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1	Introduction
In RAN WG1 #112, RAN1 sent an LS in [1] with agreements regarding the time alignment establishment and the CSI Measurement configuration for LTM, asking RAN2 to taken them into account.
In this contribution, we discuss the RAN2 issues for what concerns the TA acquisition and handling for the case of LTM.
[bookmark: _Ref178064866]2	Discussion
In this section we discuss the time tlignment establishment procedure in which the UE transmits a PRACH preamble to an LTM candidate cell so a TA value is calculated. RAN1 has agreed on two solutions: i) in one option the UE receives a RAR (or an equivalent message) including the TA value, while in another option the UE does not expect a RAR and instead, the TA value for the LTM candidate cell is calculated by the C-DU based on the transmitted preamble and is received by the UE in the LTM cell switch command.
[image: ]
Figure 1 signalling flow for inter-DU LTM configuration with TA establishment configuration and triggering. 

2.1	TA establishment preparation/configuration
A first issue concerning that TA establishment procedure is the role of CU, S-DU, and C-DU in the inter-DU scenario, which is part of the overall stage-2 design. In our view, the configuration of TA establishment should be only triggered by the CU i.e., only CU-initiated TA acquisition procedure should be supported, as the CU knows which LTM candidate cells would be UL sync or not with each other.
[bookmark: _Toc131757321]Configuration of TA establishment is CU-initiated. FFS on whether to support the S-DU initiated and/or C-DU initiated TA acquisition procedure.
There are two different points in time in which the CU triggers the TA establishment procedure:
· i) when an LTM candidate is being configured or; 
· ii) at a later moment, an LTM candidate cell for which a TA value is unknown.
For the first case, the CU determines to configure an LTM candidate cell of a C-DU based on L3 measurement reports. Assuming that the CU is aware which LTM candidate cells are UL sync or not with the UE’s current serving cell, the CU may also include in the UE CONTEXT SETUP REQUEST to a C-DU the request for configuring an LTM candidate cell and a request for initiating a time alignment acquisition procedure associated to the requested LTM candidate cell(s).
The case in which the CU may request to initiate the TA establishment procedure to a C-DU is (ii) when an LTM candidate cell is already configured e.g., in response to L3 measurements, but its TA value is not known. In that case, as a context already exists in the C-DU, the request for initiating the TA establishment procedure may be included in a UE Context Modification Request.
[bookmark: _Toc131757322]The CU can include a request to initiate the TA establishment procedure in the same message to a C-DU that is used to the request to add/modify one or more LTM candidate cell(s) (e.g., UE Context Setup Request and UE Context Modification Request).
[bookmark: _Hlk131437963]If the C-DU accepts the request for initiating the TA establishment procedure, the C-DU responds to the CU with a UE CONTEXT SETUP RESPONSE message including a random access (RA) configuration for the TA establishment, where this configuration should include at least Random Access Preamble indices and RACH occasions with the associated SSB indices for each LTM candidate cell configured for TA establishment as agreed by RAN1. 
One possibility would be to rely on the RACH configuration(s) in the LTM candidate configuration (e.g., within the RRCReconfiguration message of the LTM candidate cell configuration) to avoid the need to signal additional RACH configuration(s). However, as the RACH resources for TA establishment may not necessarily be the same resources allocated for normal RACH operation in an LTM candidate cell, it seems more appropriate to assume that this as a separated configuration.
[bookmark: _Toc131757323]The RACH configuration for the TA acquisition procedure is a separate configuration with respect to the legacy RACH configuration for the legacy random access.
[bookmark: _Toc131757324]The RACH configuration for the TA establishment procedure includes Access Preamble indices and RACH occasions with the associated SSB indices for each LTM candidate cell configured to perform a TA establishment procedure.
[bookmark: _Toc131757325]If the C-DU accepts the request for initiating a TA establishment procedure, the C-DU sends to the CU a dedicated RACH configuration for the TA establishment procedure (e.g., in UE Context Setup Response and UE Context Modification Response).
When the CU receives from the C-DU the RACH configuration for the TA establishment procedure, the CU encapsulates it in an RRC configuration to be provided to the UE. In case the TA establishment is being configured when an LTM candidate is being added, the CU also needs to generate an RRC message to include the overall LTM configuration (e.g., a full RRCReconfiguration message), so the RACH configuration for the TA establishment may be included in the same RRC message. A further option is that in case the TA establishment is being configured for an LTM candidate cell already configured at the UE, the CU may also generate an RRC message to modify the LTM configuration, so the RACH configuration for TA establishment may be included in the same RRC message.
[bookmark: _Toc131757326]The UE receives the RACH configuration for the TA establishment procedure within the same RRCReconfiguration message that is used for adding or modifying an LTM candidate cell configuration.

2.2	TA establishment triggering (PRACH preamble transmission)
RAN1 has agreed that once the UE receives the RACH configuration for the TA establishment procedure (for one or more LTM candidate cells) the TA establishment is triggered by the reception of a PDCCH order from the serving cell which needs to indicate the LTM candidate cell configuration to which the UE needs to transmit a PRACH preamble for the TA establishment.
Since the PDCCH order is transmitted by the S-DU, it makes sense to consider that it is indeed the S-DU which triggers the initiation of the TA establishment procedure at the UE. This is done without the need to involve the CU and/or the C-DU(s) also because is the S-DU which receives the latest CSI measurements on LTM candidate cell(s).
[bookmark: _Toc131757327]The S-DU triggers the initiation of the TA establishment procedure at the UE without the CU or C-DU(s) involvement.
Given this, the LTM candidate cell could be indicated either by a cell identifier (e.g. PCI/ ARFCN, cell identity, CGI, etc.) or the LTM candidate configuration ID. In our view, the solution encoding fewer bits is the one based on the LTM candidate configuration ID, which would take e.g., 3 bits in case RAN2 agrees on 8 candidates, which is a much lower number of bits than any other form of cell identity in NR. This may also address some security concerns of sharing cell identifier among the different DUs.
[bookmark: _Toc131757328]The PDCCH order for the TA establishment includes a LTM candidate cell configuration ID (e.g. 3 bits for 8 candidates).
When it comes to further details on the RACH configuration for the TA establishment procedure, RAN1 has agreed that the legacy CBRA is not supported:
***************************************************************************************************************************
Agreement
· For PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported

***************************************************************************************************************************
In our view, as legacy CBRA is not supported, at least CFRA is supported. As this is not a legacy Random Access procedure with a RAR, contention free in this context simply means that the network needs to make sure there is no contention i.e., that multiple UE(s) transmit the same preamble to the same RACH occasion to the same LTM candidate cell at a given TA establishment procedure. The way this is configured at UE may be like a CFRA configuration, at least for preamble transmissions. Here is a possible example:

LTM-Candidate-r18 ::=     SEQUENCE {
    ltm-CandidateId-r18                   LTM-CandidateId-r18,
    ltm-Config-r18                        OCTET STRING (CONTAINING RRCReconfiguration),
    ta-Config-r18                         TA-Config-r18,
    ...
}

TA-Config-r18 ::=     	  SEQUENCE {
	cfra								CFRA		
    ...

}



2.3	TA value in LTM cell switch vs “RAR”
At the network side, the handling of the TA value may depend on whether approach 1 or approach 2 described in the RAN3 LS in R3-230889 is used for the LTM cell switch and whether a “RAR” is configured or not.
Assuming approach 1, in which the S-DU triggers the LTM cell switch without first requesting the C-DU (via the CU), the C-DU needs to provide the TA value to the S-DU just after it calculates it when a RAR is not configured. Thus, the C-DU receives the preamble at an LTM candidate cell, calculates a TA value associated to that preamble and transmits the TA value to the CU, which provides the TA value to the S-DU. 
Assuming approach 2, in which the S-DU contacts the C-DU (via the CU) before triggering LTM cell switch, when RAR is not configured a similar solution could be adopted, though approach 2 opens for another possibility in which the C-DU response may include the TA value.
[bookmark: _Toc131757329]When TA establishment is triggered and a “RAR” is not configured, the C-DU receives the preamble, calculates the TA value and provides it to the CU (which forwards it to the S-DU).
For the solution when a RAR is configured, RAN1 has not decided whether the UE receives the RAR from the serving cell, or from the LTM candidate cell. However, in either way it seems natural to assume that the response to the preamble transmission received by the UE (i.e., the RAR or equivalent message from the serving cell) contains the TA value. As the UE receives the TA value, as in legacy random access procedure, the UE should monitor the validity of the UL sync with the help of a time alignment timer, associated to the LTM candidate cell for which the preamble has been transmitted. Also, while the time alignment timer is running the UE considers itself to be UL sync with the LTM candidate cell, being able to perform LTM cell switch without the need to a random access procedure. 
[bookmark: _Toc131757330]When a TA establishment is triggered and a “RAR” is configured, the UE transmits the preamble to the C-DU and receives the TA value in/within the “RAR” and start a time alignment timer for the LTM candidate cell. FFS on whether the RAR is received from the serving or LTM candidate cell (up to RAN1).

2.4	TA acquisition failure and fallback solutions 
RAN1 has made some agreements concerning the fallback procedure when a preamble transmission attempt by the UE fails:
*************************************************************************************************************************** 
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
*************************************************************************************************************************** 
In legacy random access, the UE transmits the preamble and expects a RAR within a RAR window. When the RAR is received, the UE considers that the preamble transmission attempt was successful; and, when the RAR is absent, the UE considers the preamble attempt as failed and triggers a fallback, that is a preamble re-transmission with power ramping and/or a new random access resource selection (selection of a new SSB / CSI-RS mapped to RACH resources). In our view, this may be considered as baseline for the TA establishment procedure in which the RAR is configured. Also, in legacy when the UE acknowledges the failed attempt of preamble transmission the UE triggers fallback, that is the power ramping and/or RACH resource selection. However, it seems more efficient to discuss these details when RAN1 decides on whether RAR is from LTM candidate or from serving. 
[bookmark: _Toc131757331]When TA establishment with RAR is configured, the reception of the RAR by the UE indicates the successful reception of the preamble at the C-DU.
[bookmark: _Toc131757332]When TA establishment with RAR is configured, the absence of the RAR within the RAR time window indicates to the UE a failed attempt of preamble reception at the C-DU.
In the TA establishment solution without a RAR, there needs to be another way to acknowledge the successful reception of the preamble. In our view, the simplest solution is that the S-DU transmits the PDCCH order, assumes the UE transmits the preamble, and monitors the reception from the C-DU (via the CU) of the TA value for the LTM candidate cell. The reception of the TA value at the S-DU acknowledges that the preamble reception (assuming approach 1), triggered by the PDCCH order, has been successfully received at the C-DU. When the S-DU transmits the PDCCH order it could start a timer or monitor a time window, so that the expiry of this timer or timer windows triggers the absence of the TA value and indicates the failure. However, these are details to be sorted out by RAN3, and some of these could be left to network implementation.
[bookmark: _Toc131757333]When TA establishment without RAR is configured, the reception of the TA value at the S-DU indicates the successful reception of the preamble at the C-DU.
[bookmark: _Toc131757334]When TA establishment without RAR is configured, the absence of the TA value at the S-DU indicates a failed attempt of preamble reception at the C-DU. FFS on the preamble re-transmission and power ramping fallback.
As in the solution without a RAR it is the network which acknowledge the successful or failed preamble transmission attempt, it is a natural consequence to assume that the fallback is also network controlled i.e., the UE does not autonomously re-transmit the PRACH, but requires another PDCCH order in order to do so. However, at the moment it is FFS in RAN1 how to indicate that this is still for the same procedure i.e., it should trigger a power ramping and/or a new RACH resource selection.
[bookmark: _Toc131757335]When TA establishment without RAR is configured, the UE only re-transmits PRACH for TA establishment to an LTM candidate in response to a new PDCCH order (no autonomous PRACH preamble re-transmissions).
An example of signalling flow with the fallback is shown below:
[image: ]
Figure 2 signalling flow for fallback when RAR is not configured

2.5	TA validity and time alignment timer(s)
In a legacy RA procedure, the UE transmits a preamble and receives the TA value in the RAR, based on which the UE starts a Time Alignment timer with a value configured in RRC. However, when RAR is not configured for TA establishment, the TA value is received at the S-DU for LTM candidate cell and is only to be provided to the UE when the LTM cell switch is triggered. Thus, as the UE does not receive the TA value at the moment or close to the moment the TA value is calculated, it makes sense to leave the monitoring of its validity to the network. For example, in the network implementation the S-DU could start something like a Time Alignment timer and while that is running the S-DU assumes that the received TA value is valid and can be provided to the UE in the LTM cell switch command.
[bookmark: _Toc131757336]When TA establishment without RAR is configured, there is no time alignment timer at the UE for the LTM candidate cell(s) as the TA value validity is monitored by the network.
Then, based on CSI measurements for LTM candidate cells, the S-DU decides to trigger an LTM cell switch to one of the LTM candidate for which the TA value is available, so that the S-DU transmits the LTM cells which command indicating the LTM candidate configuration ID and the associated TA value to be applied. 
[bookmark: _Toc131757337]The MAC CE for LTM cell switch includes the TA value and the LTM candidate configuration ID.
Upon reception the UE applies the TA value. As the UE is switching to another cell, it would in principle need to start the time alignment timer for the new serving cell. However, the timer value configured in RRC is configured with a value which typically considers the time in which the UE latest transmitted the PRACH preamble, which in this case could have much earlier. To address this issue, there could be at least two options:
· Option a) An indication of the Time alignment timer (or something equivalent e.g. delta) is included in the LTM cell switch command;
· Option b) The UE monitors the time in which transmits the PRACH preamble and the time in which it receives the TA value in the LTM cell switch command, so that it reduces that different form the time alignment timer value configured in RRC. 
[bookmark: _Toc131757338]RAN2 to discuss solutions for the setting of the Time Alignment timer when the UE receives the TA value in the LTM cell switch command:
a. [bookmark: _Toc131757339]Time alignment timer indication (or something equivalent e.g., delta) included in the LTM cell switch command.
b. [bookmark: _Toc131757340]UE monitors the time difference between PRACH preamble transmission and reception of TA value in the LTM cell switch command, and this difference is substracted form the time alignment timer value configured in RRC.
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3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Configuration of TA establishment is CU-initiated. FFS on whether to support the S-DU initiated and/or C-DU initiated TA acquisition procedure.
Proposal 2	The CU can include a request to initiate the TA establishment procedure in the same message to a C-DU that is used to the request to add/modify one or more LTM candidate cell(s) (e.g., UE Context Setup Request and UE Context Modification Request).
Proposal 3	The RACH configuration for the TA acquisition procedure is a separate configuration with respect to the legacy RACH configuration for the legacy random access.
Proposal 4	The RACH configuration for the TA establishment procedure includes Access Preamble indices and RACH occasions with the associated SSB indices for each LTM candidate cell configured to perform a TA establishment procedure.
Proposal 5	If the C-DU accepts the request for initiating a TA establishment procedure, the C-DU sends to the CU a dedicated RACH configuration for the TA establishment procedure (e.g., in UE Context Setup Response and UE Context Modification Response).
Proposal 6	The UE receives the RACH configuration for the TA establishment procedure within the same RRCReconfiguration message that is used for adding or modifying an LTM candidate cell configuration.
Proposal 7	The S-DU triggers the initiation of the TA establishment procedure at the UE without the CU or C-DU(s) involvement.
Proposal 8	The PDCCH order for the TA establishment includes a LTM candidate cell configuration ID (e.g. 3 bits for 8 candidates).
Proposal 9	When TA establishment is triggered and a “RAR” is not configured, the C-DU receives the preamble, calculates the TA value and provides it to the CU (which forwards it to the S-DU).
Proposal 10	When a TA establishment is triggered and a “RAR” is configured, the UE transmits the preamble to the C-DU and receives the TA value in/within the “RAR” and start a time alignment timer for the LTM candidate cell. FFS on whether the RAR is received from the serving or LTM candidate cell (up to RAN1).
Proposal 11	When TA establishment with RAR is configured, the reception of the RAR by the UE indicates the successful reception of the preamble at the C-DU.
Proposal 12	When TA establishment with RAR is configured, the absence of the RAR within the RAR time window indicates to the UE a failed attempt of preamble reception at the C-DU.
Proposal 13	When TA establishment without RAR is configured, the reception of the TA value at the S-DU indicates the successful reception of the preamble at the C-DU.
Proposal 14	When TA establishment without RAR is configured, the absence of the TA value at the S-DU indicates a failed attempt of preamble reception at the C-DU. FFS on the preamble re-transmission and power ramping fallback.
Proposal 15	When TA establishment without RAR is configured, the UE only re-transmits PRACH for TA establishment to an LTM candidate in response to a new PDCCH order (no autonomous PRACH preamble re-transmissions).
Proposal 16	When TA establishment without RAR is configured, there is no time alignment timer at the UE for the LTM candidate cell(s) as the TA value validity is monitored by the network.
Proposal 17	The MAC CE for LTM cell switch includes the TA value and the LTM candidate configuration ID.
Proposal 18	RAN2 to discuss solutions for the setting of the Time Alignment timer when the UE receives the TA value in the LTM cell switch command:
a.	Time alignment timer indication (or something equivalent e.g., delta) included in the LTM cell switch command.
b.	UE monitors the time difference between PRACH preamble transmission and reception of TA value in the LTM cell switch command, and this difference is substracted form the time alignment timer value configured in RRC.

[bookmark: _In-sequence_SDU_delivery]4	References
[bookmark: _Ref174151459][bookmark: _Ref189809556]R1-2302194, “LS on L1 measurement RS configuration and PDCCH ordered RACH for LTM”, source: RAN1
	4/4	
image1.png
UE S-DU CuU C-DU

1. L3 Measurement control and report |

2. LTM configuration decision
and TA establishment decision

3. UE CONTEXT SETUP REQUEST (request for LTM
and TA establishment)

4. UE CONTEXT SETUP RESPONSE (LTM candidate
configuration + RACH config for TA
establishment)

5. DL RRC MESSAGE TRANSFER ()

6. RRCReconfiguration

7. RRCReconfiguration Complete

8. PDCCH order triggering TA
establishment

10. TA value for that UE, for candidate X

11. TA value for that UE, for candidate X

12. CSl report for LTM

13. LTM cell switch decision
I

FFS

14. LTM cell switch command

(including TA value)

15. PUCCH/PUSCH transmitted baded on TA value





image2.png
UE

[ servingou | [cu]

4a. RRCReconfiguration (includ

1. RRC Measuremment reports (cell
measurements +

CU requests TA establishment

25. UE Context Setup Request (configure L1

mobility candidate X, )
Candidate needs to indicate the
RACH resource for computing TA e.g. Preamble per UE.

2b. UE Context Setup Response (L1 mobility

|32 UE Context Modification Request |
estaablishment)

3b. UE Context Modification Response
| 3b. UE Context Modification Response

ing configuration per L1 mobility candidate)

4b. RRCReconfiguration Complete

3a. UE Context Modification Request candidate X configuration + RACH config for TA

UE transmits UL signal for TA

establishment

511, PDCCH order triggering

61" ULsignal eg. RA

ble according to RACH config for TA establishment (FFS whether

52 Subsequent PDCCH order triggering

preamble re-transmission

UE re-transmits UL signal for TA

establi

ishment

that s the|same as in ServingCellConfigCommon, CFRA, CBRA, etc.)

6. UL signal e.g. RA preamble according to RACH config for TA establishment (FFS whether

that is the|same as in ServingCellConfigCommon, CFRA, CBRA, etc.)

7a. TA value for that UE, for candidate X

Identifies the UE, computes TA, gives

TA to CU > Serving DU

7b. TA value for that UE, for

{ C-DU considers preamble transmission successful ]
the

and stops

(" waits to give Ta value to UE only in execution |

7. CSl report for L1 mobilty

TnEilding TA vaiue

L message using received grant on PUCCH/PUSCH

transmitted based on TA value





