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Introduction

Enhanced uplink (EUL) may introduce some new functionalities and features, such as HARQ, Node-B controlled scheduling and shorter TTI length. This may require establishment of new MAC functionalities, which can be included in a new MAC entity (MAC-e). MAC-e is intended to cover HARQ and scheduling functionalities, and so the related protocol details as well as issues like TFC selection, number of E-DCH transport channels and location of the reordering entity need to be considered. 

In this document, we address the question of placement of the reordering entity and HARQ functionality. 
Discussion

Reordering Entity

HARQ introduces out-of-sequence data delivery, and since RLC requires in-sequence delivery, it is necessary to perform reordering in MAC layer, before the data is passed to RLC. Reordering entity can be placed in Node-B or RNC. As an example, HSDPA reordering entity is placed in Node-B. The reason is that the Node-B placed scheduling is closely linked to the reordering, as the selection of the number of PDUs to put in a single packet depends on the scheduled data rate. However, this is not the case with EUL, and so there is no need or advantage of placing the reordering entity in Node-B rather than in RNC. On the other hand, having in mind soft handover, it is desirable to locate the reordering entity in RNC. This will enable to perform selection combining before reordering, and quite possibly shorten the reordering delay due to waiting for in-sequence data. Additional argument for placing the reordering entity in RNC is the buffering requirement. Due to buffer multiplexing gains, the reordering done in RNC alleviates the possible significant buffering requirements in case the reordering is done in Node-B. More details on the reordering protocol are provided in [1].

HARQ Functionality

HARQ located in Node-B allows for fast retransmissions of the data received in error. The retransmission scheme employed in HSDPA can similarly be used for E-DCH in EUL. The major difference may be in the choice of employing synchronous HARQ, as opposed to asynchronous HARQ in HSDPA. Some of the advantages of the synchronous HARQ operation are in the reduced control channel overhead, smaller buffering requirements, reduced delay variability, better load prediction, simplified reordering and scheduling mechanisms.

Hence, if synchronous HARQ, with deterministic redundancy version sequence, is supported, the only related signalling that is needed is the redundancy version (RID), while HARQ process Id and the New Data Indicator bit can be omitted.
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The in-band control information about Queue Id to identify reordering buffer the payload is intended for, and TSN to identify the sequence of the packet, can be used similarly as in HSDPA. The synchronous HARQ allows to further decrease the overhead by leaving out the TSN. Based on the synchronous HARQ timing, once a packet is successfully received, Node-B can include the tag (E-DCH frame number) of the first subpacket. Hence, by incorporating the tag to each packet a Node-B sends to RNC, the reordering is performed based on the tag. Figure 1 shows an example of the operation.

Figure 1: An example of the operation with Node-B tagging 

The algorithm can be summarized in the following:

· Tag is attached when a packet is correctly decoded and ready to send to RNC

· Tag represents the E-DCH frame number of the first subpacket

· All Node-Bs in the active set of a UE have the same notion of the E-DCH frame number, such that packets coming from different Node-Bs in SHO with a UE can be interpreted and sorted correctly

· By sorting the time stamps, RNC is able to put in order the received packets

· If NACK->ACK error occurs, the RLC will determine the missing packet, and the retransmission will be requested

· MAC layer retransmissions: To avoid RLC retransmission delay, if a packet is received in error after the last retransmission, UE can start the new transmission of the same packet

· Node-B can assume that the newly received packet has the same content as the previously failed one

· An indication such as New Data Indicator can be used to prevent ambiguities whether it as a new packet or retransmission

· New packet is sent in case of NACK->ACK error on the last subpacket or if UE is not able to support the same data rate as was used for the failed packet.

Hence, the in-band overhead (on the wireless uplink between UE and Node-B) is reduced by M bits that are used to represent the TSN. On the link between Node-B and (S)RNC, the number of bits needed to represent the tag is 
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 is the maximum number of HARQ transmissions) larger than what is needed if TSN is used. The cost of this increase is expected to be negligibly small compared to the benefit of omitting the TSN on the wireless uplink. For example, to denote the same number of decoded packets, if there are 
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bits, where maximum of 4 HARQ transmissions are assumed.

Summary
Synchronous HARQ enables the use of presented scheme, which provides two major benefits:

1. In-band overhead (on the wireless uplink between UE and Node-B) is reduced by M bits needed to represent the TSN

2. MAC Layer retransmissions are possible with the use of New Data Indicator to denote whether a new packet or the retransmission of the previous data is sent.

For these reasons as well as those presented in [2] we recommend that synchronous HARQ operation be defined as the working assumption for E-DCH operation.
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