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----Start of the first change----
5
Technical support for LTE device to device, UE-to- Network relays for IoT and wearables
5.1
Layer 2 evolved UE-to-Network relay solution
//skip the unchanged part
5.2.5
Summary and conclusions on LTE sidelink enhancements
5.x
High Level Procedures
Note: D2D/PC5 illustrated in the scenarios and solutions in this section does not preclude the usage of non 3GPP communication between the eRemote UE and eRelay UE.
5.x.1 Scenarios of Path change for eRemote UE and eRelay UE

5.x.1.1 Scenario 1: eRemote UE moves between Cellular and Relay link _ Intra eNB

In this scenario, the path of the evolved ProSe Remote UE (wearable device) is changed between cellular link, and relay link with an eRelay UE served by the same eNB.
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Scenario 1b

5.x.1.2 Scenario 2: eRemote UE moves between Cellular and Relay link _ Inter eNB

In this scenario, the path of the evolved ProSe Remote UE (wearable device) is changed between cellular link of a eNB, and relay link with an eRelay UE served by a different eNB.  
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Scenario 2b

5.x.1.3 Scenario 3: eRemote UE moves together with eRelay UE with eNB change

In this scenario, both of the e Remote UE (wearable device) and the eRelay UE are moved (i.e. in case of mobility) from one eNB to another eNB. The eRemote UE remains connected to the same eRelay UE. 
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Scenario 3

5.x.2 Solutions for Scenario 1

5.x.2.1 Solution 1-1: relationship of eRemote UE and eRelay UE towards MME

Note: this solution only applies to the case in which PC5 is used between the eRemote UE and eRelay UE.

Figure1-1 below depicts the path change procedure for an eRemote UE from Relay Link to Cellular Link within the same eNB (Scenario 1b). Similar RAN3 impacts are foreseen to support the path change for an eRemote UE from Cellular Link to Relay Link within the same eNB (Scenario 1a).
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Figure1-1 eRemote UE moves from Relay Link to Cellular Link within same eNB

1. eRelay UE has already access to the network and active.

2. eRemote UE and the eRelay UE connect via PC5.

3. The eRemote UE’s RRC connection request, RRC setup, RRC setup complete messages procedures, via PC4-U between the eRemote UE and the eRelay UE, and Uu between the eRelay UE and the eNB.

4. The eNB triggers Initial UE message procedure towards the eRemote UE’s MME, with the information of eRemote UE and eRelay UE relationship.

5. the MME triggers Initial UE context setup procedure, to provide UE context to the eNB.

6. The eNB triggers UE context modification procedure towards the eRelay UE’s MME, with the information of eRemote UE and eRelay UE relationship.

7. The eNB triggers RRC reconfiguration of the eRelay UE.

9. The eNB triggers send Initial Context Setup Response to the eRemote UE’s serving MME. 

10. The eNB makes decision on changing the eRemote UE’s path from Relay Link to Cellular Link.
11. The eNB triggers RRC reconfiguration of the eRemote UE. 

Note: the RRC Connection Reconfiguration Complete message maybe transmitted via Cellular link, subject to RAN2 discussion.
12. The eNB triggers RRC reconfiguration of the eRelay UE.

13. The eNB updates the eRemote UE and eRelay UE relationship of the eRemote UE to the eRemote UE’s serving MME.

14. The eNB updates the eRemote UE and eRelay UE relationship of the eRelay UE to the eRelay UE’s serving MME.

Note: The need for relationship information exchange in step 4, 6, 13 and 14 are pending to RAN2 and SA2 decision. MME awareness is subject to RAN2 and SA2 discussion of Paging and Charging, etc.
Note: Step 6 and 14may not be needed in case the relationship information can be transmitted between MMEs directly, pending to SA2.

RAN3 impact: 

· eNB to provide and update the eRemote UE and eRelay UE relationship towards the MME.

· Introduce eRemote UE and eRelay UE relationship in S1AP: INITIAL UE MESSAGE,in S1AP: UE CONTEXT MODIFICATION INDICATION message, or a new S1AP message.

Note: the details of “eRemote UE and eRelay UE relationship” is FFS. In case the MME needs to be aware of the relationship of eRemote and eRelay, it provides information on whether the eRemote UE is connected to the eRelay UE and vice versa. 
· Introduce eRemote UE (FFS) and eRelay UE authorization in S1AP: INITIAL CONTEXT SETUP REQUEST, and other related S1/X2 messages.

Note: the MME may provide the authorization of the eRemote UE (FFS) and eRelay UE to the eNB, which is pending to SA2 discussion.
5.x.3 Solutions for Scenario 2

5.x.3.1 Solution 2a-1

Note: this solution only applies to the case in which PC5 is used between the eRemote UE and eRelay UE.

This solution focuses on Scenario 2a: The UE switch from Uu to PC5 for inter eNB case.

The UE may or may not be able to directly connect to target eNB, so there is no guarantee that the UE can first hand over to target eNB, then switch to PC5. A more general mechanism is needed to allow the UE to switch from Uu to PC5 directly. Current handover procedure should be reused for this case, with the following differences:

· The UE may be able to set up the PC5 connection before the handover. 

· There may no need for radio resource allocation in the target eNB, since the UE connects to the Relay. 

· The admission control performed in target eNB is different from the normal Uu handover. Admission control may be performed based on the Relay’s QoS status, e.g. checking whether the Relay still has bandwidth to support the Uu’s required QoS. 
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Figure2a-1 call flow for inter-eNB Uu to PC5 switch
Small updates to current handover procedure may be needed, e.g. indicating that the UE is changing to PC5 in target eNB, including the information for the Relay, 

Note: Further progress in RAN2 is needed in order to add further details. 

The impact to S1AP procedure is similar to the intra-eNB case. 

5.x.3.2 Solution 2a-2

Note: this solution only applies to the case in which PC5 is used between the eRemote UE and eRelay UE.

This solution focus on Scenario 2a: The UE switch from Uu to PC5 for inter eNB case.

In this scenario, the evolved remote UE communicates directly with the eNB via Uu interface, and then switches to the evolved relay UE served by a cell belonging to another eNB which is different from the previous serving cell of the evolved remote UE. 
Figure2a-2 illustrates an example signalling procedure for this scenario. 
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Figure2a-2 Path switch from cellular link to relay link in different cells

1. The eRemote UE performs relay discovery procedure and selects a suitable eRelay UE. 
2. The eRemote UE reports to the serving eNB with the information of selected eRelay UE, e.g. via measurement report message. 
3. The serving eNB of the eRemote UE (i.e. source eNB) decides to switch the eRemote UE from cellular link to relay link via the eRelay UE. The source eNB initiates HO request to the eRelay UE’s serving eNB (i.e. the target eNB for the eRemote UE).
4. The target eNB responses the HO response message.
5. The source eNB delivers the handover command information to the eRemote UE via the RRC connection reconfiguration message which includes mobilitycontrolinfo. 
6. The eRemote UE establishes PC5 connection with the eRelay UE.  
7. The target eNB sends RRCconnectionreconfiguration message to eRelay UE.
8. The source eNB sends SN Status Transfer to the target eNB.
9. The eRemote UE connects to target eNB via eRelay UE. (The detail is to be decided by RAN2)
10. The target eNB sends a PATH SWITCH REQUEST message to MME to inform that the UE has changed cell. The path switch request procedure may also update the eRemote UE and eRelay UE relationship in the MME.
11. The MME confirms the path switch message with the Path Switch Request Acknowledge message.
RAN3 impact: 
· Source eNB to provide the eRemote UE and eRelay UE relationship towards to target eNB.
· eNB to provide and update the eRemote UE and eRelay UE relationship towards the MME.
· Introduce eRemote UE and eRelay UE relationship in S1AP: PATH SWITCH REQUEST message.
Note: including the “eRemote UE and eRelay UE relationship”in PATH SWITCH REQUEST message is FFS. It only applies to the case that the MME needs to be aware of the relationship of eRemote and eRelay. 
Note: including the authorization information of eRemote UE in PATH SWITCH REQUEST ACKNOWLEDGE is FFS, which is pending to SA2 discussion.
5.x.3.3 Solution 2b-1

Note: this solution only applies to the case in which PC5 is used between the eRemote UE and eRelay UE.

This solution focus on Scenario 2b: The UE switch from PC5 to Uu for inter eNB case.

The scenario can also reuse current handover procedure. A possible call flow is shown as below:
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Figure2b-1 call flow for inter-eNB PC5 to Uu switch

The impact to S1AP procedure is similar to the intra-eNB case.

5.x.4 Solutions for Scenario 3

A “group” of UEs can be identified by the serving eNB, where how to identify the group is subject to RAN2/SA2 discussion. Once a group has been identified, the eNB may use various inputs, e.g. measurement report(s), to prepare group handover towards the most likely candidate target cell(s). This will increase the time available for handover execution, reduce the risk of handover failure, and result in more accurate resource allocation at the target cell.

5.x.4.1 Solution 3-1: Separate Handover of eRemote UE and eRelay UE with eRemote UE and eRelay UE relationship
Note: this solution only applies to the case in which PC5 is used between the eRemote UE and eRelay UE.

In this solution, X2 signalling (e.g. Handover Request, Handover Request ACK, UE Context Release) and S1 signalling (e.g. Path Switch Request, Path Switch Request ACK) of eRelay UE and eRemote UE are sent separately. And the eRelay UE and eRemote UE relationship information is included in HANDOVER REQUEST messages, the target eNB need to wait until receiving all the Handover Request messages for both eRelay UE and eRemote UE, take all the related information into account to prepare the resources for all the related UE.
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Figure 3-1 Separate S1/X2 Handover with eRemote UE and eRelay UE relationship
1. eNB1 makes decision on group Handover of eRelay UE and eRemote UE.

2. eNB1 triggers the handover of eRelay UE from eNB1 cellular link to eNB2 cellular link, by sending HANDOVER REQUEST  message with the  eRelay UE and eRemote UE relationship information (e.g. eRelay UE id and a list of eRemote UE ids).

3. eNB1 triggers the handover of eRemote UE from eNB1 Relay link to eNB2 Relay link, by sending HANDOVER REQUEST  message with the  eRelay UE and eRemote UE relationship information.

4. Upon receiving all the HANDOVER REQUEST messages related to the indicated eRelay UE and eRemote UE relationship information, the eNB2 performs admission control and prepare the resources for eRelay UE and eRemote UE.

5. eNB2 sends the HANDOVER REQUEST ACKNOWLEDGE message of eRelay UE to the eNB1.

6. eNB2 sends the HANDOVER REQUEST ACKNOWLEDGE message of eRemote UE to the eNB1.
7. The eRelay UE and eRemote UE moves together to eNB2.
8. eNB2 triggers the path switch procedure for eRelay UE.

9. eNB2 triggers the path switch procedure for eRemote UE.

10. eNB2 triggers the UE context release procedure toward eNB1 for eRelay UE.

11. eNB2 triggers the UE context release procedure toward eNB1 for eRemote UE.
12. eNB1 release the resources for eRelay UE and eRemote UE.
Note: Steps 2 and 3 could happen in any sequence, Steps 5 and 6 could happen in any sequence, Steps 8 and 9 could happen in any sequence, Steps 10 and 11 could happen in any sequence.

Note: details of handover execution phase i.e. step 7 is subject to RAN2 decision.
Note: whether new RRC container is needed in Step5 and 6 is subject to RAN2 decision.

RAN3 impacts：
· Include eRelay UE and eRemote UE relationship (e.g. eRelay UE id and a list of eRemote UE ids) in HANDOVER REQUEST message.

5.x.4.2 Solution 3-2: Group Handover of eRemote UE and eRelay UE

Note: this solution only applies to the case in which PC5 is used between the eRemote UE and eRelay UE.

In this solution, group X2 Handover procedure will be used to move the eRemote UE and eRelay UE together from eNB1 to eNB2. Group Handover Request and Group Handover Request ACK messages are introduced.
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Figure 3-2 group handover of eRemote UE and eRelay UE 

1. eNB1 makes group Handover decision.

2. eNB1 sends GROUP HANDOVER REQUEST message of the eRelay UE and eRemote UE towards the eNB2. 

3. eNB2 performs admission control and prepares the resource for the eRelay UE and eRemote UE.

4. eNB2 sends GROUP HANDOVER REQUEST ACKNOWLEDGE message to eNB1.

5. the eRelay UE and eRemote UE moves together to eNB2.

6. eNB2 triggers the path switch procedure for eRelay UE.

7. eNB2 triggers the path switch procedure for eRemote UE.

8. eNB2 triggers the UE context release procedure toward eNB1 for eRelay UE.

9. eNB2 triggers the UE context release procedure toward eNB1 for eRemote UE.
10. eNB1 release the resources for eRelay UE and eRemote UE.
Note: The details of GROUP HANDOVER REQUEST and GROUP HANDOVER REQUEST ACKNOWLEDGE messages will be further discussed in normative phase.
Note: details of handover execution phase i.e. step 5 is subject to RAN2 decision.
RAN3 impact：
· Introduce GROUP HANDOVER REQUEST and GROUP HANDOVER REQUEST ACKNOWLEDGE messages. In these messages, both the eRelay UE and eRemote UEs context will be included.
----Start of the Next change----
7
Conclusions

Editor notes: Summarize the findings of the study on Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables.
During the study on Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables, three path change scenarios are listed in section 5.x of this TR, and different solutions are provided for each scenario with the preliminarily identified RAN3 impacts. The down selection of the solutions, if and how to standardize these solutions may be discussed in the normative phase. Note that the further work on inter-relay path change scenario may be undertaken, depending on RAN2 progress.
----End of the changes----
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