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1 Introduction 
In the last RAN3 meeting (RAN3 #120 [1]), there was progress on various fronts on this topic: E1 aspects for inter-DU LTM, Early TA acquisition, DDDS signalling, and LTM preparation and triggering signalling. The following agreements were made during the meeting.   
RAN3 #120 agreements: 
RAN3 agrees Option 2 and supports for multiple messages for LTM candidate cell configuration.
In case of CP-UP separation, once CU-CP receives LTM cell switch signalling from (source) DU, CU-CP initiates E1 bearer context modification to the CU-UP including DL tunnel ID per DRB for target cell, for data transmission.
For LTM with UP change, once the CU-CP receives LTM cell switch signalling from (source) DU, the CU-CP initiates E1 bearer context modification to the target CU UP including DL tunnel ID per DRB for target cell for data transmission.
Notification of LTM triggering to gNB-CUs:
WA: option 1 is adopted with only class 2 procedure. If more information to source DU in response message is needed, we go for option 2.
E1 aspects for inter-DU LTM:
For LTM with UP change, the CU-CP initiates E1 bearer context modification to the source CU-UP for retrieving the latest PDCP status at the source CU-UP and exchanging the data forwarding information to target CU-UP.
For LTM with UP change after detecting the UE has accessed to the target cell, the CU-CP initializes Path switch procedure towards the core network.
TA acquisition:
CU can request RACH resources for early TA acquisition together with the LTM candidate cell configuration to a Candidate DU in the UE Context Setup Request or UE Context Modification Request messages (for inter-DU LTM and intra-DU LTM respectively).
If the Candidate DU accepts the RACH resource request for early TA acquisition, the Candidate DU responds the CU with RACH configuration in the UE Context Setup Response or UE Context Modification Response messages.
DDDS:
For intra-DU LTM, DDDS from gNB-DU to CU-UP is not needed for those DRBs RLC is not re-established.


For both intra-DU and inter-DU LTM, target gNB-DU sends initial DDDS using the new UL TEID, if new UL TEID being assigned, to CU-UP after target gNB-DU detects the UE access.
Work on stage2 and stage3 details.

In this contribution, we continue the discussion on the following:

· Early TA acquisition and delivery of TA information.
· Remaining aspects of E1 for LTM.
· Enhancements to the LTM preparation procedure.
2 Early TA acquisition and delivery of TA information 
It was agreed in the last RAN2 meeting (RAN2 #122 [2]) that Early TA acquisition without RAR is the solution to be specified in Rel-18. The relevant agreements are as follows.
· For PDCCH ordered early TA acquisition without RAR, there is no need for UE to maintain the TA timer for candidate cell (i.e., it is NW implementation to determine the TA validity), TA is given in the cell switch MAC CE (when available in the network).
· RAN2 doesn’t see a need for a solution with RAR in for Rel-18.
In the last RAN3 meeting (RAN3 #120 [1]), it was agreed that the CU initiates the request for CFRA RACH configurations for Early TA acquisition with the serving DU and the candidate DUs, together with the LTM candidate cell configuration for both intra-DU and inter-DU, intra-CU LTM. The serving DU and the candidate DUs respond with the CFRA RACH configurations for Early TA acquisition if the corresponding requests are accepted. 
We also recall the following understanding based on RAN1 and RAN2 agreements in the past several meetings regarding the configuration for Early TA acquisition, which aims to efficiently utilize the available CFRA resources at the candidate DUs (as well as at the serving DU in case of intra-DU LTM). For the remainder of the discussion in this section, we consider only the case of inter-DU LTM.
· A candidate DU provides to the serving DU a pool of RA preamble IDs (RAP IDs) per candidate cell. This set of RAP IDs can be assigned by the serving DU to a set of UEs that are connected to it and that are configured for LTM.
· If the serving DU determines that a UE can potentially perform LTM cell switch to a candidate cell, the serving DU transmits a PDCCH order to the UE to trigger the UE to perform Early TA acquisition on the candidate cell. The PDCCH order contains:
· The candidate cell ID,
· SSB index, and associated RAP ID and RACH occasion. The RAP ID is selected by the serving DU from the assigned pool of RAP IDs for the candidate cell.
Based on the CFRA parameters received in the PDCCH order as discussed above, the UE transmits a RACH preamble on the candidate cell including the provided RAP ID. 
The candidate DU estimates the TA value based on the received RACH preamble from the UE. However, the candidate DU cannot determine the UE ID from the received RACH preamble since the RAP ID is from the pool of assigned RAP IDs for the candidate cell.
Observation 1. Upon receiving the RACH preamble from the UE which contains a RAP ID, the candidate DU cannot determine the UE ID.
The candidate DU transmits the estimated TA value to the serving DU. The serving DU then transmits the estimated TA value to the UE in the LTM cell switch MAC CE. 
The candidate DU needs to determine the serving DU to which to forward the estimated TA value based on the RAP ID in the received RACH preamble. The following observation and proposals indicate a way to do this. 
Observation 2. In order to determine the serving DU to which to transmit the estimated TA value, for a given candidate cell, the candidate DU assigns a different pool of RAP IDs to each serving DU which initiates an LTM procedure with it.
Proposal 1. A candidate DU transmits to the serving DU the pool of RAP IDs for each candidate cell, to be used for Early TA acquisition, using non-UE associated F1-AP signalling. The candidate DU first transmits to the CU the pool of RAP IDs including the serving gNB-DU ID in the message, and the CU then forwards it to the serving DU. FFS the signalling messages used for this purpose.  
Proposal 2. For a given candidate cell, the candidate DU assigns a different pool of RAP IDs to each serving DU which initiates an LTM procedure with it.
The candidate DU can transmit the pool of RAP IDs to the serving DU in parallel to the LTM candidate cell configuration, or after the LTM candidate cell configuration procedure is completed – this aspect can be left up to network implementation.
Observation 3. It is up to network implementation as to when a candidate DU transmits the pool of RAP IDs to the serving DU.  
Regarding the delivery of TA information from a candidate DU to the serving DU, since the candidate DU cannot determine the UE ID from the received RACH preamble, non-UE associated F1-AP signalling is used to deliver the TA information.
[bookmark: _Hlk142390652]Proposal 3. Non-UE associated F1-AP signalling is used to deliver the estimated TA value from a candidate DU to the serving DU via the CU.
Upon successfully receiving the RACH preamble from the UE on a candidate cell, a candidate DU determines the serving DU based on the RAP ID; please refer to Observation 2 and Proposals 1 and 2 above. The candidate DU then transmits to the CU the following:
· Estimated TA value,
· Detected RAP ID,
· Serving gNB-DU ID,
· Candidate cell ID.
The CU forwards the TA information to the serving DU. The serving DU can determine the UE ID from the TA information received from the CU.
Furthermore, since the serving DU transmits the TA value to the UE in the LTM cell switch command, upon receiving the TA value from a candidate DU, the serving DU needs to initiate a TA timer to keep track of the time for which the TA value is valid. The TA timer value should be provided by the candidate DU to the serving DU along with the estimated TA value. Regarding what should be done on the network side in case the TA timer expires before LTM cell switch occurs, can be left FFS.   
[bookmark: _Hlk142302127]Proposal 4. Upon successfully receiving the RACH preamble from the UE on a candidate cell, the candidate DU estimates the TA value and determines the serving DU. The candidate DU transmits to the CU the following TA information:
· Estimated TA value,
· TA timer associated with the TA value,
· Detected RAP ID,
· Serving gNB-DU ID,
· Candidate cell ID.
FFS the signalling message used for this purpose. 
Proposal 5. The CU forwards the TA information to the serving DU:
· Estimated TA value,
· TA timer associated with the TA value,
· Detected RAP ID,
· Candidate cell ID.
FFS the signalling message used for this purpose.

When the serving DU transmits the PDCCH order triggering the UE to perform RACH on a candidate cell, the serving DU should start a timer so that if it does not receive a TA value before the timer expires it can conclude that the TA acquisition procedure has failed. Expiry of this timer can also indicate to the serving DU that it can reuse the RAP ID for another UE, or perhaps for another candidate cell for the same UE.
Proposal 6. Upon transmitting the PDCCH order triggering the UE to perform RACH on a candidate cell, the serving DU starts a timer tracking the TA acquisition procedure. If the serving DU does not receive a TA value before the timer expires it concludes that the TA acquisition procedure has failed. 
The signalling flow in Figure 1 summarizes the various aspects of Early TA acquisition and delivery of TA information discussed above.    


[bookmark: _Ref142310929]Figure 1: Early TA acquisition and delivery of TA information
3 Remaining aspects of E1 for LTM
In the last RAN3 meeting (RAN3 #120 [1]), good progress was made on E1 aspects for LTM. Figure 2 provides a signalling flow illustrating the E1 aspects of inter-DU, intra-CU LTM, with CU-UP change. In this section, we discuss a few remaining aspects related to the LTM execution phase.
Steps 11, 12:
We think that since the scope of Rel-18 LTM is intra-CU, there should be no security key update at LTM cell switch.
Observation 4. Upon receiving the LTM cell switch indication from the source DU, CU-CP does not indicate to the candidate CU-UP any security key update since in Rel-18 LTM there should be no security key update at an LTM cell switch.
It was agreed in the last RAN3 meeting (RAN3 #120 [1]), that upon the triggering of LTM cell switch, CU-CP exchanges with the source CU-UP information related to data forwarding (please see Steps 9, 10 in the figure): the latest DL/UL PDCP status at the source CU-UP and the data forwarding addresses of the candidate CU-UP. The relevant agreement is:
· For LTM with UP change, the CU-CP initiates E1 bearer context modification to the source CU-UP for retrieving the latest PDCP status at the source CU-UP and exchanging the data forwarding information to target CU-UP.
After receiving the data forwarding information from the source CU-UP, in Step 11, in a Bearer Context Modification Request to the candidate CU-UP, the CU-CP includes the DL/ UL PDCP status per DRB and the DL TEIDs per DRB of the candidate DU corresponding to the candidate target cell of the LTM cell switch.
The source CU-UP can now perform data forwarding towards the candidate CU-UP.
[bookmark: _Hlk142390741]Proposal 7. After exchange of data forwarding related information between the CU-CP, source CU-UP, and target CU-UP, the source CU-UP initiates data forwarding towards the candidate CU-UP for applicable DRBs, and the candidate CU-UP performs forwarding of the received data towards the candidate DU. 


[bookmark: _Ref142311537]Figure 2: E1 aspects of inter-DU, intra-CU LTM  
4 Enhancements to the LTM preparation procedure
In the last RAN2 meeting (RAN2 #122 [2]), the following agreements were made on L1 measurements for LTM:
· The RS configuration is provided to the UE per LTM candidate cell.
· RAN2 assumes that each candidate DU needs to know the RS configuration of each candidate DUs in order to provide the LTM candidate configuration.
· RAN2 assumes that the CU transmits to each C-DU the RS configuration of S-DU (if this is an LTM candidate cell) and/or other C-DUs, to generate the corresponding L1 configuration for LTM.
· RAN2 assumes C-DU generates the RS configuration and send to the CU. The CU transmits to the Source DU the RS configuration per LTM candidate cell and the associated LTM candidate (when the CU receives LTM candidate configuration(s) from the C-DU). It is up to RAN3 whether the RS configuration is sent before (or at the same time of) the C-DU creates the LTM candidate configuration (and whether is semi-statis or UE associated).
· The RS configuration and/or CSI resource configuration for measuring LTM candidate cells is included in the LTM-Config IE and is a separate configuration, e.g., outside of the LTM candidate configuration. 
· CSI reports for LTM candidates (neighbour cell reports for the purpose of LTM cell switch) are configured by the serving cell in an IE that is like CSI-ReportConfig for LTM within the ServingCellConfig since this is the cell in which the report is to be transmitted.
· RAN2 assumes the following about CSI measurement reporting for LTM (final decision up to RAN1):
· UE reports all measured LTM candidate cells in a single report; or
· UE reports one or a subset of measured LTM candidate cell(s) in a report.
In this section, we discuss the RAN3 impacts of the above agreements.
In LTM, the UE performs L1 measurements on candidate cells and transmits the corresponding L1 measurement reports to the serving DU. Based on the L1 measurement reports, the serving DU takes the decision on LTM cell switch for the UE. 
Similarly, after performing LTM cell switch to a candidate cell, the UE performs L1 measurements on other candidate cells and transmits the corresponding L1 measurement reports to the candidate DU.
In order to perform L1 measurements on a candidate cell, the UE should be provided with the configuration of the relevant RSs transmitted on that cell, and for L1 measurement reporting, the UE should be provided with the reporting configuration.
Enhancements are required to the current LTM preparation procedure for signalling related to L1 measurement configuration. We now discuss the enhancements.
Figure 3 shows the enhancements (in green) needed to the LTM preparation procedure.
Upon receiving the initial request from the CU for LTM configuration of a list of candidate cells, a candidate DU prepares a subset of the suggested candidate cells and transmits to the CU the following:
· Accepted candidate cells,
· For each accepted candidate cell:
· Lower layer configuration, e.g., physical, MAC layer configurations,
· Early TA RACH configuration,
· RS configuration for L1 measurements.
According to a previous RAN1 agreement, the RS configuration for each candidate cell consists of the PCI, the SMTC location, the frequency location, and the SCS.
[bookmark: _Hlk142384565]Proposal 8. A candidate DU prepares a list of candidate cells for LTM configuration and provides to the CU using UE Context Setup Response the RS configuration for L1 measurements for each candidate cell. The RS configuration for L1 measurements can be included in the RRC container together with the lower layer configuration.
Remark: As has been agreed in the last RAN3 meeting (RAN3 #120 [1]), the signalling is done for each accepted candidate cell, i.e., multiple UE Context Setup Response messages are used, one for each accepted candidate cell. In the rest of the discussion below for each step of the procedure, parallel signalling is assumed. 
The CU provides to a candidate DU and the serving DU the RS configurations of candidate cells belonging to other candidate DUs and/or the serving DU. This enables the candidate DU and the serving DU to generate the L1 measurement configuration including the reporting configuration, which is then eventually provided to the UE as part of the LTM configuration. This way the L1 measurement configuration for subsequent LTM is also provided to the UE. 
[bookmark: _Hlk142390787]Proposal 9. The CU provides to a candidate DU and the serving DU the RS configurations of candidate cells belonging to other candidate DUs and/or the serving DU using the UE Context Modification Request message. The RS configurations can be included in the RRC containers together with the lower layer configurations.
Proposal 10. The CU also provides to the serving DU the Early TA RACH configurations of candidate cells belonging to the candidate DUs using the UE Context Modification Request message.
The parameters in the Early TA RACH configurations are indicated by the serving DU to the UE when it issues PDCCH order to the UE to perform RACH for Early TA acquisition. The Early TA RACH configurations also enable the serving DU to schedule gaps for the UE to perform RACH for Early TA acquisition.
Proposal 11. Upon receiving the RS configurations of candidate cells from the CU, the serving DU and the candidate DU generate the L1 measurement configurations including the reporting configurations and provides them to the CU using UE Context Modification Response. 
Proposal 12. The CU includes the L1 measurement configurations in the RRC reconfiguration message containing the LTM configuration provided to the UE.  



[bookmark: _Ref142387514]Figure 3: L1 measurement configuration in LTM
5 Conclusion
[bookmark: _Hlk512894710]Based on the above discussion, we recommend that RAN3 discuss the following observations and proposals.

Early TA acquisition and delivery of TA information
Observation 1. Upon receiving the RACH preamble from the UE which contains a RAP ID, the candidate DU cannot determine the UE ID.
Observation 2. In order to determine the serving DU to which to transmit the estimated TA value, for a given candidate cell, the candidate DU assigns a different pool of RAP IDs to each serving DU which initiates an LTM procedure with it.
Proposal 1. A candidate DU transmits to the serving DU the pool of RAP IDs for each candidate cell, to be used for Early TA acquisition, using non-UE associated F1-AP signalling. The candidate DU first transmits to the CU the pool of RAP IDs including the serving gNB-DU ID in the message, and the CU then forwards it to the serving DU. FFS the signalling messages used for this purpose.  
Proposal 2. For a given candidate cell, the candidate DU assigns a different pool of RAP IDs to each serving DU which initiates an LTM procedure with it.
Observation 3. It is up to network implementation as to when a candidate DU transmits the pool of RAP IDs to the serving DU.  
Proposal 3. Non-UE associated F1-AP signalling is used to deliver the estimated TA value from a candidate DU to the serving DU via the CU.
Proposal 4. Upon successfully receiving the RACH preamble from the UE on a candidate cell, the candidate DU estimates the TA value and determines the serving DU. The candidate DU transmits to the CU the following TA information:
· Estimated TA value,
· TA timer associated with the TA value,
· Detected RAP ID,
· Serving gNB-DU ID,
· Candidate cell ID.
FFS the signalling message used for this purpose. 
Proposal 5. The CU forwards the TA information to the serving DU:
· Estimated TA value,
· TA timer associated with the TA value,
· Detected RAP ID,
· Candidate cell ID.
FFS the signalling message used for this purpose.
Proposal 6. Upon transmitting the PDCCH order triggering the UE to perform RACH on a candidate cell, the serving DU starts a timer tracking the TA acquisition procedure. If the serving DU does not receive a TA value before the timer expires it concludes that the TA acquisition procedure has failed. 
Remaining aspects of E1 for LTM
Observation 4. Upon receiving the LTM cell switch indication from the source DU, CU-CP does not indicate to the candidate CU-UP any security key update since in Rel-18 LTM there should be no security key update at an LTM cell switch.
Proposal 7. After exchange of data forwarding related information between the CU-CP, source CU-UP, and target CU-UP, the source CU-UP initiates data forwarding towards the candidate CU-UP for applicable DRBs, and the candidate CU-UP performs forwarding of the received data towards the candidate DU.
Enhancements to the LTM preparation procedure
Proposal 8. A candidate DU prepares a list of candidate cells for LTM configuration and provides to the CU using UE Context Setup Response the RS configuration for L1 measurements for each candidate cell. The RS configuration for L1 measurements can be included in the RRC container together with the lower layer configuration.
Proposal 9. The CU provides to a candidate DU and the serving DU the RS configurations of candidate cells belonging to other candidate DUs and/or the serving DU using the UE Context Modification Request message. The RS configurations can be included in the RRC containers together with the lower layer configurations.
Proposal 10. The CU also provides to the serving DU the Early TA RACH configurations of candidate cells belonging to the candidate DUs using the UE Context Modification Request message.
Proposal 11. Upon receiving the RS configurations of candidate cells from the CU, the serving DU and the candidate DU generate the L1 measurement configurations including the reporting configurations and provides them to the CU using UE Context Modification Response. 
Proposal 12. The CU includes the L1 measurement configurations in the RRC reconfiguration message containing the LTM configuration provided to the UE.  
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