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1．Introduction
The DL user data forwarding during handover was discussed in RAN3 #57 meeting. Some agreements were achieved. And several open issues are still left [1].This contribution discusses the open issues on DL data forwarding during handover.
2．Discussion
Below each open issue is envisaged:
· Is a timer based solution sufficient or should other means be provided in order for the target eNB to decide on when the last packet has arrived on X2. 

If the timer based solution is adopted, then in order to meet the Qos of different services, different timers may be used for different service. It is complex to implement. Or if a uniform timer is adopted, the interval of the timer is also difficult to set. If the timer interval is too short, possibly the target eNB has no enough time to send all the user data forwarded from X2 interface to UE. If the timer interval is too long, it is low efficient since the target eNB shall wait the timer expiring even there are no user data forwarding from X2 interface. 
So it is suggested that timer based solution is not adopted.
· Shall the PDCP SN of the forwarded SDUs be carried in the “PDCP PDU number” field of the GTP extension header or as a GTP SN.

Since the IP layer can’t ensure the in-ordering delivering and the PDCP SDUs without PDCP SN shall also be sent to target eNB in sequence, the GTP SN is needed. 
So the suggestion is that the PDCP SN shall be carried in the “PDCP PDU number” field in the GTP extension header, and the GTP SN carry itself SN.

· Additional protocol support for reordering in the target eNB. Possible solutions mentioned:

1) Marking of the last packet.

Drawbacks of this solution are:

(1) If no data needs to be forwarded during handover, how does the source eNB or S-GW marks the last packet is a problem. 
(2) If no data needs to be forwarded or if the last packet is lost during handover, it is difficult for target eNB to know when to start to send the data from S1 interface. Maybe an additional timer is also needed in the target eNB.
(3) The target eNB need check each packet to find the last one. It increases the complexity of the target eNB.
2) One or several specific “end marker” packets.

This way needs additional user plane functionality to construct the “end marker” packets. The target eNB don’t set the PDCP SN to the packet from S-GW until received the “end marker” packets, the delay is longer than solution3 “usage of GTP SN”.
3) Usage of GTP SN

The source eNB signals the next DL PDCP SN and GTP-U SN via X2-AP message to the target eNB in X2 handover procedure. Then the PDCP entity in target eNB derives the relationship between the PDCP SDU SN and the GTP-U SN. 
Here gives an example to illustrate how this mechanism works: assuming that the X2-AP message indicates the PDCP SN begins with 3 in the target eNB, and its corresponding GTP-U SN =5. Then if a packet is received from S-GW with GTP-U =7, the target eNB can figure out how many packets prior this one by the difference of the two GTP-U SN (7-5=2). Then the target eNB can also figure out and allocate the PDCP SN immediately for this S-GW with the PDCP SN = 5(3+2=5). 
Once been allocated a PDCP SN, a packet, no matter it comes from X2 or S1, can be sent to UE immediately. It seems helpful to decrease the latency. Compare to solution 2, this alternative can send packets from S1 interface immediately after receiving it, but in the solution 2, packets from S1 have to wait all PDCP SDUs have received from X2, and then be transmitted.   
This method needs the CN node sets the GTP-U SN continuously during the whole handover. It is easy to be implemented, for example, the PDN GW may allocate the GTP-U SN continuously.
Based on discussion above, it is suggested solution 3 is adopted.
· The forwarding scheme to be used for S1 initiated handovers

The same principles of DL data forwarding handling for the X2 handover should be applied also for the S1 handover. According to above analysis, additional S1-AP message will be used to convey the DL PDCP SN to the target eNB. Illustrating in figure 1, three S1-AP messages (A: S-eNB->S-MME, B: S-MME->T-MME, C: T-MME->T- eNB) need to be added and several tunnels need to be established.
For the reordering in the target eNB, usage of GTP-U SN mentioned above can also be applied in S1 handover. Similar to X2 AP message on X2 handover, an additional S1 AP message will be used to convey the DL PDCP SN(s) and GTP-U SN to the target eNB. 

[image: image1] 
Figure 1: S1 handover procedure
3．Conclusion and Proposal
Based on above analysis, it is proposed: 
· Transferring of PDCP SN and GTPU SN may be done by a control message over the X2 interface. 
· The PDCP SN of the forwarded SDUs shall be carried in the “PDCP PDU number” field in the GTP extension header.
· Using GTPU SN to support reordering in the target eNB.
Similar to X2 AP message on X2 handover, an additional S1 AP message will be used to convey the DL PDCP SN(s) and GTP-U SN to the target eNB when based on S1-HO.
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