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1 Introduction 

SA2 sent an LS (S2-088304) to RAN3 at SA2#69 to quest a solution to release the data forwarding resource in target eNB after handover, which is expected to align S1-based handover and X2-based handover.
2 Discussion
When data forwarding is applied for X2-based and S1-based handover, the target eNB shall allocate separate transport resource for data forwarding. Considering the resource efficiency, it’s better to release the data forwarding resource in target eNB as soon as data forwarding is completed. This contribution intends to analyze this issue and find the possible way forward. 
2.1 Uplink data forwarding resource release

If uplink data forwarding is activated, this is selective retransmission. The source eNB shall send SN STATUS TRANSFER message including UL COUNT Value IE which represents the first missing UL SDU and Receive Status Of UL PDCP SDUs IE which represents the missing and received uplink SDUs since the first missing UL SDU in the source eNB. The target eNB can release uplink data forwarding resource after receiving all the received uplink SDUs since the first missing UL SDU from the source eNB. So uplink data forwarding resource release is not a problem.
2.2 Downlink data forwarding resource release

There are three alternative solutions to release the downlink data forwarding resource:
· Alternative 1: Timer-based Solution
A timer could be set in the target eNB to supervise the data forwarding resource release during handover. The timer can start after the target eNB has sent HANDOVER REQUEST ACKNOWLEDGE message or some other implementation. It is usually set with an experienced value. When the timer expires, the target eNB can release the corresponding resource for data forwarding. 
This solution is simple and could be a common approach for both S1-based and X2-based handover. But if the timer value is set inappropriately, e.g. if the value is set too big, the solution will lead to resource waste. However timer for releasing data forwarding resource is always needed in target eNB to avoid the used solution being invalidated due to some error cases, for example, the target eNB still need timer to release uplink data forwarding resource lest the data forwarding resource cannot be released in case of some forwarding data missing.
· Alternative 2: End Marker Solution
“End marker” is the packet sent by Serving GW along the old path for each E-RAB immediately after switching the path in order to assist the reordering function in the target eNB. Upon receiving the "end marker" packets, the source eNB shall, if forwarding is activated for that bearer, forward the packets toward the target eNB, no matter it’s X2-based handover or S1-based handover, direct forwarding or indirect forwarding. Receiving the “end marker” packets the target eNB shall initiate necessary processing to maintain in sequence delivery of user data, i.e. the target eNB shall start to send the data receiving from S1-U after the forwarding data are sent to the UE. “End marker” presents path switch and the end of the data forwarding.
So, the target eNB can use “end marker” to trigger the corresponding data forwarding resource release in the target eNB besides the reordering function.

While “end marker” is a functionality of Serving GW, and it is sent only in case the Serving GW does not change. Sending “end marker” by Serving GW is triggered by path switch in the Serving GW, i.e. receiving UPDATE BEARER REQUEST message with new downlink tunnel information from the MME, the Serving GW can send “end marker” along the old tunnel. If the Serving GW changes during handover, the MME sends UPDATE BEARER REQUEST message with new downlink tunnel information to the new Serving GW, the new Serving GW then sends UPDATE BEARER REQUEST message with new downlink tunnel information to the PDN GW, only the PDN GW can be aware of path switch and send “end marker” along the old tunnel. However SA2 did not define “end marker” functionality in PDN GW.
So End Marker solution can only be applied to the handover without Serving GW change. To align the handover with Serving GW change, PDN GW should support “end marker” sending functionality.
· Alternative 3: Explicit Message Solution 
In current SA2 specification (TS 23.401) the Explicit Message solution has already been used to release data forwarding resource in EPC. For example, in the section 5.5.1.2.2 in TS 23.401, upon receipt of the FORWARD RELOCATION COMPLETE ACKNOWLEDGE message, the target MME starts a timer. When the timer expires, the target MME sends an explicit DELETE BEARER REQUEST message to the target S-GW to release data forwarding resource. Such mechanism can be reused to release the data forwarding source in target eNB. 
It is simple for the target MME to inform the target eNB to release the data forwarding resource since there is already the timer in the MME supervising the data forwarding resource release in EPC. We can just use the same timer or add another timer to supervise the data forwarding resource release in the target eNB. The expiry of the timer in the MME shall trigger the target eNB to release the data forwarding resource. However it is not applicable for X2-based handover, since the MME is not aware whether there is data forwarding or not. It is not reasonable for the target eNB to receive an explicit message to release data forwarding resource while there is no data forwarding resource. A possible way is to indicate the MME whether data forwarding is performed in PATH SWITCH REQUEST message.
A comparison table of above three solutions is elaborated in the following table:

	Solution
	Advantages
	Disadvantages

	Timer-based
	It is simple, and timer in the target eNB supervising the data forwarding resource release is always needed.
	Implementation dependant, if the timer is set inappropriately, resource may be wasted unnecessarily.

	End Marker
	The corresponding resource is released in time
	Can not cover Serving GW change scenario unless to allow PDN GW to add “end marker” functionality

	Explicit Message
	Align with the EPC handling to release the data forwarding resource
	Can not cover the X2-based handover and two explicit messages will be added in S1 interface


From the above comparison, it can be concluded that the timer-based solution is advisable in the current stage without adding functionality in EPC. Other solutions can be considered in later release.
3 Conclusion and Proposal

This contribution analyzes the issue of data forwarding resource release in target eNB and compares three solutions. It is proposed RAN3 selects timer-based solution as the way forward.
The corresponding CRs are drafted in R3-090109, R3-090110, and LS back to SA2 are attached. 
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