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Abstract of the contribution: This contribution proposes a call flow for inter eNodeB handover, where data forwarding during handover is routed from the source Serving SAE GW to the target Serving SAE GW without the source eNodeB being involved. Advantages and concerned issues of the propose approach are discussed.
1. Introduction
In Warsaw meeting, inter eNodeB handover with CN node relocation was discussed and possible conditions that could cause this situation were documented. As for data forwarding, however, the case without the involvement of the source eNodeB is still in the state of FFS. This contribution further discusses this case and proposes an alternative data forwarding path, where data is forwarded from the source Serving SAE GW to the target Serving SAE GW during handover.

2. Discussion
As per section 5.5.1 of TS23.401 v.0.3.0, there is a situation where downlink data cannot be directly forwarded between eNodeBs when the UE changes Serving SAE GWs. When the indirect data forwarding is performed during handover, the following two ways can be considered (Figs 1 and 2).
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 Figure 1: data forwarding via source eNodeB     Figure 2: data forwarding from source to target Serving SAE GW (proposed)
In both Figs.1 and 2, lines (a), (b) and (c) show downlink data flows before, in the middle of, and after handover, respectively. Difference in Figs. 1 and 2 is the data flow during handover. In Fig.1, when it is determined that Serving SAE GW relocation is necessary for the imminent inter eNodeB handover and there is no direct path between the source and target eNodeBs, packets destined for the UE are once sent to the source eNodeB and then sent back to the source Serving SAE GW since the UE may have been moved to the new cell. This data flow is maintained until the UE completes handover and the data flow switches to (c). In Fig. 2, on the other hand, packets for the UE are directly sent from the source Serving SAE GW to the target Service SAE GW without travelling to the source eNodeB. The advantages of Fig. 2 in date flow (b) are as follows:

1) Network resource consumption between the source Serving SAE GW and the source eNodeB can be saved.

2) Packet delivery time to the UE can be reduced by the round trip time between the source Serving SAE GW and the source eNodeB.

However, one could argue that packet reordering could happen at the time when the data flow switches from (a) to (b). Possible situations are depicted in Figs. 3 and 4. The message types and numbers are based on the proposed call flow in the proposal section of this contribution. Suppose U-data 1 is the last packet sent by the source Serving SAE GW before the message 8b “Update Serving SAE GW Response”. This packet is delivered to the UE via the source eNodeB. Any packet arrived after the message 8b is forwarded to the target Serving SAE GW. When the UE has moved to the new location, such packet is delivered via the target eNodeB. Figure 3 shows the regular case, where packets destined for the UE are delivered in an orderly manner between data flows (a) and (b). 

If packet reordering should happen, the following case could be considered, that is, as shown in Figure 4, U-data 1 leaves the source Serving SAE GW, but somehow it reaches the source eNodeB after the message 11 “Handover Command” is sent from the source eNodeB to the UE. This is because any packet before the message 11 should safely be delivered to the UE (if any anomaly case need not be taken into consideration) and any packet after this message should be forwarded to the target Serving SAE GW since the UE may have been detached and moved to the new location. When U-data 1 reaches the target Serving SAE GW, packet reordering would happen. This case, which seems to be caused by a long delay, however, could be taken as rare and should not happen since the timely delivery on the bearer path is one of the critical requirements and needs to be considered at the network designing and dimensioning.
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Figure 3: Regular case (ordered delivery)
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Figure 4: Irregular case (reordering situation)

3. Proposal 

This contribution proposes an alternative way of indirect data forwarding as an optional operation for the inter eNodeB handover with Serving SAE GW relocation. Based on Annex C in TS23.401 v.0.3.0, the following call flow and descriptions are proposed. Message 9 in red and the corresponding explanation are the difference from the original one.
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1)
The source eNodeB decides to perform a handover to the target eNodeB. This can be triggered e.g. by no X2 connectivity to the target eNodeB, or by configuration in the source eNodeB showing that the target eNodeB does not have S1_MME connectivity to the source MME, or by an error indication from the target eNodeB after an unsuccessful X2-based handover. 

2)
The source eNodeB sends Relocation Required to the source MME.

3)
The source MME selects the target MME and sends a Forward Relocation Request message to it, which includes the UE context in the source MME. 

4)
The target MME decides whether to change the Serving SAE GW and selects a target Serving SAE GW. The target MME sends a Create Serving SAE GW Bearer Request message to the target Serving SAE GW, including information about the established bearers of the UE and identity of the PDN SAE GW and its TEIDs. The target serving SAE GW allocates TEIDs for the uplink traffic on S1_U reference point (one TEID per bearer). The target Serving SAE GW sends an acknowledgement message back to the target MME, which include these newly allocated TEIDs. 

5)
The Target MME sends Relocation Request message to the target eNodeB. This message creates the UE context in the target eNodeB, including information about the bearers, and the security context. The target eNodeB sends a Relocation Request Acknowledge message to the MME. This includes the TEIDs allocated at the target eNodeB for downlink traffic on S1_U reference point (one TEID per bearer). 
6)
If indirect forwarding is used, the target MME sets up forwarding parameters in the target Serving SAE GW.

7)
The target MME sends a Forward Relocation Response message to the source MME. 

8)
If indirect forwarding is used, the source MME updates the source Serving SAE GW about the tunnels used to the target serving SAE GW. 
9)
The source serving SAE GW starts forwarding of downlink data from the source serving SAE GW to the target serving SAE GW. The target serving SAE GW then forwards the downlink data to the target eNodeB.
10)
The source MME sends a Relocation Command message to the source eNodeB.

11)
The Handover Command is sent to the UE. The UE must be made aware that a CN relocation is being performed, since it will have to perform a Tracking Area Update (see below). The UE detaches from the old cell and synchronizes to the new cell. 

12)
After the UE has successfully synchronized to the target cell, it sends a Handover Confirm message to the target eNodeB. Downlink packets forwarded from the source eNodeB can be sent to the UE. Also, uplink packets can be sent from the UE, which are forwarded to the target Serving SAE GW and the PDN SAE GW. 

13)
The target eNodeB sends a Relocation Complete message to the target MME. 

14)
The target MME sends a Forward Relocation Complete to the source MME. The source MME in response sends a Forward Relocation Complete Acknowledge to the target MME. 

15)
The target MME sends an Update Serving SAE GW Bearer Request to the target Serving SAE GW. This includes the TEIDs allocated at the target eNodeB for downlink traffic. 

16)
The target serving SAE GW assigns TEIDs (one per bearer) for downlink traffic from the PDN SAE GW. It sends an Update PDN SAE GW Bearer Request to the PDN SAE GW, including the assigned TEIDs. The PDN SAE GW starts sending downlink packets to the target SAE GW using the newly received TEIDs. These downlink packets will use the new downlink path via the target Serving SAE GW and target eNodeB. An Update PDN SAE GW Bearer Response is sent back to the target serving SAE GW. 

17)
The target Serving SAE GW sends an Update Serving SAE GW Bearer Response to the target MME. 

18)
After the source MME has received the Forward Relocation Complete message, it sends a Release Resources message to the source eNodeB. The source eNodeB can the release resources in the source eNodeB. The timing of this message and the timing of releasing the resources are FFS.

19)
As soon as the handover to the target eNodeB is completed, the UE sends a Tracking Area Update Request message, which arrives to the target MME.

20)
The target MME may optionally authenticate the UE

21)


a)
The target MME updates the HSS by sending an Update Location message

b)
The HSS sends a Cancel Location message to the source MME.

c)
The source MME sends a Cancel Location Ack message to the HSS. 

d)
After the HSS has received the Cancel Location Ack message, it sends an Update Location Ack to the target MME. 

e)
The source MME releases the bearer in the source Serving SAE GW by sending a Delete Serving SAE GW Bearer Request message. 

f)
The source Serving SAE GW sends a Delete Serving SAE GW Bearer Response to the source MME. 

22)
The target MME sends a Tracking Area Update Accept to the UE, which include a new S-TMSI allocated by the target MME. 

23)
The UE acknowledges the new S-TMSI by sending a Tracking Area Update Complete message. 
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