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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
In the WID [1], the following objective is defined for inter-CU LTM:
	· Specify support for inter-CU Layer1/Layer 2 Triggered Mobility (LTM) [RAN2, RAN3]
· Prioritize the case when CU is acting as MN when DC is not configured
· As secondary priority, support the case when NR-DC is configured and CU is acting as SN and MCG is unchanged
· As secondary priority, support the case when NR-DC is configured, CU is acting as MN and SCG is unchanged or SCG is released
· Note: The case that LTM is configured in both MCG and SCG is excluded 
· Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM
· Coordination with SA3 needed with respect to security key handling 
· Note: Rel. 18 intra-CU LTM procedure is considered as baseline for adding inter-CU support




The WID objective mentions that for inter-CU LTM Rel-18 intra-CU LTM is the baseline. This implies that any enhancements for the inter-CU LTM use cases are going to be on top of the Rel 18 framework. 
In this contribution, we describe and discuss some aspects involved in extending LTM to support inter-CU use-cases. We also propose a way forward for some of these.


Discussion  
Simultaneous LTM in MN and SN
The WID [1], has a NOTE “The case that LTM is configured in both MCG and SCG is excluded” which is highlighted above in sec 1.  

In RAN2#125, for Rel 18 LTM, during the discussion on coexistence of LTM and other features (Dual Connectivity for eg), the following agreement was made.

No restriction of configuring MCG LTM and SCG LTM. No intention to further work in R2 on network interaction to better enable this. 

In our understanding, this implies the following (in scope of R18) - Configuring LTM independently at the same time at MN and SN is permitted, but no MN-SN co-ordination will be further discussed in scope of Rel18 work.

In our view, the above two are contradictory to each other. While the Rel 18 agreement imposes no restriction, the Rel 19 scope excludes such a configuration in the first place. 

Moreover, even if such a simultaneous configuration of LTM at MN and SN is excluded, it has to be well co-ordinated between MN and SN. There also needs to be a mechanism to address race conditions when both MN and SN configure LTM at the same time. 

[bookmark: _Ref166153225]The Rel 18 agreement and Rel 19 WI scope are not consistent with each other.
[bookmark: _Ref166153330]RAN2 discusses and agrees a way-forward to configuring/not-configuring simultaneous LTM at MN and SN and aligns the way-forward in both Rel 18 and Rel 19.

[bookmark: _Ref166153336]If simultaneous LTM at MN and SN is excluded, RAN2 sends an LS to RAN3 to address the issue and prevent such occurrences using a coordinated solution.

Security handling in inter-CU LTM scenario
It is very obvious that security key refresh is required at inter gNB mobility as the PDCP anchor point i.e gNB-CU-UP is bound to change. There is no difference to this even when LTM solutions are applied for UE mobility.

The below agreement was made in RAN2 #125-bis.


Agreements on LTM cell switch execution phase:
1. Upon inter-CU LTM execution, UE performs
	- MAC reset
	- RLC re-establishment
	- PDCP re-establishment
	- Security key update
FFS if there is an inter-CU LTM w/o security key change. 

Here in this paper, we discuss the FFS: if there is an inter-CU LTM w/o security key change.

A UE configured with LTM may have both intra and inter-frequency candidate cells. In scenarios where two different gNBs are on two different frequency layers (eg: one on FR1 and another on FR2), the inter-CU LTM is not limited just to the gNB edges (as in case of intra-frequency candidate cells), it may have to be configured at all locations inside a gNB. 

Hence, the logic that inter-CU LTM is just limited to gNB edges and when the UE moves inside a gNB, we may not need inter-CU LTM candidate cells is not true. This also entails that inter-CU LTM cannot be sustained without security key change by anchoring the PDCP entity from the old serving gNB. 

Therefore, as inter-CU LTM with security key change is inevitable, we see no point in permitting inter-CU LTM without security key change.

[image: ]
Figure 1: Exemplary deployment scenario for inter-CU LTM

In the above figure, the Red cells belong to a FR1 macro gNB and the Green cells are small cells of FR2 frequency range and belong to a different gNB. A UE is shown in one of the cells where it can be easily visualized to have inter-CU LTM candidate cells. In this case, the concept of PDCP anchoring from a previous serving gNB becomes futile and unnecessarily complex. 

Things become even worse when the additional signaling and latency between a serving gNB-CU-CP and anchor gNB-CU-CP (to setup anchor gNB-CU-UP) are thrown into the mix. Therefore, our view is to keep it simple and not complicate inter-CU LTM by not performing security key change.

[bookmark: _Ref166153266]Inter-CU LTM scenarios are not limited to gNB edges, they could occur at any location in a gNB.
[bookmark: _Ref166153343]Security Key refresh is always needed for inter-gNB LTM.

Intra-gNB inter gNB-CU-UP relocation
In Rel 18, it was agreed that security key update is not supported for intra-gNB LTM scenarios. From the agreement stated in sec 2.2, it is clear that security key refresh is supported for inter-CU LTM. 

However, there is an intra gNB use case that requires security key refresh. In this section, we describe the inter gNB-DU LTM scenario not considered in R18 and discuss the security aspects associated with it.


[image: ]
Figure 2: Inter gNB-DU LTM HO with intra gNB gNB-CU-UP relocation

Let us consider the above figure which depicts a gNB with the following elements,
· A gNB having a gNB-CU-CP and two gNB-CU-UPs serving a subset of gNB-DUs.
· gNB-CU-UP1 serves gNB-DUs, DU1..DU5.
· gNB-CU-UP2 serves gNB-DUs, DU6..DU10.
While the gNB internal architecture is not relevant to RAN2, it is interesting to notice here that when a UE undergoes LTM cell switch from a cell belonging to DU5 to a cell belonging to DU6, it also undergoes intra gNB inter-gNB-CU-UP relocation. When a UE undergoes intra gNB gNB-CU-UP relocation, it changes the PDCP anchor point and hence there is a need to refresh the security keys. This implies that new security keys generated have to be delivered to the UE. This also implies that the gNB-CU-UP has to be included while preparing such an LTM candidate cell.
[bookmark: _Ref166153275]Security key refresh is required when a UE undergoes inter gNB-DU mobility that results in an intra gNB gNB-CU-UP relocation.
[bookmark: _Ref166153349]Security Key refresh is supported for inter gNB-DU LTM, when gNB-CU-UP relocation occurs inside the same gNB.
[bookmark: _Ref166153353]RAN2 discusses and agrees a way forward for the security impacts due to intra gNB gNB-CU-UP relocation scenario and sends an LS to RAN3 to discuss and address the same.

Timing Advance acquisition in inter-CU LTM

Agreements on early sync phase:
1. Early DL and UL sync is also supported for inter-CU LTM.  Inform RAN3 of this. Early DL sync using CSI-RS should be considered, pending RAN1 approval.
2. PDCCH ordered early RACH is supported for inter-CU LTM.
3. For early TA acquisition, Rel-18 option is baseline. FFS for RAR based option.

Timing Advance acquisition is a key step in LTM. This enables the UE to perform RACH-less LTM to the identified target cell. This is true with inter-CU LTM candidate cells as well. In RAN2 #125-bis, the above agreement was made where the below described Rel18 solution was agreed as the baseline. 
· UE performs RACH to the candidate gNB-DU based on a PDCCH order from the serving gNB-DU to acquire TA. 
· The candidate gNB-DU sends the UE’s TA to the serving gNB-DU via the gNB-CU.
· The serving gNB-DU delivers the TA to the UE in the DL MAC CE used for sending the LTM cell switch command.
In this paper we discuss the FFS: RAR based option which is about delivering the UE’s candidate cell TA in the Random-Access Response directly to the UE instead of delivering over the backhaul. This provides an optimization over the baseline solution as the backhaul latency (avg 6-8ms over two F1 interfaces in R18) in delivering the TA is avoided. In case of inter-CU LTM, this backhaul latency to deliver the candidate cell TA to the serving gNB-DU will have an additional increase because of the Xn interface between the two gNBs. Therefore, we agree that it is beneficial to deliver the TA directly to the UE, especially in the inter-CU LTM scenario. 

[bookmark: _Ref166153283]During LTM, it is beneficial to deliver the LTM candidate cell TA directly to the UE.
For intra frequency candidate cells, RAR based TA acquisition could be useful and prove advantageous over baseline solution. However, for inter frequency LTM candidate cells, the UE performing RACH to acquire TA will be during a measurement gap (where no data transmission can happen) and hence, the baseline solution of sending the TA via gNB-CU appears to be a better choice as the UE doesn’t have to wait until it receives a RAR from the candidate cell.

Therefore, we propose that both options i.e RAR based option and the Rel 18 baseline option are supported, and the usage can be decided based on implementation. 

[bookmark: _Ref166153359]Delivery of LTM candidate cell TA using the RAR based solution directly to the UE is supported, in addition to the Rel 18 baseline solution.

Reference configuration for LTM
Rel 18 LTM describes how a reference configuration is to be used by candidate/target gNB-DU to provide a delta configuration. They also describe how a UE can derive full candidate/target cell configuration using the reference and delta configurations.
It is possible that a UE may have to undergo LTM cell switch to different cells with different configurations i.e a gNB may host gNB-DUs with different characteristics whose cell configurations are vastly different and therefore reference configurations cannot be used to determine the full candidate cell configuration. 
In such scenarios, it is imperative that the candidate/target gNB-DU provides a full candidate cell configuration. But during subsequent LTM cell switches, there may be adjacent cells having similar characteristics which effectively makes a case for a second reference configuration.  
For eg: if there are two kinds of gNB-DUs, one FR1 and another FR2, there could be two reference configurations used for LTM candidate cell preparation.
[bookmark: _Ref166153292][bookmark: OLE_LINK79]There could be scenarios where the candidate/target configurations are entirely different and hence cannot be prepared as a delta of the reference configuration.
[bookmark: _Ref166153298]There could be different gNB-DUs having different kinds of cells which may require different reference configuration for a UE to prepare the full candidate/target cell configuration using a delta configuration.
[bookmark: _Ref166153365]RAN2 discusses the option of one gNB having more than one (at least two, one for FR1 and one for FR2) reference configurations for a UE and agrees a solution to address the issue.



Conclusion
We have the following observations:
Observation 1	The Rel 18 agreement and Rel 19 WI scope are not consistent with each other.
Observation 2	Inter-CU LTM scenarios are not limited to gNB edges, they could occur at any location in a gNB.
Observation 3	Security key refresh is required when a UE undergoes inter gNB-DU mobility that results in an intra gNB gNB-CU-UP relocation.
Observation 4   During LTM, it is beneficial to deliver the LTM candidate cell TA directly to the UE.			
Observation 5	There could be scenarios where the candidate/target configurations are entirely different and hence cannot be prepared as a delta of the reference configuration.
Observation 6	There could be different gNB-DUs having different kinds of cells which may require different reference configuration for a UE to prepare the full candidate/target cell configuration using a delta configuration.
We have the following proposals: 
Proposal 1	RAN2 discusses and agrees a way-forward to configuring/not-configuring simultaneous LTM at MN and SN and aligns the way-forward in both Rel 18 and Rel 19.
Proposal 2	If simultaneous LTM at MN and SN is excluded, RAN2 sends an LS to RAN3 to address the issue and prevent such occurrences using a coordinated solution.
Proposal 3	Security Key refresh is always needed for inter-gNB LTM.
Proposal 4	Security Key refresh is supported for inter gNB-DU LTM, when gNB-CU-UP relocation occurs inside the same gNB.
Proposal 5	RAN2 discusses and agrees a way forward for the security impacts due to intra gNB gNB-CU-UP relocation scenario and sends an LS to RAN3 to discuss and address the same.
Proposal 6	Delivery of LTM candidate cell TA using the RAR based solution directly to the UE is supported, in addition to the Rel 18 baseline solution.
Proposal 7	RAN2 discusses the option of one gNB having more than one (at least two, one for FR1 and one for FR2) reference configurations for a UE and agrees a solution to address the issue.
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