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1. Introduction

In RAN3, there is an ongoing discussion on ‘high level handover mechanism’ both for C-plane and U-plane. There are three U-plane options stated in the latest version of RAN3 TR. In the RAN #31 meeting, it was agreed that RRC and outer ARQ functionality will be terminated in eNodeB. Regarding U-plane mechanism option 2 where ‘data forwarding mechanism’ is assumed, due to outer ARQ termination point, in-sequence delivery between aGW and eNodeB may not always be ensured. 
Possible schemes for in-sequence delivery are captured in the latest RAN WG 3 TR R3.018 [1] in Section 6.3.3.2.3 for U2-3 option, as the following:
 ‘The target eNodeB might need to re-order packets received from the Access Gateway and the source eNodeB. Sequence numbering maybe not needed for a forwarding procedure without bi-casting (only the last UP packet must be marked transmitted from aGW via Source to Target eNodeB)’
 The purpose of this document is to discuss the two schemes mentioned above: sequence numbering and marking the last packet, and clarify why we think that sequence number scheme is the best option for ‘re-ordering’ mechanism in forwarding procedure without bi-casting. 
2. Discussion

2.1 Review of E-UTRAN Architecture
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Figure 1 E-UTRAN Architecture.

To conceal the behaviour of lower layer protocol (e.g. MAC, RLC) from upper layer protocol (e.g. TCP), lossless and no duplication is the minimum requirement for NRT traffic. Without lossless and no duplication, upper layer protocol may suffer from performance degradation. 

Since RRC and outer ARQ are agreed to be terminated in eNodeB , in every inter eNodeB handover, it is always required that outer ARQ status is transferred from Source to Target eNodeB and user data packets are forwarded from Source to Target eNodeB. It should be noted that handover with data forwarding on E-UTRAN architecture is more frequent than that in UTRAN. 
Furthermore, in the agreed E-UTRAN architecture, due to outer ARQ termination point similar to RLC, an in-sequence delivery between eNodeB and aGW can not be ensured by the function. The following are the possible behaviour of user data packets flow between eNodeB and aGW without ‘re-ordering’ mechanism.
· Downlink: User data packets from aGW via Source to Target eNodeB (forwarded user data packets) and user data packets from aGW to Target eNodeB might be mixed at Target eNodeB.
· Uplink: User data packets from Source eNodeB and Target eNodeB might be mixed at aGW.
However, as mentioned before, in the latest RAN3 TR R3.018 on Section 6.3.3.2.3 U2-3), it was mentioned that there might be the necessity to perform re-ordering mechanism, and that there are two possible ways of performing the mechanism, that is by sequence numbering and by marking the last transmitted packet from aGW via Source to Target eNodeB. 
In the next section, we discuss and compare the ‘in-sequence delivery’ mechanism based on sequence numbering and marking the last packet, and we clarify which option is best.
2.2 In-sequence delivery
There are two solution options for in-sequence delivery between eNodeB and aGW.

· Option I-1: ‘Sequence number’ based approach.

· Option I-2: ‘Marking the last transmitted packet from aGW via Source to Target eNodeB’ based approach.
Note: Both options can be applied for both, downlink and uplink.
2.2.1 Necessity of U-plane protocol

In the agreed architecture where the header compression and ciphering will be terminated in aGW, eNodeB could not possibly aware of pure IP header information which includes destination address (i.e. unique UE identifier) and DSCP for priority handling. Thus, there is the necessity of mechanism to inform eNodeB of the information in the pure IP header. One of the candidates is a user plane protocol such as frame protocol (FP). In this document, it is assumed to use FP. Discussion on the necessity of U-plane protocol is captured in [2].
2.2.2 Option I-1

In this option, re-ordering user data packets at Target eNodeB takes place based on the FP PDU sequence numbers. There is no relation between data forwarding and ‘Path Switch’. Thus, on downlink, user data packets from aGW via Source to Target eNodeB (i.e. user data packets being forwarded) and user data packets from aGW to Target eNodeB might be mixed at Target eNodeB. 
On the other hand, on uplink, user data packets from Source and Target eNodeB might be mixed at aGW. 
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Figure 2 Option I-1.
2.2.2.1 Re-ordering mechanism
To re-order based on sequence number, it is essential to use reference sequence numbers common in E-UTRAN, even in different eNodeBs. FP PDU sequence numbers are likely to be used as the reference sequence numbers. They might be linked with PDCP PDU sequence numbers for ciphering. It is FFS, however, whether they are explicitly linked or not. 
FP PDU sequence numbers are successively assigned by aGW for downlink packets and by eNodeB for uplink packets. In every inter eNodeB handover, the continuance of the sequence numbers should be kept.
Since aGW assigns the sequence number for downlink data, assuming that lossless handover is guaranteed, the Target eNodeB will be able to re-order them.
However, regarding the uplink data, the last assigned uplink FP PDU sequence numbers should be transferred from Source to Target eNodeB within the C-plane context. It is FFS when the C-plane context should be transferred.
In ‘HO execution phase’, the following explains the procedures in eNodeB and aGW.
· Downlink: aGW assigns a successive FP PDU sequence number to downlink packets. Source eNodeB sends ‘HO command’ message to UE and starts to forward SDUs with sequence number information, stored in Source eNodeB to Target eNodeB until Source eNodeB buffer is empty. Re-ordering is performed in Target eNodeB.
· Uplink: Source eNodeB assigns a successive FP PDU sequence number to uplink packets until Source eNodeB sends ‘HO command’ to UE. After that Source eNodeB transfers C-plane context containing ‘the next FP PDU sequence number that has to be assigned’ to Target eNodeB, so that continuance of sequence number can be kept and re-ordering can be performed in aGW.
2.2.2.2 Data forwarding mechanism
eNodeB stores SDUs and their the linking information of the corresponding FP header information. FP header information may contain FP PDU sequence numbers, SAE access bearer information for e.g. priority handling, etc. There is at least the necessity to link SDUs and the corresponding FP PDU sequence numbers. It is FFS whether the type of data being forwarded is the FP PDU or a special PDU which includes the corresponding sequence numbers from new protocol created for data forwarding between eNodeBs.
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Figure 3 Data forwarding
2.2.3 Option I-2

In this option re-ordering user data packets is based on the receipt of ‘last packet’ mark, both at Target eNodeB and aGW. There is tight relation between ‘Path Switch’ and marking the last PDU. Marking 'the last packet' in aGW is done right after aGW receives 'Path Switch request' message, and marking ‘the last packet’ in Source eNodeB is done User data packets from Source and Target eNodeB are sequentially arrived at Target eNodeB.
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Figure 4 Option I-2.
2.2.3.1 Re-ordering mechanism
To re-order without any sequence number, there is the necessity for the last PDU to be marked at aGW for downlink and at Source eNodeB for uplink. There is the close relation between ‘Path Switch’ and marking the last downlink PDU, and between ‘HO Command’ and marking the last uplink PDU.  
In this option, in-sequence delivery is always ensured assuming that the last PDU is not lost. The last PDU is so important that there is the necessity to employ mechanism of the last PDU loss avoidance. 
In HO completion phase, the following explains the procedures in eNodeB and aGW. 

· Downlink: aGW marks the last into FP PDU as soon as it receives ‘Path Switch’ from Target eNodeB. Target eNodeB will reserve two different buffers for data coming directly from aGW after the ‘Path Switch’ and those data coming from aGW via Source eNodeB. Target eNodeB will first transmit all the data in the buffer reserved for data coming from aGW via Source eNodeB until it noticed the last marked PDU. After that Target eNodeB transmit the data in the buffer reserved for data coming directly from aGW. Thus, in-sequence delivery is always ensured assuming last PDU marked by aGW is not lost.
· Uplink: Source eNodeB marks the last into FP PDU right after it sends ‘HO Command’ message. aGW will also reserve two different buffers for data coming from Source eNodeB and data coming from Target eNodeB. Thus, in-sequence delivery in aGW is always ensured assuming last PDU marked by Source eNodeB is not lost.
2.2.3.2 Data forwarding

eNodeB stores SDUs with their linking information, i.e. the information that corresponds  the SDUs and their FP header information. FP header may contain FP PDU sequence numbers, SAE access bearer information for e.g. priority handling, the last indication, etc. In this option, marking in  FP header that indicates an SDU is the last packet is mandatory . It is FFS whether the data being forwarded is the FP PDU or special PDU from new protocol created for data forwarding.
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Figure 5 Data forwarding
3. Conclusion
The differences between option I-1 and option I-2 are following.

· Re-ordering is based on sequence numbers in option I-1 and it is based on marking the last packet in option I-2.

· Data being forwarded in option I-1 contains SDU and its linking information to the corresponding FP sequence number, while data being forwarded in option I-2 are SDUs with one of them being marked as the last packet in its FP header.
· In option I-1, there is no special awareness needed for any message timing, while in option I-2, aGW must be aware of ‘Path Switch’ timing in order to mark the last downlink packet, and eNodeB must be aware of ‘HO command’ timing in order to mark the last uplink packet.
This makes option I-1 more robust to message failures.
· There is the necessity of error recovery of last packet in option I-2 and there is none in option I-1.
In option I-2, when the last PDU is lost on transport network, it may be impossible to switch the path from Source to Target eNodeB. So, the last marked PDU is so important that there is the necessity of ‘error recovery’ mechanism of the last PDU.
Thus, current DoCoMo’ position is to prefer option I-1 to option I-2. 
DoCoMo proposes that RAN3 discusses this matter and captures section 3 in the relevant section of RAN3 TR.
4. Reference
[1] TR R3.018 v0.2.1, ‘Evolved UTRA and UTRAN Radio Access Architecture and interface’
[2] R3-060414, DoCoMo, ‘U-plane function for SAE access bearer’







































































































































































































































PAGE  
5

