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Introduction
The last RAN3 #118 meeting discussed LTM and progressed as follows:
CU suggest the candidate cell(s) to DU, “gNB-DU can suggest candidate cells after the gNB-CU initiates the L1/L2 inter-cell mobility configuration” is with low priority.
CU can update the suggested candidate cells.
For intra-DU case, the gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.
For inter-DU case, The target gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.
RAN3 works on the same signaling procedure for both initial cell switch and subsequent cell switch for intra-DU L1/L2 handover.
During execution phase, it is up to the gNB-DU implementation when will the gNB-DU signal to the CU. This does not mean that the gNB-DU is “allowed” to signal to the gNB-CU before LTM command is sent to the UE.
Also in the previous RAN3 #117 and #117bis meetings (only relevant agreements were captured):
RAN3 will aim for a single solution for network signaling design on L1/L2 based inter-cell mobility to support all agreed scenarios. 

The following previous agreements for intra-DU case are confirmed to be also applicable for inter-DU case:
3.  RAN3 will aim for a single solution for network signaling design on L1/L2 based inter-cell mobility to support all agreed scenarios. The details of solution are FFS.
While we made some progress on the general principles as highlighted above (which is good), but we still lack some important principles that we have been proposing to discuss by [1][2]. 
In this contribution, we again propose to discuss the important considerations for LTM before we deep dive on stage-3 solution space. 
Discussion
The purpose of L1/L2 based inter-cell mobility (a.k.a. LTM) is to reduce mobility latency by pre-configuring a list of candidate cell configurations in advance to the UE, for which based on L1 measurements, NW triggers fast HO between those cells. 
According to WID [3], the scope of LTM is within a single CU, i.e. intra-DU case and intra-CU inter-DU case as RAN3 has already agreed. 
	The detailed objective of this work item are:

1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized


[bookmark: _Hlk115113433]As this Rel-18 LTM aims for HO within a single CU, it is important to design overall signalling procedures based on the existing intra-CU mobility principles that has been specified from Rel-15. 
Observation 1: Rel-18 LTM aims for HO within a single CU. It is important to design overall signalling procedures based the existing intra-CU mobility principles that has been specified from Rel-15.
In the legacy intra-CU mobility, the following principles have been applied:
1) Security key (KgNB) can be newly derived, or the existing key can be retained [4], depending on the gNB policy:
	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. 
NOTE: 	The option of retaining the KeNB at intra-ng-eNB handover is not supported in ng-eNB.
If the current KgNB is to be changed, the gNB/ng-eNB and the UE shall derive a KNG-RAN* as in Annex A.11/A.12 using target PCI, its frequency ARFCN-DL/EARFCN-DL, and either NH or the current KgNB depending on the following criteria: the gNB shall use the NH for deriving KNG-RAN* if an unused {NH, NCC} pair is available in the gNB (this is referred to as a vertical key derivation), otherwise if no unused {NH, NCC} pair is available in the gNB, the gNB shall derive KNG-RAN* from the current KgNB (this is referred to as a horizontal key derivation). The gNB shall send the NCC used for the KNG-RAN*derivation to UE in HO Command message. The gNB/ng-eNB and the UE shall use the KNG-RAN* as the KgNB, after handover.
If the current KgNB is to be retained, the gNB and the UE shall continue using the current KgNB, after handover. 
NOTE 1:	This clause is also applicable when gNB is implemented as a single unit, i.e., when the gNB is not split into CU and DU.
NOTE 2: The key derivation mechanism described in this clause is also applicable to CHO defined in TS 38.300[52].


2) In case of intra-DU HO (either inter-cell or intra-cell), a special F1-U UL/DL TEID handling has been specified in TS 38.401 [5], for DU to differentiate which data to be transmitted with old configuration or new configuration for both inter-cell and intra-cell handover within the same DU (see the agreed R3-181479 [6] and the corresponding discussion paper in R3-180805 [7]):
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This procedure is used for the case that the UE moves from one cell to another cell within the same gNB-DU or for the case that intra-cell handover is performed during NR operation, and supported by the UE Context Modification (gNB-CU initiated) procedure as specified in TS 38.473 [4]. When the intra-gNB-DU handover is performed (either inter-cell or intra-cell), the gNB-CU provides new UL GTP TEID to the gNB-DU and the gNB-DU provides new DL GTP TEID to the gNB-CU. The gNB-DU shall continue sending UL PDCP PDUs to the gNB-CU using the previous UL GTP TEID until it re-establishes the RLC, and after then start sending using the new UL GTP TEID. The gNB-CU shall continue sending DL PDCP PDUs to the gNB-DU using the previous DL GTP TEID until it performs PDCP re-establishment or PDCP data recovery, and after then start sending using the new DL GTP TEID.


Proposal 1: For Rel-18 LTM, RAN3 to design overall signalling procedures for intra-DU and intra-CU inter-DU cases honouring the "intra-CU HO" principles that have been specified from Rel-15:
1) The procedures should support the cases where security key is updated or retained (as specified in TS 33.501 Section 6.9.2.3.1)
2) For intra-DU case, the procedure should support the special F1-U UL/DL TEID handling (as specified in TS 38.401 Section 8.2.1.2.), for DU to differentiate which data to be transmitted with old configuration or new configuration within the same DU 

Moreover, CU can be further split into CU-CP and CU-UP entities where, based on implementations, multiple CU-UPs could be associated with the underlying DUs or CU-CP during intra-CU mobility. This case is also worth investigating, but for the sake of having a single solution for network signaling design to support all agreed scenarios (as RAN3 already agreed), it is better to focus the signalling design on a single CU-UP case and later extend to the multiple CU-UP scenario. 
Proposal 2: For Rel-18 LTM, RAN3 to first focus and complete network signalling design for the scenario having only a single CU-UP entity, after then to extend the solution for the scenario where multiple CU-UPs are involved with the CU-CP. 

Furthermore, Rel-18 LTM (with multiple candidate cells) should allow DU to consecutively handover a UE to any of the pre-configured candidate cells based on L1 measurements. It will be a wate of resources and signalling efforts if multiple candidate cells pre-configured to the UE are used only once and then not used any more afterwards like Rel-16/17 CHO and CPAC. Please see the followings which are excerpted from TS 38.300 [8] and TS 37.340 [9]:
	[bookmark: _Toc46502013][bookmark: _Toc51971361][bookmark: _Toc52551344][bookmark: _Toc124536103]9.2.3.4	Conditional Handover
[bookmark: _Toc37231959][bookmark: _Toc46502014][bookmark: _Toc51971362][bookmark: _Toc52551345][bookmark: _Toc124536104]9.2.3.4.1	General
A Conditional Handover (CHO) is defined as a handover that is executed by the UE when one or more handover execution conditions are met. The UE starts evaluating the execution condition(s) upon receiving the CHO configuration, and stops evaluating the execution condition(s) once a handover is executed.
The following principles apply to CHO:
-	The CHO configuration contains the configuration of CHO candidate cell(s) generated by the candidate gNB(s) and execution condition(s) generated by the source gNB.
-	An execution condition may consist of one or two trigger condition(s) (CHO events A3/A5, as defined in [12]). Only single RS type is supported and at most two different trigger quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously for the evalution of CHO execution condition of a single candidate cell.
-	Before any CHO execution condition is satisfied, upon reception of HO command (without CHO configuration), the UE executes the HO procedure as described in clause 9.2.3.2, regardless of any previously received CHO configuration.
-	While executing CHO, i.e. from the time when the UE starts synchronization with target cell, UE does not monitor source cell.
CHO is also supported for the IAB-MT in context of intra- and inter-donor IAB-node migration and BH RLF recovery.
CHO is not supported for NG-C based handover in this release of the specification.



	[bookmark: _Toc29248346][bookmark: _Toc37200931][bookmark: _Toc46492797][bookmark: _Toc52568323][bookmark: _Toc124526246]7.7	SCG/MCG failure handling
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
The following SCG failure cases are supported:
-	SCG RLF;
-	SCG beam failure while the SCG is deactivated;
-	SN addition/change failure;
-	For EN-DC, NGEN-DC and NR-DC, SCG configuration failure or CPC configuration failure (only for messages on SRB3);
-	For EN-DC, NGEN-DC and NR-DC, SCG RRC integrity check failure (on SRB3);
-	For EN-DC, NGEN-DC and NR-DC, consistent UL LBT failure on PSCell;
-	For IAB-MT, reception of a BH RLF indication from SCG;
-	CPA/CPC execution failure.
Upon SCG failure, if MCG transmissions of radio bearers are not suspended, the UE suspends SCG transmissions for all radio bearers and, if any, BH RLC channels, if the SCG failure is not triggered by SCG beam failure, and reports the SCGFailureInformation to the MN, instead of triggering re-establishment. If SCG failure is detected while MCG transmissions for all radio bearers are suspended, the UE initiates the RRC connection re-establishment procedure.
SCG/MCG failure handling by UE also applies to IAB MT.
In all SCG failure cases, the UE maintains the current measurement configurations from both the MN and the SN and the UE continues measurements based on configuration from the MN and the SN if possible. The SN measurements configured to be routed via the MN will continue to be reported after the SCG failure.
NOTE 2:	UE may not continue measurements based on configuration from the SN after SCG failure in certain cases (e.g. UE cannot maintain the timing of PSCell).
The UE includes in the SCGFailureInformation message the measurement results available according to current measurement configuration of both the MN and the SN.	The MN handles the SCGFailureInformation message and may decide to keep, change, or release the SN/SCG. In all the cases, the measurement results according to the SN configuration and the SCG failure type may be forwarded to the old SN and/or to the new SN.
In case of CPA/CPC, upon transmission of the SCGFailureInformation message to the MN, the UE stops evaluating the CPA/CPC execution condition. The UE is not required to continue measurements for candidate PSCell(s) for execution condition upon transmission of the SCGFailureInformation message to the MN.
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
[bookmark: _Toc124526263]10.2.3	Conditional PSCell Addition
A Conditional PSCell Addition (CPA) is defined as a PSCell addition that is executed by the UE when execution condition(s) is met. The UE starts evaluating the execution condition(s) upon receiving the CPA configuration, and stops evaluating the execution condition(s) once PSCell addition or PCell change is triggered.
The following principles apply to CPA:
-	The CPA configuration contains the configuration of CPA candidate PSCell(s), execution condition(s) and may contain the MCG configuration, to be applied when CPA execution is triggered.
-	An execution condition may consist of one or two trigger condition(s) (see CondEvent, as defined in TS 38.331 [4] or TS 36.331 [10]). Only a single RS type and at most two different trigger quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be used for the evaluation of CPA execution condition of a single candidate PSCell.
-	Before any CPA execution condition is satisfied, upon reception of PSCell addition command or PCell change command, the UE executes the PSCell addition procedure as described in clause 10.2.1 or 10.2.2, or the PCell change procedure as described in clause 9.2.3.2 in TS 38.300[3] or clause 10.1.2.1 in TS 36.300 [2], regardless of any previously received CPA configuration. Upon the successful completion of PSCell addition procedure or PCell change procedure, the UE releases the stored CPA configuration.
-	While executing CPA, the UE is not required to continue evaluating the execution condition of other candidate PSCell(s) or PCell(s).
-	Once the CPA procedure is executed successfully, the UE releases all stored conditional reconfigurations (i.e. for CPA and for CHO, as specified in TS 38.300 [3] or TS 36.300 [2]).
CPA configuration in HO command, in PSCell addition command, or within any conditional reconfiguration (i.e., CPA, CPC or CHO configuration) is not supported.


[bookmark: _Hlk115114912]Though Rel-18 LTM shares many commonalities with Rel-16/17 CHO and CPAC (e.g. multiple candidate cells preparation on NW side and pre-configuration to the UE), one notable difference is that, in LTM, handover execution is decided explicitly by NW. Some of candidate cells configuration that has been pre-configured to the UE may be outdated while LTM procedure is on-going. But NW, based on L1 measurements, will not select such poor candidate cell for handover. The consecutive HO decisions based on a single configuration are safe to be considered. 
Observation 2: Though Rel-18 LTM shares many commonalities with Rel-16/17 CHO and CPAC (e.g. multiple candidate cells preparation on NW side and pre-configuration to the UE), one notable difference is that, in LTM, handover execution is decided by NW. Some candidate cells configuration that has been pre-configured to the UE may be outdated while LTM procedure is on-going. But NW, based on L1 measurements, will not select such poor candidate cell for handover. 
Observation 3: In Rel-18 LTM, the consecutive HO decisions based on a single configuration are safe to be considered. It will be a wate of resources and signalling efforts if multiple candidate cells pre-configured to the UE are used only once and then not used any more afterwards like Rel-16/17 CHO and CPAC as shown above from TS 38.300 and TS 37.340.
Proposal 3: For Rel-18 LTM, RAN3 to allow the consecutive HO decisions based on a single pre-configuration of multiple candidate cells.  
[bookmark: _Hlk115038099]
Then, network signalling designs for initial HO execution and subsequent HO executions should be aligned. Within a single CU, handover can be executed in a DU (intra-DU) or across DU (inter-DU) and of course their designs for intra-DU and inter-DU cases could be different as each involving different entities. But having different call flows for the initial HO and subsequent HO (either within intra-DU or across inter-DU) would unnecessarily complicate the feature. To reduce complexity, RAN3 should aim for common signalling designs for intra-DU HO case and inter-DU HO case, respectively, that can be applicable for any execution, regardless of initial or subsequent. 
The last RAN3 #118 meeting achieved this principle, but only for intra-DU LTM:
RAN3 works on the same signaling procedure for both initial cell switch and subsequent cell switch for intra-DU L1/L2 handover.
As mentioned above, this principle should also be applied to intra-CU inter-DU case. 
Proposal 4: For Rel-18 LTM, with respect to network signalling design for HO execution phase, RAN3 to agree the common signalling designs applicable for any execution (i.e. regardless of whether initial HO or subsequent HO) also for intra-CU inter-DU case (like we already agreed for intra-DU).
Conclusion
In the present contribution we make the following observations:
Observation 1: Rel-18 LTM aims for HO within a single CU. It is important to design overall signalling procedures based the existing intra-CU mobility principles that has been specified from Rel-15.
Observation 2: Though Rel-18 LTM shares many commonalities with Rel-16/17 CHO and CPAC (e.g. multiple candidate cells preparation on NW side and pre-configuration to the UE), one notable difference is that, in LTM, handover execution is decided by NW. Some candidate cells configuration that has been pre-configured to the UE may be outdated while LTM procedure is on-going. But NW, based on L1 measurements, will not select such poor candidate cell for handover. 
Observation 3: In Rel-18 LTM, the consecutive HO decisions based on a single configuration are safe to be considered. It will be a wate of resources and signalling efforts if multiple candidate cells pre-configured to the UE are used only once and then not used any more afterwards like Rel-16/17 CHO and CPAC as shown above from TS 38.300 and TS 37.340.

Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: For Rel-18 LTM, RAN3 to design overall signalling procedures for intra-DU and intra-CU inter-DU cases honouring the "intra-CU HO" principles that have been specified from Rel-15:
1) The procedures should support the cases where security key is updated or retained (as specified in TS 33.501 Section 6.9.2.3.1)
2) For intra-DU case, the procedure should support the special F1-U UL/DL TEID handling (as specified in TS 38.401 Section 8.2.1.2.), for DU to differentiate which data to be transmitted with old configuration or new configuration within the same DU 
Proposal 2: For Rel-18 LTM, RAN3 to first focus and complete network signalling design for the scenario having only a single CU-UP entity, after then to extend the solution for the scenario where multiple CU-UPs are involved with the CU-CP. 
Proposal 3: For Rel-18 LTM, RAN3 to allow the consecutive HO decisions based on a single pre-configuration of multiple candidate cells.  
Proposal 4: For Rel-18 LTM, with respect to network signalling design for HO execution phase, RAN3 to agree the common signalling designs applicable for any execution (i.e. regardless of whether initial HO or subsequent HO) also for intra-CU inter-DU case (like we already agreed for intra-DU).

Based on the above principles, our views on overall call flows for intra-DU LTM and intra-CU inter-DU LTM are shown as follows: 


Figure 1: Overall call flow for intra-DU LTM, involving DU and CU-UP [10]



Figure 2: Overall call flow for intra-CU inter-DU LTM, involving DU and CU-UP [11]

Based on the above principles, the corresponding TP for TS 38.401 [5] can also be found in Section 5.
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8.2.1	Intra-NR Mobility
[bookmark: _Toc112703248]//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
8.2.1.2	Intra-gNB-DU handover
This procedure is used for the case that the UE moves from one cell to another cell within the same gNB-DU or for the case that intra-cell handover is performed during NR operation, and supported by the UE Context Modification (gNB-CU initiated) procedure as specified in TS 38.473 [4]. When the intra-gNB-DU handover is performed (either inter-cell or intra-cell) or the intra-gNB-DU L1/L2 based handover is prepared, the gNB-CU provides new UL GTP TEID to the gNB-DU and the gNB-DU provides new DL GTP TEID to the gNB-CU. During HO, The the gNB-DU shall continue sending UL PDCP PDUs to the gNB-CU using the previous UL GTP TEID until it re-establishes the RLC, and after then start sending using the new UL GTP TEID. The gNB-CU shall continue sending DL PDCP PDUs to the gNB-DU using the previous DL GTP TEID until it performs PDCP re-establishment or PDCP data recovery, and after then start sending using the new DL GTP TEID.
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
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