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1.
Introduction

Before starting to design the HARQ protocol, it would be useful to decide what kind of features we would like it to support.

The 3GPP model until now has been that the UE is only supposed to act based on the configuration provided by the network and that its behavior should be as predictable as possible. When considering what functionality to support we should therefore keep in mind the need for a straightforward description of the UE behavior. Because of this, we cannot expect to the same kind of intelligence on the UL as we have assumed/allowed on the downlink with HSDPA.

In this document we go over the different physical layer and RRM/QoS related aspects that will affect the protocol design. For each of these aspects we propose a way forward, either providing argumentation or pointing to other relevant documents. 
2.
 HARQ Protocol Requirements
Synchronous vs. asynchronous re-transmissions
In an asynchronous scheme, re-transmissions can occur at any time after the initial transmission, whereas in a synchronous one, the re-transmissions need to take place a fixed amount of time after the initial transmission. This time is typically defined by the HARQ round-trip time.

Intrinsically, asynchronous requires additional overhead since it is necessary to signal the HARQ process ID within the control channel. In the case of HSDPA, the benefit from being able to independently schedule the re-transmissions outweighed the overhead cost. For EUL however, the scheduling gain argument is less compelling, both because the channel is more stable due to more extensive use of receive diversity at the Node-B, and because scheduling delays from the Node-B are longer. Please refer to [1] for more details.

Proposal:

· Synchronous
Flexible IR Version sequence

It has not yet been concluded whether chase combining (CC) or incremental redundancy (IR) will be used within the framework of EUL. If CC is selected then there will be no need to include any information on the version out-of-band. Here we would like to address the case where IR is adopted.

In HSDPA, IR is used and we introduced the possibility for UTRAN to select arbitrarily which IR version to use at each transmission. Because EUL is used in uplink where there are no restrictions in terms of code-space, high code-rate transmissions are not as likely to be used as in the downlink. Therefore, for most transmission formats, all transmissions will contain the entire set of coded symbols, making the transmission sequence irrelevant.
Furthermore, for HSDPA UTRAN may be able to play some tricks in terms of the ACK/NACK channel detection to determine whether the UE actually detected the control channel. For EUL, mandating such behaviour at the UE would be quite controversial. Also, some proposals on the table propose to signal NACKs as DTX on the downlink, making it impossible for the UE to distinguish between the two.

Therefore we do not see much reason to allow flexibility in the incremental redundancy version sequence. The exact sequence could be configured through RRC signalling, but the UE should be required to follow it. This would allow the IR version to also be used as a HARQ transmission sequence number, eliminating the need for a New Data Indicator (NDI). The start of a new packet could be identified by receiving an IR version field that is smaller or equal to the previous one received.

This HARQ transmission sequence number, when combined with synchronous re-transmissions provides the additional benefit of allowing the re-ordering to be done without the need for additional in-band signalling (see [1]).

Proposal:

· Configurable, but fixed sequence of IR versions
· Include HARQ transmission sequence number that can be used to deduce the IR version
Maximum number of transmissions
The maximum number of HARQ transmissions constitutes an important part of the configuration of the QoS behaviour for a system using HARQ. Therefore, we think it would be meaningful to be able to configure the maximum number of transmission for each E-DCH transport channel (see [2]).

The general understanding in RAN1 seems to be that there is not much point in going beyond four transmissions if one aims to have a residual error rate of 1%. It appears however that the ACK/NACK error rates that are achievable (see [3]) would allow to also support residual error rates lower than that. We would therefore propose to support a maximum number of re-transmissions larger than four. 
It will be up to UTRAN to decide whether to soft-combine all of the re-transmissions or to flush the buffer and start the de-coding from scratch. The latter would be a way to overcome cases where the soft buffer is corrupted due to control channel errors. These MAC level re-transmissions are also supported within HSDPA, though in that case they are controlled entirely by the transmitter (Node-B).
Proposal:

· Support a maximum number of HARQ transmissions larger than 4. 
· Use a 3 bit HARQ transmission sequence number which can also be used to deduce the IR version
Support for pre-emption

For HSDPA, we allowed UTRAN to interrupt on-going transmissions in order to transmit data with higher priority. Although it is wasteful (energy accumulated already is lost), it allowed for better management of transmission delays of high priority traffic. Support for this feature was achieved through the use of the New Data Indicator, sent out-of-band on the HS-SCCH and the transmission sequence number sent in-band to enable the re-ordering of the packets.

Introducing similar functionality in the case of EUL would be quite messy. Indeed, we would need to specify exactly when the UE is supposed to perform this pre-emption. If this scheme is not full-proof we might end up having UEs pre-empting all the time, never actually completing a single transmission.

In addition, allowing pre-emption in combination with logical channel multiplexing would make it impossible to perform re-ordering without the use of an in-band sequence number.

Proposal:

· No pre-emption of HARQ processes in EUL

3.
Proposal
It is proposed to discuss the points above and to agree on the following:

· Synchronous HARQ
· No pre-emption

· Configurable maximum number of HARQ transmissions
· Support for more than 4 HARQ transmissions

In case it is agreed that IR should be supported, we propose to use a three bit HARQ sequence number in order to cover all the HARQ related signaling. This would address incremental redundancy, ACK/NACK errors (similar to New Data Indicator) and re-ordering (see [1]).
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