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1. Introduction
In the previous RAN3 meeting, U-plane resource release in the source eNB at handover completion was concluded as implementation dependent matter and the timing to send Resource Release message is FFS between after Handover Confirm until after HO Complete to EPC.
However, some companies also see the need to optimize the timing to send Resource Release message, and the mechanism to release the resources in each node for each interface need to be clarified.
This document discusses the two mechanisms and procedures to release resources in handover completion phase, by identifying the last packet from aGW and by utilizing a timer. The drawbacks in the mechanism based on identifying the last packet from aGW is clarified, and an overall view of releasing C,U-plane resources in source eNB, target eNB and aGW when utilising a timer based mechanism is also clarified. 
2. Resource Release mechanism alternatives
The following assumptions apply:
- Based on RAN2 assumption, for DL data, the reordering above RLC at handover cases will be done in the (UE) PDCP, and for the non-handover cases is FFS.
- Based on RAN2 assumption, when the reordering is not performed in the target eNB, forwarding data from source eNB is prioritized to be sent to air interface then the data from aGW.
- Based on RAN3 assumption, when it is assumed that reordering is performed in UE PDCP, target eNB does not do anything (reordering).
The next sub-sections discuss the following mechanisms, which had been identified in the previous RAN3 meetings, for Resource Release during Handover Completion: 
- Identification of the last data: 
- Implementation dependent utilization of timer.
2.1. Resource Release based on identification of the last packet from aGW
In this mechanism, the target eNB must be able to confirm whether all the forwarding packets from aGW have arrived, by means of an identification attached by the aGW or by the interface.

In this document the following type of indication method will be discussed:

· Alt.1: Indication by defining ‘last data indicator’ message type which can be a packet with a specific header. [1]
· Alt.2: Indication by utilizing sequence number in the S1 and X2

Figure 1a and 1b shows the abovementioned type of indication: ‘last data indicator’ and sequence number utilization method respectively.
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Figure 1a: ‘Last data indicator’ method
            Figure 1b: Sequence Number utilization method

Alt. 1 ‘Last data indicator’ indication method:
- The RESOURCE RELEASE message is sent from the target eNB to the source eNB after the target eNB receives the ‘last data indicator’.
- A utilization of a timer is necessary in the target eNB to cope with the possibility of packet loss in S1 and X2 interface. The timer will be started right after the target eNB receives the HANDOVER ACK from aGW, and the RESOURCE RELEASE message will be sent to the source eNB when the ‘last data indicator’ does not arrive in the target eNB and the timer expired.
Alt.2 Sequence number utilization method:
- As it is shown in figure 1b, target eNB has to wait for the arrival of  the GTP-U PDU with SN #x from the source eNB and #x+1 from the aGW, to make sure that all of the forwarding packets have arrived. 
- Upon the arrival of GTP-U PDU with SN#x and SNx+1 can be confirmed, the target eNB sends the the RESOURCE RELEASE message.
-In this method, coordination between GTP-U Sequence Number in S1 interface and X2 interface is necessary, because the GTP-U PDUs in the X2 interface (received from the source eNB to the target eNB) needs to have the same SN as those GTP-U PDUs in the S1 interface (from aGW to the source eNB).
- Also in this method, a timer in the target eNB is needed to cope the problem when the last packet before the path switch (GTP-PDU with SN#x) and or the first packet after the path switch (GTP-PDU with SN#x+1) is lost.
- In this method, the usage of SN in GTP-U message is mandatory.
The drawback of the solution based on identification of the last packet aGW:
- Both solution are not robust enough against the possibility of packet loss.
- Other solutions are needed to support these methods, i.e. timer, necessity to coordinate sequence number between S1 and X2 tunnel.
Therefore, identification of last packet for resource release should be ruled out from the consideration due to the big number of efforts (back-up solutions) that needs to be provided.
2.2. Resource Release based on timer
This section will clarify the resource release on each node for each interface. The resources that needed to be released on each node for each interface can be categorised as the following:
- Radio interface resources on Uu i/f (MAC, RLC status)
- TEID, UPE-ID for S1-U and X2-U
- UE signalling reference, MME-ID for S1-C and X2-C
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Figure2. Overall view of resources to be released in each node
There are 3 alternatives for timer based resource released:

· Alt. 1: two signalling, one timer
- Figure 3 shows the alt.1 where two different signalling are needed for C, U-plane release, and a timer is needed for t-eNB to trigger the signalling to release U-plane resource in source and target eNB. 
- The timing for sending C-plane RESOURCE RELEASE from the target to the source eNB can be right after the sending HANDOVER COMPLETE from the target eNB to aGW.
- The timing for sending U-plane RESOURCE RELEASE from the target to the source eNB is right after the expiry of the timer in the target eNB.
·  Alt. 2: one signalling, two timer (similar to today’s WA)
- Figure 4 shows the alt 2 where only one signalling for C-plane resource release is sent from the target eNB to the source eNB which will trigger the C-plane resource release in the source eNB, and two timer each in source eNB and target eNB are needed to trigger the release of U-plane resource.
- The timing for sending C-plane RESOURCE RELEASE from the target to the source eNB can be right after the sending of HANDOVER COMPLETE from the target eNB to aGW.
·  Alt. 3: one signalling, one timer
- Figure 5 shows the alt.3 where only one signalling is needed to release both C and U-plane resources and only one timer is needed to trigger the release of both C and U-plane resource altogether in the target eNB, source eNB.
- The timing for sending C, U-plane RESOURCE RELEASE from the target to the source eNB is right after the expiry of the timer in the target eNB.
- The setting of this timer has to take into account the average time needed for source eNB to forward the U-plane data. 
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Figure3. Alt.1 Two Signalling, One Timer
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Figure4. Alt.2 One Signalling, Two Timer
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Figure5. Alt.3 One Signalling, One Timer
The difference between each alternative can be summarized as the following:

· C-plane release
· It is an advantage when C-plane resources, especially for radio interface resources, e.g. MAC and RLC states in the source eNB can be release immediately (Alt.1, Alt.2)

· However, keeping C-plane resources and release it together with U-plane may not bring a significant impact (Alt.3). Because the C-plane resources (both interface C-plane context and radio resources) are mainly a logical resource which may consume only the memory party and not the hardware resources of the equipment.
· Timer

· Basically timer based solution has its own complexity, i.e. timer setting optimisation (Alt. 1,2,3)

· Therefore the number of timer should be as small as possible. (Alt.3)

· Resource Release signalling transmission timing 
· Anytime right after  HANDOVER COMPLETE message (Alt.1,2)

· After HANDOVER COMPLETE ACK message (Alt.3)
· Resource Release timing optimisation in each node for each interface.

· Optimisation of resource release timing in each node for each interface can be performed in each alternative.

2.3. Standardisation Impact

With regard to utilisation of timer for resource release in handover completion phase, the optimisation of its setting may be an implementation dependent matter.
However, the behaviour of each node, source, target eNB and the aGW due to the application of the timer for releasing the resources is a standardisation matter.
3. Conclusion and proposal
Two mechanisms of resource release, identifying the last packet sent from aGW and timer based mechanism, were clarified.
The overall resource release timing and mechanism in the source eNB, target eNB and aGW by utilising timer, were also clarified.
It is proposed to agree on the following proposal:

Proposal 1: With the assumption that reordering above RLC for DL data during handover is performed in UE PDCP, identification of the last data mechanism during Handover Completion have many drawback and should be ruled out from the consideration. 

Proposal 2: From the implementation point of view, the alternative with the smallest number of timer and the smallest number of signalling to trigger the release of the C, U-plane resources in each node for each interface and, should be adopted. (Alt.3)
By adopting proposal 2, the timing for sending the RESOURCE RELEASE message from the target to the source eNB can be optimised and sent after HANDOVER COMPLETE ACK message from the aGW so that it can be confirmed that the path in aGW is already being switched before all the related resources are to be released. 
4. Reference
[1] R2-061678, ‘A method to release source resources during handover’, Samsung.
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