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Introduction
Intra-CU LTM is supported in Rel-18.  The scope of this Rel-19 WI is to extend this to support inter-CU LTM.  
Inter-CU LTM can be seen as equivalent of inter-gNB LTM.  Any discussion here for inter-CU LTM is also applicable for inter-gNB LTM.
This document examines the possibility of re-use of intra-CU LTM also for inter-CU LTM, including when both intra- and inter-CU LTM are configured simultaneously.
Discussion
LTM is another means of HO and we should in general reuse the principles of HO for LTM procedure.  RAN2 procedures from UE perspective do not differentiate between inter- or intra-CU/gNB HO as such.  UE simply follows the configuration it is given.  The specifications should allow the different handling required for intra- and inter-CU procedures based simply on the configuration provided.   Additional configuration to be provided for inter-CU HO/LTM will typically include configuration as RBConfig, security config.
Intra-CU LTM consists of the following sub-procedures as captured in TS 38.300.  The figure below extends it to cover inter-gNB scenario.




As can be seen from the figure, extending intra-CU LTM to also cover inter-CU-LTM is straightforward in general.  
Observation #1: Most of the intra-gNB radio interface procedures for LTM can be re-used for inter-gNB LTM.  Some exceptions are related to the RB handling such as security, RoHC handling, only where essential.
Supporting intra-CU and inter-CU LTM candidate cells.
In a realistic deployment with inter-CU LTM, it is expected that the pre-configured candidate cells will include cells within a CU and across CUs.  That is, both intra-CU and inter-CU LTM cells will be pre-configured simultaneously.


As discussed in the WID and last meeting, when UE moves across cells from different CUs, a new security key must be used.  The security key, KgNB, is updated when the UE moves to a cell of a different CU.  The security key, KgNB, is associated to this particular cell as the cell PCI and AFRCN is used for derivation of the key.  When the UE then moves to another cell of the CU, the current key is re-used.  Hence the key used in the cells of a CU is the key of the first cell where the UE entered the CU.  
Observation #2:  The key, KgNB, used in the cells of a CU is the key of the first cell where the UE entered the CU.  
A change of security key also requires PDCP reestablishment.  Additionally, RoHC may be reset when the UE moves between two CUs and the PDCP is relocated.  There may also be other RBConfig changes associated with a change of CU.  This will be the case when the UE moves from cell C1,2 to C2,1.  This implies that the pre-configuration of C2,1 will involve a PDCP re-establishment and other configuration changes to cover the mobility from C1,2.
However, consider the scenario when UE is cell C2,3 and then moves to cell C2,1.  In this case, the UE mobility is within the same CU and hence it does not require the configuration changes mentioned above.  This implies that pre-configuration of C2,1 does not involve a PDCP re-establishment and other configuration changes to cover the mobility from C2,3.
That is, the configuration UE applies in Cell C2,1 depends on whether UE is entering the cell from a cell of a different CU or the same CU.  Cell C2,1 will hence need two pre-configurations, one to be applied for each of these two scenarios.
Observation #3: Peripheral cells of a CU will require two pre-configurations, one to be used when UE is moving to the cell from another CU, and other to be used when UE is moving from a cell within the same CU.  
As intra and inter-CU mobility is itself hidden from the UE, an ID can be used to group cells of a CU as is done in R18.  UE mobility within the cells with the same ID will invoke one configuration, while cells with different ID will invoke the other configuration.
Proposal #1: Peripheral cells of a CU can be provided two pre-configurations, one to be used when UE is moving to the cell from another CU, and other to be used when UE is moving from a cell within the same CU. An ID is used to group cells of a CU.  UE mobility within the cells with the same ID will invoke one configuration, while cells with different ID will invoke the other configuration.
Number of reference configurations
One of the other issues is whether there is a need for different reference configurations for inter-CU LTM, one for each CU.  A reference configuration is only used as a baseline for delta configuration.  A non-optimal reference configuration will only result in a slightly larger delta configuration.  Further, for current inter-gNB HO, the target gNB should be able to handle any source gNB configuration as the baseline for delta configuration.
Hence there is no real motivation to support multiple reference configurations, one per CU, for inter-CU LTM.
Proposal #2: Only one reference configuration is used for intra and inter-CU LTM. 
Xn and NG LTM cell switch
Traditionally, RAN2 does not differentiate between Xn and NG-C HOs.  That is, UE procedures are the same and UE is agnostic of whether it is an Xn or NG-C HO.  Network deployments may not always support Xn interface across neighbouring cells.  NG-C HO is the fallback HO in such network deployments.  On the other hand, CHO is not supported over NG-C.  While supporting LTM cell switch over NG-C is likely to be useful, it can introduce additional complexity with key handling depending on the solution.   Hence this could be addressed after the response from SA3 on the security solution direction and complexity to support NG-C LTM.
Observation #4: Network deployments may not always support Xn interface across neighbouring cells.  NG-C HO is the fallback HO in network deployments and is always supported.  However CHO is not supported over NG-C.
Observation #5: Complexity of supporting NG-C based LTM depends on the security solution.
Proposal #3: Postpone the decision on supporting NG-C based inter-CU LTM cell switch until after the security solution direction is better understood.
Summary and proposals
This document discussed further details of supporting inter-CU LTM and also the combination of intra- and inter-CU LTM candidate cells.  The following observations and proposals were made.
Observation #1: Most of the intra-gNB radio interface procedures for LTM can be re-used for inter-gNB LTM.  Some exceptions are related to the RB handling such as security, RoHC handling, only where essential.
Observation #2:  The key, KgNB, used in the cells of a CU is the key of the first cell where the UE entered the CU.  
Observation #3: Peripheral cells of a CU will require two pre-configurations, one to be used when UE is moving to the cell from another CU, and other to be used when UE is moving from a cell within the same CU.  
Proposal #1: Peripheral cells of a CU can be provided two pre-configurations, one to be used when UE is moving to the cell from another CU, and other to be used when UE is moving from a cell within the same CU. An ID is used to group cells of a CU.  UE mobility within the cells with the same ID will invoke one configuration, while cells with different ID will invoke the other configuration.
Proposal #2: Only one reference configuration is used for intra and inter-CU LTM. 
Observation #4: Network deployments may not always support Xn interface across neighbouring cells.  NG-C HO is the fallback HO in network deployments and is always supported.  However CHO is not supported over NG-C.
Observation #5: Complexity of supporting NG-C based LTM depends on the security solution.
Proposal #3: Postpone the decision on supporting NG-C based inter-CU LTM cell switch until after the security solution direction is better understood.

image2.emf
C1,2

C2,1

C2,3

CU1 CU2

UE behaviour when 

performing LTM cell 

switch to C2,1 is different 

depending on whether 

UE is moving from C1,2 

or C2,3


Microsoft_Visio_Drawing1.vsdx
C1,2
C2,1
C2,3
CU1
CU2
UE behaviour when performing LTM cell switch to C2,1 is different depending on whether UE is moving from C1,2 or C2,3



image1.emf
UE

gNB

1: Measurement report

2: RRC reconfiguration (LTM candidate configuration)

4a: DL synchronization with LTM candidate cells

3: RRC reconfiguration complete

LTM decision 

6: LTM Cell switch command (MAC CE)

LTM 

preparation

Early sync

LTM cell switch 

execution

5: L1 measurement report

8: LTM cell switch  completion

Detach from source, 

apply target 

configurations

LTM cell switch 

completion

7: RACH Procedure

LTM candidate preparation

HO request/HO request ack [RRC Reconfig]

UE in RRC_CONNECTED

4b: UL synchronization with LTM candidate cells

gNB


Microsoft_Visio_Drawing.vsdx
UE
gNB
1: Measurement report
2: RRC reconfiguration (LTM candidate configuration)
4a: DL synchronization with LTM candidate cells
3: RRC reconfiguration complete
LTM decision
6: LTM Cell switch command (MAC CE)
LTM preparation
Early sync
LTM cell switch execution
5: L1 measurement report
8: LTM cell switch  completion
Detach from source, apply target configurations
LTM cell switch completion
7: RACH Procedure
LTM candidate preparation
HO request/HO request ack [RRC Reconfig]
UE in RRC_CONNECTED
4b: UL synchronization with LTM candidate cells
gNB



