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1. Introduction

In the joint SA2/RAN2/RAN3 meeting in St. Louis, it was decided that PDCP functionality will be located in eNodeB for LTE. A check list of RAN issues for which the impact needs to be assessed was also noted.
This contribution discusses the requirement for in-sequence delivery and duplicate detection for U-plane handling during inter-eNodeB Handover.
2. Current Working Assumptions
Two working assumptions relevant to the issue U-plane handling during inter-eNodeB Handover delivery were summarized in the check list [1]:

· [WA1]　UE/UPE PDCP performs duplication detection and re-ordering using PDCP Sequence Number attached by UPE/UE PDCP for downlink & uplink
· [WA2]　No need to specify target eNB re-ordering (only applicable to DL)
3. Discussion
Given the agreement to locate PDCP in eNodeB, WA1 can be read by replacing UPE to eNB.
Based on this assumption, eNodeB needs to manage the sequence numbers for PDCP for handling in-sequence delivery of packets during handover. Since PDCP is moved to eNodeb sequence numbers may not be available over the S1 interface, as these are optional in GTP-U, to enable packet re-ordering to take place for over the X2 and S1 interfaces.  During handover execution packets are particularly susceptible to out of sequence delivery.
During handover the Target ENodeB receives downlink GTP-U packets from two sources – packets forwarded over the X2 interface from the Source eNodeB and packets sent directly from SAE Gateway over the S1 interface.

There are a number of possible ways that the Target eNodeB can handle these two streams:
1. The target eNodeB ensures that all the packets received over the X2 interface for a specific data stream are delivered to the UE before any packets arriving over the S1 interface for that same data stream.  Lossless and potentially in sequence subject to in-sequence delivery over S1 and X2.
2. The target eNodeB delivers packets to the UE as they arrive either from the X2 interface or from the S1 interface.  Lossless but sequence not guaranteed.
3. The target eNodeB delivers packets to the UE as they arrive over the X2 interface.  When a packet is received over the S1 interface it is delivered to the UE any further X2 packets are discarded.

These three approaches are shown below:


[image: image1]
The benefits of these approaches are the impacts are covered below.

1. In-sequence Delivery & Lossless
In this case Target eNodeB can only transmit packets to the UE from the SAE Gateway after completing the transmitting all of the packets forwarded over the X2 interface. This corresponds to doing re-ordering at Target eNodeB and contradicts the original working assumption 2.

Re-discussion on WA2 but may be required based on the decision to relocate the PDCP function to the eNodeB and the pending decision in RAN2 on data forwarding (PDCP PDUs or Radio Frames). Note that the method of detecting the last packet has been discussed in previous RAN3 meetings based on notification of last packet over X2, timers and sequence numbers over S1.
In addition for a real-time service this may lead to additional delay in the delivery of packets to the UE.  Another possible effect is that there becomes an imbalance in the eNodeB buffers for users that have moved to an eNodeB and for users resident at that eNodeB.
Pros    In sequence delivery is maintained between Target eNodeBs reducing the potential for retransmissions by the application over the radio interface. 
Cons   Data from the SAE-Gateway (over S1 interface) needs to be buffered until receipt of all the forwarded data from Source eNodeB implying re-ordering in the eNodeB
2. Sequence not guaranteed& Lossless
In this case the eNodeB forwards packets as they arrive over S1 and X2 towards the UE.  This gets over the problem of buffering the S1 packets and inequalities in eNodeB buffers and also the potential delay for real time traffic.  
Any re-ordering required is done in the UE based on the PDCP SN however the UE needs to be aware whether packets were received over X2 interface or the S1 interface either explicitly or some implicit manipulation of the PDCP SN e.g. resetting PDCP number for packets arriving over S1 interface.

Pros    No S1 packet buffering required in the eNodeB whilst receiving forwarded packets over X2 leading to reduced delay in delivery to UE. In sequence delivery is maintained between Target eNodeB reducing the potential for retransmissions over the radio interface (same as method 1).

Cons   A method is required for enabling re-ordering in UE.

3. Lossless not guaranteed
In this case the enodeB maintains the sequence by sending and packets received over the X2 interface prior to receipt of packets over the S1 interface.  After receipt of a packet over the S1 interface further packets received over the X2 interface can be discarded so out of sequence packets are not delivered to the UE. This maintains the advantages of method 2 above and would be beneficial to a service such a VOIP that can stand the loss of occasional packets but is particular sensitive to delays i.e. retransmission wouldn’t occur if a packet was lost.
Note: Based on previous RAN3 estimates the latency over S1 and X2 user plane is 17ms.  Assuming for VOIP an inter-arrival rate of 20ms at the SAE gateway would mean that the last X2 forwarded packet would arrive at the target eNodeB before the first S1 packet anyway.  Of course any congestion on the S1 interface to the Source eNodeB or the X2 interface would mean this cannot be guaranteed.

Pros:    No S1 packet buffering required in the eNodeB whilst receiving forwarded packets over X2 leading to reduced delay in delivery to UE (same as method 2).


Out of sequence packets are not delivered to UE

Cons:   Service dependant behaviour needs to be supported in the eNodeB (seamless v lossless).

4. Proposal 

It is proposed that RAN3 –consider   the RAN3 impact of maintaining WA2.
In addition it is proposed that RAN3 agree that for services such as VOIP a method avoiding unnecessary buffering in the network is desirable even if delivery of all packets is not guaranteed.
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1. In Sequence & Lossless
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