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1. Introduction

In RAN2 #55 in Seoul, the need for ROHC context transfer for inter-UPE mobility was discussed [1] [2]. In this contribution, we argue that there is a need for ROHC context transfer, and point out several benefits of having such a mechanism.
2. Why ROHC context transfer is necessary?
One of the main reasons advanced for why ROHC context transfer may not be needed is that inter-UPE mobility is likely to be less frequent, and hence need not be optimized. However, it is not clear as to how many subscribers a UPE can handle. Therefore, it may be too early to say that inter-UPE mobility will be less frequent. 
Moreover, the S1-flex concept would be an optional feature, and the specifications should not constrain the operator into deploying S1-flex just to avoid inter-UPE handovers. Even with the flex concept, it is not clear as to how large a “pool area” is likely to be. If inter-UPE mobility is made sub-optimal, operators will be forced to configure large pool areas to avoid having to make inter-UPE handovers. Therefore, there will be inefficient routing where the old UPE continues to serve the mobile even when the mobile has moved a large distance. 
In addition, operators may also wish to add UPEs as and when there is customer uptake rather than deploy a large UPE to begin with. As a result, inter-UPE handovers might be more frequent because of small UPE capacity.
Conclusion: Not having ROHC context transfer might unnecessarily constrain system deployment merely to avoid sub-optimal inter-UPE handovers.
While the predominant view of companies seems to be that UPE and eNodeB represent physical entities, some contributions have referred to the possibility of these entities being logical entities, and possibly combining the functions of UPE and the eNodeB in the same physical node [2], [3], [4]. Reference [3] also suggests that inter-UPE handover performance should be comparable to inter-eNodeB handover. For such configurations, each inter-eNodeB handover might be seen as an inter-UPE handover. Therefore, not having ROHC context transfer and making inter-UPE handovers sub-optimal might preclude such implementations. 
Conclusion: Not having ROHC context transfer might also constrain alternative small-scale implementations of the SAE/LTE architecture.

The performance loss due to a fresh start of ROHC has been analyzed in [2], where it has been mentioned that in the best case there is a minimum of one uncompressed header. However, the number of uncompressed headers that need to be sent depends on the implementation and also on the mode of operation. For Optimistic (O-) and Unidirectional (U-) mode operation, it is more likely that several uncompressed headers are transmitted for the compressor to obtain sufficient confidence that the decompressor has received at least one context-updating packet. Moreover, because a handover has just occurred, the channel condition of the mobile is expected to be poor. Therefore, it is even more likely that implementations send more than one uncompressed header packets to guarantee that the decompressor has obtained the relevant context.
If we assume that five Initialize and Refresh (IR) packets are sent after a fresh start, and assume the same value (5 seconds) for the time between UPE relocations as in [2], the average header size for a VoIP (IPv4) flow becomes (5*40 + 245*1)/250 = 1.78 bytes per packet. In the above analysis, we have assumed that the headers of the subsequent packets can be compressed down to one byte. On the other hand, if we used ROHC context transfer, the average header size is likely to be very close to one byte. Therefore, not performing ROHC context transfer can increase the header size by 78%, in the worst case. 
Conclusion: Based on the above analysis, we believe that the performance loss due to fresh start may not be insignificant.

The recommendation in [2] is also to have a mechanism by which IP packets are buffered at the UPE and forwarded to the new UPE, and flushing of RLC buffers at the time of inter-UPE handovers. The recommendation is not merely that the context transfer mechanism not be used. It recommends the combination of the two mechanisms to reduce packet losses. As far as the eNodeB is concerned, this solution treats inter-UPE handovers differently from intra-UPE handovers, and hence increases the complexity. Similarly, at the UPE, IP packets need to be buffered in anticipation of an inter-UPE handover. Therefore, we propose that the decision not to perform ROHC context transfer not be taken in isolation, but instead consider the entire problem of how to treat inter-UPE handovers. 

Conclusion: We should consider the entire problem of inter-UPE handovers and the other implications of no ROHC context transfer, such as buffering and forwarding of IP packets by the old UPE.

As we know, the ROHC context transfer mechanism is already supported for SRNS relocations in UMTS/HSDPA [5]. The same framework and mechanism can be reused for ROHC context transfer for inter-UPE handovers as well. Therefore, the specification work for designing the ROHC context transfer mechanism should be minimal. Moreover, it needs to be investigated as to why the context transfer mechanism was seen necessary for SRNS relocations, but not for inter-UPE handovers. 
Conclusion: We could reuse the ROHC context transfer mechanism in UMTS/HSDPA for LTE, thus avoiding additional specification work.

The ROHC context transfer mechanism can be improved further by moving the compressor and decompressor to Reliable (R-) mode just prior to handover, and have predictive context transfer so that new IP packets arriving at the new UPE do not have to wait for the context transfer for performing the header compression operation. While the exact details of such enhancements are still FFS, we believe that there exist mechanisms that can be used to make the context transfer even more efficient.
Conclusion: It is possible to improve the performance of ROHC context transfer even further.

3. Conclusions
We request RAN2 to consider the various points outlined in this paper in favor of performing ROHC context transfer during inter-UPE relocation. Based on this analysis, we propose that RAN2 agree that ROHC context transfer be performed during inter-UPE relocation.
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