[bookmark: _Toc193024528]3GPP TSG-RAN WG3 Meeting #120	R3-232825
Incheon, KR, 22 May – 26 May, 2023

[bookmark: _Hlk506366071]Title: 	(TP for L1L2Mob BLCR for TS 38.401 and TS 38.473): Continuation on LTM procedure design
Source: 	Huawei
Agenda item:	14.2
Document Type:	Discussion 
1. Introduction
In this contribution, we continue the discussion on the LTM procedure design over F1 and E1 interfaces based on the agreements made in RAN1, RAN2 and RAN3. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 One message vs multiple messages
The following three options are discussed at last meeting for LTM configuration.
· 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.
Signaling overhead analysis:
The signaling overhead of those three options are analyzed case by case in below.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Case 1: LTM configuration at network side
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK3][bookmark: OLE_LINK4]In case 1, the F1AP signalling overhead of option 1, option 2 and option 3 is low, high and medium respectively. As option 1 only needs 2 F1AP messages per candidate gNB-DU no matter how many candidate cells are configured. While option 2 will need N*M*2 F1AP messages, N is the number of candidate cells to be configured in a candidate DU. M is the number of candidate DUs. The signalling overhead of option 3 depends on the number of candidate cells that have different DRB admission result in each candidate DU.
Observation 1: The F1 signalling overhead of option 1, option 2 and option 3 is low, high and medium respectively for LTM configuration at network side.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Case2：L1/L2 configuration negotiation between CU and source DU
According to the evaluation in our contribution about the F1 signaling impact for the receiving LSs in [], it is concluded that at least the following extra F1 signaling is needed after LTM configuration at network side, but before sending the RRCReconfiguration to the UE  for inter-DU LTM.
· The gNB-CU sends the UE Context Request message to deliver the RRC RACH resource, CFRA resource, TCI state information, and L1 measurement configurations of candidate cells to the source gNB-DU.
· The source gNB-DU responds the gNB-CU with the association of the CSI-ResourceConfig and CSI-ReportConfig.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]In case 2, the F1 signalling overhead of option 1, option 2 is similar as the signalling overhead in case 1. For option 3, more clarification is needed on whether the negotiation of L1/L2 configuration step is per UE level or per candidate cell level.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Observation 2: The F1 signalling overhead of option 1, option 2 is low and high in for L1/L2 configuration negotiation between CU and source DU. The signalling overhead of option 3 needs further clarification.
Case 3: Additional F1 signalings for subsequent LTM
In addition, in the incoming LS from RAN2 in [], RAN2 has made some agreements on the L1 measurement configuration and reporting.
	<L1 measurements>
Initial agreements, from RAN2 point of view (may be dep on RAN1 progress). 
The location of RS configuration for SSB-based measurements of candidate cells is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. The RS configuration, per RAN1 agreement, can include PCI or logical ID, SMTC location, frequency location, and SCS.
RAN2 assumes that the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells (same location as RS configuration).
RAN2 assumes that For L1 measurements of LTM candidate cells, the reporting configuration is placed inside the ServingCellConfig of current serving cell(s). 

	Chair: the agreements above may need to be further evaluated, e.g. wrt subsequent LTM switches.


The note of RAN2 chair shows that those agreements may be further evaluated for subsequent LTM. However, assuming such agreements are applied to subsequent LTM, the expected additional F1AP signaling could be:
· [bookmark: _Hlk134629200]The gNB-CU sends the UE Context Modification Request message to all candidate DUs to deliver the L1 measurement configurations of candidate cells (including source cell) from different candidate DUs.
· The candidate gNB-DUs responds the gNB-CU with the association of the CSI-ResourceConfig and CSI-ReportConfig for all candidate cells (including source cell) from different candidate DUs.
A short example is provided here for better understanding.
· The gNB-CU initiates the LTM configuration procedure based on L3 measurement report (the UE is at cell1);
· Cell 1/2/3/4 in different DUs provides the L1 RS configurations to the CU in UE Context Setup Response;
· The gNB-CU provides the L1 RS configurations of cell2/3/4 to cell1;
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Cell 1 generates and responds the CSI-ReportConfig to the gNB-CU;
· The gNB-CU provide the L1 RS configurations of  cell1/3/4 to cell2;
· Cell 2 generates and responds the CSI-ReportConfig to the gNB-CU;
· Repeat above steps for cell 3 and cell 4;
· The gNB-CU configures the L1 measurement configurations and CSI-ReportConfigs for cell 1/2/3/4 to the UE.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK20][bookmark: OLE_LINK21]In summary, the additional F1 signaling overhead for support of inter-DU subsequent LTM are:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]For option 1, it is 2*M messages, while M is the number of candidate DUs. 
· For option 2, it is 2*M*N messages, while M is the number of candidate DUs, N is the number of candidate cells in each candidate DU.
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]For option 3, it is the same as either option 1 or option 2 depending on the negotiation granularity.
Observation 3: The F1 signalling overhead of option 1, option 2 is low and high in for support of inter-DU subsequent LTM. The signalling overhead of option 3 is the same as either option 1 or option 2 depending on the negotiation granularity.
Specification impact analysis:
According to the discussion in previous meetings, the specification impact mainly focus on the support of different DRB admission results for different candidate cells for option 1.  The specification impact of option 2 is expected low as the current F1 procedures is naturally operating in per cell level, and it can reuse the CHO-like method to extend the current procedures for LTM smoothly.
Hence, only the specification impact of option 1 is analyzed in below. Also note that the latest rel-15 version of TS 38.473 (i.e., v15.16.0) is used as the analysis baseline. Because we think that only the mandatory IEs and the critical optional cell level IEs in the messages need special handling for LTM for option 1. 
The impact on UE Context Setup message is analyzed in below table.  Only the top level IEs in the message in TS38.473v15.16.0 are shown in the table.
	UE Context Setup
IE/Group Name
	Presence/Range
	Impact analysis for option 1

	Message Type
	M
	NA

	gNB-CU UE F1AP ID
	M 
	No impact.

	gNB-DU UE F1AP ID 
	O
	No impact.

	SpCell ID
	M
	The IE is mandatory and is apparently set in cell level. This IE shall be ignored if option 1 is adopted. The new introduced candidate cell IDs will replace this IE.

	ServCellIndex
	M
	The IE is mandatory and is apparently set in cell level. This IE shall be ignored if option 1 is adopted. The same IE needs to be added in the candidate cell list for LTM.

	SpCell UL Configured
	O
	Although the IE is optional, it is configured per candidate cell. The same IE needs to be added in the candidate cell list for LTM.

	CU to DU RRC Information
	M
	The IE is mandatory and is apparently set in cell level. This IE shall be ignored if option 1 is adopted. The same IE needs to be added in the candidate cell list for LTM.

	Candidate SpCell List
	0..1
	No impact. This IE is an optional list type IE. It’s configured in UE level.

	DRX Cycle 
	O
	Although the IE is optional, it is configured per candidate cell. The same IE needs to be added in the candidate cell list for LTM.

	Resource Coordination Transfer Container
	O
	No impact. 

	SCell To Be Setup List
	0..1
	This IE is an optional list type IE and different Spcell may be configured different Scells. The same IE needs to be added in the candidate cell list for LTM.

	SRB to Be Setup List
	0..1
	No impact.

	DRB to Be Setup List
	0..1
	No impact.

	Inactivity Monitoring Request 
	O
	No impact.

	RAT-Frequency Priority Information
	O
	No impact.

	RRC-Container
	O
	No impact. As this is the DL-DCCH-Message for UE initial access.

	Masked IMEISV
	O
	No impact.

	Serving PLMN
	O
	No impact.

	gNB-DU UE Aggregate Maximum Bit Rate Uplink
	C-ifDRBSetup
	No impact.

	RRC Delivery Status Request
	O
	No impact.

	Resource Coordination Transfer Information
	O
	No impact.

	servingCellMO
	O
	Although the IE is optional, it should be configured per candidate cell. The same IE needs to be added in the candidate cell list for LTM.

	New gNB-CU UE F1AP ID
	O
	No impact.

	RAN UE ID
	O
	No impact.


The impact on UE Context Setup Response message is analyzed in below table.
	UE Context Setup Response
IE/Group Name
	Presence/Range
	Impact analysis for option 1

	Message Type
	M
	NA

	gNB-CU UE F1AP ID
	M
	No impact.

	gNB-DU UE F1AP ID
	M
	No impact.

	DU To CU RRC Information
	M
	The IE is mandatory and is apparently set in cell level. This IE shall be ignored if option 1 is adopted. The same IE needs to be added in the candidate cell list for LTM.

	C-RNTI
	O
	Although the IE is optional, it is allocated per candidate cell. The same IE needs to be added in the candidate cell list for LTM.

	Resource Coordination Transfer Container
	O
	No impact.

	Full Configuration
	O
	It needs to be indicated per candidate cell. The same IE needs to be added in the candidate cell list for LTM.

	DRB Setup List
	0..1
	If different DRB admission result for different cells is supported, the same IE needs to be added in the candidate cell list for LTM.

	SRB Failed to Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	DRB Failed to Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	SCell Failed To Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	Inactivity Monitoring Response
	O
	No impact.

	Criticality Diagnostics
	O
	No impact.

	SRB Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.


The impact on UE Context Modification Request message is analyzed in below table.

	UE Context Modification Request
IE/Group Name
	Presence/ Range
	Impact analysis for option 1

	Message Type
	M
	NA

	gNB-CU UE F1AP ID
	M
	No impact.

	gNB-DU UE F1AP ID
	M
	No impact.

	SpCell ID
	O
	The same IE needs to be added in the candidate cell list for LTM.

	ServCellIndex
	O
	The same IE needs to be added in the candidate cell list for LTM.

	SpCell UL Configured
	O
	The same IE needs to be added in the candidate cell list for LTM.

	DRX Cycle 
	O
	The same IE needs to be added in the candidate cell list for LTM.

	CU to DU RRC Information

	O

	The same IE needs to be added in the candidate cell list for LTM.

	Transmission Action Indicator
	O
	No impact.

	Resource Coordination Transfer Container
	O
	No impact.

	RRC Reconfiguration Complete Indicator
	O
	No impact.

	RRC-Container
	O
	No impact.

	SCell To Be Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	SCell To Be Removed List
	0..1
	No impact.

	SRB to Be Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	DRB to Be Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	DRB to Be Modified List
	0..1
	No impact.

	SRB To Be Released List
	0..1
	No impact.

	DRB to Be Released List
	0..1
	No impact.

	Inactivity Monitoring Request
	O
	No impact.

	RAT-Frequency Priority Information
	O
	No impact.

	DRX configuration indicator
	O
	No impact.

	RLC Failure Indication
	O
	No impact.

	Uplink TxDirectCurrentList Information
	O
	No impact.

	GNB-DU Configuration Query
	O
	No impact.

	gNB-DU UE Aggregate Maximum Bit Rate Uplink
	O
	No impact.

	Execute Duplication
	O
	No impact.

	RRC Delivery Status Request
	O
	No impact.

	Resource Coordination Transfer Information
	O
	No impact.

	servingCellMO
	O
	It should be configured per candidate cell. The same IE needs to be added in the candidate cell list for LTM.

	Need for Gap
	O
	No impact.

	Full Configuration
	O
	No impact.

	SCG Indicator
	O
	No impact.


The impact on UE Context Modification Response message is analyzed in below table.
	UE Context Modification Response
IE/Group Name
	Presence/ Range
	Impact analysis for option 1

	Message Type
	M
	NA

	gNB-CU UE F1AP ID
	M
	No impact.

	gNB-DU UE F1AP ID
	M
	No impact.

	Resource Coordination Transfer Container
	O
	No impact.

	DU To CU RRC Information

	O
	The IE is apparently set in cell level. The same IE needs to be added in the candidate cell list for LTM.

	DRB Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	DRB Modified List
	0..1
	No impact.

	SRB Failed to be Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	DRB Failed to be Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	SCell Failed To Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	DRB Failed to be Modified List
	0..1
	No impact.

	Inactivity Monitoring Response
	O
	No impact.

	Criticality Diagnostics
	O
	No impact.

	C-RNTI
	O
	The same IE needs to be added in the candidate cell list for LTM.

	Associated SCell List 
	O
	The same IE needs to be added in the candidate cell list for LTM.

	SRB Setup List
	0..1
	The same IE needs to be added in the candidate cell list for LTM.

	SRB Modified List
	0..1
	No impact.

	Full Configuration
	O
	The same IE needs to be added in the candidate cell list for LTM.


Observation 4:  For option 1, in order to support the different DRB admission result case,  the specification impact seems high and complex. Some mandatory IEs needs to be set ignored when LTM candidate cell list is configured. Quit lots of IEs in UE Context Setup/Modification procedures needs to be duplicated in the LTM candidate list IE.
Proposal 1: It is proposed RAN3 to evaluate the three options and make a decision based on above analysis.
2.2 E1 aspects for inter-DU LTM
Some offline agreements were made at last meeting, but not confirmed online due to lack of time. Those agreements and the output stage 2 message flow was captured in R3-232094 with some questions which need further clarification.
Questions needs to be clarified in R3-232094:
1. [bookmark: _Hlk134709390]For intra-DU LTM and intra-UP (i.e. no change of CU-UP), there will be no need to create new TEID, actually no signalling will be exchange with CU-UP?
2. whether can realize CU UP change without security key update? This case is very limited and we prefer to consider it later.
3. why the CU-UP would be changed, i.e., we wanted to understand the motivation for considering the inter-CU-UP LTM case in the first place, further considering that Rel-18 LTM is for intra-CU.
Response to Q1:
Our thinking to question 1 is that the TEID will be transferred from CU to DU by UE Context Modification request message in intra-DU LTM. We think standard should leave some flexibility to network implementation on whether the TEID is changed or not for the DRBs without RLC re-establishment. In standard, there is no need to mandate the CU not to allocate new TEID in RLC without re-establishment case. Once new TEIDs are assigned, there will be impact on E1.
Furthermore, generating L1/L2 RRC configurations and user plane resource handling are usually belonging to different models in implementation. Decoupling them may make the implementation simpler.
Proposal 2: For intra-DU LTM and intra-CU-UP LTM, it is up to implementation whether new TE IDs are allocated for RLC non-reestablishment/no PDCP data recovery bearers.
Response to Q2 and Q3:
At last meeting, companies questioned that whether the inter-CU-UP case is a valid case for LTM. Below are our thinking for Q2 and Q3.
Firstly, in TS38.401 section 8.9.5, change of CU-UP is supported. It implies that UP change can likely happen even in intra-DU LTM.
Secondly, the following agreement made in RAN2 does not restrict it only applicable to intra-CU-UP. RAN3 should assume that this agreement is applicable for both intra-CU-UP and inter-CU-UP cases.
No security update support in Rel-18 with L1/L2 based mobility.
Thirdly, In TS 33.501, it says:
	[bookmark: _Toc19634727][bookmark: _Toc26875787][bookmark: _Toc35533299][bookmark: _Toc45274307][bookmark: _Toc129956392][bookmark: _Toc45028642][bookmark: _Toc35528538][bookmark: _Toc45274894][bookmark: _Toc51168151]6.9.2.3.1	Intra-gNB-CU handover and intra-ng-eNB handover
The gNB shall have a policy deciding at which intra-gNB -CU handovers the KgNB can be retained and at which a new KgNB needs to be derived. At an intra-gNB-CU handover, the gNB shall indicate to the UE whether to change or retain the current KgNB in the HO Command message. Retaining the current KgNB shall only be done during intra-gNB-CU handover. 


If the CU-UP change is occurred in intra-CU, it seems clear that the security key can be retained in this case. 
Fourthly, there is no any excuse to exclude the inter-CU-UP case from the first version of LTM which may negatively impact on the commercial scenarios for this feature.
We think that above evidences justify the motivate of support of inter-UP LTM in rel-18 and propose: 
Proposal 3: RAN3 to confirm that LTM with gNB-CU-UP change is supported in Rel-18.
Proposal 4: RAN3 to agree on the following agreements and the stage 2 message flow in the annex (a copy/past from R3-232094).
Proposal 3.6-1: For intra-CU-UP case, propose to turn the following WF to an agreement:
[bookmark: OLE_LINK203][bookmark: OLE_LINK204]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.
Proposal 3.6-2: 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.
Proposal 3.6-3: 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.
Proposal 3.6-4: 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.
Proposal 3.6-5: For inter-CU-UP LTM, Path switch procedure is performed towards the core network after detecting the UE has accessed to the target cell.
2.3 HO collision
At last meeting, RAN3 discussed the following issues.
	7. Handover collision avoidance between LTM and L3 handover:
The following options are discussed:
· Option 1: OAM configured priority.
· Option 2: Network decides the priority based on scenario (intra-gNB-CU or inter-gNB-CU) and some assistance information (the measurement results, candidate target cells).
· Option 3: Flexible priority. The handover triggered first take the high priority. 
For option 3, The detailed description would be:
· Case 1, L3 handover triggered earlier than LTM (the gNB-DU receives the L3 handover command before LTM is triggered), L3 handover has high priority.
· Case 2, LTM triggered earlier than L3 (the gNB-CU receives the LTM notify message from gNB-DU before L3 handover is triggered), LTM has high priority,
· Case 3, LTM and L3 handover are triggered almost simultaneously (cross signallings on F1). The (source) gNB-DU fails the L3 handover by responding with UE Context Modification Failure message with proper cause meaning LTM has high priority. This is to avoid to cancel the LTM command already sent to the UE which seems complex from moderator point of view.


On the other hand, RAN2 also discussed the HO collision issue and the following agreements were made.
	While configured with LTM candidate cells, the UE can also execute any L3 handover command sent by the network. R2 assumes that is could be up to the network to avoid any issue due to the race condition between LTM execution and RRC Reconfiguration (e.g. L3 HO cmd), e.g. avoid sending LTM switch cmd and L3 HO cmd in the same TB.


Based on RAN2 agreement, it is confirmed that the UE is allowed to execute the L3 HO when configured with LTM. We think RAN3 needs to down-select options to address the collision issue. In our view option 1 and option 2 may not be feasible in real case since the source DU may not know when the CU triggers the L3 HO and why the CU triggers L3 HO. 
For example, if the L3 HO is triggered for key update (e.g. intra-cell HO) and handover to a target cell which is not configured as LTM candidate cell (i.e. inter-CU HO), this L3 HO shall have a higher priority than LTM (i.e. the LTM command is suspended to send to UE until L3 HO is completed). If the L3 HO is performed to a target cell without key update which is also configured as LTM candidate cell, either LTM cell switch or L3 HO is fine. 
If LTM command has sent to UE but the LTM is not completed, the L3 HO command shall be discarded to avoid wrong RRC delta configuration in L3 mobility since the delta configuration in L3 mobility is built based on the latest PCell configuration. If the PCell is changed by LTM, the UE will interpret the delta configuration based on the new PCell which is mismatched with the gNB-CU.
Based on above analysis, we propose:
Proposal 5: Flexible priority is applied to address the HO collision between L3 handover and LTM.
· Case 1, L3 handover triggered earlier than LTM (the gNB-DU receives the L3 handover command before LTM is triggered), L3 handover has higher priority than LTM.
· Case 2, LTM triggered earlier than L3 (the gNB-CU receives the LTM notify message from gNB-DU before L3 handover is triggered), LTM has higher priority than L3 handover,
· Case 3, LTM and L3 handover are triggered almost simultaneously (cross signallings on F1). The (source) gNB-DU fails the L3 handover by responding with UE Context Modification Failure message with proper cause meaning LTM has higher priority.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: OLE_LINK7]Based on the discussion in this paper, we propose the following:
Observation 1: The F1 signalling overhead of option 1, option 2 and option 3 is low, high and medium respectively for LTM configuration at network side.
Observation 2: The F1 signalling overhead of option 1, option 2 is low and high in for L1/L2 configuration negotiation between CU and source DU. The signalling overhead of option 3 needs further clarification.
Observation 3: The F1 signalling overhead of option 1, option 2 is low and high in for support of inter-DU subsequent LTM. The signalling overhead of option 3 is the same as either option 1 or option 2 depending on the negotiation granularity.
Observation 4:  For option 1, in order to support the different DRB admission result case,  the specification impact seems high and complex. Some mandatory IEs needs to be set ignored when LTM candidate cell list is configured. Quit lots of IEs in UE Context Setup/Modification procedures needs to be duplicated in the LTM candidate list IE.
Proposal 1: It is proposed RAN3 to evaluate the three options and make a decision based on above analysis.
[bookmark: _GoBack]Proposal 2: For intra-DU LTM and intra-CU-UP LTM, it is up to implementation whether new TE IDs are allocated for RLC non-reestablishment/no PDCP data recovery bearers.
Proposal 3: RAN3 to confirm that LTM with gNB-CU-UP change is supported in Rel-18.
Proposal 4: RAN3 to agree on the following agreements and the stage 2 message flow in the annex (a copy/past from R3-232094).
Proposal 3.6-1: For intra-CU-UP case, propose to turn the following WF to an agreement:
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.
Proposal 3.6-2: 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.
Proposal 3.6-3: 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.
Proposal 3.6-4: 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.
Proposal 3.6-5: For inter-CU-UP LTM, Path switch procedure is performed towards the core network after detecting the UE has accessed to the target cell.
Proposal 5: Flexible priority is applied to address the HO collision between L3 handover and LTM.
· Case 1, L3 handover triggered earlier than LTM (the gNB-DU receives the L3 handover command before LTM is triggered), L3 handover has higher priority than LTM.
· Case 2, LTM triggered earlier than L3 (the gNB-CU receives the LTM notify message from gNB-DU before L3 handover is triggered), LTM has higher priority than L3 handover,
· Case 3, LTM and L3 handover are triggered almost simultaneously (cross signallings on F1). The (source) gNB-DU fails the L3 handover by responding with UE Context Modification Failure message with proper cause meaning LTM has higher priority.
[bookmark: _Toc423020280]
The tentative stage 2 TP to TS 38.401 BLCR based on the above proposals in the annex.
[bookmark: OLE_LINK31]4. Annex- TP for F1 aspects for TS 38.401 BLCR
8.2.1.X	Intra-gNB-DU L1/L2 Triggered Mobility 
his procedure is used for the case when the UE moves within the same gNB-DU during NR operation for L1/L2 triggered mobility. Figure 8.2.1.x-1 shows the intra-gNB-DU L1/L2 triggered mobility procedure for intra-NR.



Figure 8.2.1.x-1: Intra-gNB-DU L1/L2 Triggered Mobility
1. The UE sends a MeasurementReport message (L3 measurement result FFS) to the gNB-DU containing  measurements of neighboring cells. The gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU. 
2. The gNB-CU determines to initiate L1/L2 triggered mobility configuration. 
3. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the gNB-DU containing the target candidate cells. 
4. If the gNB-DU accepts the request of LTM configuration, it responds to the gNB-CU with a UE CONTEXT MODIFICATION RESPONSE message including the generated lower layer RRC configurations for the accepted target candidate cell(s). 

5. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the gNB-DU, which includes the generated RRCReconfiguration message with the L1/L2 triggered mobility configuration. 
FFS: whether it is DL RRC MESSAGE TRANSFER message or UE CONTEXT MODIFICATION REQUEST message.
6. The gNB-DU forwards the received RRCReconfiguration message to the UE.
7. The UE responds to the gNB-DU with an RRCReconfigurationComplete message.
8. The gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 
FFS: whether it is UL RRC MESSAGE TRANSFER message or UE CONTEXT MODIFICATION RESPONSE message.
9. The UE sends the lower layer measurement result to the gNB-DU. The gNB-DU decides to execute L1/L2 inter-cell mobility.
10. The gNB-DU sends the LTM command to the UE. 
Editor’s note: The LTM command needs to be updated according to RAN2’s discussion.
11. The gNB-DU signals the gNB-CU about the initiation of the L1/L2 triggered mobility command to the UE including the Target cell ID. 
FFS: introduce new message or reuse legacy message.
12. FFS: How the target gNB-DU detects the UE access.
13. The target gNB-DU sends the ACCESS SUCCESS message to the gNB-CU with the target Cell ID.
14.  The gNB-CU may send the UE CONTEXT MODIFICATION message to the gNB-DU to release the resources of prepared cells.
15.  The gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message.

---------------------------------------------------------Next change -------------------------------------------------------------

8.2.1.Y	Inter-gNB-DU L1/L2 Triggered Mobility 
This procedure is used for the case when the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation for L1/L2 Triggered Mobility. Figure 8.2.1.Y-1 shows the inter-gNB-DU L1/L2 Triggered Mobility procedure for intra-NR.




Figure 8.2.1.Y-1: inter gNB-DU L1/L2 Triggered Mobility
1. The UE sends a MeasurementReport message (L3 measurement result FFS) to the source gNB-DU containing  measurements of neighboring cells. The source gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU. 
2. The gNB-CU determines to initiate L1/L2 triggered mobility configuration. 
3. The gNB-CU sends a UE CONTEXT SETUP REQUEST message to the candidate gNB-DU, containing the target candidate cells. 

4. If the candidate gNB-DU accepts the request of LTM configuration, it responds to the gNB-CU with a UE CONTEXT SETUP RESPONSE message including the generated lower layer RRC configuration for the accepted target candidate cell(s).
5. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the source gNB-DU, which includes the generated RRCReconfiguration message with the L1/L2 triggered mobility configuration.
FFS: whether it is DL RRC MESSAGE TRANSFER message or UE CONTEXT MODIFICATION REQUEST message.
6. The source gNB-DU forwards the received RRCReconfiguration message to the UE.
7. The UE responds to the source gNB-DU with an RRCReconfigurationComplete message.
8. The source gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 
FFS: whether it is UL RRC MESSAGE TRANSFER message or UE CONTEXT MODIFICATION RESPONSE message.
9. The UE sends the lower layer measurement result to the source gNB-DU. 
10. The source gNB-DU decides to execute L1/L2 triggered mobility to a candidate target cell.
FFS: Notifying the LTM triggering decision to the other nodes as well.
11. The source gNB-DU sends LTM command to the UE. 
Editor’s note: The LTM command needs to be updated according to RAN2’s discussion. 
12. The source gNB-DU signals the gNB-CU about the initiation of the L1/L2 triggered mobility command to the UE including the Target cell ID.
FFS: introduce new message or reuse legacy message.
13. FFS:  how the target gNB-DU detects the UE access and whether there is an F1 impact.
14. The target gNB-DU sends the ACCESS SUCCESS message to the gNB-CU with the target cell ID.
15. The gNB-CU may send the UE CONTEXT RELEASE COMMAND message to the source gNB-DU to release the resources of prepared cells.
16.	The source gNB-DU responds with a UE CONTEXT RELEASE COMPLETE message.
TBD.

5. Annex- TP for E1 aspects forTS 38.401 BLCR

/*******************Next change***********************************/
8.2.1.Z	L1/L2 Triggered Mobility with gNB-CU-UP change
Figure 8.2.1.z-1 shows the procedure used for L1/L2 triggered mobility with the change of gNB-CU-UP within a gNB.



Figure 8.2.1.z LTM with the change of gNB-CU-UP
0. The source gNB-DU forwards the Measurement Report to the gNB-CU-CP.
1. The gNB-CU-CP decides to initiate LTM configuration.
2. The gNB-CU-CP sends a BEARER CONTEXT SETUP REQUEST message containing UL TNL address information for NG-U to setup the bearer context in the target gNB-CU-UP.
3.	The target gNB-CU-UP responds with a BEARER CONTEXT SETUP RESPONSE message containing the UL TNL address information for F1-U, DL TNL address information for NG-U, and the TNL address information for data forwarding to the target gNB-CU-UP.
4 - 5. F1 UE context setup procedure is performed to setup one or more bearers in the gNB-DU.
6 - 7.The gNB-CU-CP sends the RRC Reconfiguration message to the UE. Details are FFS.
8.  The UE sends the lower layer measurement result to the source gNB-DU, and the source gNB-DU decides to execute L1/L2 triggered mobility to a candidate target cell.
9. The source gNB-DU sends the LTM cell switch notify message to the gNB-CU-CP with the selected target cell ID.
10-11. The gNB-CU-CP performs the Bearer Context Modification procedure to retrieve the PDCP UL/DL status and to exchange the TNL address information for data forwarding for the bearers.
12-13.	The gNB-CU-CP performs the Bearer Context Modification procedure to send the DL TNL address information for F1-U and the PDCP UP/DL status to the target gNB-CU-UP.
14.	Data Forwarding may be performed from the source gNB-CU-UP to the target gNB-CU-UP. 
15.  The target gNB-DU detects the UE in the target cell.
16. The target gNB-DU sends an ACCESS SUCCESS message to the gNB-CU-CP.
17 - 19. Path Switch procedure is performed to update the DL TNL address information for the NG-U towards the core network.
20-21.	Bearer Context Release procedure may be performed to release the UE context in the source gNB-DU. 

/*******************End of changes***********************************/
5. Annex- TP for F1 aspects forTS 38.473 BLCR
[bookmark: _Toc120123981][bookmark: _Toc121160981]8.3.4.3	Unsuccessful Operation
[image: ]
Figure 8.3.4.3-1: UE Context Modification procedure. Unsuccessful operation
In case none of the requested modifications of the UE context can be successfully performed, the gNB-DU shall respond with the UE CONTEXT MODIFICATION FAILURE message with an appropriate cause value. If the Conditional Intra-DU Mobility Information IE was included in the UE CONTEXT MODIFICATION REQUEST message and set to "CHO-initiation", the gNB-DU shall include the received SpCell ID IE as the Requested Target Cell ID IE in the UE CONTEXT MODIFICATION FAILURE message.
If the gNB-DU is not able to accept the SpCell ID IE in UE CONTEXT MODIFICATION REQUEST message, it shall reply with the UE CONTEXT MODIFICATION FAILURE message. 
If the Conditional Intra-DU Mobility Information IE was included and set to "CHO-initiation" or "CHO-replace" but the SpCell ID IE was not included in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall respond with the UE CONTEXT MODIFICATION FAILURE message with an appropriate cause value.
If the gNB-DU is not able to accept the UE CONTEXT MODIFICATION REQUEST message because LTM command has sent to the UE earlier, it shall reply with the UE CONTEXT MODIFICATION FAIILURE message with an appropriate cause value.
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The purpose of the Cause IE is to indicate the reason for a particular event for the F1AP protocol.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Cause Group
	M
	
	
	

	>Radio Network Layer
	
	
	
	

	>>Radio Network Layer Cause 
	M
	
	ENUMERATED
(Unspecified, RL failure-RLC, Unknown or already allocated gNB-CU UE F1AP ID, 
Unknown or already allocated gNB-DU UE F1AP ID, 
Unknown or inconsistent pair of UE F1AP ID, 
Interaction with other procedure, 
Not supported QCI Value, 
Action Desirable for Radio Reasons, 
No Radio Resources Available, 
[bookmark: _Hlk40304981]Procedure cancelled, Normal Release, ..., Cell not available, RL failure-others, UE rejection, Resources not available for the slice(s), AMF initiated abnormal release, Release due to Pre-Emption, PLMN not served by the gNB-CU, Multiple DRB ID Instances, Unknown DRB ID, Multiple BH RLC CH ID Instances, Unknown BH RLC CH ID, CHO-CPC resources to be changed, NPN not supported, NPN access denied, gNB-CU Cell Capacity Exceeded, Report Characteristics Empty, Existing Measurement ID, Measurement Temporarily not Available, Measurement not Supported For The Object, Unknown BAP address, Unknown BAP routing ID, Insufficient UE Capabilities, SCG activation deactivation failure, SCG deactivation failure due to data transmission, Requested Item not Supported on Time, Unknown or already allocated gNB-CU MBS F1AP ID, Unknown or already allocated gNB-DU MBS F1AP ID, Unknown or inconsistent pair of MBS F1AP ID, Unknown or inconsistent MRB ID, TAT-SDT expiry, LTM triggered)
	

	>Transport Layer
	
	
	
	

	>>Transport Layer Cause
	M
	
	ENUMERATED
(Unspecified, Transport Resource Unavailable, ... , Unknown TNL address for IAB, Unknown UP TNL information for IAB)
	

	>Protocol
	
	
	
	

	>>Protocol Cause
	M
	
	ENUMERATED
(Transfer Syntax Error,
Abstract Syntax Error (Reject),
Abstract Syntax Error (Ignore and Notify),
Message not Compatible with Receiver State,
Semantic Error,
Abstract Syntax Error (Falsely Constructed Message), Unspecified, ...)
	

	>Misc
	
	
	
	

	>>Miscellaneous Cause
	M
	
	ENUMERATED
(Control Processing Overload, Not enough User Plane Processing Resources,
Hardware Failure,
O&M Intervention,
Unspecified, ...)
	



The meaning of the different cause values is described in the following table. In general, "not supported" cause values indicate that the related capability is missing. On the other hand, "not available" cause values indicate that the related capability is present, but insufficient resources were available to perform the requested action.
	Radio Network Layer cause
	Meaning

	Unspecified
	Sent for radio network layer cause when none of the specified cause values applies.

	RL Failure-RLC
	The action is due to an RL failure caused by exceeding the maximum number of ARQ retransmissions.

	Unknown or already allocated gNB-CU UE F1AP ID
	The action failed because the gNB-CU UE F1AP ID is either unknown, or (for a first message received at the gNB-CU) is known and already allocated to an existing context.

	Unknown or already allocated gNB-DU UE F1AP ID
	The action failed because the gNB-DU UE F1AP ID is either unknown, or (for a first message received at the gNB-DU) is known and already allocated to an existing context.

	Unknown or inconsistent pair of UE F1AP ID
	The action failed because both UE F1AP IDs are unknown, or are known but do not define a single UE context.

	Interaction with other procedure
	The action is due to an ongoing interaction with another procedure.

	Not supported QCI Value
	The action failed because the requested QCI is not supported.

	Action Desirable for Radio Reasons
	The reason for requesting the action is radio related.

	No Radio Resources Available
	The cell(s) in the requested node don’t have sufficient radio resources available.

	Procedure cancelled
	The sending node cancelled the procedure due to other urgent actions to be performed.

	Normal Release
	The action is due to a normal release of the UE (e.g. because of mobility) and does not indicate an error.

	Cell Not Available
	The action failed due to no cell available in the requested node.

	RL Failure-others
	The action is due to an RL failure caused by other radio link failures than exceeding the maximum number of ARQ retransmissions.

	UE rejection
	The action is due to gNB-CU’s rejection of a UE access request.

	Resources not available for the slice(s)
	The requested resources are not available for the slice(s).

	AMF initiated abnormal release
	The release is triggered by an error in the AMF or in the NAS layer.

	Release due to Pre-Emption
	Release is initiated due to pre-emption.

	PLMN not served by the gNB-CU
	The PLMN indicated by the UE is not served by the gNB-CU.

	Multiple DRB ID Instances
	The action failed because multiple instances of the same DRB had been provided.

	Unknown DRB ID
	The action failed because the DRB ID is unknow.

	Multiple BH RLC CH ID Instances
	The action failed because multiple instances of the same BH RLC CH ID had been provided. This cause value is only applicable to IAB.

	Unknown BH RLC CH ID
	The action failed because the BH RLC CH ID is unknown. This cause value is only applicable to IAB.

	CHO-CPC resources to be changed
	The gNB-DU requires gNB-CU to replace, i.e. overwrite the configuration of indicated candidate target cell.

	NPN not supported
	The action fails because the indicated SNPN is not supported in the node.

	NPN access denied
	The action is due to rejection of a UE access request for NPN.

	gNB-CU Cell Capacity Exceeded
	The number of cells requested to be added was exceeding maximum cell capacity in the gNB-CU.

	Report Characteristics Empty
	The action failed because there is no measurement object in the report characteristics.

	Existing Measurement ID
	The action failed because the measurement ID is already used.

	Measurement Temporarily not Available
	The gNB-DU can temporarily not provide the requested measurement object.

	Measurement not Supported For The Object
	At least one of the concerned object(s) does not support the requested measurement.

	Unknown BAP address
	The action failed because the BAP address is unknown. This cause value is only applicable to IAB.

	Unknown BAP routing ID
	The action failed because the BAP routing ID is unknown. This cause value is only applicable to IAB.

	Insufficient UE Capabilities
	The setup can’t proceed due to insufficient UE capabilities.

	SCG activation deactivation failure
	The action failed due to rejection of the SCG activation deactivation request.

	SCG deactivation failure due to data transmission
	The SCG deactivation failure due to ongoing or arriving data transmission.

	Requested Item not Supported on Time
	The gNB-DU is unable to provide the measurement results on time.

	Unknown or already allocated gNB-CU MBS F1AP ID
	The action failed because the gNB-CU MBS F1AP ID is either unknown, or (for a first message received at the gNB-CU) is known and already allocated to an existing context.

	Unknown or already allocated gNB-DU MBS F1AP ID
	The action failed because the gNB-DU MBS F1AP ID is either unknown, or (for a first message received at the gNB-DU) is known and already allocated to an existing context.

	Unknown or inconsistent pair of MBS F1AP ID
	The action failed because both MBS F1AP IDs are unknown, or are known but do not define a single MBS context.

	Unknown or inconsistent MRB ID
	The action failed because the MRB ID is unknown or inconsistent.

	TAT-SDT expiry
	The UE context release is requested from the gNB-DU due to the expiry of the Timing Alignment timer for CG-SDT.

	LTM triggered
	The action failed because the LTM has initiated.



	Transport Layer cause
	Meaning

	Unspecified
	Sent when none of the above cause values applies but still the cause is Transport Network Layer related.

	Transport Resource Unavailable
	The required transport resources are not available.

	Unknown TNL address for IAB
	The action failed because the TNL address is unknown. This cause value is only applicable to IAB.

	Unknown UP TNL information for IAB
	The action failed because the UP TNL information is unknown. This cause value is only applicable to IAB.



	Protocol cause
	Meaning

	Transfer Syntax Error
	The received message included a transfer syntax error.

	Abstract Syntax Error (Reject)
	The received message included an abstract syntax error and the concerning criticality indicated "reject".

	Abstract Syntax Error (Ignore And Notify)
	The received message included an abstract syntax error and the concerning criticality indicated "ignore and notify".

	Message Not Compatible With Receiver State
	The received message was not compatible with the receiver state.

	Semantic Error
	The received message included a semantic error.

	Abstract Syntax Error (Falsely Constructed Message)
	The received message contained IEs or IE groups in wrong order or with too many occurrences.

	Unspecified
	Sent when none of the above cause values applies but still the cause is Protocol related.



	Miscellaneous cause
	Meaning

	Control Processing Overload
	Control processing overload.

	Not Enough User Plane Processing Resources Available
	No enough resources are available related to user plane processing.

	Hardware Failure
	Action related to hardware failure.

	O&M Intervention
	The action is due to O&M intervention.

	Unspecified Failure
	Sent when none of the above cause values applies and the cause is not related to any of the categories Radio Network Layer, Transport Network Layer or Protocol.
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