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1. Introduction
In RAN2#121bis-e meeting [1], we have the following agreements on early TA acquisition:
	· From RAN2 perspective, to enable shared preamble resource among multiple UEs, it is beneficial that the information that identifies the allocated CFRA resource (i.e., SS/PBCH index, RACH occasion, and Random Access Preamble index) can be indicated in the PDCCH order (as legacy intra-cell PDCCH order). 
· RRC RACH configuration for early TA acquisition (e.g., including whether RAR needs to be received) is specific per target cell and is signalled separately (separate IEs) from the candidate cell configuration (the part that need to be applied at cell switch).
· R2 assumes that Early TA RACH option 3 (with RAR from candidate cell) is not needed in Rel-18.
· With the assumption that the UE will skip RACH in the target cell if a TA value is given in the cell switch command: It is FFS if the following TA values can be given to the UE: 
- Value 0, 
- Value indicating that the UE shall apply the TA of one source cell. 


[bookmark: _Hlk134459601]In this contribution, we will further discuss some remaining issues on early TA acquisition.
2. Discussion
2.1. Configuration for Early TA Acquisition
PDCCH order
It was agreed that PDCCH order RACH is applied for early TA acquisition. The contents in the existing PDCCH order are as follows:
Table 1: Contents in PDCCH order
	Field (Item)
	Bits
	Reference

	Identifier for DCI formats 
	1
	Always set to 1, meaning this is for DL

	Frequency domain resource assignment
	Variable 
	All ones

	Random access preamble index
	6
	6 bits according to ra-PreambleIndex

	UL/SUL indicator
	1
	For CFRA, to indicate which UL carrier in the cell to transmit the PRACH

	SS/PBCH index 
	6
	For CFRA, the field indicates the SSB that shall be used to determine the RACH occasion for the PRACH transmission

	PRACH Mask index
	4
	For CFRA, the field indicates the RACH PDCCH order occasion associated with the SSB indicated by SS/PBCH index for the PRACH transmission


In our understanding, the contents of current PDCCH order are also needed for early TA acquisition. However, the current PDCCH order doesn’t explicitly indicate in which cell UE should perform RACH. Hence, the PDCCH order should be extended to indicate the candidate cell for early TA acquisition. Since we have agreed the following [2] before:
	· The LTM candidate cell configuration ASN.1 structure comprises at least a CellGroupConfig IE and a configuration ID.


We propose the configuration ID should be included in PDCCH order to indicate the candidate cell for early TA acquisition.
Proposal 1: In addition to the contents in current PDCCH order used to trigger RACH, the configuration ID should be included in the PDCCH order to indicate the candidate cell ID for early TA acquisition.
RRC PRACH occasion configuration
In addition to the PDCCH order, there is some RACH information needs to be configured in RRC RACH configuration. Here, we further discuss these information. Firstly, the detailed frequency location of the PRACH occasion is provided in the RACH-ConfigGeneric IE and the correspondence between SSB and PRACH is provided in the ssb-perRACH-Occasion IE.
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Hence, at least the “RACH-ConfigGeneric” and “ssb-perRACH-Occasion” should be included in RRC RACH configuration for early TA acquisition. 
RAR Monitoring
Regarding whether RAR needs to be received during the early TA acquisition procedure, RAN1 has agreed to configure it with RRC. Hence, an indication on whether RAR needs to be received should be included in RRC RACH configuration for early TA acquisition.
	 Agreement
· Whether RAR needs to be received is configured by RRC.


Duration of timeAlignmentTimer 
In the current TA maintenance procedure, TAT (timeAlignmentTimer) is applied. In our view, the duration of TAT may be different from cell to cell. Hence, the duration of candidate cell’s TAT is always needed for UE to handle the TA value of the candidate cell acquired with the early TA acquisition procedure. Hence, the RRC RACH configuration for early TA acquisition should include the duration of timeAlignmentTimer for candidate cell.
Hence, we have the following proposal:
Proposal 2: The candidate cell specific RRC RACH configuration for early TA acquisition at least includes the following:
· RACH-ConfigGeneric
· ssb-perRACH-Occasion
· indication on whether RAR needs to be received
· the duration of the associated timeAlignmentTimer.
2.2. RAR for Early TA Acquisition
For early TA acquisition with RAR from serving cell, we have not discussed the format of the “RAR”. In the current specification, the RAR is a MAC PDU which consists of one or more MAC subPDUs and optionally padding, the MAC subPDU including a MAC RAR could be reused for early TA acquisition. The corresponding MAC RAR is as follows:


Figure1:MAC RAR
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]The current MAC RAR also includes the UL grant and Temporary C-RNTI besides the TA value. However, early TA acquisition only intends to acquire the TA value, hence the UL grant and Temporary C-RNTI are useless for early TA acquisition. To reduce the signalling overhead, a new “RAR” which indicated the TA value of candidate cell should be introduced for early TA acquisition.
Besides, in the current specification, the RAR is included in PDSCH scheduled by the PDCCH addressed to RA-RNTI. However, the existing RAR monitoring mechanism may lead to confusion if different UEs in the same cell are indicated to perform RACH in different candidate cells via the same preamble index, and RO assocatied to the same RA-RNTI. It is because when RAR is received in the serving cell, both UEs will find the RA-RNTI and RAPID are match and apply the TA value in the RAR.  In addition, UE is not required to simultaneously monitor PDCCHs addressed to RA-RNTI for RAR and C-RNTI for data transmission. Therefore, monitoring RA-RNTI in serving cell will cause extra data transmission interruption. Hence, sending the new “RAR” in the serving cell via PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI is more appropriate.
Proposal 3: For early TA acquisition with RAR case, the RAR is carried in PDSCH scheduled by PDCCH addressed to UE’s C-RNTI.
Proposal 4: For early TA acquisition with RAR case, a new MAC CE is introduced as RAR. The MAC CE includes only TA value of candidate cell.  
If source DU triggers a UE to perform parallel RACH procedures to more than 1 candidate cells for early TA acquisition, the UE couldn’t know the received TA value in RAR is for which candidate cell. To resolve the issue, the following solutions could be considered:
· Option 1: Including cell id in the RAR
· Option 2: Parallel RACH procedures for early TA acquisition to candidate cell is not allowed
Option 2 aligns with current specification, i.e., there is only one Random Access procedure ongoing at any point in time in a MAC entity. Hence, to reduce the complexity, the same principle could be re-used for early TA acquisition.
Proposal 5: RAN2 to confirm there is only one RACH procedure ongoing at any point in time in a MAC entity, no matter the RACH procedure is legacy RACH or RACH for early TA acquisition.
2.3. TA in LTM  Cell Switch Command 
[bookmark: OLE_LINK1]Skip RACH Scenario
In RAN2#121 bis-e meeting, we have the following assumption for UE skip RACH in the target cell:
	With the assumption that the UE will skip RACH in the target cell if a TA value is given in the cell switch command: It is FFS if the following TA values can be given to the UE: 
- Value 0, 
- Value indicating that the UE shall apply the TA of one source cell.


The above two scenarios are the agreed scenarios in LTE RACH-less handover procedure. In LTE, the scenario that TA value is 0 is for small cell deployment and the scenario of UE applying the TA of source cell is for the case the target cell is the current serving cell.  Besides, the TA value of target cell in LTE is included in the HO preparation, in which it uses the ta0-r14 to indicate the TA value of target cell is 0, and use the current TAG to indicate the TA value of the target cell, detail is as follows:
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In our view,  the above two scenarios also exist in NR and are applicable for LTM to reduce the complexity. 
Proposal 6: The following TA values could be included in LTM cell switch command: 
- Value 0, 
- Value indicating that the UE shall apply the TA of one source cell.
Furthermore, regarding how to include the value indicating that the UE shall apply the TA of serving cell in LTM cell switch command, the following options could be considered:
· Option 1: exact TA value is included in LTM cell switch command
· Option 2: Similar to LTE, source TAG indication(i.e. MCG-pTAG/SCG-pTAG/MCG-sTAG/SCG-sTAG) is included in LTM cell switch command
In our view, option 1 couldn’t work, since the exact TA value is maintained by UE.  And UE may adjust the TA value to adapt to DL synchronization changes. The gNB couldn’t know the TA value accurately in this case. Hence, option 2 is preferred. 
Since LTM only involves one cell group, it is not likely for UE to apply the TA of source SCG-pTAG or SCG-sTAG to target PCell. Similarly, it is not like for UE to apply the TA of source MCG-pTAG or MCG-sTAG to target PSCell. Hence, option 2 can be improved as follows: pTAG/sTAG may be included in LTM cell switch command to indicate UE to apply the same TA value of source pTAG/sTAG to target SpCell. Hence we propose:
[bookmark: _Hlk134782374]Proposal 7: To support UE skip RACH in the target cell, source TAG indication(i.e. pTAG or sTAG) may be indicated in LTM cell switch command. The source TAG indication informs UE to apply the TA of one of the source TAGs to the target SpCell. The source TAGs are related to the MAC entity which receives the LTM cell switch command.
Start TAT for the TA value in LTM cell switch command scenario
Regarding how to start TAT for the TA value in LTM cell switch command scenario, we think it makes sense that UE starts the TAT of pTAG which is associated with the target SpCell when UE receives the LTM cell switch command. However, it was argued the time gap from source cell acquiring the TA value to the time when source cell sends the TA value in LTM cell switch command is non-negligible [3]. Hence, if UE starts the TAT when UE receives the LTM cell switch command, the duration of TAT should be adjusted considering the time gap. 
In our understanding, a similar issue exists in LTE RACH-less handover procedure, and the handling of TAT is following[4]:
	when the MAC entity is configured with rach-Skip or rach-SkipSCG:
-	apply timing advance value indicated by targetTA in rach-Skip or rach-SkipSCG for the pTAG;
-	start the timeAlignmentTimer associated with this TAG.


It could be observed the LTE RACH-less handover procedure doesn’t consider the time gap from UE acquiring the TA value of a serving TAG to UE performing RACH-less handover. We think the same principle could be re-used for LTM and additional optimization is not needed. Hence, we propose:
Proposal 8: Reusing LTE RACH-less principle for early TA acquisition without RAR case and TA acquisition without RACH case, i.e., UE starts the TAT of the pTAG upon receiving the LTM cell switch command.
2.4. TA Maintenance for Early TA Acquisition with RAR
In section 2.3, we have discussed how to handle TAT for the case TA value in LTM cell switch command(i.e early TA acquisition without RAR or skip RACH). In this section, We will discuss how to handle TAT for another case, early TA acquisition with RAR.
In current specification, UE starts or restarts the TAT when Timing Advance Command is received, a similar mechanism could be re-used, i.e. UE starts the TAT associated with the candidate cell upon receiving the RAR. 
Proposal 9: For early TA acquisition with RAR case, UE starts the TAT timer associated with the candidate cell upon receiving the RAR. 
Another issue for this case is whether UE should restart the TAT when UE receives the LTM cell switch command while accessing to target cell without RACH. As we have discussed in section 2.3, the time escaped from UE acquiring the TA value of a source cell to UE performing handover isn’t considered in LTE RACH-less handover case. We think a common principle should be used for LTM scenarios. Hence, we propose:
Proposal 10: Reusing LTE RACH-less principle for early TA acquisition with RAR case, i.e., UE restarts the TAT of pTAG associated with the target cell upon the reception of LTM cell switch command if RACH-less LTM is triggered by the LTM cell switch command.
2.5. RAN3 issue
 RACH resource for early TA acquisition preparation 
In RAN2#121bis meeting, RAN2 has agreed that the preamble resources for early TA acquisition could be shared among multiple UEs as the following agreements: 
	· From RAN2 perspective, to enable shared preamble resource among multiple UEs, it is beneficial that the information that identifies the allocated CFRA resource (i.e., SS/PBCH index, RACH occasion, and Random Access Preamble index) can be indicated in the PDCCH order (as legacy intra-cell PDCCH order).  


Observation 1: The CFRA resource for early TA acquisition, e.g., the preamble resource could be shared among multiple UEs.
In our view, the shared resources are per DU allocation and could be acquired by source DU before the LTM procedure. In particular, the RACH resources for early TA acquisition of a target cell are allocated to a DU and could be used by the UEs within the DU during the LTM procedure for early TA acquisition to the target cell if required. 
It is straightforward for intra-DU case since DU has the RACH resource of its controlled cells, additional procedures for the acquisition of the RACH resources is not needed. However, for inter-DU case, one DU doesn’t have the RACH resource of the cells belonging to another DU, hence new procedure may be needed, which is up to RAN3.
Determination of UE identity for shared preambles resource
As we have discussed above, since the RACH resource for early TA acquisition of a candidate cell could be shared by UEs within the same source DU, the candidate cell couldn’t determine the UE identity when it receives the shared preambles from UEs within S-DU, and the source DU couldn’t determine which UE the TA value provided by candidate DU belongs to if it triggers several UEs to the same candidate cells using the shared RACH resources. 
Observation 2: Candidate DU and source DU couldn’t determine which UE the calculated TA value belongs to in case the UEs use the shared preambles resource to perform early TA acquisition.
Proposal 11: Send an LS to RAN3 for the shared RACH resource for early TA acquisition:
· Ask RAN3 to design the Xn procedure for shared RACH resources acquisition for inter-DU early TA acquisition case;
· Informs RAN3 of the information on how to determine the calculated TA value belonging to which UE.
3. Conclusion
In this contribution, we discuss some issues on early TA acquisition. Based on the discussion, we have the following observation and proposals.
Configuration for early TA acquisition
Proposal 1: In addition to the contents in current PDCCH order used to trigger RACH, the configuration ID should be included in the PDCCH order to indicate the candidate cell ID for early TA acquisition.
Proposal 2: The candidate cell specific RRC RACH configuration for early TA acquisition at least includes the following:
· RACH-ConfigGeneric
· ssb-perRACH-Occasion
· indication on whether RAR needs to be received
· the duration of the associated timeAlignmentTimer.
RAR for early TA acquisition
Proposal 3: For early TA acquisition with RAR case, the RAR is carried in PDSCH scheduled by PDCCH addressed to UE’s C-RNTI.
Proposal 4: For early TA acquisition with RAR case, a new MAC CE is introduced as RAR. The MAC CE includes only TA value of candidate cell.  
Proposal 5: RAN2 to confirm there is only one RACH procedure ongoing at any point in time in a MAC entity, no matter the RACH procedure is legacy RACH or RACH for early TA acquisition.
TA in LTM cell switch command 
Proposal 6: The following TA values could be included in LTM cell switch command: 
- Value 0, 
- Value indicating that the UE shall apply the TA of one source cell.
Proposal 7: To support UE skip RACH in the target cell, source TAG indication(i.e. pTAG or sTAG) may be indicated in LTM cell switch command. The source TAG indication informs UE to apply the TA of one of the source TAGs to the target SpCell. The source TAGs are related to the MAC entity which receives the LTM cell switch command.
Proposal 8: Reusing LTE RACH-less principle for early TA acquisition without RAR case and TA acquisition without RACH case, i.e., UE starts the TAT of the pTAG upon receiving the LTM cell switch command.
TA Maintenance for Early TA Acquisition with RAR
Proposal 9: For early TA acquisition with RAR case, UE starts the TAT timer associated with the candidate cell upon receiving the RAR. 
Proposal 10: Reusing LTE RACH-less principle for early TA acquisition with RAR case, i.e., UE restarts the TAT of pTAG associated with the target cell upon the reception of LTM cell switch command if RACH-less LTM is triggered by the LTM cell switch command.
RAN3 issue
Observation 1: The CFRA resource for early TA acquisition, e.g., the preamble resource could be shared among multiple UEs.
Observation 2: Candidate DU and source DU couldn’t determine which UE the calculated TA value belongs to in case the UEs use the shared preambles resource to perform early TA acquisition.
Proposal 11: Send an LS to RAN3 for the shared RACH resource for early TA acquisition:
· Ask RAN3 to design the Xn procedure for shared RACH resources acquisition for inter-DU early TA acquisition case;
· Informs RAN3 of the information on how to determine the calculated TA value belonging to which UE.
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