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1. Introduction

Feasibility of Enhanced uplink DCH has been studied so far and actual work item for the employment is starting now [1]. At the beginning stage of enhanced uplink, discussion on the basic mapping and multiplexing structure of the transport channel for E-DCH is necessary. This paper lists up the possible structures and discusses the pros and cons of each structure especially in physical layer aspects.

2. Options for E-DCH structure

Discussion on the physical channel structure for E-DCH may start with a CCTrCH issue, that is, separate CCTrCH for E-DCH or not. And then, considerations on the employment of multiple transport blocks and multiple transport channels might be necessary. We specify the E-DCH structure options by the three aspects, that is, CCTrCH, number of transport blocks and number of transport channels.

2.1 CCTrCH

2.1.1 Separate CCTrCH for E-DCH from DCH

In this option, data from E-DCH transport channel(s) are mapped to a separate CCTrCH from DCH and transmitted by separate physical channel. Figure 1 depicts this structure. In this option, transport format combination (TFC) for E-DCH should be signalled separately from the Rel-5 TFCI signalling on DPCCH.

2.1.2 Same CCTrCH for E-DCH and DCH

In this option, data from E-DCH transport channel(s) are multiplexed with those from Rel-5 DCH transport channels by the same multiplexing rule with the transport channel multiplexing in Rel-5 [2], which is depicted by Figure 2. With this structure, a TFC is defined by combining the transport formats (TFs) of E-DCH and DCH, and the TFC is signalled through Rel-5 TFCI signalling on DPCCH without separate TFCI signalling for E-DCH.
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Figure 1. Example of separate CCTrCH for E-DCH
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Figure2. Example of the same CCTrCH for E-DCH and DCH

2.2 Number of transport blocks

2.2.1 Multiple transport blocks per TrCH for E-DCH

In Rel-5 system, multiple transport blocks can be transmitted within a TTI through a transport channel for DCH. Similarly, a transport channel for E-DCH may be designed to carry multiple transport blocks in a TTI. 

2.2.2 Single transport block per TrCH for E-DCH

In this option, a transport channel for E-DCH can carry only one transport block within a TTI.

2.3 Number of TrCHs

2.3.1 Multiple TrCHs for E-DCH

Multiple transport channels may exist for E-DCH data transmission. Multiple transport channels will be beneficial in supporting different type of traffics at the same time, e.g., traffics with different data burst sizes, different QoS requirements, and so on.

2.3.2 Single TrCH for E-DCH

In this option, only one transport channel exists for E-DCH data transmission.

3. Considerations with the E-DCH structure alternatives
In this section, we discuss on the pros and cons of each alternative structure especially in various aspects of implementation in physical layer. 

3.1 Separate CCTrCHs vs. Same CCTrCH for E-DCH and DCH

( Node B scheduling

Node B scheduling is one of the important features of E-DCH, where Node B control the transmission rate of each UE so as to reduce the variation of uplink interference and eventually, increase the uplink capacity. If E-DCH data is transmitted through a separate CCTrCH from DCH, there can be two options for Node B controlled scheduling, that is, scheduling of the transmit rate of E-DCH only and scheduling of the combined transmit rate of E-DCH and DCH. On the other hand, if E-DCH data is multiplexed with DCH data into the same CCTrCH, it will be difficult scheduling the transmit rate of E-DCH separately from DCH since the TFs of E-DCH and TFs of DCH constitute one TFC. 

For an efficient control of uplink interference, interference caused by DCH as well as E-DCH should be considered in the uplink scheduling. However, the scheduler at Node B cannot predict the uplink interference caused by DCH in the next scheduling interval, hence, scheduling combined rate of E-DCH and DCH will be desirable whether a separate CCTrCH for E-DCH is used or not. In this case, DCH transmission might be prioritised in such way that the remaining bandwidth after the bandwidth allocation to DCH is allocated to E-DCH within a TTI.

( Hybrid ARQ

For an increased efficiency of the uplink transmission, hybrid ARQ (HARQ) is being considered for E-DCH. If the same CCTrCH is used for E-DCH and DCH, an E-DCH retransmission can be multiplexed with  a DCH transport block which is different from that with the initial transmission, so, in case of E-DCH retransmission, combined TFC is different from that with an initial transmission. In accordance, the puncturing/repetition rate and pattern for the E-DCH retransmission may be changed from that for the initial transmission. Therefore, HARQ method of Chase combining is not applicable, which may increase the complexity of HARQ operation. However, the increase in complexity may not be so significant. On the other hand, if separate CCTrCH is used for E-DCH transmission, HARQ method of Chase combining can be applicable since the puncturing/repetition rate and pattern for E-DCH transmission can be decided independently from that for DCH transmission.

( PAR

Use of the same CCTrCH for E-DCH and DCH may offer a gain in case where E-DCH data and DCH data in a TTI can be multiplexed within one uplink physical channel. The amount of the gain should be investigated further.

( Shorter TTI for E-DCH

Shorter TTI for E-DCH (especially, 2ms) may reduce the transmission delay and increase the efficiency in transmission power. If a separate CCTrCH is used for E-DCH transmission, TTI shorter than 10 ms can be applied to E-DCH. However, with the same CCTrCH for E-DCH and DCH, TTI shorter than 10 ms cannot be employed since it is impossible to share the multiplexing structure for Rel-99 DCH with E-DCH. 

Another way of sharing the same CCTrCH between DCH and E-DCH with a shorter TTI might be time multiplexing of E-DCH and DCH by employing some techniques like SF reduction or modified puncturing as already described in [1]. However, with these methods, most merits of using same CCTrCH for E-DCH and DCH, such as reuse of Rel-5 multiplexing and Rel-5 signalling, seem to disappear. 

( Backward compatibility in soft handover

There may be a case where an E-DCH-supporting UE is in soft handover with a Rel-5 Node B. In this case, if separate CCTrCH is used for E-DCH transmission, the Rel-5 Node B can decode the DCH transport block no matter whether E-DCH transmission exists or not, so that the backward compatibility of Rel-5 DCH can be guaranteed. In case of the same CCTrCH for E-DCH and DCH, Rel-5 Node B will decode and transmit the E-DCH and DCH transport blocks to RNC without any discrimination. In accordance, RNC should be able to discriminate E-DCH transport blocks from DCH transport blocks to detect DCH data correctly. Therefore, the complexity of RNC function and the backward compatibility of Rel-5 DCH should be investigated carefully.

( Uplink synchronization

Synchronization of uplink E-DCH transmission is being considered to make the uplink interference more controllable by reducing the partial overlapping of uplink transmissions between different UEs. With a separate CCTrCH for E-DCH, uplink synchronization can be achieved e.g., by taking some common downlink channel for a timing reference. However, if the same CCTrCH with DCH is shared by E-DCH, uplink synchronization cannot be achieved since radio frame for DCH is not aligned between different UEs.

3.2 Multiple transport blocks vs. Single transport block per TrCH for E-DCH

If multiple transport blocks are multiplexed and transmitted via E-DCH in a TTI as in Rel-5 DCH, there can be cases where some transport blocks are decoded erroneously while the other transport blocks in the same TTI are not. In this case, separate retransmission and HARQ signaling (sequence number, ACK/NACK, etc.) for each transport block may be required and it will be quite a burden to the UE and Node B. Otherwise, the whole E-DCH data during a TTI may be retransmitted if there is error in the reception of any transport block in the TTI, but this would be inefficient procedure at the system throughput point.

If only one transport block is allowed to be transmitted via E-DCH in a TTI, single retransmission and HARQ signalling per TTI will be sufficient.

3.3 Multiple TrCHs vs. Single TrCH for E-DCH

If multiple transport channels exist for E-DCH and transport blocks from multiple transport channels are multiplexed and transmitted within a TTI, similar problem with that of multiple transport blocks occurs, that is, retransmission procedure and HARQ signaling should be deployed per transport channel unit or else, inefficient retransmission should be considered. There is a way to circumvent this problem, which is to permit transmission from only one transport channel in a TTI. MAC-e scheduler at UE may behave following this rule. 

If only one transport channel exists for E-DCH, one retransmission procedure and HARQ signaling will be sufficient.

4. Conclusions

Several options for E-DCH transport channel are discussed. In respect of CCTrCH, employment of the same CCTrCH for E-DCH and DCH needs further investigations on the issues such as backward compatibility in soft handover, employment of shorter TTI and uplink synchronization of E-DCH, etc. PAR issue should also be considered carefully in selecting the CCTrCH structure, especially in case of separate CCTrCH for E-DCH. Regarding the number of transport blocks and transport channels, allowing only one transport channel and one transport block per TTI for E-DCH will be a simple solution considering HARQ complexity. It might also be possible to allow multiple transport channels for E-DCH but permit only one transport block from only one transport channel within a TTI if multiple transport channels for E-DCH are beneficial. However, we believe the necessity of multiple transport channels should be discussed further especially at the higher layer aspects. 
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