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1. Introduction 
In RAN2#121, the baseline stage-2 running CR was endorsed for further update [1], and early DL/UL synchronization is added as step 4 of LTM. And in RAN1#111 and RAN1#112, two LSes on RAN1 agreements for L1/L2-based inter-cell mobility were sent to RAN2 respectively [2][3], which contain more information about the details of early UL synchronization, i.e., early TA acquisition of candidate cells.
In this paper, we further discuss the follow-up RAN2 work for early TA acquisition.
2. Discussion 
2.1 Background information
The baseline procedure of LTM is illustrated as below [1]. In step 2, the gNB transmits an RRCReconfiguration message to the UE including the configuration of one or multiple LTM candidate target cells.  And in step 4, the UE may perform DL synchronization and TA acquisition with candidate target cell(s) before receiving the LTM cell switch command.



Figure 1: Signaling procedure for LTM

In our previous paper [4], we provided a draft TP for stage-2 running CR to capture some high-level description of early TA acquisition based on RAN1 agreements. And the whole procedure of early TA acquisition can be split into 3 steps, i.e., configuration, execution, and TA updating, as illustrated in Figure 2.




Figure 2: Signaling procedure for early TA acquisition

Based on the RAN1 agreements made in RAN1#111 [2], the “execution phase” is still under discussion, i.e., FFS on whether RAR is used for providing TA value to UE. If RAR is needed, UE can obtain the TA from RAR, which means it’s before the reception of cell switch command; if RAR is not needed, TA value of candidate cell is indicated in cell switch command, which means UE doesn’t get TA value before LTM execution. This FFS also impacts the discussion on TA updating, i.e., it’s not clear whether the UE needs to get involved in TA maintenance work, or it’s all up to network implementation to handle. 

And in RAN1#112 [3], “For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated” was agreed. And “If reception of RAR is not configured/indicated, TA value of candidate cell is indicated in cell switch command”. But it’s still an FFS “If reception of RAR is configured/indicated, whether RAR is received from serving cell or candidate cell”. Furthermore, “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 this agreement”.

Currently RAN2 can discuss the “configuration” of early TA acquisition, which is in RAN2 scope. And RAN2 should also discuss the feasibility of different RAR options. In total, there are three discussion points to address in this paper as follows:
1. [bookmark: _Hlk126062589]How to configure CFRA resource of candidate cells.
2. [bookmark: _Hlk126062638]How to handle the resource allocation of preamble for a candidate cell.
3. Analysis of different RAR options, i.e., without RAR, with RAR from serving cell and with RAR from candidate cell.
 

2.2 How to configure CFRA resource of candidate cells
The configuration of early TA acquisition is provided to UE from source cell prior to the transmission of PDCCH order. As explained in Table 1, the PDCCH order itself contains some configuration of preamble, such as preamble index, SSB index and the RACH occasion index. And in early TA acquisition case, the PDCCH order also contains the indication of candidate cell, e.g., a candidate configuration index of a candidate cell. But PDCCH order alone is not sufficient, other necessary PRACH configurations have to be provided by RRC message, e.g., cell specific RACH parameters (IE RACH-ConfigCommon).
Table 1. DCI format 1_0 used for PDCCH order
	DCI fields
	Meaning 

	Identifier for DCI formats
	The value of this bit field is always set to 1, indicating a DL DCI format

	Frequency domain resource assignment
	If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order

	Random Access Preamble index
	This field contains 6 bits. It indicates which Random access preamble to use in case of Contention Free Random Access(CFRA)  or the value 000000 in the case of  Contention based Random Access(CBRA) procedure

	UL/SUL indicator
	‘0’ for the non-supplementary uplink, and ‘1’ for the supplementary uplink

	SS/PBCH index
	If the value of the "Random Access Preamble index" is not all zeros, this field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this field is reserved.

	PRACH Mask index
	If the value of the "Random Access Preamble index" is not all zeros, this field indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH transmission; otherwise, this field is reserved

	Reserved bits
	10 bits



There are two options to provide RACH parameters of a candidate cell for early TA acquisition.

Option 1: RACH configuration is included in the candidate cell RRC model.
[bookmark: _Hlk126061097]In current RRC model design, a RRCReconfiguration Message or an IE CellGroupConfig can be used for a candidate cell. Based on current ASN.1 structure, the common RACH configuration parameters are already available within IE ReconfigurationWithSync. Furthermore, there is a field rach-ConfigDedicated within IE ReconfigurationWithSync to provide CFRA configuration. 
If we follow this way, i.e., CFRA resource is configured in RRC message for a candidate cell, PDCCH order only needs to indicate which candidate cell is triggered for early TA acquisition. Or if CFRA resource is not configured in RRC message, which means the common RACH configuration is provided by RRC, and dedicated preamble configuration for CFRA (and also the candidate cell ID for early TA acquisition) is provided by PDCCH order only.
Option 2: separate configuration, i.e., not a part of LTM candidate cell RRC model.
Although option 1 can work, we still see two drawbacks of it. The first one is UE has to decode the candidate cell’s configuration before it’s selected as the target cell, which may lead to some unnecessary decoding operation at UE side. The second one is option 1 includes the RACH configuration for early TA as part of the LTM candidate cell configuration, thus the reconfiguration of RACH parameters can’t be done without touching the LTM candidate cell configuration. 
To avoid unnecessary decoding (e.g. the UE may partially decode just the RACH configuration for early TA acquisition) and make this procedure more flexible (e.g., the preamble configuration can be generated/updated later separately), the RACH configuration for early TA acquisition of a candidate cell can be a separate configuration as illustrated in Figure 3. Similar to option 1, this separate configuration can only include common RACH configuration parameters, then PDCCH order provides the remaining preamble configuration, or, this separate configuration can include all CFRA configuration parameters, then the PDCCH order only contains the indication of candidate cell ID (candidate configuration index). 



Figure 3: separate RACH configuration for early TA acquisition
According to the latest RAN1 agreement as below, additional RRC configuration is needed for RAR reception. Since this indication is for the early TA before reception of Cell Switch Command, it makes more sense to provide this configuration out of the candidate cell RRC model.
	Agreement
Whether RAR needs to be received is configured by RRC.



Proposal 1: RRC RACH configuration for early TA acquisition (e.g., including whether RAR needs to be received) is signalled separately to the candidate cell configuration.

2.3 How to handle the resource allocation of preamble for a candidate cell

The preamble resource is configured by the combination of SSB index, PRACH mask index and preamble index as illustrated in Figure 4. Since one SSB index could map to multiple PRACH occasions, e.g., ssb-perRACH-Occasion is oneFourth and PRACH Mask Index is 0, this means all 4 PRACH occasions can be used for preamble transmission. And in each PRACH occasion, the preamble with the configured preamble index can be transmitted by UE. In total, there are 4 preamble resources that can be used by UE.




[bookmark: _Hlk130287967]Figure 4: the configuration of Preamble resources


Preamble resource for early TA acquisition towards a candidate cell is allocated by this candidate cell. And there are two major options of preamble resource allocation.
Option 1: preamble resource is UE specific.
If CFRA resource (including SS/PBCH index, RACH occasion, and Random Access Preamble index) is configured in RRC, this resource is UE specific and can’t be used by other UEs.
Option 2: preamble resource can be shared by multiple UEs.
If only cell specific RACH configuration is provided in RRC, and PDCCH order indicates the other (UE specific) CFRA configuration, it can enable shared preamble resource by multiple UEs. E.g., the UE measures SSB beams of candidate cells and reports L1/L3 measurement results to source cell, then based on measurement report source cell selects a candidate cell, a PRACH occasion and a preamble according to a SSB index (e.g., this SSB is with the highest RSRP of this candidate cell). Then source cell indicates the preamble resource to UE by PDCCH order. 
From UE point of view, when the source cell triggers the PRACH via PDCCH order, the UE will use it for preamble transmission. Then the UE will release it, i.e., the UE doesn’t occupy this preamble resource all the time, and this preamble resource can be used by other UEs later. From network perspective, a candidate cell needs to allocate several preamble resources (e.g., preamble pool) to all UEs in a source cell, and source cell makes sure to trigger ONE UE at a time for early TA acquisition and maintain the mapping between preamble and UE, i.e., only one UE uses one specific preamble resource at a time. When a candidate cell receives the preamble, it estimates the TA value according to this preamble, and sends back the combination of TA value and preamble index to source cell (in case TA is sent to UE in source cell). An example procedure is illustrated in Figure 5. In this way, it can still save preamble resources by reusing preambles among multiple UEs for each candidate cell.


Figure 5: the concept of preamble pool
Proposal 2: To enable shared preamble resource among multiple UEs, CFRA configuration (i.e., SS/PBCH index, RACH occasion, and Random Access Preamble index) is indicated in the PDCCH order, i.e. not configured in the RRC RACH configuration.

2.4 Analysis of different RAR options
According to [2], RAN1 achieved the high-level agreements to support early DL/UL synchronization with candidate cells before the reception of cell switch command for LTM. And the further RAN1 agreements for RAR options are included in [3] as below.
	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
· [bookmark: _Hlk130223265]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
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

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 

Agreement
study at least the following issues on PDCCH-order based PRACH for candidate cell that is not UL serving cell, i.e. without PUCCH/PUSCH configured
· Whether gap between the DCI and PRACH longer than timeline defined in spec is needed
· Any impact/interruption on UL Tx of serving CCs due to the PRACH Tx



Currently the three RAR options on the table include: 
1) without RAR, 
2) with RAR from serving cell,
3) with RAR from candidate cell.
The signalling procedure of these options is illustrated in Figure 6. In option 1, the TA value is sent to the source DU immediately after RACH preamble is received in candidate DU.  But the TA value is sent to the UE only after the S-DU makes the cell switch decision - which could be a while later.  For option 2, the RAR is sent immediately on receipt of TA value from source DU.  And the cell switch may happen much later.  


Figure 6: Signalling procedure for RAR options

The three options are compared in some respects in the following Table 2.
Table 2. Comparison of RAR options
	
	Impact on data exchange in source cell
	Re-transmission of RACH preamble
	Inter-DU information
	TA update

	Option 1
without RAR
	[image: Smiling face outline with solid fill](good)
Only the interruption on UL Tx of serving CCs due to the PRACH Tx needs to be considered.
	[image: Smiling face outline with solid fill]  (middle) 
FFS on whether UE autonomous re-transmission of PRACH is allowed.
If PreambleTransMax = 1, there is no preamble re-transmission. But this may imply that this will be a new procedure for RACH as there is no ACK using RAR.  
	[image: Smiling face outline with solid fill](middle)
TA value associated to the received preamble index needs to be sent to source DU from candidate DU.

	[image: ](good)
UE is not involved. 
When TA update is needed, another PDCCH order can be triggered from source DU.

	Option 2
with RAR from serving cell
	[image: Smiling face outline with solid fill](good)
Only the interruption on UL Tx of serving CCs due to the PRACH Tx needs to be considered.
	[image: Smiling face outline with solid fill](good)
Based on whether RAR is received successfully.
	[image: Smiling face outline with solid fill](middle)
TA value associated to the received preamble index needs to be sent to source DU from candidate DU.

	[image: Smiling face outline with solid fill](middle)
UE may be involved, e.g., assistance information of TA validity should be provided to source DU by UE. 

	Option 3
with RAR from candidate cell
	[image: Sad face outline with solid fill](bad)
Besides of the interruption on UL Tx of serving CCs due to the PRACH Tx, the longer interruption due to RAR reception also needs to be considered.
	[image: Smiling face outline with solid fill](good)
Based on whether RAR is received successfully.
	[image: Smiling face outline with solid fill](good)
No need to transfer TA value to source DU from candidate DU. 

	[image: Smiling face outline with solid fill](middle)
UE may be involved, e.g., assistance information of TA validity should be provided to source DU by UE.



Based on the analysis above, option 3 (with RAR from candidate cell) is not recommended, due to the potential large interruption on source cell led by RAR reception in candidate cell. And the interruption could be even larger when preamble re-transmission is needed. Compared to option 2, option 1 is simpler as UE doesn’t receive TA value until the reception of Cell Switch Command, so UE isn’t involved in TA update process. In other words, TA update is handled by network without UE involvement, e.g., another PDCCH order can be sent to UE when the previous TA is not valid anymore. Another potential issue of option 2 is the impact of current RAR design. We may not reuse existing RAR design without any change. For example, the the indication of candidate cell should be included in RAR in case the same preamble index is used in both source cell and candidate cell.
[bookmark: _Hlk130223520]Since RAN1 agreed that “support of one default scheme is the baseline UE approach for LTM”, we suggest to use option 1 (without RAR) as the baseline approach, and define a separate UE capability for option 2 (with RAR from serving cell), i.e., whether option 2 can be supported is up to UE capability. And option 3 can be precluded in Rel-18.
Proposal 3: RAN2 to send a reply LS to RAN1 and include the following points:
· use option 1 (without RAR) as the baseline approach for LTM,
· whether option 2 (with RAR from serving cell) can be supported is up to UE capability,
· preclude option 3 (with RAR from candidate cell) in Rel-18.
3. Conclusion
In this paper, we discuss the configuration and resource allocation of early TA acquisition, and we propose:
Proposal 1: RRC RACH configuration for early TA acquisition (e.g., including whether RAR needs to be received) is signalled separately to the candidate cell configuration.
Proposal 2: To enable shared preamble resource among multiple UEs, CFRA configuration (i.e., SS/PBCH index, RACH occasion, and Random Access Preamble index) is indicated in the PDCCH order, i.e. not configured in the RRC RACH configuration.
Proposal 3: RAN2 to send a reply LS to RAN1 and include the following points:
· use option 1 (without RAR) as the baseline approach for LTM,
· whether option 2 (with RAR from serving cell) can be supported is up to UE capability,
· preclude option 3 (with RAR from candidate cell) in Rel-18.
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