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1 Introduction
The joint RAN2/RAN3/SA2 session in St Louis (February, 2007) decided to move the network PDCP entity from the UPE to the eNB. This decision has consequences on user-plane handling at inter eNB handover and a number of RAN2 agreements have to be revisited. A mail discussion on the topic has taken place on the RAN2 reflector ‎[2].  

The present contribution captures our preferred solution for downlink user-plane handling at inter eNB handover, where our preference corresponds to Solution 1 in ‎[2]  (“no U-plane state transfer”). The UL solution is treated in a companion paper ‎[1].  Ciphering placement is dealt with in ‎[3]. 
We propose that RAN2 agrees to support the following downlink inter eNB UP handover solution that minimize losses, duplicates, out-of-sequence delivery and interruption time, characterized by the following bullets:   

· RLC is re-set at inter eNB handover, 

· Source eNB forwards all PDCP SDUs, starting from the first PDCP SDUs for which no receiver acknowledgement has been received. To avoid duplicates, the UE discards all remaining RLC PDUs in its receiver window.  
· Target eNB shall prioritize forwarded PDCP SDUs from the Source eNB over those received over S1. 
The solution is particularly attractive as it is capable of minimizing losses, duplicates, out-of-sequence delivery and interruption time at handover without excessive complexity. 

Below, we motivate our preference followed by an example illustrating the preferred solution. Conclusions include a text proposal for the Stage 2 description. 
2 Discussion 

2.1 ARQ reset versus ARQ context transfer

RAN2 has agreed that no RLC context shall be transferred from Source eNB to Target eNB. Since a full RLC context transfer is regarded as more complex compared to an RLC ARQ reset solution, we propose to retain this decision as the basis for our preferred solution. 

Proposal 1 (In line with current agreements): RLC is reset at inter eNB handover. 

2.2   Data forwarding and re-transmissions at handover 
Previous RAN2 agreements relied on selective forwarding of outstanding and unacknowledged RLC SDUs form the Source eNB to the Target eNB. At handover, the UE RLC instance associated with the Source eNB was to deliver received RLC SDUs as they where received to the UE PDCP (thus possibly out of sequence), such that any re-ordering of RLC SDUs received out-of-sequence was to be performed by the receiver. This re-ordering (and duplicate detection) was based on continuous PDCP sequence numbering.  
Without context transfer from the Source eNB to the Target eNB, there is no continuous Layer 2 sequence number during inter eNB handover. Without context transfer, re-ordering and duplicate detection in the receiver is therefore no longer possible. 

To minimize losses, duplicates and out-of-sequence delivery at handover, the responsibility therefore falls on the transmitting entities (Source and Target eNBs). Such solutions where proposed, debated, and supported already in the mail discussion in December 2006 ‎[3]. 

In such a transmitter-based solution, the Source eNB forwards all PDCP SDUs starting from the first PDCP SDU not acknowledged by the receiver. Forwarding is thus done in sequence to the Target eNB.  The UE discards  any remaining RLC PDUs in the UE RLC receiver window, when the UE moves to the target cell. Duplicates can be avoided by ensuring that the transmitter knows the receiver status adequately.
To ensure in-sequence transmission from the Target eNB, the Target eNB needs to prioritize packets received over X2. A simple solution relies on a suspend timer, where transmission of packets received over S1 is suspended to ensure that the X2 forwarding is completed.  Support from S1 and X2 sequence numbering in this transmitter re-ordering process has also been proposed ‎[3].  The latter aspect is, however, outside RAN2 scope. 
Proposal 2 (Different from current agreements): At handover, source eNB forwards all PDCP SDUs, starting from the first PDCP SDUs for which no receiver acknowledgement has been received.

Proposal 3 (Different from current agreements): At handover, the UE discards any remaining RLC PDUs from its RLC window associated with the Source eNB.  

Proposal 4 (In line with current agreements): Target eNB shall prioritize PDCP SDUs received over X2 over PDCP SDUs received over S1.
3 Illustration of the solution 
In this chapter, we illustrate our preferred solution through an example. 
Figure 1 captures an example when a UE is handed over from a Source eNB to a Target eNB. PDCP SDUs are marked with letters in order to indicate their correct sequence. Note that there is no common sequence number based on which receiver re-ordering could be made. The Source eNB transmitter and UE receiver ARQ states are also shown.
This particular example captures a situation when there is a mismatch between the receiver and transmitter ARQ states: The transmitter has not received any acknowledgement of segment “7” that has already been successfully received by the UE. In the UE, the corresponding PDCP SDU “B” has therefore already been delivered to upper layers. 
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Figure 1: Illustration of the preferred DL user-plane solution for inter eNB mobility support. PDCP SDUs are indicated with letters, as there is no sequence number associated with them. RLC PDUs are numbered, starting from number 7 in the figure, and an example transmitter and receiver ARQ state is shown. Unacknowledged or missing RLC PDUs are marked with red colour. 

In order to avoid any duplicates of outstanding SDUs, the transmitter needs a reliable ARQ status update to forward the correct SDUs. In this case, the transmitter needs to know that SDU “B” has been correctly received and only “C” and “D” of the outstanding PDCP SDUs need to be forwarded.  
After detaching from the Source eNB, the UE discards any remaining RLC PDUs from its receiver window. In the example, this applies to PDUs “9”, “11”, and “12”. 

A status update in the Source eNB can be achieved by requesting a status report in the Handover Command message from the Source eNB to the target. The drawback is that L2 transmission has to be halted during this period, resulting in a prolonged UP interruption time corresponding to one RLC RTT. While it could be proposed that  the UE should report its status to the Target eNB, (which could result in lower UP interruption), such a solution means that some kind of  ARQ context transfer has to take place from Source eNB to Target eNB, such that a receiver status report can be interpreted by the Target eNB. This is however contradictive to our first Proposal in Section ‎2.1. 
In ‎[4], we made the analysis that HARQ errors very seldom result in such a Status mismatch that would result in duplicates or losses. Thus, also without any reliable Status report, the present solution would rarely result in any duplicates or handover-related losses. Internet applications and protocols are designed so that they can handle rare losses and/or duplicates without significant performance degradation.
We therefore find that the present solution can minimize the risk of duplicates, losses and interruption time – whichever is most important for the currently active services: For services for which an interruption of one RLC RTT is believed to be detrimental, the forwarding should rely on HARQ state alone. Bearers that have very stringent requirements on losses or duplicates need an updated status report prior to the handover. The present solution includes a toolbox for implementing both.  

Following the illustration in Figure 1, the forwarded PDCP SDUs (“C” to “G”) should be transmitted prior to the “S1 SDUs” (“H” and onwards) if in-sequence delivery is to be guaranteed.  As proposed already in ‎[3], this can be achieved by simply prioritizing X2 SDUs.  The simplest approach to achieve this is to implement a “suspend timer” that prevents the transmission of S1 PDCP SDUs (“H” and “I” in the example) until all forwarded PDCP SDUs have been received over X2. . Using S1 and X2 sequence numbering support for the purpose has also been proposed. However, this aspect is outside RAN2 scope. 
Note that also for the S1 path switch, it is possible to trade delay with losses and/or out-of-sequence transmission: A short suspend timer may result in “late” X2 packets, while a longer timer protects the in-sequence attribute better. Similarly, any late X2 data units may either be discarded or transmitted out-of-sequence. 

We conclude that the present solution provides a straightforward basis for minimizing handover related losses, duplicates, and L2 interruption time. We therefore propose that RAN2 discusses the described solution and agrees to it according to the text proposal below. 
4 Conclusion

Downlink user plane handling at mobility was discussed in the present contribution. We propose that RAN2 agrees on the following items capturing the aspect: 
Proposal 1 (In line with current agreements): RLC is reset at inter eNB handover. 

Proposal 2 (Different from current agreements): At handover, source eNB forwards all PDCP SDUs, starting from the first PDCP SDUs for which no receiver acknowledgement has been received.

Proposal 3 (Different from current agreements): At handover, the UE discards any remaining RLC PDUs from its RLC window associated with the Source eNB.  

Proposal 4: (In line with current agreements): Target eNB shall prioritize PDCP SDUs received over X2 over PDCP SDUs received over S1.
The solution is also captured in the Stage 2 text proposal below.
------------------------------------------< Text proposal >-------------------------------------------------------------------‘

6.3
PDCP Sublayer

This subclause provides an overview on services, functions and PDU structure provided by the PDCP sublayer.

6.3.1
Services and Functions

The main services and functions of the PDCP sublayer include:

-
Header compression and decompression: ROHC only;

-
Transfer of user data: transmission of user data means that PDCP receives PDCP SDU from the NAS and forwards it to the RLC layer and vice versa;

-
Reordering of the downlink RLC SDUs at least during inter-eNB mobility;

-
In-sequence delivery of upper layer PDUs at HO in the uplink (FFS);

-
Duplicate detection of lower layer SDUs;
[…]

10.1.2.3
Data forwarding

Upon handover, the source eNB forwards all downlink PDCP RLC SDUs to the target eNB, that have starting from the first one that has not been fully acknowledged by the UE to the target eNB. The decision of which SDUs to forward can be based for example on RLC status reports or HARQ feedback information depending on eNB implementation. The source eNB and UE discard any remaining downlink RLC PDUs. The target eNB re-transmits and prioritizes all downlink RLC PDCP SDUs forwarded by the source eNB as soon as it obtains them. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. 

Re-ordering of downlink RLC SDUs during handover is provided by the re-ordering function at the UE PDCP layer and can be activated at least during inter-eNB mobility.
------------------------------------------< Text proposal >------------------------------------------------------------------- 
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