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Abstract of the contribution: This paper proposes the necessity of end marker for inter RAT handover.
1. Introduction
This paper discusses the cases where re-ordering is required, and proposes the necessity of end marker for inter-RAT handover.
2. Discussion

With regard to the necessity of U-plane handling during Inter RAT HO, the following LSes were agreed:
· In R2-083778 (R3-81753) [1], RAN2 answers that “Concerning the need to correct disordering introduced by path switch at inter-RAT HO, no concerns were raised regarding not correcting any disordering.” 
· In S2-085132 (R3-081734) [2], SA2 explains that they have agreed that for Inter RAT HO, data re-ordering would not be needed, so that end-marker can be avoided in the RNC.

2.1 Concerns on the above decision

1. Concerns based on end-user service performance
NTT DOCOMO feels that, the abovementioned agreement is mainly taken based on the impact towards the equipment.  It is also important to analyse the possible significant impacts towards the end user application, which is a major issues for an operator.

The end user application might be based on different kind of transport protocol, i.e. TCP, UDP, etc. 
The following impact is foreseen towards the end user application, when data forwarding is performed without guarantee of in-sequence delivery within the RAN.

- TCP based service:
The end-user TCP layer will perform the re-ordering before sending the data to the application layer. Hence, the TCP window will decrease which in the end causes a decrease in the user throughput. 
However, it is also a fact that if the user throughput decrease can be tolerated, the final impact towards the end-user performance may not be significantly bad.
- UDP based service: 

In the case of UDP, re-ordering process is not built as its function, and therefore whenever a disordered packet occurs, it will directly impact the upper layer (application). 
Depends on the application, disordered packet might cause a dead lock in the application.
From the above short analysis, in TCP based services, although a loss and disordered packet may create a decrease in throughput, performing data forwarding may help to reduce the loss, whereas in UDP based service, the impact of disordered packet is much more significant than not performing the data forwarding.

However, it is difficult to differentiate the data forwarding control for two best effort services based on UDP or TCP, because best effort services would like to be mapped into the same QoS behaviour, e.g. RLC AM.
2. Concern based on EPS Architecture

Some may argue that the possibility of disordered packet may be very small. Especially in the internet environment, a disordered packet will not be likely to happen as long as the route is not changed during a session.

However, the adopted EPS architecture works in a way such that there will always be a change of route during a service session, caused by mobility, e.g. data forwarding mechanism with path switch in S-GW, or PDN-GW, relocation of S-GW.  

Hence, the probability of disordered packet will always exist.  And it is fair if a mechanism to perform re-ordering within the EPS is made available in the standard, so that the operator can decided whether it needs the functionality within the network.

Note that that also in UTRAN, because the architecture allows a relocation of RNCs during an active UE session, the mechanism to perform ‘ordered transmission’ is supported.  Also note that NTT DOCOMO believes that Intra-LTE handover supports packet re-ordering.

3. Concern based on the deployment scenario

Although it may depend on the deployment scenario of each operator, it is likely that the E-UTRAN/EPC will be started with a ‘hot-spot-like’ deployment, as opposed to the ‘nation-wide’ deployment scenario.
Therefore, the frequency of inter 3GPP RAT Handover (UTRAN <-> E-UTRAN, GERAN <-> E-UTRAN) will likely be high. Hence, the occurrences of impact on end-user as described in 1 can not be ignored.
3. Way Forward
NTT DOCOMO therefore believes that packet re-ordering mechanism will be required for inter-RAT handover case.  The way forward to fulfil the abovementioned operator requirements while limiting the impact on the equipment is introducing 'end marker'.  
The 'end marker' can only be a parameter with a tiny number of bits; hence this can limit impact on the protocol and equipment to the minimal extent.  Furthermore this parameter can be an optional parameter, hence for those who do not wish to update their equipment any packet re-ordering for Inter-RAT handover, they do not need to deploy this mechanism.
4. Proposal
It is proposed that SA2 accepts the introduction of end marker handling for Inter-RAT handover case.  It is also proposed to send LS to other WGs (CT4, RAN2, and RAN3) in order to inform the decision.
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