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1.
Introduction

One of the features considered for the enhanced uplink (E-DCH) is hybrid ARQ (HARQ) between the UE and Node B. The Node B controlled HARQ reduces the round trip time in the system since the delay between the UE and Node B is lower than the delay between the UE and RNC. The round trip time is further reduced with a properly designed HARQ protocol since feedback messages (ACK/NACK) can be transmitted very frequently, e.g. once every TTI. This is in contrast to the RLC protocol where feedback messages needs to be transmitted rather infrequently to avoid excessive signalling load.

As a Node B controlled retransmission is less costly from a delay perspective, the physical channel can be operated at a higher initial error probability than in the Rel5 uplink, which will result in improved system capacity. Soft combining will further improve the performance of a Node B controlled hybrid ARQ mechanism.

Note that the use of a 2 ms TTI allows for even a further reduced roundtrip time, thus allowing for more frequent hybrid ARQ retransmissions than with a 10 ms TTI. Operating the radio link at a higher initial BLER and relying on hybrid ARQ typically leads to more efficient link utilization. Hence, hybrid ARQ, especially in conjunction with a short TTI, can be exploited as a reduced end-user delay or as an increased link utilization (or combinations thereof). However, HARQ will provide gains also with 10 ms TTI.

In the study item work for E-DCH it has generally been assumed that the HARQ protocol for the uplink would be similar to the protocol used for HS-DSCH. In this paper we present some more details on a potential HARQ protocol for E-DCH and discuss some issues to consider in the protocol design.

2.
Basic protocol operation

The scenario for the protocol is shown in Figure 1 below.  The UE transmits data to one or several (in case of SHO) Node Bs. Each Node B sends a positive or negative acknowledgement (ACK/NACK) in response to the received data.

The UE evaluates the received feedback messages and retransmits the data if only NACKs are received and transmits new data if one or more ACKs are received. When receiving a retransmission the Node B may (optionally) perform soft combing of the retransmission with previously received transmissions of the same data. When a Node B has received a transport block correctly, it forwards it immediately to the RNC. Since the different Node Bs deliver data independently, data can be received out of sequence in the RNC. Duplicate copies of the same data may also be received. Thus, a reordering functionality is needed, which is placed in the RNC. The reordering functionality could in principle be placed in the Node B. This would however significantly reduce the performance since the diversity gain at SHO in principle would be lost
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Figure 1 Basic HARQ operation
The following aspects should be taken into account in the hybrid ARQ design:

· For performance reasons the protocol should support soft combining in Node B. However, depending on the Node B memory capability it may occur that soft combing can not be performed for all users in high load situations. The protocol should therefore also work without soft combining in the Node-B.

· Low overhead. The overhead in terms of power and number of bits required for the operation of the hybrid ARQ protocol should be low, both in uplink and downlink. Note that, unlike the HS-DSCH, the number of simultaneous users employing hybrid ARQ for transmitting data in the uplink may be significant, stressing the fact that the overhead for each user needs to be kept at a minimum.

· In-sequence delivery. The RLC requires in-sequence delivery of RLC PDUs. Any scheme with multiple independent hybrid ARQ processes cannot guarantee in sequence delivery. Hence, an in-sequence delivery mechanism is required, preferably located in the RNC. In-sequence delivery placed in the Node B is unsuitable for performance reasons as discussed above.

· Operation in soft handover. In soft handover, data is received by multiple Node Bs and alignment of a user’s protocol state among different Node Bs needs to be considered.
· UE power limitations. The operation of the UE controlled TFC selection for Rel5 channels need to be taken into account in the design. In particular, UE power limitations in conjunction with activity on other transport channels with higher priority should be considered. This implies that the exact timing of the retransmission may be hard to control. Alternatively, retransmissions can take place regardless of the power situations in the UE with whatever power that is available.
· Complexity, both in UE and the network.
3.
Proposed E-DCH HARQ protocol

In general, the uplink hybrid ARQ scheme should follow the same principles as used for HS-DSCH, unless the differences between the uplink and downlink scenarios require other solutions. 

It is proposed to adopt a protocol with multiple stop-and-wait processes operating in parallel similar to HS-DSCH, although there are some small differences in the control signaling as discussed in the following. The reordering mechanism (in sequence delivery) is located in the RNC to allow for soft handover operation.

3.1
In-sequence delivery

If soft handover is supported it is required for performance reasons to place the reordering entity in the RNC. If soft handover is not supported it is anyway beneficial to place the reordering entity in the RNC. This since the functionality of the reordering entity is very similar to RLC functionality and an integrated implementation can be used with e.g. a shared buffer memory. This would save buffer memory (or give higher performance for a given buffer memory).

In sequence delivery (reordering) is proposed to be performed in the RNC. It is FFS whether the reordering is based on RLC sequence numbers or special MAC level sequence numbers as in HS-DSCH.

3.2
Soft Combining

Soft combing in the Node B should be supported by the protocol. It is preferable that the retransmissions are self-decodable, especially in soft handover situations, since some Node Bs may not have detected earlier transmissions. Also in high load situations, some Node Bs may not be able to perform soft combing, in which case the retransmissions need to be self decodable. 

3.3
Signaling

3.3.1
Uplink Signaling

The information required to operate the HARQ protocol is similar to the parameters used for HS-DSCH:

-
HARQ process number. This parameter identifies for which HARQ process the transport block is transmitted. It is proposed to indicate this information explicitly with out band signaling. This provides a flexibility when it comes to timing of the (re-)transmissions. This could be beneficial if it is unsuitable to make the retransmission in a given TTI due to e.g. limited power. A 3 bit HARQ process number is assumed.

-
New data indicator. The new data indicator is needed to indicate if the received data shall be soft combined with previously received data or not. Due to the error cases that arise due to that downlink ACK/NACK messages can be received from several Node Bs the new data indicator need to be at least 2 bit. The value of the indicator is increased each time a transmission of new data is started.

-
Transport block size and number of physical channel bits. This information is needed for successful decoding and can be included in the TFCI.

It is here assumed that redundancy versions do not need to be signaled explicitly since chase combining is considered.

Except for the above mentioned parameters which are needed prior to decoding, some additional information is needed in the MAC-e header to control the MAC multiplexing. The format of the MAC-e header is discussed in [2].

3.3.2
Downlink Signaling

Downlink signalling consists of a single ACK/NACK per (uplink) TTI from the Node B. Similar to the HS-DSCH, a well-defined processing time from the reception of a transport block at the Node B to the transmission of the ACK/NACK in the downlink is used in order to avoid explicit signalling of the hybrid ARQ process number along with the ACK/NACK. 
3.4
Soft handover operation

In soft handover the transmitted uplink data can be received in several Node Bs. In the proposed scheme the Node Bs operate independently without need for network synchronization. A UE considers all received feedback messages and retransmits the data unless at least one ACK has been received. The set of correctly received data blocks will be different in different Node Bs and the Node B buffers are controlled via the new data indicator. However, as discussed in the uplink signaling section the new data indicator needs to be at least 2 bit to handle error cases in soft handover. 

Due to the link imbalance in soft handover, the uplink control signaling may be error prone or require significant power offset [1]. It is here assumed that it is possible to achieve sufficiently low probabilities of undetected errors in the uplink control signaling. If that can not be achieved, it may be considered to operate without soft combining in soft handover situations which means that the HARQ process number and New data indicator does not need to be decoded. 

4.
Conclusion

A solution for an E-DCH HARQ protocol fulfilling the requirements outlined in [1] has been described. It is proposed to adopt the described HARQ protocol as a working assumption for E-DCH and to include the text in Section 3 in the Stage 2 TS.
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� Consider e.g. the situation in Figure 1. Even if both PDU1 and PDU2 are received in UTRAN, PDU2 would not be delivered to the RNC in case reordering is performed in the Node B.
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