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Abstract of the contribution: A solution is provided to describe the handover of an eRelay-UE with eRemote-UE having an active indirect connection. The solution consider the case where the eRelay-UE handover to a cell where one or more eRemote-UEs are included in the handover restricted list at the target cell
1. Discussion
This paper provides a solution for the case where an eRelay-UE with eRemote-UEs having an active indirect connection is required to handover.

The scenario under discussion is the case where the eRelay UE is required to handover to a cell where one or more eRemote UEs are included in a handover restricted list of the target eNodeB. In such a case the eRemote UEs having an active indirect connection will be invalid. 
To resolve this issue it is proposed the Source eNodeB to decide whether each eRemote UE behind the eRelay UE is allowed to handover to the target eNodeB. If any of the eRemote UEs are not supported at the target eNodeB then the Source can decide to handover such UEs to a different “supported” target eNodeB. 
The figure below illustrates the proposal.
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Figure 1: eRelay-UE handover to a cell where one or more eRemote-UEs are part of the restricted cell list of the target eNB
The advantage of such approach is that it avoids impacting any core network nodes during the handover procedure of the eRelay and eRemote UEs.
The call flow for the handover will be as shown below:
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Figure 2: Handover proposal
0. Remote UE has an existing D2D connection with the eRelay UE, e.g. using LTE-direct, WiFi-direct, etc. Only one eRemote UE is shown but more eRemote UEs can be using the same eRelay UE.

1. The eRelay UE is in connected mode and sends measurements reports to the source eNB using RRC signaling.

2. The source eNB decides to handover the eRelay UE based on measurement reports provided by the eRelay UE. The eNB also identifies that one (or more) eRemote UEs which are having an indirect connection via the eRelay UE. 
3. The source eNB selects a target eNB.

4. The source eNB identifies that one (or more) eRemote UEs cannot be served by the target eNB, e.g. because of mobility limitation and/or lack of available resources in the target eNB. 

5. The target eNB decides to switch the eRemote UE to direct mode, i.e. to stop using the eRelay UE and establish direct radio connection with an eNB. In order to determine the best eNB to serve the eRemote UE, the source eNB commands the eRemote UE to provide measurement reports. Since the eRemote UE is in RRC connected state, the eNB can provide updated measurement configuration information within an RRC reconfiguration request. The measurement configuration is sent directly to the eRemote UE since the eRemote UE has a direct Uu interface to the eNB via the eRelay UE.
6. Based on the updated measurement configuration the eRemote UE provides Measurement Reports. Since the Measurement Reports are provided within SRB1 signalling radio bearer the measurement reports can be provided to the eNB via the eRelay UE.
7. Based on the measurement reports from the eRemote UE, the source eNB identifies a target eNB for the eRemote UE.

If X2-based handovers takes place the (A) steps are applicable.

8. The Source eNodeB initiates an X2-based handover with the Target eNodeB for the eRelay-UE.
9. The Target eNodeB initiates handover execution sending the handover command message to the eRelay UE (via the Source eNodeB)

10. Once Handover takes place the Target eNodeB informs the MME serving the eRelay of the path switch

11. The source eNB initiates an X2-based handover for the eRemote UE. 

12. The Target eNodeB sends a handover command to the eRemote UE. The handover command is sent to the eRemote UE via the eRelay UE.
13. Once handover takes place the Target eNodeB informs the MME serving the eRemote UE of the path switch.

Steps 8-10, 11-13 can be executed in parallel.

If the source eNB decides to involve the MME in the handover procedure (B) takes place

14. Source eNodeB initiates handover of the eRelay UE with the MME serving the eRelay UE. Handover procedure as described in Figure 5.5.1.2.2-1 of 3GPP TS 23.401 is carried out

15. As part of the handover procedure the eRelay UE receives the Handover Command message

16. Relay UE switches to new eNodeB

17. Source eNodeB initiates handover of the eRemote UE with the MME serving the eRemote UE. Handover procedure as described in Figure 5.5.1.2.2-1 of 3GPP TS 23.401 is carried out

18. As part of the handover procedure the eRemote UE will receive a handover command message indicating to switch to a new eNodeB.

19. Remote UE synchronises with new cell and continue sends traffic

Steps 14-19 are executed in parallel
2. Proposal
It is proposed to include a solution for Key Issue X based on the solution provided above.
The following changes are proposed within TR 23.733

*/ Start of Changes

6.x
Solutions to Key Issue 5
6.x.y
Solution Y: Handover of eRemote-UE(s) having an active indirect connection to a cell that is part of a handover restricted list 
6.x.y.1
Description

The scenario under discussion is the case where the eRelay UE is required to handover to a cell where one or more eRemote UEs are included in a handover restricted list of the target eNodeB. In such a case the eRemote UEs having an active indirect connection will be invalid. 

To resolve this issue it is proposed the Source eNodeB to decide whether each eRemote UE behind the eRelay UE is allowed to handover to the target eNodeB. If any of the eRemote UEs are not supported at the target eNodeB then the Source can decide to handover such UEs to a different “supported” target eNodeB. 

The figure below illustrates the proposal.
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Figure x: eRelay-UE handover to a cell where one or more eRemote-UEs are part of the restricted cell list of the target eNB
The call flow for the handover will be as shown below:
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Figure 2: Handover proposal
0. Remote UE has an existing D2D connection with the eRelay UE, e.g. using LTE-direct, WiFi-direct, etc. Only one eRemote UE is shown but more eRemote UEs can be using the same eRelay UE.

1. The eRelay UE is in connected mode and sends measurements reports to the source eNB using RRC signaling.

2. The source eNB decides to handover the eRelay UE based on measurement reports provided by the eRelay UE. The eNB also identifies that one (or more) eRemote UEs which are having an indirect connection via the eRelay UE. 
3. The source eNB selects a target eNB.

4. The source eNB identifies that one (or more) eRemote UEs cannot be served by the target eNB, e.g. because of mobility limitation and/or lack of available resources in the target eNB. 

5. The target eNB decides to switch the eRemote UE to direct mode, i.e. to stop using the eRelay UE and establish direct radio connection with an eNB. In order to determine the best eNB to serve the eRemote UE, the source eNB commands the eRemote UE to provide measurement reports. Since the eRemote UE is in RRC connected state, the eNB can provide updated measurement configuration information within an RRC reconfiguration request which is sent to the eRemote UE via the eRelay UE.
6. Based on the updated measurement configuration the eRemote UE provides Measurement Reports via Uu to the eNB. The Measurement Reports are provided within SRB1 signalling radio bearer hence the information can be provided to the eNB via the eRelay UE.

7. Based on the measurement reports from the eRemote UE, the source eNB identifies a target eNB for the eRemote UE 

If X2-based handovers takes place the (A) steps are applicable.
Editor’s Note: It is assumed that the eNodeB handles the handover of each eRemoteUE independently using separate signalling. However, based on RAN agreements Group Handover can also be supported
8. The Source eNodeB initiates an X2-based handover with the Target eNodeB for the eRelay-UE.

9. The Target eNodeB initiates handover execution sending the handover command message to the eRelay UE (via the Source eNodeB)

10. Once Handover takes place the Target eNodeB informs the MME serving the eRelay of the path switch

11. The source eNB initiates an X2-based handover for the eRemote UE. 

12. The Target eNodeB sends a handover command to the eRemote UE. The handover command is sent to the eRemote UE via the eRelay UE.

13. Once handover takes place the Target eNodeB informs the MME serving the eRemote UE of the path switch.

Steps 8-10, 11-13 can be executed in parallel.

If the source eNB decides to involve the MME in the handover procedure (B) takes place:
Editor’s Note: It is assumed that the eNodeB handles the handover of each eRemoteUE independently using separate signalling. However, based on RAN agreements Group Handover can also be supported
14. Source eNodeB initiates handover of the eRelay UE with the MME serving the eRelay UE. Handover procedure as described in Figure 5.5.1.2.2-1 of 3GPP TS 23.401 is carried out

15. As part of the handover procedure the eRelay UE receives the Handover Command message

16. Relay UE switches to new eNodeB

17. Source eNodeB initiates handover of the eRemote UE with the MME serving the eRemote UE. Handover procedure as described in Figure 5.5.1.2.2-1 of 3GPP TS 23.401 is carried out

18. As part of the handover procedurethe eRemote UE will receive a handover command message indicating to switch to a new eNodeB.

19. Remote UE synchronises with new cell and continue sends traffic

Steps 14-19 are executed in parallel
6.x.y.2
Impact analysis
There are minimum impacts on this solution as all core network nodes are unaffected.
The only node affected is the source eNodeB that is required to:

1. Identify all eRemote-UEs that have an active indirect connection via an eRelay-UE

2. Identify a group of eRemote-UEs that cannot handover to the eNodeB of the eRelay UE

3. Decide to handover such eRemote-UEs to a different eNodeB.
6.x.y.3
Evaluation
3GPP
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