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1.
Introduction

The general assumption on the HARQ protocol for E-DCH is that is shows large similarities with the protocol specified for HS-DSCH. However, in some cases, differences from the HS-DSCH protocol may be desired or even necessary in order to handle the fundamental differences between uplink and downlink. This document provides some discussion on protocol issues that are still open and proposes a working assumption for the HARQ protocol.

2.
Uplink signalling

Some issues related to the uplink signalling are still open and are discussed in the following. The information needed to control the HARQ functionality consists of:
· Redundancy version (support for IR is the current RAN1 assumption)

· New data indicator  (or other means to control the soft combining)

· Transport format (not directly related to HARQ, and not further discussed in this document)
· Hybrid ARQ process number
2.1
Redundancy version

The current assumption in RAN1 is that incremental redundancy shall be supported, which implies that the RV for each (re)transmission needs to be known. The RV can in principle be tied to the (sub)frame number in a predefined way, but this requires self-decodable RVs. Since most of the gain with incremental redundancy is lost with self-decodable retransmissions, an explicit indication is preferable. As the outband control signalling (transport block size, hybrid ARQ information) need to be correctly decoded for successful decoding of the E-DCH data, the inclusion of an outband RV indication does not have a major impact on the robustness, at least as long as the amount of bits os small. It is deemed that 2 RVs are sufficient as discussed in [1]. The RV can either be coded separately or jointly with the NDI as discussed in the following section.

2.2
New data indicator (soft buffer control)

In order to control the soft combining, a new data indicator or similar information is needed. The design of the soft buffer control must be done with care since the error cases are slightly different for E-DCH compared to HS-DSCH due to the reception in several Node Bs in SHO. One example is the NACK to ACK errors that were discussed for HS-DSCH. In addition to the cases where a transmitted NACK is misread as an ACK, it needs to be considered that even if one Node B sends a NACK, another Node B may send an ACK (which has the same effect as an NACK to ACK error). Thus the new data indicator must be more reliable than for HS-DSCH. Two potential ways to control the soft combining are foreseen:

a) Multi bit NDI

A one bit NDI does not give sufficient reliability against error cases. In Annex A, an example of an error case with a one bit NDI is given. A simple way to achieve sufficient reliability for the soft buffer control is to extend the number of bits for the NDI to e.g. 2 bit. Thus the NDI and RV could be coded with a total of 3 bits, assuming 1 bit for the RV.

b)  "Retransmission sequence number"

One way to achieve a joint coding of the RV and the NDI is to have a "retransmission sequence number", here denoted RSN. Each new transmission starts with RSN=0 and the RSN is incremented for every retransmission. Thus, the soft buffer is cleared whenever the RSN=0, while a retransmission requiring soft combining is indicated by the increment in the RSN. A RV is tied to each RSN value, i.e. a fixed sequence of redundancy versions is specifiedIt should be noted that a RSN have some additional error cases compared to a multi-bit NDI. Examples of these error cases are provided in Annex A. However, by considering both the RSN and the (sub)frame number of each retransmission, the robustness can be increased. The RSN could e.g. be coded with 3 bit which would result in a maximum of 8 transmission attempts. More than 2 RVs (up to 8) could be used with this coding, but it is assumed that 2 RVs would be sufficient.

If a RSN is used, it can also be used for other purposes than the HARQ protocol itself. If the RSN is forwarded from Node B to the RNC it can be used to assist the outer loop power control and the reordering functionality. More specifically:

The outer loop power control can be operated to achieve a certain number of average HARQ transmissions attempts, which is not possible without information from the HARQ entity in the Node B.  The RSN can also help in maintaining a certain BLER target for the initial transmission attempts if desired.

The reordering functionality can be improved if the RSN is known in the RNC. When a data block is permanently lost (due to error in the HARQ signalling or due to losses over Iub), the RNC can faster determine that the data block is missing by analysing the RSN of other received data blocks (the HARQ protocol has tried to retransmit the missing data block at least the same number of times as the RSN of the received data blocks succeeding the missing block). 

We recommend that a joint coding of the RV and NDI in the form of a retransmission sequence number (RSN) is applied if it can be determined that the error cases are not more frequent than with a multi-bit NDI. If error cases with the RSN are found, a multi bit NDI may be considered. 

2.3
Hybrid ARQ process number

It is generally assumed that an n-channel stop and wait protocol shall be used. It is however not decided if the HARQ process number should be explicitly indicated or if it should be implicitly derived from the (sub)frame number.

The differences between explicit and implicit HARQ process numbers are discussed in e.g. [1] and [2]. Based on those contributions, it is proposed to adopt an implicit indication.

3.
Conclusion

Alternatives for the E-DCH HARQ protocol have been discussed. It is proposed to agree on the following items:

An n-channel stop and wait protocol shall be used for E-DCH where:

· The HARQ process number is implicitly derived from the (sub)frame number

· An explicit retransmission sequence number (RSN) is used to jointly code the RV and the NDI (unless the error cases are found to be significantly more frequent than with a multi bit NDI)
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Annex A  Soft buffer error cases

Two examples of error cases are discussed in the following. An  error case with a one bit NDI is shown in Figure 1 and an error case with RSN is shown in Figure 2.
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Figure 1 Example of error case with a one bit NDI

In Figure 1, The UE transmits SDU(A) which is received in Node B1 but not in Node B2. Node B1 sends an ACK and the UE therefore starts to transmit SDU(B). Note: from Node B2s perspective this has the same effect as a "NACK to ACK error", i.e. it sends a NACK but the UE reads an ACK.

When SDU(B) is transmitted it is received in Node B1 but the transmission is not at all detected in Node B2. Since Node B1 sends an ACK, the UE starts to transmit SDU(C).

When SDU(C) is transmitted, Node B2 receives this transmission and compares the NDI (NDI=0) with the NDI of the previously received transmission (NDI=0). From the NDIs it concludes that SDU(C) and SDU(B) are the same data block and that soft combing shall be performed and thus Node B2 tries to combine SDU(B) with SDU(A). This error case occurs due to that the NDI is to short. By using a multi bit NDI (e.g. with 2 bits), SDU(C) would have NDI=2 and Node B2 could conclude that the two data blocks are different.

With a 2 bit NDI, up to 3 consecutive transmissions can be lost (not detected) without causing erroneous soft combining.
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Figure 2 Example of error case with RSN

In Figure 2, The UE transmits SDU(A) which is received in Node B1 but not in Node B2. Node B1 sends an ACK and the UE therefore starts to transmit SDU(B). Note: from Node B2s perspective this has the same effect as a "NACK to ACK error", i.e. it sends a NACK but the UE reads an ACK. 

When the UE transmits SDU(B), it is received in Node B1. Node B2 still has soft data in its buffer at this point. Since the RSN is equal to the RSN of the previous received transmission, Node B2 discards the data in the soft buffer and replaces it with SDU(B). Since Node B1 sent an ACK, the UE starts to transmit SDU(C).

When SDU(C) is transmitted it is not received in Node B1 and the transmission is not at all detected in Node B2. Thus, the UE retransmits SDU(C).

When SDU(C) is retransmitted, the RSN is incremented to 1. When Node B2 receives this transmission, it compares the RSN (RSN=1) with the RSN of the previously received transmission (RSN=0). From the RSNs it concludes that soft combing shall be performed and thus tries to combine SDU(C) with SDU(B).

It should be noted that this (and similar) error cases can occur without any errors in the ACK/NACK signalling. It is sufficient that a single transmission is not detected in a Node B, an event that is rather frequent in e.g. SHO. If an multi-bit NDI would be used where the NDI is incremented for each new data block, SDU(B) and SDU(C) would be coded with different NDIs and the error would not occur.

However, the robustness of the RSN can be increased if the Node B uses the (sub)frame number and the RSN together as criteria for performing soft combining. As an example if RV=1 is received, soft combining is only performed if RV=0 was received in the previous TTI [for this process]. This implies that in the example in the Figure above, SDU(C) is not soft combined with SDU(B) since RV=0 was not received in the previous (sub)frame. This scheme increases the robustness of the RVI. However it should be verified that the combined use of RSN and (sub)frame is sufficiently robust, or if a multi-bit NDI should be considered.
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