
[bookmark: _Hlk134012090]3GPP TSG-RAN WG3#120	　　　　　　　　　　　　　　　　　R3-232730
Incheon, Korea, 22nd – 26th May, 2023

Agenda Item:  14.2 
Source:       NEC
Title:		Rel-18 LTM discussion on solutions
Document for:	decision
Introduction
This contribution discusses further Rel-18 LTM remaining critical issues and provide solutions in order to progress the work. 
 
	RAN3#119bis-e:
The CU requests the candidate DU to provide RACH resource per candidate cell for TA acquisition in inter-DU case.
For intra-DU LTM, the gNB-DU sends a DDDS frame about unsuccessfully transmitted downlink data to the gNB-CU after LTM cell switch if RLC reestablishment is configured. 
For inter-DU LTM, the DDDS should be sent from source gNB-DU to CU-UP when the LTM cell switch command is sent. Then the CU-UP can start forwarding the unsuccessfully transmitted data to target gNB-DU.
The gNB-CU may modify or release L1/2 Triggered Mobility (LTM) candidate cells in the gNB-DU.
The (candidate) gNB-DU may cancel already configured L1/2 Triggered Mobility (LTM) candidate cells and notify to the CU.
The gNB-CU may use the UE Context Modification procedure to modify or release the prepared resources of candidate cells in the (candidate) gNB-DU and use the UE Context Release procedure to release the UE context in the (candidate) gNB-DU.
For intra-CU-UP case, in case of CP UP separation, once CUCP receives LTM cell switch signling 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 inter-CU-UP LTM, once the CU-CP receives LTM cell switch signaling 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.
For inter-CU-UP LTM, 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.
In case of gNB-CU-UP change, the gNB-CU triggers the source gNB-CU-UP to start data forwarding after receiving LTM cells switch signalling from DU.
For inter-CU-UP LTM, Path switch procedure is performed towards the core network after detecting the UE has accessed to the target cell.
For intra-DU LTM, DDDS from gNB-DU to CU-UP is not needed for those DRBs for which RLC is not re-established.
For intra-CU inter-DU LTM, target gNB-DU sends initial DDDS using the new UL TEID to CU-UP after target gNB-DU detects the UE access (following legacy).
The (candidate) gNB-DU may use the UE Context Modification Required message to release the candidate cells, and the gNB-CU shall not reject.
The (candidate) gNB-DU may use the UE Context Modification Required procedure to request to cancel the prepared resources of a subset of candidate cells in it and use the UE Context Release Request procedure to request to release all candidate cells in it.
Down-selection on cndidate cells configuration in one message or multiple message:
Option 1: One message
Option 2: multiple messages
Option 3: Both options are supported. In case that a list of candidate cells is included, the DU responds to the CU with the accepted candidate cells which have the same admitted result for DRBs.
FFS on the message for CU requesting “RACH resource”(UE Context Setup procedure or UE Context Modification procedure or both)
FFS: For intra-DU LTM, the gNB-DU sends initial DDDS using the new UL TEID if assigned by the CU to CU-UP after target gNB-DU detects the UE access.



Discussion
co-existence between LTM and L3 mobility:
This issue was not concluded in last RAN3#119bis, we think this issue need to be solved in Rel-18 as fundamentally, at least crossing of the signalling message between DU and CU will cause significant impact on system performance of the mobility aspect. 
There were summarized in three cases:
Case 1: If L3 handover command is received before LTM initiation, the (source) gNB-DU suspends to trigger the LTM command till the L3 handover completion.
Case 2: If LTM command is initiated, and a LTM cell switch notification message has sent to the gNB-CU, the gNB-CU suspends the L3 handover till the LTM completion.
Case 3: If L3 handover command is received after LTM is initiated (cross F1 signallings happen between gNB-DU and gNB-CU), the gNB-DU fails the L3 handover by responding with UE Context Modification Failure message with proper cause.
Case 1 and Case 2 are based on the approach of “first come first serve”, this is easy.
Case 3 is a crossing of signalling, which may not be a rare case, and this need to determine whether LTM or L3 handover take precedence. Since LTM is aiming for fast mobility and in fact the DU may already sent LTM command to the UE, it is then controllable to fail the L3 handover and take LTM as precedence.
One may need to further consider, how would be the way for the source gNB-DU to know from the UE CONTEXT MODIFICATION REQUEST message that it is for L3 handover command. In the legacy e.g. inter gNB-DU handover case, following the 38.401 chapter 8.2.1.1 Figure 8.2.1.1-1 step 5 description:
	TS38.401 chapter 8.2.1.1 Figure 8.2.1.1-1 step 5:
5. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the source gNB-DU, which includes a generated RRCReconfiguration message and indicates to stop the data transmission for the UE. The source gNB-DU also sends a Downlink Data Delivery Status frame to inform the gNB-CU about the unsuccessfully transmitted downlink data to the UE.


The including of the RRCconfiguration message and the data transmission indication in the F1AP: UE CONTEXT MODIFICATION REQUEST message, can let the source gNB-DU to know this is for L3 handover command, then the source gNB-DU will need to suspend to trigger the LTM command.
Observation 1: The combination of the existing IEs in F1AP: UE CONTEXT MODIFICATION REQUEST message can let the gNB-DU to know it is for L3 handover command.
(However, if this legacy way is not workable, then an explicit indicator may be needed to tell the source gNB-DU that the UE CONTEXT MODIFICATION REQUEST message is for L3 handover command.)

For case 1, since it is observed that the current combination of IEs in UE CONTEXT MODIFICATION REQUEST message can be understood that it is for L3 handover, then the source DU can then suspend the LTM.
For case 2, as following the baseline CR for 38.401 [R3-231048] that there will be a signalling/indication to tell from the source gNB-DU to the gNB-CU that the LTM command has been triggered, the gNB-CU then can suspend the L3 handover command (if the L3 handover is still under preparation phase).
Observation 2 : The newly introduced in F1AP signalling/IE to tell from the source gNB-DU to the gNB-CU that the LTM command has been triggered, the gNB-CU then can suspend the L3 handover command (if it is under preparation).
For case3, similar to case 1 that the source gNB-DU know from the F1AP: UE CONTEXT MODIFICATION REQUEST message that it is for L3 handover command, then gNB-DU can respond to the gNB-CU by F1AP: UE CONTEXT MODIFICATION FAILURE message. Here may be one additional thing to consider, since the failure message may have various reasons, it would be a need to let gNB-CU know the failure is due to the initiation of the LTM so the gNB-CU does not trigger UE Context Release immediately but rather to continue the whole LTM procedure (i.e. to wait signalling from the target side e.g. ACCESS SUCCESS message).
Proposal 1: In order for the gNB-CU not to immediately trigger UE Context Release when it receives UE CONTEXT MODIFICATION FAILURE message, an explicit cause value to show the failure is due to triggering of LTM command.
It is important to give a description text to the stage 3 so to avoid different understanding.
Proposal 2: For the crossing of the LTM related signalling (DU->CU) and L3 handover related signalling (CU->DU), to give an procedure description in the F1AP. 

Candidate cells configuration in one message or multiple message between CU and DU:
We give some analysis and comparing between one message and multiple messages in F1 interface.
Complexity of the signalling message: having list of target cells in one signalling message is basically and absolutely, need to consider partial success or partial failure due to e.g. resource situation in each cell of the same DU, which always make the signalling message very complicated, since all related requested resources (DRB, SRB etc.) may have different admission result of each cell. 
Signalling overhead: the signalling overhead of multiple messages approach will need to repeat e.g. the same DRB to be setup to the DU for preparing multiple candidate cells (one cell by one signalling message). This can be avoided by giving a small enhancement in the procedure text or stage 2 text, to specify to use of same AP ID for different UE CONTEXT SETUP REQUEST message with the condition that an indication of showing for LTM purpose, then DU does not reject even if same AP ID is received.
Therefore in conclusion, multiple signalling message approach in F1AP is simpler and easy for processing.
Proposal 3: agree to take multiple messages approach in F1AP for configuration of multiple candidate cells i.e. each message consist of only one cell. 
E1 Aspect: 
For example in intra CU Inter-DU LTM case, if to follow basic E1 aspect, the first Bearer Context Modification procedure to get the new UL TEID and that to be sent to target DU, target DU then send back its DL TEID; the second Bearer Context Modification procedure will be to give the DL TEID of the target DU to the CU-UP.
It has been discussed in the RAN3#119bis-e if can optimize signalling procedure towards CU-UP by merging two times Bearer Context Modification procedure into one time Bearer Context Modification procedure, by assuming the UL TEID is not changed. This is possible since possibly for LTM towards CU-UP, the first Bearer Context Modification is only for asking new UL TEID. 
Observation 3: for E1 aspect, optimization of two times Bearer Context Modification procedures to one time Bearer Context Modification procedure towards the CU-UP is possible, by assuming the UL TEID per DRB does not change even for intra-CU inter DU LTM.
However, since from the Rel-15 legacy signalling procedures it has been specified in the way that the CU-UP is expecting to have first Bearer Context Modification procedure before it will receive new DL TEID of the target DU, change from now may cause implementation backward compatibility problem in CU UP as there is no explicit information to let the CU UP to know this is for LTM purpose that can be optimized. 
If can let Rel-18 CU-UP to know the Bearer Context Modification procedure is for LTM purpose, then the CU-UP may skip checking if the UL TEID in CU UP has been allocated.
Proposal 4: in order to avoid compatibility problem with legacy handling in CU UP i.e. legacy way that the CU UP is always allocating of UL TEID in the first place before it receive new DL TEID, there may be a need for the CU UP to know the Bearer Context Modification procedure is for LTM, then can skip checking if the UL TEID has been allocated.

Proposal
Observation 1: The combination of the existing IEs in F1AP: UE CONTEXT MODIFICATION REQUEST message can let the gNB-DU to know it is for L3 handover command.
Observation 2 : The newly introduced in F1AP signalling/IE to tell from the source gNB-DU to the gNB-CU that the LTM command has been triggered, the gNB-CU then can suspend the L3 handover command (if it is under preparation).
Proposal 1: In order for the gNB-CU not to immediately trigger UE Context Release when it receives UE CONTEXT MODIFICATION FAILURE message, an explicit cause value to show the failure is due to triggering of LTM command.
Proposal 2: For the crossing of the LTM related signalling (DU->CU) and L3 handover related signalling (CU->DU), to give an procedure description in the F1AP. 
Proposal 3: agree to take multiple messages approach in F1AP for configuration of multiple candidate cells i.e. each message consist of only one cell. 
Observation 3: for E1 aspect, optimization of two times Bearer Context Modification procedures to one time Bearer Context Modification procedure towards the CU-UP is possible, by assuming the UL TEID per DRB does not change even for intra-CU inter DU LTM.
Proposal 4: in order to avoid compatibility problem with legacy handling in CU UP i.e. legacy way that the CU UP is always allocating of UL TEID in the first place before it receive new DL TEID, there may be a need for the CU UP to know the Bearer Context Modification procedure is for LTM, then can skip checking if the UL TEID has been allocated.
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