted >
-	Cell indicator – x bits indicating the cell for the corresponding PRACH transmission if the UE is configured with higher layer parameter XYZ; 0 bit otherwise.  
-	PRACH retransmission indicator – 1bit indicating initial transmission or retransmission of PRACH according to Table 7.3.1.2.1-3, if the UE is configured with higher layer parameter XYZ and the cell indicated by Cell indicator field is a candidate cell; this field is reserved if the UE is configured with higher layer parameter XYZ and the cell indicated by Cell indicator field is a serving cell but not a candidate cell; 0 bit otherwise. 
< Unchanged parts are omitted >


As captured in draft CR for 38.213 [3], PRACH transmission power control mechanism reuses the legacy definition, where power ramping is performed by higher layers based on a counter.
	7.4	Physical random access channel
A UE determines a transmission power for a physical random access channel (PRACH), , on active UL BWP  of carrier  of cell  based on DL RS for cell  in transmission occasion  as 
	 [dBm],
where 
-	 is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3] for carrier  of cell  within transmission occasion , 
-	 is the PRACH target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the active UL BWP  of carrier  of cell , and
-	 is a pathloss for the active UL BWP  of carrier  based on the DL RS associated with the PRACH transmission on the active DL BWP of cell  and calculated by the UE in dB as referenceSignalPower – higher layer filtered RSRP in dBm, where RSRP is defined in [7, TS 38.215] and the higher layer filter configuration is defined in [12, TS 38.331]. If the active DL BWP is the initial DL BWP and for SS/PBCH block and CORESET multiplexing pattern 2 or 3 as described in clause 13, or for a non-serving cell, the UE determines  based on the SS/PBCH block associated with the PRACH transmission.
< Unchanged parts are omitted >


Although PRACH retransmission indicator and the power ramping mechanism have been captured, it is unclear how to determine PRACH transmission power based on the PRACH retransmission indicator, hence the following two open issues should be considered.
2.1.1 PRACH transmissions associated with the same power ramping operation
In legacy, power ramping is performed for PRACH transmissions associated with the same random access procedure or the same PDCCH order. However, PRACH transmissions which requires power ramping are triggered by individual PDCCH order for RAR-less solution, hence a rule of associating PRACH transmissions with the same power ramping operation is considered.
Analogous to DAI counting or power control adjustment that UE needs to perform counting or accumulation for signals/channels associated with the same HARQ process ID or power control adjustment state index, UE needs to perform power ramping for PRACH transmissions associated with same TA acquisition operation in RAR-less solution.
· Option 1: Power ramping is performed for PRACH transmissions in response to PDCCH order indicating the same candidate cell. 
· In Option 1, as TA update can be triggered by PDCCH order as well, an error case may happen. If a PDCCH order indicating PRACH initial transmission for TA update of a candidate cell is missed by UE and UE receives another PDCCH order indicating PRACH retransmission for TA update, UE will consider it as a PDCCH order indicating PRACH retransmission for the last TA acquisition operation rather than TA update, and then PRACH transmission power may be much larger than the expected one.
· For the sake of preventing from the error case, a timer based or time gap based method should be introduced. Since time gap between a TA acquisition operation and a request of TA update ought to be larger than that between PRACH transmissions of a TA acquisition operation, if UE receives a PDCCH order a time duration after a former PDCCH order, the latter PDCCH order should be considered to trigger a PRACH transmission for TA update. By this way, UE can recognize the PDCCH order indicating PRACH retransmission is for TA update even though a former PDCCH order indicating initial transmission for TA update has not been received by UE.
· Option 2: Power ramping is performed for PRACH transmissions in response to PDCCH order indicating the same candidate cell and SSB.
· Option 2 can basically avoid the error case as mentioned in Option 1. Meanwhile, SSB indicated by PDCCH order may represent a proper beam direction between UE and network, hence for the same TA acquisition operation, the same SSB can ensure the same beam direction and pathloss RS of PRACH transmissions. If the SSB indicated by PDCCH order is changed, the best beam direction may need to be changed as well due to the UE mobility. In such case, a new TA acquisition operation, i.e., TA update, should be triggered.   
Proposal 1: For RAR-less solution to acquire TA for candidate cells, consider one of the following options to associate PRACH transmissions to power ramping operation.
· Option 1: Power ramping is performed for PRACH transmissions in response to PDCCH order indicating the same candidate cell.
· Introduce a timer or time duration to avoid confusion of PRACH transmissions of different TA acquisition operations.
· Option 2: Power ramping is performed for PRACH transmissions in response to PDCCH order indicating the same SSB besides the same candidate cell.
2.1.2 Operations on the counter for power ramping
For PRACH transmissions associated with the same power ramping operation as analyzed in sub-section 2.1.1, operations of the counter, e.g., to be reset and incremented, are considered as follows.
· The counter is reset to 0 for a PRACH transmission in response to a first received PDCCH order associated with a TA acquisition operation. 
· The counter is reset to 0 for the PRACH transmission indicated as initial transmission.
· The counter is reset to 0 for the PRACH transmission indicated as retransmission when a former PDCCH order indicating either initial transmission or retransmission is not received by UE.  
· The counter is incremented by 1 for a PRACH retransmission associated with a TA acquisition operation.
· In legacy, if the number of PRACH transmission associated with a random access procedure has reached the maximum value, the random access procedure is considered unsuccessfully completed. In such case, a new random access procedure will be requested. For RAR-less solution, whether to trigger a new TA acquisition procedure can be controlled by network, hence it is not needed to reuse the legacy rule to restrict the PRACH transmission power, and whether to continuously adjust PRACH transmission power via power ramping or to re-trigger a new PRACH transmission should be up to network. 
· When PRACH transmission power after power ramping exceeds the power limitation (e.g., PCMAX), UE will reduce the transmission power to be not greater than the limitation, hence whether the counter for power ramping is incremented or not when the power limitation is reached has no great difference. One benefit of increment of the counter is not impacted by PRACH transmission power is that the transmission power is not needed to be informed to MAC layer.
Proposal 2: For RAR-less solution to acquire TA for candidate cells, support to reset or increment the counter for PRACH transmission power ramping as in the following. 
· The counter is reset to 0 for a PRACH transmission in response to a first received PDCCH order associated with a TA acquisition operation.
· The counter is incremented by 1 for a PRACH retransmission associated with a TA acquisition operation.
· FFS: Whether the counter is incremented or not if transmission power of the PRACH has reached the power limitation (e.g., PCMAX).    
2.2	Coexistence of RAR-less solution and UE-based TA measurement 
Till now, both of the RAR-less solution and UE-based TA measurement have been supported to acquire TA values of candidate cells in Rel-18 LTM, nevertheless whether these two solutions can be operated by UE simultaneously or not is not clear. The following tends to clarify the coexistence issue.
· Option 1: Coexistence is not allowed. 
· In Option 1, UE can be configured with either RAR-less solution or UE-based TA measurement for candidate cells commonly or individually, and PDCCH ordered RACH will not be triggered for candidate cells configured with UE-based TA measurement.
· Option 2: Coexistence is allowed.
· For cases when UE-based TA measurement is not reliable enough, UE should be indicated to acquire TA based on PDCCH ordered RACH rather than UE-based TA measurement. Compared with reconfiguration of the TA acquisition solution, UE is allowed to transmit PRACH in response to the PDCCH order even if UE-based TA measurement is configured can benefit interruption time reduction.
· Furthermore, UE might be configured with UE-based TA measurement for all candidate cells initially, and then network may determine a subset of candidate cells among all candidate cells to be the potential target cells based on the measurement and report. In such case, network may need to acquire more reliable TA values for the subset of candidate cells based on PDCCH ordered RACH, and allowing the coexistence of these two solutions can spend quite less time to acquire TA value based on PDCCH ordered RACH.
For the sake of reliability and flexibility, coexistence of RAR-less solution and UE-based TA measurement should be supported.
Proposal 3: For TA acquisition for candidate cell(s), PRACH transmission can be triggered to acquire TA for a candidate cell when UE-based TA measurement is configured. 
2.3	PRACH transmission collision
In RAN1#113 meeting, the following agreement on collision handling of PRACH transmission to a candidate cell has been endorsed [1].
	Agreement
· For PDCCH-order based PRACH for candidate cell, If UE capability does not support simultaneous/parallel transmissions, when the PRACH transmission to a candidate cell other than current serving cell(including any interruption due to processing time to build the PRACH transmission, carrier or/and BWP switching time if any, UL or DL RF retuning time if any, additional preparation time if any) happen to overlap over one or more symbols or have a time gap below a certain threshold (e.g., N symbols, FFS: the value of N) with following UL transmission to one of the serving cells
· PRACH transmission 
· PUCCH/PUSCH transmission carrying HARQ-ACK, SR, P/SP CSI, aperiodic CSI 
· SRS transmission
· Any other PUCCH/PUSCH transmission
· Down-select the UE behavior in this case
· Alt 1: Dropping rule is needed 
· Alt 2: up to UE implementation


If UE capability does not support simultaneous/parallel transmissions, when the PRACH transmission to a candidate cell overlaps with uplink transmission(s), only one of the overlapped uplink transmissions can be transmitted and the others will be dropped. Since the overlapping case is quite complex, it is hard to specify a dropping rule. For instance, a PRACH transmission to a candidate cell corresponds to the highest RSRP measurement value should not be dropped in case of overlapping, since network might need to acquire or update the TA value as soon as possible. But, if a PRACH transmission towards a candidate cell is triggered much earlier than network transmitting the cell switch command, the PRACH transmission might not be urgent, hence it can be dropped.
Proposal 4: For PDCCH-order based RACH for candidate cell(s), if UE capability does not support simultaneous/parallel transmissions, when PRACH transmission to a candidate cell overlaps with UL transmissions to serving cell, support of up to UE implementation to handle the overlapping issue.
In legacy, transmission power allocation priority rule specified in clause 7.5 TS 38.213 is applied to the case when PRACH transmission overlaps with other uplink transmissions and simultaneous/parallel transmission is supported.
For the case when PRACH transmission to a candidate cell overlaps with uplink transmissions to serving cell and UE supports simultaneous/parallel transmission, transmission power allocation priority rule should be reused, and the prioritization of the PRACH transmission to a candidate cell should be specified.
· If a PRACH transmission to a candidate cell can be regarded as a PRACH transmission on the PCell.
· It should have the highest priority in transmission power allocation as in legacy.
· If a PRACH transmission to a candidate cell can be regarded as a PRACH transmission on a serving cell other than the PCell.
· When transmission power to be allocated for uplink transmissions is insufficient, the uplink transmission with lower priority might be canceled. Considering uplink synchronization for candidate cell during LTM might be more significant than most uplink transmissions to serving cell, it is inappropriate to reuse the legacy rule. 
· If a PRACH transmission to a candidate cell can not be regarded as a PRACH transmission to either PCell or SCell.
· Whether a PRACH transmission to a candidate cell have a highest priority or a priority same as PUCCH/PUSCH should be further discussed.
· From perspective of significance, a PRACH transmission to a candidate cell should at least be prior to PUCCH/PUSCH transmissions with lower priority index. 
Proposal 5: For PDCCH-order based RACH for candidate cell(s), if UE capability supports simultaneous/parallel transmissions, when PRACH transmission to a candidate cell overlaps with UL transmissions to serving cell, support to specify the prioritization of PRACH transmission to a candidate cell on the top of legacy transmission power allocation priority rule.
· FFS: PRACH transmission to a candidate cell has the same priority as PUCCH/PUSCH to serving cell.

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 proposals.
Proposal 1: For RAR-less solution to acquire TA for candidate cells, consider one of the following options to associate PRACH transmissions to power ramping operation.
· Option 1: Power ramping is performed for PRACH transmissions in response to PDCCH order indicating the same candidate cell.
· Introduce a timer or time duration to avoid confusion of PRACH transmissions of different TA acquisition operations.
· Option 2: Power ramping is performed for PRACH transmissions in response to PDCCH order indicating the same SSB besides the same candidate cell.
Proposal 2: For RAR-less solution to acquire TA for candidate cells, support to reset or increment the counter for PRACH transmission power ramping as in the following. 
· The counter is reset to 0 for a PRACH transmission in response to a first received PDCCH order associated with a TA acquisition operation.
· The counter is incremented by 1 for a PRACH retransmission associated with a TA acquisition operation.
· [bookmark: _GoBack]FFS: Whether the counter is incremented or not if transmission power of the PRACH has reached the power limitation (e.g., PCMAX).
Proposal 3: For TA acquisition for candidate cell(s), PRACH transmission can be triggered to acquire TA for a candidate cell when UE-based TA measurement is configured.
Proposal 4: For PDCCH-order based RACH for candidate cell(s), if UE capability does not support simultaneous/parallel transmissions, when PRACH transmission to a candidate cell overlaps with UL transmissions to serving cell, support of up to UE implementation to handle the overlapping issue.
Proposal 5: For PDCCH-order based RACH for candidate cell(s), if UE capability supports simultaneous/parallel transmissions, when PRACH transmission to a candidate cell overlaps with UL transmissions to serving cell, support to specify the prioritization of PRACH transmission to a candidate cell on the top of legacy transmission power allocation priority rule.
· FFS: PRACH transmission to a candidate cell has the same priority as PUCCH/PUSCH to serving cell.
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