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1. Introduction
The PDCP function was moved to eNB in the last SA2-RAN2-RAN3 joint meeting. This also means we can not rely on the UE for DL reordering function regarding out-of-order between S1 and X2 caused by path switch. In order to provide in-sequence delivery eNB has to reorder U-plane packet for inter-eNB HO.
This document clarifies alternatives for DL forwarding and reordering and proposes to choose “S1 waiting timer” solution. Note that UL forwarding and reordering topic is out of scope in this document. It highly depends on PDCP/RLC level discussion held in RAN2. 
2. Discussion
2.1 Necessity of eNB level reordering
In current inter-eNB HO procedure just after path switch at serving SAE GW there is high possibility that U-plane packets from S1 arrives to target-eNB earlier than the ones from X2 forwarding tunnel. The previous architecture enabled UE to reorder the DL packets so eNB didn’t need to care for the out-of-order caused by the path switch. However in the current architecture it seems difficult to reorder the path switch caused out-of-order packets in  the UE level. One straightforward approach to solve it is to make the target eNB assures in-sequence delivery before relaying packets to lower radio protocol e.g. PDCP.  
2.2 Alternatives for eNB level reordering

Alt.1 S1 waiting timer

The out-of-order packet coming from S1 and X2 triggered by path switch is mainly caused by additional transmission delay of X2 interface. However the last packet sent from serving SAE GW to s-eNB just before path switch will be expected to arrive at t-eNB in lower than 10ms in typical normal case. 
In this solution, although S1 data arrives earlier in the target-eNB before forwarding data via X2 is finished, the target eNB just stops relaying S1 packets to lower radio protocol for the period called S1 waiting timer. The timer can be set each for SAE bearer e.g. short timer for delay sensitive traffic and long timer for delay non-sensitive traffic.
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Fig.1 S1 waiting Timer

Alt.2 Reordering by S1 GTP-U SN

The serving SAE GW adds GTP-U SN continuously on S1over both the tunnels to s-eNB and the t-eNB. The SN is transparently relayed on X2 so that target-eNB finds the last X2 forwarding data and starts to relay S1 packets to lower radio protocols immediately. 

There are two options regarding how to send S1 GTP-U SN over X2.
Alt2-1 S1 GTP-U SN is used as X2 GTP-U SN
This approach can reduce X2 GTP-U overhead. However it is difficult to differentiate where packet loss happened.

Alt2-2 S1 GTP-U SN is relayed over X2 GTP-U
This approach can keep independency between S1 and X2 GTP-U. However IE for S1 GTP-U SN will be added and total X2 overhead is increased.
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Fig.2 Reordering by S1 GTP-U SN
Alt.3 Data stop at HO preparation

During HO preparation phase new U-plane signalling from source-eNB to serving SAE gateway is defined for indicating data stop to the source-eNB. Upon receipt of HO Completion message from the target-eNB the serving SAE GW restarts to send S1 packet to target-eNB. In this mechanism out-of order will be naturally avoided since the X2 forwarding assumed to be finished before the first S1 packet arrives.  
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Fig.3 Data stop at HO preparation
2.3 Comparison
The comparison of all alternatives is summarized in table1. From delay performance point of view alt2 and alt3 are better solutions. However there are some complexities. For example alt2 requires continuous S1 sequence numbering function in both tunnels for s-eNB and t-eNB and the SN needs to be carried on X2 to t-eNB. In addition to that timer solution is needed to avoid problems caused by S1, X2 data loss. On the other hand alt3 needs to have new GTP-U message for data stop purpose at HO preparation procedure. Since serving SAE GW has to be involved at HO preparation, recovery from HO failure is a bit more complicated.
Alt1 is the simplest. Although a fix delay exists regardless whether there is forwarding data or not, short timer will be enough in typical situation. The timer can be also adjusted according to each QoS.
In total it is recommended to choose alt1 to support DL forwarding and reordering mechanism.
Table1. Comparison of alternatives
	 
	Alt 1
S1 Waiting Timer
	Alt 2
Reordering by S1 GTP-U SN
	Alt 3

Data Stop at HO Preparation

	Description
	· Upon the sending of Path Switch request (HO Complete msg), T-eNB set a timer (T_reordering)
· Until the timer is expired T-eNB buffers S1 packets and relays only X2 forwarded packets into lower radio protocol 
· After the timer is expired t-eNB starts to relay S1 packets into lower radio protocol starting from the buffered packets.
	· The continuous sequence numbering of S1 GTP-U SN is necessary over different tunnels
· S1 GTP-U SN between SAE GW and S-eNB should be carried in X2, and known by the T-eNB
· T-eNB decide the last data from X2 by comparing  the SN from S1 and X2 
· There are two options regarding how to send S1 SN over X2
-S1 SN is used as X2 GTP-U SN
-S1 SN is relayed over X2 GTP-U
	· In HO Preparation, S-eNB send Data Stop Request (GTP-U) to SAE-GW
· After the Path Switch, SAE-GW sends DL data to the T-eNB

	Pros
	· Simple
	· Short reordering delay
	· No need to wait for the complete of data forwarding

	Cons
	· A fix delay exists regardless whether there is forwarding data or not.
	· Complexity on GTP-U SN coordination
· Timer solution is needed to avoid problems caused by S1,X2 data loss
	· Need to define new GTP-U message for Data Stop purpose
· Buffering is necessary in SAE GW


3. Proposal
It is proposed to capture 2.2 and 2.3 in R3 TR and if it is agreed to choose alt1 as forwarding and reordering mechanism DoCoMo is willing to draft a text proposal for Stage2 TS.[image: image4.png]
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