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1 Introduction

This contribution addresses the issue of user plan handling during inter-RAT mobility between LTE and GERAN. The purpose of this document is to make a comparative synthesis between all well known methods that have been widely discussed before, and try to propose a way forward. 
Various options for U-Plane handling during inter-RAT handover have been already brought up, mainly in the last RAN3 meetings (see e.g. [2], [3], [4], [5], [6], [7], [8]). There are four alternatives which are often referred as:
· Bi-casting

· Data forwarding
· Buffer in MME/UPE
· Do Nothing
The relevant criteria to evaluate these alternatives are:

· Complexity of implementation (number of needed procedures, need for un-ciphering and un-compression, need of duplication avoidance, need of increased buffer memory, etc),
· can achieve lossless or not,
· well suited to non real-time data and/or real-time data (i.e. involved packet latency). 
Some important questions to be addressed are also linked to this discussion: 

· Do we want or need lossless inter-RAT handover?

· Do we have to define separate mechanisms for real-time services, and non real-time services?

· How do we cope with the case of HO failure in the various alternatives?
2 Discussion

2.1 Inter-RAT handover using bi-casting
In case of handover from LTE to 2G, bi-casting requires only that SAE UPE duplicates data packets and sends them towards both the source (LTE eNodeB) and the target system (2G SGSN).
The duration of bi-casting is very short, as it occurs between handover preparation and handover execution (e.g. until the UE confirms the handover to target side).
The detailed MSC is shown in section A1.
2.2 Inter-RAT handover using data forwarding
In case of handover from LTE to 2G, the data packets need to be forwarded from the source eNodeB to the SAE MME/UPE.

In order to forward these data packets to the target system (e.g. 2G in our case), they have to be un-ciphered and un-compressed by the SAE MME/UPE.

Furthermore, if data forwarding carries on after handover completion, the 2G-SGSN has to handle the re-ordering between the forwarded data and the new data.

The detailed MSC is shown in section A2.
2.3 Inter-RAT handover using buffering in MME/UPE

In case of handover from LTE to 2G, the buffering in MME/UPE occurs as soon as handover required is received from eNodeB. This means that the eNodeB does not receive data from this point in time.
Once the handover command occurs, the MME/UPE forwards all buffered data to the target side.

The detailed MSC is shown in section A3.
2.4 Inter-RAT handover using “Do Nothing” method
In case of handover from LTE to 2G, there is no specific processing applied to the data. The path is simply switched when the handover is completed.
The detailed  MSC is shown in section A4.
2.5 Comparison of methods

	
	Data loss
	Complexity
	Buffering
	Drawbacks
	Advantages

	Bi-Casting
	Packets already sent by the MME/UPE to the eNodeB before the bi-casting starts and not transmitted to the UE by the eNodeB will never be received by the UE.
	MME/UPE ciphers and compresses data before sending to eNodeB.
	Non-real time data packets sent to the source and target side needs to be buffered.
	May have duplication reception in the UE. So need to have a mechanism to detect duplication.
Also: more transport resource used than in other options. 
	Low packet latency ensured for real-time data. 

Same handling for non real-time and real-time data.

	Data Forwarding
	Lossless

(in case of no buffer overflow)
	Need for un-ciphering and un-compression in MME/UPE before sending to target side.
	Packets sent to the target side needs to be buffered for non real-time data
	This can not be used for real-time services because of the delay of data.
	The main advantage is lossless for non real-time application.

	Buffering in MME/UPE
	Lossless
(if enough time and L1 resource to send all data already buffered in eNodeB) 
	Low complexity, no un-ciphering or un-compression involved
	Packets sent to the target side need to be buffered for non real-time data.
	This can not be used for real-time services because of the delay of data.
Also, the method involves more procedures (message handling) than e.g. data forwarding. 
	Less network resources uses than in Bi-casting and Data forwarding.
But in case of HO failure, more resources are needed!

	Do Nothing
	Data loss during HO phase
	Lowest possible complexity
	No buffering
	Loss of data
	Very simple


The data forwarding method is assumed to be lossless, but it is the most complex as there is a need to un-cipher and un-compress data in SAE MME/UPE, and also to re-order in case the forwarding process is going on after the handover procedure.
The bi-casting method has a very low complexity, but there should have loss of data, as data packets that are buffered in eNodeB before handover preparation can be squashed. So this method is not well suited to real-time applications.
The buffering in MME/UPE is lossless and has a low complexity, but it needs more buffering. But this cannot be used for real-time data, as the interruption of data is very long.
The “Do nothing” method is of course very simple; it is a good solution for real time application, in case the amount of lost data is acceptable. As a matter of comparison, it was previously shown in [4] that for TCP performance, only a small gain from data forwarding could be expected. Accordingly, it could be expected that there is probably no significant performance gain drop if the “do nothing” method is used instead (but this is to be confirmed). 
Regarding the management of the handover failure case, some of these methods may behave better than others. However, it could be argued that in case of failure, the recovery of the LTE link would very likely not be possible or desirable, since the LTE-> GERAN handover very probably corresponds to the limit of LTE coverage.  
3 Conclusions
Whether lossless handover is needed or not, and in which case, is currently discussed in RAN2 for the UTRAN/E-UTRAN handover case. Operators’ inputs are needed for this discussion, and if it appears that we have a service requirement for having lossless handover, then it can be also a guideline for the LTE-GERAN handover case. 
Meanwhile, from the above comparison, some general trends can be drawn:

· Data forwarding is probably not the best candidate method, because of the complexity of the un-ciphering/un-compression scheme, and also because the on-going RAN2 discussion so far tends to show that Inter-RAT handovers with loss may be acceptable. 

· Considering the other methods, bi-casting is preferable for real-time data, and buffering is better for non real-time data. 

· But considering that it may also be desirable to have one single mechanism to handle both real-time and non real-time data, then, at the end, if the do-nothing method shows that the involved loss are acceptable with respect to TCP performance, it may be the preferred method. 
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A. ANNEXE: MSCs
A1. Inter-RAT Handover using bi-casting
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A2. Inter-RAT Handover using Forwarding data
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A3. Inter-RAT Handover using Buffering in MME/UPE
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A4. Inter-RAT Handover using “Do Nothing”
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