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1. Introduction

At RAN#17, the study item “Uplink Enhancements for Dedicated Transport Channels” [1] was agreed upon. The scope of the study item is to investigate possibilities to enhance uplink performance for UTRA FDD dedicated transport channels in general or focusing on background, interactive and streaming based traffic. Techniques to be considered include, but are not limited to: 

· Adaptive modulation and coding

· Hybrid ARQ protocols

· Node B controlled scheduling

· Shorter frame size

· Fast DCH setup

· Physical layer or higher layer signaling mechanisms to support the enhancements

In this document, some aspects on uplink enhancements for dedicated transport channels, or “E-DCH” for short, are discussed.

2. Overall Requirements

The E-DCH should give significant performance gains, in one or several of the following areas:

· Reduced delays. Low and relatively constant roundtrip time is important for good performance with, e.g., TCP.  Fast access will give improved performance from an end user perspective.

· High data rates. Peak data rates are not the main concern (the current air interface theoretically supports up to 5.76 Mbps by using 6 parallel DPDCH). Enlarging the portion of the cell in which relatively high data rates, e.g., 1 Mbps and above, can be used is more important.

· Increased capacity. 

The enhancements should mainly focus on low and medium speeds. To the extent possible, the current UTRA functionality should be reused.
From an architectural point of view, the current RNC functionality should be kept, e.g., the RLC protocol, as it allows a smooth introduction of the E-DCH into the current UTRA architecture. Preserving the RLC is also required for channel switching, for example used for uninterrupted service when a user is moving from a cell supporting the E-DCH to an R99/Rel4/Rel5 cell. The same view was applied during the development of HS-DSCH.

3. Time Structure

For uplink dedicated transport channels, 10, 20 40, and 80 ms TTIs are supported in R99/Rel4/Rel5. In addition to these TTIs (or a subset thereof), a shorter TTI, e.g., 2 ms, could be defined for the E-DCH. There are several aspects on the choice of TTI:

· A short TTI, e.g., 2 ms, provide benefits in terms of faster retransmissions, leading to a reduced roundtrip time for the ARQ protocol and improved overall performance. Note that the processing time, both in the UE and in the Node B, is proportional to the TTI and that a reduced processing time also will improve the overall roundtrip time.

· A long TTI, e.g., the current 10 ms TTI, can be useful in situations when the uplink data rate is power limited and cannot provide a large enough payload within a short TTI.

As reduced delays are an essential part of improved performance, the support for 2 ms TTI should be considered for the E-DCH.

4. Scheduling and Transport Format Selection

In general, the shared resource in the uplink is the tolerable interference at the Node B, i.e., the received power. In order to allow simultaneous use of R99/Rel4/Rel5 channels in a cell (and neighboring cells), uplink power control remains essential for the E-DCH. Fast link adaptation for the E-DCH will thus be in the form of fast power control combating the fading. (In contrast, the HS-DSCH downlink uses rate adaptation and the transmitter power kept (fairly) constant.) Different data rates on the E-DCH are obtained by using different transport formats (different spreading factors and coding rates), at different average output powers.

Scheduling is the process of selecting the transmission instant and the transport format for a transmission, i.e., when and how to transmit a transport block. There are several different ways this can be handled, but two main approaches can be identified:

· Autonomous (non-scheduled) transmissions, where the UE autonomously each TTI determines whether to transmit data on the E-DCH or not. Based on buffer status and available output power, the transport format is autonomously selected by the UE from the TFCS configured by the network. This is the principle used in R99/Rel4/Rel5.

· Scheduled (coordinated) transmissions, where the network decides when and with what transport format a certain UE is allowed to transmit data. Knowledge of the available transmit power and buffer status in each UE is required by the scheduler and this information either has to be estimated by the network or signaled by the UEs. The rate at which a UE receives scheduling decisions could be once per TTI or slower. Centralized scheduling is not available in R99/Rel4/Rel5 as the network cannot control exactly at what time instant a certain UE is transmitting.

Obviously, hybrids of these schemes could be envisioned, e.g., centralized scheduling but with some degree of freedom for the UE to autonomously chose the transport format. Scheduled uplink transmission offers the possibility for TDM operation, thus reducing the intra-cell interference experienced during data transmission. Note that, contrary to the HS-DSCH, the received power does not depend on whether the scheduled user has advantageous radio conditions or not as the power control will adjust the transmitter power of the UE to match the transport format selected. Hence, taking radio channel conditions into account in the scheduling process is less usable from the perspective of a single UE, although it can give other benefits in the system.  Autonomous as well as scheduled transmissions should be investigated for the E-DCH, including the signaling required.

5. Higher Order Modulation

Higher order modulation, e.g., 16QAM, is mainly useful in bandwidth-limited scenarios, i.e., situations when the supported data rate is limited by the available bandwidth and not by the received C/I. For the HS-DSCH, the bandwidth is primarily limited by the fraction of channelization code space that is used for HS-PDSCH. Hence, in situations when there is a relatively large amount of power available in the Node B and the number of channelization codes is limited, 16QAM can provide a benefit in terms of higher data rate. In the uplink, the situation is different as the UEs are separated by a large number of non-orthogonal codes instead of a limited number of orthogonal codes. Furthermore, the uplink is more likely to be power limited, especially if the main target is to achieve better coverage for reasonably high data rates rather than increasing the peak rates. Hence, based on the above discussion and the fact that higher order modulation is power inefficient, the use of higher order modulation for the E-DCH seems to be rather limited.

6. Soft Handover

Uplink soft handover has two main aspects:

· Power control towards multiple cells, ensuring that at least one cell receives the signal with sufficient quality.

· Reception at multiple cells (and selection combining in the RNC).

The former aspect, power control of the uplink from multiple base stations, is necessary to limit the amount of interference generated in neighboring cells. It is also needed for R99/Rel4/Rel5 channels. The latter aspect, reception of the signal at multiple cells, can fundamentally never degrade performance, but limits the possibility of terminating new protocols, e.g., new hybrid ARQ protocols, in the Node B. Terminating the protocols in the Node B and still supporting reception at multiple Node Bs requires synchronization of the multiple protocol instances, either via the UE or the RNC. To some extent, this is similar to the discussions on fast inter-Node B cell selection in the HSDPA study phase. Hence, soft handover needs to be studied in conjunction with protocol termination in the Node B.

7. ARQ protocol

For the HS-DSCH, hybrid ARQ with soft combining was introduced and the protocol terminated in the Node B. This allows for fast retransmissions and reduced average delay for delivery of transport channel data. For non-soft handover situations, the uplink and downlink are relatively similar with respect to Node B controlled retransmissions and no fundamental problems are foreseen. However, there is a major difference between the downlink scenario and the uplink scenario in soft handover situations:

· In the downlink case, reception occurs at a single physical entity, the UE, making soft combining and termination of the retransmission protocol relatively straight forward.

· In the uplink, reception can occur at multiple Node Bs if the E-DCH is received in multiple cells not belonging to the same Node B (soft handover). A fundamental problem to solve is to synchronize the protocol status, including both soft buffers and reordering buffers, in the multiple Node Bs.

Hybrid ARQ with soft combining should be considered as it gives reduced delays and an overall performance improvement. The related signaling, especially in soft handover situations, should be carefully studied.

8. Conclusions

Several aspects of uplink enhancements for dedicated transport channels have been discussed and the conclusions are summarized below.

	TTI
	The support for shorter TTI, e.g., 2 ms, should be considered for the E-DCH.

	Fast Power Control
	Fast power control is essential for the E-DCH.

	Scheduling and TF selection
	Both centralized and autonomous scheduling and transport format selection should be investigated.

	Higher order modulation
	Higher order modulation appears to be of rather limited use.

	Hybrid ARQ
	Hybrid ARQ located in the Node B should be considered.

	Soft handover
	Protocol termination in the Node B requires careful attention in soft handover situations.
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