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1 Introduction
In this contribution, we discuss the baseline procedure for inter-CU LTM support and identify the related key issues.
2 Discussion
2.1 Stage-2 Signaling Procedure for LTM
In Rel. 18, comprehensive discussions on signaling procedure for LTM took place and we would like to keep the Inter-CU signaling procedure close as much as possible for inter-CU case as well. This is also emphasized in the note included in the work item description. 





























Figure 1: Signalling procedure for Inter-CU LTM
Proposal 1: Existing signaling procedures are reused for inter-CU LTM as much as possible.  
For inter-CU LTM, we identify the following key issues to be discussed in RAN2 and describe our preferred way forward for each issue in the sections below. 
	Issue # 1: RRC modeling
	Issue # 2: Preparation and signaling aspect for LTM-CSI Resource Configuration
Issue # 3: Subsequent LTM
	Issue # 4: Security
	Issue # 5: TCI related configuration and signaling. 
	Issue # 6: DC - LTM
2.2 Issue # 1: RRC Modelling
In Rel. 18, an extensive discussion on RRC modelling took place and the usage of reference and delta configuration was agreed. For inter-CU LTM, we propose to reuse the RRC structure of the Rel. 18 as much as possible. As noted in the objective description, the intra-CU LTM procedure is the baseline for inter-CU LTM and the modifications to RRC structure should remain minimal.
Observation 1: To keep minimal changes to RRC structure for inter-CU, intra-CU LTM is the baseline.
Proposal 2: Rel. 18 RRC structure for intra-CU LTM is reused as much as possible for inter-CU LTM. 
In Rel. 18, since there is one reference configuration in LTM in Intra-CU, the IE for the reference configuration is shared for the configuration of the different cells. For intra-CU cases, the case for reference plus delta configuration is that there may be many common IEs between configurations (e.g. bearer, security,measurement configurations) of the different candidates under the same CU. Therefore, sending the individual cell configurations as delta configurations reduces the signaling overhead.
Note that the target CUs may not have many common IEs and using a single reference does not bring about the overhead reduction in case of Intra-CU LTM. To enable reference plus delta configuration for the inter-CU LTM, while minimizing the changes to Rel. 18, we propose to use separate reference configurations for the cells under different CUs, where the reference configurations and the corresponding deltas will be grouped separately in the LTM configuration. Another advantage of this approach compared to the single reference configuration is that no inter-CU coordination and dependencies are required with separate reference configurations. The configurations of cells under a CU can be added/modified/released without impacting other configurations, i.e., excessive RRC signaling is avoided. Moreover, with separate reference configurations, the subsequent LTM handovers are facilitated, as there is no need to reconfigure all the delta configurations of the target cells under different CUs.
Observation 2: Since less commonalities are expected between the configurations of the different CUs and to reduce the need for inter-CU coordination for preparing the configurations, using a single reference configuration may not be efficient. 
Proposal 3: The reference configurations should be CU specific and the configurations of the cells under that CU are delta based on that reference configuration.
Based on the above proposal, it would be possible to reuse the Rel. 18 RRC structure. The envisioned Rel. 19 RRC structure looks like the following:
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Figure 3: RRC structure for Rel. 19 Inter-CU LTM
It is to be noted the LTM ConfigGroup IE as illustrated in Figure 3 is same as Rel. 18 LTM Config IE and we don’t envision many changes related to it. 
Observation 3: The above structure has an advantage of being modular and backward as well as forward compatible. 
Proposal 4: Define Rel. 19 LTM ConfigGroup IE which is majorly same as Rel. 18 LTM Config IE. Exact details and new IEs are FFS.
2.3 Issue # 2: Preparation and signaling aspect for L1 Measurement Configuration (LTM-CSI-Resource-Config)
When subsequent mobility is enabled across candidate cells, the potential target cells to be measured for subsequent mobility is determined by the candidate cells. This principle was followed in Rel-18 subsequent CPAC. For Rel-18 LTM also, the CU prepares all the possible resource sets to be measured by each candidate cells and the candidate DU selects the resource-sets for measurement as part of report-configuration.
Observation 4: For subsequent mobility the candidate cells/beams to be measured are decided by the candidate cell OR node controlling the candidate cells.
Furthermore, in the case of inter-CU LTM, the source CU may not be aware of the candidate cells belonging to other CUs, especially in terms of which set of reference signals from different candidate cells should be placed in different resource sets. Therefore, it is expected that each candidate CU (and the source CU) would determine the LTM resource sets (each resource set containing the SSBs indices from one or more candidate cells) applicable for all its DUs for LTM measurement and reporting. Therefore, the LTM CSI resource sets that were prepared by one CU (serving CU) for all its DUs will not be applicable for the DUs belonging to other CUs.
Proposal 5: For inter-CU LTM, each candidate CU (and the serving CU) determines the LTM CSI resource sets (each resource set containing the SSBs indices from one or more candidate cells) applicable for all its DUs for LTM measurement and reporting.
Furthermore, each candidate CU may share the prepared LTM resource sets with the source CU where the source CU may consolidate the resource sets. It may be possible that certain resource sets formed in different candidate CUs may have common entries. RAN2 may further study the mechanisms to decrease the resource configuration signaling overhead, by removing duplicate entries, if any.
Proposal 6:  The prepared LTM resource sets by each candidate CU should be shared with the source CU where the source CU may prepare the final list of consolidated resource sets. 
Proposal 7: RAN2 to study the mechanisms to remove duplicate entries across resource sets prepared by different CUs.

2.4 Issue # 3: Subsequent LTM 
In RAN2#125bis the following were agreed with respect to subsequent LTM
	Agreements on scenarios:
1. RAN2 first focus on inter-CU LTM in NR standalone scenario and use it as baseline for supporting inter-CU LTM in NR-DC scenarios.
1. Rel-19 inter-CU LTM also supports mixture of subsequent inter-CU LTM and subsequent intra-CU LTM after an inter-CU or intra-CU LTM switch.
1. UE can be configured with a mixture of intra-CU and inter-CU candidate LTM cells and irrespective of how the UE is configured with this mixture, UE measurement and reporting procedures will be the same for both intra-CU and inter-CU candidate LTM cells.



Considering that UE can be configured with a mixture of subsequent intra-CU and subsequent inter-CU LTM, it becomes relevant to analyze the main benefits associated with subsequent inter-CU LTM and the practical scenarios wherein such a feature would be useful. In our view, subsequent inter-CU LTM would exhibit at least the following benefits.
1) Avoiding re-configuration of candidate cells if UE would do mobility to that candidate cell again.
2) Allowing fast subsequent cell changes. (No preparation is needed towards next cell after one cell change)

Despite its notable benefits, subsequent inter-CU LTM also incurs high signalling on the NW side together with increased resource reservation. Support of subsequent LTM also requires complex specification such as security key changes. Thus, we think that it would be beneficial to assess the different scenarios wherein configuring subsequent inter-CU LTM would be most suitable. 
Observation 5: Scenarios wherein configuring subsequent inter-CU LTM would bring maximal benefit for both NW- and UE-side need to be identified. 
In our view, at least the following scenarios should be discussed for relevance for the NW to configure inter-CU subsequent LTM.
1) Factory deployments (similar to S-CPAC), wherein it might not be possible to place all cells under the same gNB due to number of cells to be controlled in a factory. 
2) User located at cell edge; wherein high number of ping-pongs would be experienced. As an example, consider an indoor cellular user, that might have different cells from different gNBs providing coverage on different sides of a building.
3) Generic movement, wherein the UE may move between different cells without any pattern. In this case, the user may or may not go back to the same cell. In such cases, preparing multiple candidates would likely lead to inefficient resource usage.  
Proposal 8: The design of subsequent inter-CU LTM should aim to minimize signalling without making the preparation procedure too complex. 

2.5 Issue # 4: Security
In an LS to SA3, four options were indicated to address the security key change for subsequent LTM. We provide a comparison of the options using some consideration directions such as SA3 impact, SA2 impact whether it works for LTM recovery. 
	Options
	SA3 impact
	SA2 impact
	Works for LTM recovery or conditional LTM
	CU-DU coordination
	Delay for subsequent cell switch

	Option 1: MAC CE
	Yes (sending NCC over the air should be investigated)
	No
	No (yes with signalling enhancement)
	 Needed to indicate path switch completion.
	CU – DU coordination delay for preparation of target with new keys. Wait for path switch

	Option 2: S-CPAC like
	High
	Yes
	Yes
	Needed to indicate path switch completion.
	No extra delay.

	Option 3A: UE rule based decision
	No (if design follows current mechanism)
	No
	Yes
	 May be avoided depending on the design. 
	Preparation of candidates with new NCC

	Option 3B: CN pre-configure UE
	Medium
	Yes
	Yes
	 Not needed.
	Preparation of candidates with new NCC

	Option 4: RRC
	No
	No
	Yes (if signalled in time)
	 Not needed.
	Preparation of candidates with new NCC +
RRC signalling delay after completion of path switch



While SA3 is investigating the options RAN2 can make a detailed preference and eliminate some options. RAN2 discussions can be based on SA2 impact, WID compliance and whether there should be a unified solution that works for LTM recovery and conditional LTM at the same time as normal inter-CU LTM operation. 
· Option 1 suggests that security information needs to be sent to the UE with cell switch command. This option works as the inter-CU cell change of today so no SA2 impact is foreseen. In Option 1A. the NCC value is provided in the cell switch command. With this option, SA3 impact is limited to sending the NCC value over the air. Option 1B can solve this concern of NCC over the air, by preconfiguring the UE with a list of NCC values in a ciphered and integrity protected RRC message and providing the index of an NCC value in the list in the cell switch command. In order to make Option 1 work for conditional LTM it might be necessary to agree to send a separate MAC CE command before cell switch to indicate the next key related to a target cell to the UE. The CU has to coordinate with DU to indicate that path switch is completed. 
· Option 4 is really similar to option 1, instead of using a MAC message the security information can be indicated to the UE with an RRC message. This option causes that after each CU change a new RRC signalling is used which is against the WI objective. However, this overhead can be limited via design. As the security is determined by the CU, no CU-DU coordination is needed. This RRC message is not actual reconfiguration message instead it provides the NCC value to be used for next Cell-switch.
· Option 2 to our view does not work with the current security paradigm. As NCC value has to be used in increasing order which cannot be guaranteed if different NCC values are configured for each CU. This will have a big impact on SA3 to design a new security mechanism only for LTM. 
· Option 3A is a list of rules that is pre-configured to the UE. This may mean that SA2 impact is avoided if it is enabled that this works with the existing security paradigm and NG signaling. To further elaborate on this option, the proponents must share more details. 
· Option 3B is a list configured directly from core network to the UE. This has a clear SA2 impact. However, SA3 impact can be limited if the algorithm is designed to follow the current security paradigm. To further elaborate on this option, the proponents must share more details.
Observation 6: Among all solutions the option 4 would be the simplest to implement as it avoids all possible issues and follows the current security framework defined in SA3. No further discussion needed with SA3 if this option in chosen.
Proposal 9: RAN2 discuss whether the Option 4 can be considered given the work item objective. If companies, sees no issue with Option 4 this can be agreed as the simplest solution.
Option 1B is the second simplest solution if the procedure for LTM recovery is clarified, and CU-DU coordination is agreed. As this option does not convey the NCC value directly over MAC CE, the security related impacts is also less compared to other options.
Observation 7: For clear understanding, the proponents of option 2 and 3 should provide detailed information of the solution. 
Before the details are provided for the options included in the LS RAN2 can take decisions for the design principles.
To limit the discussions RAN2 can agree on limiting or completely avoiding the SA2 impact for the security solution. Avoiding SA2 impact means that the vertical key after inter-CU cell change will be provided with the path switch procedure and the solution should take this into account.
To avoid multiple security solutions implemented for normal subsequent inter-CU LTM, inter-CU LTM recovery and conditional LTM a single solution should be aimed at.
Proposal 10: The following design principles are considered for subsequent inter-CU LTM security solution for evaluating other solutions than proposal 9.
· Avoid SA2 impact and consider the provisioning of the vertical key parameters through path switch procedure.
· A single solution that works for network triggered subsequent inter-CU LTM, inter-CU LTM recovery and conditional LTM.
2.6 Issue # 5: TCI State Framework
In Rel. 18 LTM, to enable early downlink synchronization, the activation of candidate TCI state(s) before the cell switch has been supported. Furthermore, the cell switch command can indicate a candidate TCI state from the activated TCI states or can activate (if not in the set of already activated TCI states) and indicate a TCI to be used for transmissions/receptions on the target cell before a new TCI state is indicated by the target cell. 
At the start of Rel. 18 discussions, multiple options were considered in RAN1 for the TCI framework to be supported for such TCI activation and indication procedure for LTM:
· Option A: Beam indication for Rel-18 L1/L2 mobility is designed based on the Rel-17 TCI framework mechanism.
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on the Rel-15 TCI framework mechanism.
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms.

Due to time constraints, only the Rel-17 TCI framework-based TCI activation and indication (option A) could be enabled, and other options were deprioritized and left for FFS.
For inter-CU LTM, it's important to note that it may be common to configure different cells with different TCI state frameworks (Rel-15 or Rel-17). For example, the source cell and a candidate cell may use a different TCI state framework, especially when they belong to different CUs. One single TCI framework may not be suitable for beam indication, especially if the target cell interprets the indicated TCI state based on its own configured TCI state pools/lists. This consideration should be taken into account when designing the Rel-19 LTM beam indication of candidate cells.
Observation 8: Different cells may be configured with different TCI frameworks (Rel-15 or Rel-17), for instance, the source cell and a candidate cell belonging to different CUs may use different TCI state frameworks.
Proposal 11: Beam indication for candidate cells in Rel-19 LTM should be designed to work with any TCI state framework in source and target cells. The details of beam indication mechanism are to be discussed in RAN1.
2.7 Issue # 6: DC-LTM
The WID [1] explicitly lists the following scenarios to be supported:
· Inter-MN PCell change with SCG retained or released
· Inter-SN PSCell change with MCG unchanged
Observation 9: Inter-MN PCell change with SCG retained or released and Inter-SN PSCell change with MCG unchanged are listed in the WID to be supported.
The support for subsequent LTM with an aim to avoid RRC re-configuration between cell switch, is a priority for Rel-19. As the WID has not explicitly captured whether the subsequent LTM support should be limited only to inter-CU LTM single connectivity, or should it also be extended to inter-CU LTM Dual Connectivity (DC) scenarios; we suggest RAN2 to discuss and agree the scope.
In our view, the scope of Inter-CU LTM with subsequent cell change in Rel-19 must be limited to single connectivity only; as the support for DC scenarios shall introduce significant additional complexity.
For e.g., if we consider the following scenario highlighted in section 2.3 of [2]:
· LTM is in MN with DC configured
· Source MN prepares multiple candidate targets for inter-CU LTM DC
· Assuming at least one of the candidate target MN may decide to release the SCG during HO preparation
· UE may switch to any of the prepared candidate target cells (Based on L1 UE measurements).
· Assuming UE switches to a candidate target cell that is prepared without SCG – resulting in DC converted to SC
In the above scenario, if we assume inter-CU LTM with subsequent cell change support to enable Dual connectivity, then the handling of the above scenario may require, SN Addition/UE Reconfiguration after DC is converted to SC – which would break the very principle of “subsequent Inter-CU LTM cell change – i.e. without RRCReconfiguration”.
Observation 10: Support of inter-CU LTM with subsequent cell change for Dual Connectivity scenarios would require RRCReconfiguration in some DC scenarios that may involve DC->SC->DC conversion.
Thus, the simplest approach in our view would be to limit the support of inter-CU LTM with subsequent cell change only to single connectivity.
Proposal 12: RAN2 to discuss and agree on limiting the scope of Inter-CU LTM subsequent cell change only to single connectivity.

3 Conclusions







We have the following observations for the Inter-CU LTM:
Observation 1: To keep minimal changes to RRC structure for inter-CU, intra-CU LTM is the baseline.
Observation 2: Since less commonalities are expected between the configurations of the different CUs and to reduce the need for inter-CU coordination for preparing the configurations, using a single reference configuration may not be efficient. 
Observation 3: The above structure has an advantage of being modular and backward as well as forward compatible. 
Observation 4: For subsequent mobility the candidate cells/beams to be measured are decided by the candidate cell OR node controlling the candidate cells.
Observation 5: Scenarios wherein configuring subsequent inter-CU LTM would bring maximal benefit for both NW- and UE-side need to be identified. 
Observation 6: Among all solutions the option 4 would be the simplest to implement as it avoids all possible issues and follows the current security framework defined in SA3. No further discussion needed with SA3 if this option in chosen.
Observation 7: For clear understanding, the proponents of option 2 and 3 should provide detailed information of the solution. 
Observation 8: Different cells may be configured with different TCI frameworks (Rel-15 or Rel-17), for instance, the source cell and a candidate cell belonging to different CUs may use different TCI state frameworks.
Observation 9: Inter-MN PCell change with SCG retained or released and Inter-SN PSCell change with MCG unchanged are listed in the WID to be supported.
Observation 10: Support of inter-CU LTM with subsequent cell change for Dual Connectivity scenarios would require RRCReconfiguration in some DC scenarios that may involve DC->SC->DC conversion.

We have the following proposals:
Proposal 1: Existing signaling procedures are reused for inter-CU LTM as much as possible.  
Proposal 2: Rel. 18 RRC structure for intra-CU LTM is reused as much as possible for inter-CU LTM. 
Proposal 3: The reference configurations should be CU specific and the configurations of the cells under that CU are delta based on that reference configuration.
Proposal 4: Define Rel. 19 LTM ConfigGroup IE which is majorly same as Rel. 18 LTM Config IE. Exact details and new IEs are FFS.
Proposal 5: For inter-CU LTM, each candidate CU (and the serving CU) determines the LTM CSI resource sets (each resource set containing the SSBs indices from one or more candidate cells) applicable for all its DUs for LTM measurement and reporting.
Proposal 6:  The prepared LTM resource sets by each candidate CU should be shared with the source CU where the source CU may prepare the final list of consolidated resource sets. 
Proposal 7: RAN2 to study the mechanisms to remove duplicate entries across resource sets prepared by different CUs.
Proposal 8: The design of subsequent inter-CU LTM should aim to minimize signalling without making the preparation procedure too complex. 
Proposal 9: RAN2 discuss whether the Option 4 can be considered given the work item objective. If companies, sees no issue with Option 4 this can be agreed as the simplest solution.
Proposal 10: The following design principles are considered for subsequent inter-CU LTM security solution for evaluating other solutions than proposal 10.
· Avoid SA2 impact and consider the provisioning of the vertical key parameters through path switch procedure.
· A single solution that works for network triggered subsequent inter-CU LTM, inter-CU LTM recovery and conditional LTM.
Proposal 11: Beam indication for candidate cells in Rel-19 LTM should be designed to work with any TCI state framework in source and target cells. The details of beam indication mechanism are to be discussed in RAN1.
Proposal 12: RAN2 to discuss and agree on limiting the scope of Inter-CU LTM subsequent cell change only to single connectivity.
Reference
[1] RP-240299, Revised Work Item: NR mobility enhancements Phase 4, Mar 2024
[2] R2-2402907, “Important topics for inter-CU LTM”, ‘Apple Inc.’, RAN2#125-bis
image1.wmf
U

E

S

o

u

r

c

e

 

g

N

B

T

a

r

g

e

t

 

g

N

B

O

t

h

e

r

 

p

o

t

e

n

t

i

a

l

t

a

r

g

e

t

 

g

N

B

(

s

)

A

M

F

U

P

F

(

s

)

U

s

e

r

 

D

a

t

a

U

s

e

r

 

D

a

t

a

0

.

M

o

b

i

l

i

t

y

 

c

o

n

t

r

o

l

 

i

n

f

o

r

m

a

t

i

o

n

 

p

r

o

v

i

d

e

d

 

b

y

 

A

M

F

1

.

L

3

 

M

e

a

s

u

r

e

m

e

n

t

 

 

R

e

p

o

r

t

s

2

.

 

L

T

M

 

D

e

c

i

s

i

o

n

3

.

 

H

A

N

D

O

V

E

R

 

R

E

Q

U

E

S

T

3

.

 

H

A

N

D

O

V

E

R

 

R

E

Q

U

E

S

T

4

.

 

A

d

m

i

s

s

i

o

n

 

C

o

n

t

r

o

l

4

.

 

A

d

m

i

s

s

i

o

n

 

C

o

n

t

r

o

l

5

.

 

H

A

N

D

O

V

E

R

 

R

E

Q

U

E

S

T

A

C

K

N

O

W

L

E

D

G

E

5

.

 

H

A

N

D

O

V

E

R

 

R

E

Q

U

E

S

T

 

A

C

K

N

O

W

L

E

D

G

E

6

.

 

R

R

C

R

e

c

o

n

f

i

g

u

r

a

t

i

o

n

7

.

 

R

R

C

R

e

c

o

n

f

i

g

u

r

a

t

i

o

n

C

o

m

p

l

e

t

e

8

.

 

L

1

 

M

e

a

s

u

r

e

m

e

n

t

 

R

e

p

o

r

t

s

D

o

w

n

l

i

n

k

 

S

y

n

c

h

r

o

n

i

z

a

t

i

o

n

U

p

l

i

n

k

 

S

y

n

c

h

r

o

n

i

z

a

t

i

o

n

9

.

 

L

T

M

 

T

r

i

g

g

e

r

1

0

.

 

L

T

M

 

C

e

l

l

 

S

w

i

t

c

h

 

C

o

m

m

a

n

d

1

1

 

S

N

 

S

T

A

T

U

S

 

T

R

A

N

S

F

E

R

U

s

e

r

 

D

a

t

a

1

2

.

 

L

T

M

 

H

a

n

d

o

v

e

r

 

c

o

m

p

l

e

t

i

o

n

1

3

.

 

R

R

C

R

e

c

o

n

f

i

g

u

r

a

t

i

o

n

C

o

m

p

l

e

t

e

1

4

.

 

H

A

N

D

O

V

E

R

 

S

U

C

C

E

S

S

1

5

.

 

H

A

N

D

O

V

E

R

 

C

A

N

C

E

L

U

s

e

r

 

D

a

t

a

U

s

e

r

 

D

a

t

a

1

6

.

 

P

A

T

H

 

S

W

I

T

C

H

 

R

E

Q

U

E

S

T

1

7

.

 

P

a

t

h

 

S

w

i

t

c

h

 

i

n

 

U

P

F

(

s

)

E

n

d

 

M

a

r

k

e

r

U

s

e

r

 

D

a

t

a

1

8

.

 

P

A

T

H

 

S

W

I

T

C

H

 

R

E

Q

U

E

S

T

A

C

K

N

O

W

L

E

D

G

E

1

9

.

 

U

E

 

C

O

N

T

E

X

T

 

R

E

L

E

A

S

E

h

t

t

p

:

/

/

m

s

c

-

g

e

n

e

r

a

t

o

r

.

s

o

u

r

c

e

f

o

r

g

e

.

n

e

t

 

v

7

.

2


oleObject1.bin

image2.png
/ LTM Config

LTM ConfigGroup 1

(CU1, gNB1) LTM ConfigGroup 2 LTM ConfigGroup 3
(CU2, gNB2) (CU3, gNB3)
DU 1.1 DU1.2 /\
DU2.1 DU2.2 DU3.1 DU3.2
LTM-Candidate-List LTM-ReferenceConfiguration LTM-ReferenceConfiguration

LTM-Candidate-List LTM-Candidate-List




