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1.
Introduction
HARQ is seen as the most significant part of the improvements introduced as part of the EUL framework. A downside to using HARQ is that it introduces out-of-sequence termination of packet transmissions over the air.

RLC was not designed to handle out-of-sequence delivery of packets from the lower layers. The current working assumption for EUL is that a re-ordering layer will be introduced between HARQ and RLC, as was done in the case of HSDPA. 

One question that remains is whether this new protocol would be terminated at the Node-B or at RNC. This document attempts to address this question.

2.
Difference Compared with HSDPA

On the transmitter side, co-locating the protocol end-point with the entity responsible for selecting the transmission format (scheduler) allows it to support variable PDU sizes and to therefore only transmit one header per transmission. This reduces the number of headers transmitted and, in the case of protocols that rely on sequence numbers, the rate at which these sequence numbers are being used; which in turn allows to reduce the sequence number size. All this contributes to significantly lower the overhead and is the reason why the re-ordering protocol in HSDPA is terminated at the Node-B.

In the case of EUL however, we are not concerned with the protocol termination point on the transmit side. Indeed, on the UE side all the protocol termination points are co-located. We are instead concerned with the receive side, where there is no need to select a transmission format. Therefore, terminating the protocol at Node-B would not yield any additional advantages from the point of view of overhead optimization.

3.
Discussion

3.1
Advantages of terminating at RNC

Improved performance in case of soft hand-over
As for HSDPA, HARQ control channel errors or particularly adverse channel conditions may result in transmissions being lost permanently. Any re-ordering protocol will need to include some kind of stall avoidance mechanisms to ensure a finite wait time for these missing packets.

Of course, the lower the probability of a packet being lost, the better the performance of any re-ordering algorithm would be. There is therefore a clear benefit to terminating the re-ordering protocol after selection combining if soft handover is supported.

More efficient buffer usage
The re-ordering protocol will require buffering data in expectation of the delayed transmissions. Terminating the re-ordering protocol at the RNC would allow for more efficient pooling of memory since the RNC will be handling a much larger number of UEs than each Node-B.
3.2
Advantages of terminating at Node-B

The only advantage of terminating the re-ordering protocol at the Node-B is that it would be easier to gain access to HARQ protocol information. This information could be used to provide transmission timing information and/or to speed up the flushing of holes in the re-ordering buffer.

Enhancement of stall avoidance

The HARQ protocol is able to track on-going transmissions, and to detect when one is abandoned. This is needed in order for soft-combining to work properly. However, the support of RABs with different QoS will probably require the use of multiple re-ordering queues. Therefore, unless the queue for which each transmission is intended is transmitted out of band, it will be impossible to have a full-proof scheme for matching interrupted transmissions with re-ordering queue holes. 

In the case of HSDPA this additional overhead did not seem justified, and this was actually the reason why such schemes were eventually abandoned.

Extraction of timing information
Depending on the details of the HARQ protocol, it may be possible for the receiver to derive the timing of the first transmission of each packet, even if the first control channel is in error (see [1]). It would therefore be possible to re-order the transmissions without the need for an explicit in-band sequence number (as the TSN in the case of HSDPA).

Such information would only be used for packets that are received and that can therefore be assigned to a specific re-ordering entity. It would therefore not suffer from the same limitations as the stall avoidance scheme.

Although such schemes would likely work, it would also be very easy to transfer such information to the RNC through the frame protocol and allow the re-ordering to be performed there (see [1]).

4.
Proposal

In the case where soft hand-over is supported for E-DCH we see very compelling reasons for performing the re-ordering at the RNC level. We would therefore propose to agree that if soft-handover is supported, the re-ordering protocol should be terminated at the RNC.
Even in the case where soft hand-over is not supported, we consider that the benefits in terms of buffer pooling out-weigh the improvements that could be extracted from proprietary schemes for stall avoidance. However, we see this more as a network manufacturer decision.
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