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1. Introduction
In the last RAN3 meetings, although handover procedures for LTE_ACTIVE UEs have been extensively discussed and some agreements were made, little has been discussed about the topic of AGW change during a call. In a LTE system, currently it is not known whether it is needed to relocate the LTE_ACTIVE UEs to other AGW or not. If this is the case, a suitable relocation mechanism is needed. 
In this document, we discuss the necessity of relocation of AGW for LTE_ACTIVE UEs and propose handover procedures in case it is needed.
2. Background (Intra AGW HO)
Before we deal with the inter-AGW HO, let us summarise the intra-AGW HO procedure agreed so far. In the last RAN3 meetings, the following handover principles were agreed [1].
- Preparation phase before HANDOVER COMMAND to the UE.
- Direct communications between RRC entities (Minimum involvement of AGW).

- Data forwarding from source ENB to target ENB (at least for NRT services).

- Late path switching.

Considering that the RRC was agreed to be located in the ENB and most companies supported direct interface between ENBs, the consequent intra AGW handover procedure will look like Figure 1. 
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Figure 1. Intra AGW HO procedure
3. Discussion Part I: Necessity for Inter-AGW HO
The first thing we should consider is whether it is needed to relocate the AGW during LTE_ACTIVE state. At current stage, SA2 is discussing the issue but no conclusion has been made so far. Thus it is proposed that RAN3 also discuss the issue further.

The two possible answers are discussed below.
1. Relocation is not needed.

If we consider a full meshed S1 topology, the UE in LTE_ACTIVE state does not have to change its AGW. This means that the AGW relocation is never very urgent. Nonetheless, at some stage it would be nice to relocate AGW because the delay of the internal traffic starts to become big due to increasing distance between ENB and AGW.

The simplest solution for this delay problem is the following:

a) the AGW waits for the traffic inactivity
b) the AGW brings the UE to LTE_IDLE 
c) when there is new UL/DL data, the UE is moved to the LTE_ACTIVE. This leads to the automatic relocation of AGW.
2. Relocation is needed
One may argue that the full meshed S1 topology is not possible, e.g. due to some O&M reasons such as the restriction of the number of ENBs that can be connected to one AGW. In this case, the above described break and reconnect solution may not work well because there will be cases for little traffic inactivity at the border; e.g. consider a user watching a world cup soccer in a fast train. If this is true, the relocation of AGW during LTE_ACTIVE state seems inevitable and a suitable mechanism is needed. 
On the other hand, one may argue that the break and reconnection solution is enough because the requirement for transition time from LTE_IDLE to LTE_ACTIVE is within 100ms which seems acceptable if it does not occur very often.
One of the drawbacks one can imagine is the possible change of IP address if the relocation is done during a session.
Considering the above discussions, it seems that the relocation is best to be avoided if possible. But if it is not the case, the suitable relocation mechanism should be provided.

Proposal 3.1: It is proposed that the relocation of AGW during LTE_ACTIVE state is avoided if possible.
   The following two sections discuss the possible solutions for AGW relocation during LTE_ACTIVE assuming that the relocation is inevitable.
4. Discussion Part II: Inter-AGW HO Mechanism (if needed)
In this section and afterwards, we assume that the inter-AGW HO is needed and discuss the HO procedure.

4.1 Alignment with Intra-AGW HO
Considering the complexity of the specification, it is highly desirable for us to use the same messages and procedures for intra- and inter-AGW HO. Even though the serving AGWs are different, we can assume there is a direct logical interface between neighbouring ENBs considering that the IP addresses of the neighbouring ENBs can be known at deployment.
Proposal 4.1: Thus, it is proposed that the intra-AGW HO messages and procedures shown in Fig. 1 be reused for inter-AGW HO.

4.2 Context transfer in AGW
The main difference between intra- and inter-AGW HO is that the UE context in the old AGW has to be transferred to the new AGW. 

If we are to reuse the HO procedure in Fig 1, there can be several options for transferring the UE context in AGW as shown in Figure 2. 
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Figure 2. Context transfer between AGWs
1. Relocation request from the sENB after HO decision

  In this option, after the HO decision in the sENB, it requests the relocation to the sAGW. Upon reception of the Relocation Request, sAGW forwards UE context to the tAGW. 

  In this solution, if the UE is rejected by the tENB, the already transferred context should be removed in the target AGW, requiring additional signalling to the AGWs.
2. Relocation request from the tENB after admission control

  In this option, after the tENB admits the UE, it requests the relocation to the tAGW. Upon reception of the Relocation Request, tAGW retrieves UE context from the sAGW. 

  In this solution, because the UE context is transferred after the admission control in the tENB, there is no problem of context removal raised in option 1. 

3. Relocation request with path switch request

In this option, UE context is retrieved in the tAGW after it receives Path Switch from the tENB. As the option 2, this solution has no problem of context removal. On the other hand, because the UE context is retrieved after the HO is complete, there may be additional delay due to setting up the context in the tAGW.
Proposal 4.2: Considering this analysis, it is proposed that the context transfer is initiated by the tENB after admission control.
4.3 Context transfer in parallel to HO procedures in ENBs
On the option 2 in the above section, one may ask if the target ENB has to wait for the completion of the context transfer between the AGWs before sending HO Response message. Considering that the user data continues to flow through the sENB until the path is switched, the UE context has only to be setup in the tAGW before the Path Switch is received. Thus the context transferring between the AGWs has nothing to do with the HO procedures between the ENBs and UE.

Proposal 4.3: Thus, it is proposed that the context transferring in the AGWs and HO procedures in the ENBs be performed in parallel.
4.4 Path switching
 In intra-AGW HO, path switching is initiated by the target ENB after HO completion. If we use the same principle, the Path Switch message is sent from the tENB to tAGW. Upon reception of the Path Switch message, tAGW contacts the sAGW to ask the data path switch. By this way, the sAGW becomes an anchor in the user data path for the time being. Note that if there is a separate anchoring point above the AGW, a separate message needs to be sent to that node.
5. Proposed HO procedure
Based on the discussion in section 3, we propose the inter-AGW HO procedure in Figure 3.
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Figure 3. Proposed inter-AGW HO procedure (for normal case)
1. UE reports the measurement to the sENB. In this message the candidate cell IDs may be included. Upon reception of the message, sENB decides to which ENB the UE should be moved.
2. Based on the HO decision, sENB selects the target ENB and sends a HO Request message to the target. It includes UE id and the corresponding UE context. Upon reception of the message, the tENB admits or rejects the UE based on the UE id and context.
If the UE is admitted, tENB checks whether the inter-AGW HO is required. This can be based on the sENB id or address. Also, there may be indication of inter-AGW HO in the HO Request message.

3. If the inter-AGW HO is required, tENB sends Relocation Request to its AGW. This AGW will be the tAGW. 

4. Upon reception of the Relocation Request, tAGW asks for the UE context to the sAGW by sending the Context Request message. The sAGW can be found by the information contained in the Relocation Request message.
5. In response to the Context Request, sAGW transfers its UE context to the tAGW in the Context Response message. After receiving the message, the tAGW sets up the UE context in it.

6. In parallel to the steps 3 to 5, after the UE is admitted, tENB responds to the HO Request by sending HO Response to the sENB.

7. Upon reception of HO Response, sENB directs UE to move to the target cell by sending HO Command to the UE.

8. UE tries to synchronise to the target ENB. In this step L1/L2 messages may be exchanged between UE and tENB.
9. After synchronisation, UE sends HO Complete to the tENB.

10. Upon reception of the HO Complete, tENB asks path switch to the tAGW by sending Path Switch. In consequence of the message, tAGW may contact sAGW and/or other anchor points to convert the data path to it. After successful path switch, user data will flow along the path between tAGW and UE.

11. After successful path switch, sAGW sends Release Command to the sENB to remove the UE context and release resources occupied by the UE in the sENB.
   For completeness, we also present inter-AGW handover procedure for error case in Figure 4. 
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Figure 4. Proposed inter-AGW HO procedure (for error case)

1. When UE detects it cannot connect to the sENB, it tries to find an alternative cell and request cell update by sending Cell Update Request to the new cell. In this message an UE id and an old ENB id can be included.

2. Upon reception of Cell Update Request, tENB retrieves UE context by sending Context Request to the sENB. The sENB is found by the information indicated in the Cell Update Request message.

3. As a response to the Context Request, sENB sends Context Response back to the tENB. After retrieving UE context, tENB performs admission control for the UE. 
If the UE is admitted, tENB checks whether the inter-AGW HO is required. This can be based on the sENB id or address. Also, there may be indication of inter-AGW HO in the HO Request message.

4-6. The steps 4 through 6 are the same as the steps 3 to 5 in Fig. 3. 

7. In parallel to the steps 4 to 6, after the UE is admitted, tENB responds to the Cell Update Request by sending Cell Update Response to the UE.

8. After receiving Cell Update Response, UE sends HO Complete back to the tENB, notifying that the HO procedure is successfully completed. 
9-10. These steps are identical to the steps 10 to 11 in Fig. 3. 

Note. Whether the step 8 is necessary or not is FFS. Note that if this step is omitted, the path switch can be triggered upon reception of Relocation Request (step 4).
6. Conclusion

In this document, we have discussed the relocation of AGW during LTE_ACTIVE state. It is proposed that the relocation is best to be avoided if possible. If this is not the case, it is proposed that we agree on the proposals in section 4 and capture the procedures proposed in section 5 in RAN3 TR.
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