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1. Introduction
During Shanghai RAN2 meeting #53, there was open item on the issue of downlink packet reordering during inter node B handover. The following is the corresponding text in current RAN2 TR showing the open issues:
Upon handover, the source eNB forwards all downlink RLC SDUs, starting from the first SDU that has not been successfully received by the UE, to the target eNB. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits all downlink RLC SDUs forwarded by the source eNB. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. Support of re-ordering of downlink RLC SDUs during handover, which either the target eNB or the UE could provide (e.g. based on PDCP sequence numbers), is FFS. The optimisation, to only re-transmit the downlink RLC SDUs not successfully received by the UE, is FFS.
In this contribution, we present the comparison of several alternatives [1] [2] in terms of its NW and UE complexities and the impact toward higher layer in order to conclude this open issue. 

2. Discussion
The following figure explains the three options for reordering mechanisms under current consideration: 
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Figure 1 – Reordering Alternatives
The first option (Ordered forwarding only) is the simplest option among these alternatives. In this approach, the source eNB forwards the stored RLC SDU to target eNB in an order manner. In the example shown in figure 1, SDU#1,#2,#3,#4 was buffered at source eNB before HO and the source eNB forward SDUs in ascending sequence, as shown in this figure. In “ordered forwarding only” option, it is possible that target eNB delivers the SDU in out of sequence manner. SDU#6 was buffered at target eNB earlier than SDU#4 and SDU#5 in this example and the target eNB scheduler will transmit the SDU#6 earlier than SDU#4 and SDU#5.

The second option (Ordered forwarding and reordering by target eNB) is a similar to the first option but it includes an additional step of reordering SDU packets by target eNB. By reordering at target eNB, it is possible to avoid out of sequence transmission toward UE. 
The third option (random forwarding and reordering by UE) is the option with minimal complexities to NW side but higher complexity at UE side. Basically, the order of SDU forwarding is carried out in random manner, i.e. source eNB does not have to send SDUs in a sequential manner. And also the target eNB does not have to reorder the SDUs before the transmission. It is the UE that reorders the received SDUs before delivering to upper layer.
The following figure illustrates the impact of upper layer of each ordering alternatives. 
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Figure 2: Impact on upper layer of each alternative of reordering
The impact onto the higher layer can be 1) the RTT of each SDU and 2) possibility of out-of-sequence delivery. Both RTT of each SDU and in-sequence delivery are important since the TCP congestion mechanism relies on these characteristics.  

Then, the first option of ordered forwarding only has an obvious problem that it does not promise the in-sequence delivery. Also the RTT of forwarded packets may be increased further by transmission of packets arrived from GW after path switch as shown in the figure 2. 

The second option can avoid both out-of-sequence delivery and increased RTT of forwarded packets by target eNB sorts the sequence of SDU before transmission. 

The third option probably would have highest impact on the upper layer since the RTT of each SDU would vary pretty random manner. This is because target eNB transmits the SDU in random order and the PDCP layer at UE has to buffer the randomly ordered SDU before delivering to upper layer.  

The following is a overall comparison of these approaches:

	
	Option 1 [2]
Ordered forwarding only
	Option 2 [1]
Ordered forwarding and reordering by target eNB
	Option 3 [1] 
Random forwarding and reordering by UE PDCP layer

	Complexity at UE side
	No additional complexity is foreseen (i.e. no reordering by UE)
	No additional complexity is foreseen (i.e. no reordering by UE)
	Reordering functionality at PDCP layer is required. Reordering buffer at PDCP layer is required. 


	Complexity at source eNB side
	Ordered forwarding of RLC SDU to target eNB

	Ordered forwarding of RLC SDU to target eNB

	Forwarding without consideration of order of RLC SDU

	Complexity at target eNB side
	transmits the packets in the order of arrival.
	Reorder the RLC SDU.

Transmit the RLC SDU in order. 


	

	Application layer impact
	In sequence delivery is not always guaranteed.
Some irregular RTT of RLC SDU can be expected.
	In sequence delivery is always guaranteed. 
Regular RTT of forwarded RLC SDU are expected.
	In sequence delivery is always guaranteed.
Very irregular RTT of RLC SDU can be expected.

	Overall simplicity and performance
	Medium
	Best
	Worst

	NEC preferred alternative
	2
	1
	3


3. Conclusion

In conclusion, we would like to remind the following E-UTRAN requirement from RAN TR:  


h)
The E-UTRAN shall be designed in such a way to minimize the delay variation (jitter) for e.g. TCP/IP for packet communication.
To fulfil this requirement, NEC proposes RAN2 to adopt 
· target eNB based reordering scheme for in-sequence delivery of downlink packet during inter node B handover because this scheme allows small delay variations with a good cost-performance trade-off.
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