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1 Introduction

In this contribution, we discuss the various possibilities for user plane handling during mobility between E-UTRA and UTRA systems, list the pros and cons for each of them, and specify our preferred approach.
2 Approaches for user plane handling
Lossless handovers between LTE and 2G/3G is not currently part of SAE/LTE requirements [1, 2]. We request RAN2 to discuss whether there is a need for lossless handovers between LTE and 2G/3G. In this contribution, we investigate the extent to which different solutions reduce packet loss during handovers. 
It is generally agreed that the packet interruption time during inter-system handovers is primarily determined by the radio switching procedure and not by the mechanism used for user plane handling [3, 4]. However, for providing varying levels of lossless handovers, the following options exist for user plane handling during mobility between LTE and 2G/3G systems:
· Option 1 – Bicasting

· Option 2 – Buffer forwarding

· Option 3 – Do nothing

2.1 Option 1 – Bicasting

In this solution, the 3GPP anchor function starts bicasting the data packets to both the systems before the handover. Bicasting solution will not be able to ensure lossless handover because it will be difficult to determine the exact time to start the bicasting procedure. If bicasting is started too late, for example, after the target system has agreed to admit the UE during the preparation phase, all the packets buffered at the source system will be lost. If bicasting is started too early, the backhaul bandwidth will be wasted. If we start bicasting early to avoid packet losses, the exact target cell to which the UE may handover will not be clear and hence multicasting to more than two cells may be necessary. Given that buffer forwarding has been agreed as the preferred solution for intra-LTE mobility, bicasting for inter-system mobility will add development efforts leading to increased costs. 
2.2 Option 2 – Buffer forwarding

Buffer forwarding is another alternative solution where the source system forwards all the buffered packets to the target system immediately after the handover command is sent to the UE. Choice of buffer forwarding for inter-system mobility will enable unified implementation for intra-LTE and inter-system mobility. This technique can ensure lossless handovers for both real time and non-real time services. However, for mobility from LTE to 2G/3G, the source eNodeB cannot directly transfer all the packets in its buffer to the RNC because these packets are ciphered and header-compressed based on LTE specific algorithms. As a result, these packets may have to be sent to the aGW for deciphering and decompression before being forwarded to the RNC. 
2.3 Option 3 – “Do nothing”

Yet another option for user plane handling during inter-system mobility is to do neither bicasting nor buffer forwarding. According to this solution, only path switch occurs at the 3GPP anchor during handover between LTE and 2G/3G systems. This solution is very simple and does not add any additional functionality in the aGW and 3GPP anchor. Because the inter-technology handovers are expected to be less frequent than intra-LTE handovers, it will be beneficial not to burden aGW and 3GPP anchor with functionality that will not be exercised often. 
We expect to observe packet losses which may be unavoidable when a UE moves from LTE to 2G/3G system due to the lower data rates in 2G/3G compared to LTE and with buffer sizes that are only sufficient for 2G/3G data rates. In case of real time services, even buffer forwarding may not be very useful because of the delays associated with forwarding and low latency requirement of real-time applications. In addition, the number of packets that will be buffered in the source system will be small for real-time services. For non-real time services, it is possible to have TCP level retransmissions to ensure lossless delivery of packets. As mentioned in [3], TCP will react to both handovers from LTE to 2G/3G and vice versa. In the former case, TCP will have to reduce the sending rate to account for the reduced throughput in 2G/3G, and in the latter case, it will try to step up the data rate due to the fat pipe in LTE system. Therefore, we believe that it is sufficient and tolerable to let TCP ensure lossless delivery for inter-system mobility. Moreover, it is not clear, even for non-real time services, how many packets will be lost as it will depend on the magnitudes of the backhaul and air interface bandwidths at the source system. 
Table 1 captures the key attributes of the three different solutions.

	Attribute
	Bicasting
	Buffer forwarding
	Do nothing

	Complexity
	Medium
	High
	Very low

	Lossless handovers
	Not possible
	Possible
	Not possible

	Handover interruption time
	Does not impact handover interruption time
	Does not impact handover interruption time
	Does not impact handover interruption time

	Backhaul bandwidth consumption
	High
	Medium
	Low


Table 1: Comparison of user plane handling schemes
3 Conclusions

Based on the discussion above, we propose that 

· RAN2 should discuss whether lossless handovers between LTE and 2G/3G are necessary. 
· RAN2 agree with the “do nothing” solution for inter-RAT mobility between LTE and 2G/3G systems, if lossless handovers are deemed not necessary. 

· If lossless handovers is a requirement, then the buffer forwarding is the only solution that would meet this requirement.

References

[1] TR 25.913, Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)  

[2] TS 22.258, Service Requirements for an All-IP Network (AIPN); Stage 1.
[3] R2-061867, User plane handling in case of IRAT mobility, Ericsson, 3GPP RAN2 ad hoc meeting on LTE, Cannes, France, June 2006.

[4] R3-060734, Inter-3GPP handover of downlink user plane data, Alcatel, 3GPP RAN3 #52, Shanghai, China, May 2006.

