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1. Introduction
A Study Item on Synchronised E-DCH was approved at RAN plenary #37. The aim of the study item is to study whether basestation resource scheduling offers a potential for improving the Uplink by means of using OVSF user separation that was not available during the time of the Uplink Synchronous Transmission Scheme SI. Specifically, the SI will focus on the following:
· Resulting performance from BTS based dynamic uplink code allocation

· Resulting L1/MAC signalling needs to enable BTS based code allocation and uplink synchronisation on top of Release 7 specification

· The impact on legacy terminals in the cell (e.g. backward compatibility of populations of terminals)

This document discusses some issues associated with operating the uplink using OVSF codes that should be addressed in order to assess the performance and understand the signalling requirements in the context of Release 8 HSPA.

2. Synchronised E-DCH model
It is assumed that synchronised E-DCH will be implemented in Release 8 terminals and will coexist with terminals of Release 7 and below. Synchronised E-DCH users will implement timing advance sufficient to ensure that the reception timings of the main receive paths are synchronised at chip and TTI level. Furthermore, synchronised E-DCH users will share a common scrambling code and be separated using OVSF codes that are allocated on a dynamic basis by a modified HSUPA scheduler. Thus, orthogonality between users can be improved in the code domain or achieved by time domain separation. The Synchronised E-DCH physical and transport channel design should aim to maintain commonality with Release 7 HSUPA. HARQ should be supported.
3. Issues requiring addressing in the synchronised E-DCH Study Item

OVSF Code management issues

In WCDMA, users employ different scrambling codes and thus each user is able to make use of the full OVSF code tree. For synchronised E-DCH, it is envisaged that a cell common scrambling code will be used. Thus, users must share the OVSF code tree in the same manner as in the WCDMA downlink. Unlike the downlink situation, in the uplink it is preferable to avoid use of multicodes where possible and rather to use variable spreading factor, in order to minimise PAPR for the UE. The use of variable spreading factors implies allocating users contiguous spaces within the OVSF tree. The ability to allocate contiguous spaces interacts with scheduling and synchronous HARQ. It is FFS whether contiguous allocations will always be possible or the extent to which multicodes can in some cases be tolerated.

Scheduling & required downlink control channels

In WCDMA, “scheduling” of the uplink consists of assigning users the right to generate interference by means of controlling the E-DPDCH/DPCCH power ratio. Use of a common OVSF tree brings an additional dimension of scheduling; time and code allocation. It is FFS what sort of time/code granularity can be supported with L1 signalling in the DL. For some types of traffic, L2 signalling of regular resource allocations could be considered.

HARQ

HARQ should be supported. As described in the previous sections, dynamic scheduling of the OVSF resources may interact with Synchronous HARQ as currently used for HSUPA, hence the HARQ protocol may require some further study.

Parallel E-DPDCH and OVSF transmissions

WCDMA allows for both E-DPDCH and Rel-99 DPDCH to be configured in parallel in the same terminal. It is FFS whether similarly, E-DPDCH and synchronised E-DCH might be configured in parallel. One motivation to do so might be to allow for autonomous transmissions for some traffic types. If E-DPDCH and synchronised E-DCH are allowed to be configured in parallel, it is FFS how to operate HARQ between the two. Independent HARQ operation would seem to be the most reasonable way forward but would require additional HICH signalling in the DL.

Management of the UL control channels & CPC applicability

In addition to the E-DPDCH, it is also necessary to transmit the control channels DPCCH, E-DPCCH and HS-DPCCH. In Rel-99, the DPCCH needs to be transmitted continuously, although CPC in Release 7 allows for gating of the DPCCH. HS-DPCCH is transmitted intermittently, whereas E-DPCCH transmission is linked to transmission of the E-DPDCH. In both uplink and downlink, the overhead created by the need for transmission of control channels in HSPA is a serious issue in accommodating reasonable numbers of users with satisfactory QoS, which has lead to the development in Releases 6 and 7 of the Fractional DPCH addressing the impact of control channels to OVSF overhead in the downlink and CPC addressing the RoT created by control channels in the uplink.

One option for transmitting the control channels would be to transmit them using the same user specific scrambling code as for HSUPA. Thus, the terminal would transmit the control channels under a user specific scrambling code. Such an approach would avoid any restriction in the number of supportable users caused by OVSF code space restrictions, but would create a control overhead that is not orthogonal to the E-DPDCH, thus restricting the achievable improvements in particular where a large number of active users are to be supported. Also, the implications of the DPCCH pilot being placed under a different scrambling code to the E-DPDCH would need to be considered.

A second option is to accommodate the control channels in the OVSF tree. For DPCCH, this might imply an allocation of one SF256 code per user. During phases of gating, it may be possible for users to share OVSF codes, although such sharing may become complex considering users with different activity patterns. It should be noted that introduction of a concept similar to Fractional DPCH would be more difficult for the uplink since it is necessary to transmit user specific pilots. Sharing HS-DPCCH codes may be more straightforward if CQI reporting is configured appropriately, although multiplexing ACK/NACK responses would require some intelligence on the part of the HSDPA scheduler. E-DPCCH code usage could be linked to the use of the E-DPDCH.

Soft/Softer Handover 

HSUPA supports soft and softer handover in the uplink. The potential benefits of soft handover are twofold; firstly capacity gain due to selective combining and secondly an ability for neighbour cells to reduce interference spikes by sending fast power control commands to the terminal. For synchronised E-DCH, SHO is in principle still possible. It should be noted that although timing advance mechanisms can align uplink reception timing in the serving cell, uplink timing of UEs from a serving cell would not be preserved in a neighbour cell, thus the OVSF separation between users from the serving cell would be reduced. Also, the traffic in the neighbour cell would not be OVSF separated from the serving cell. Thus it is not clear that a neighbour cell would receive from a UE with a comparable SINR to the serving cell. This in turn implies that the soft handover mechanism may not function effectively, since the neighbour cell will always experience a significantly lower SINR and will never receive transport blocks correctly. Furthermore, interference spikes into the neighbour cell may become more significant, although the cell would still have some means to control them.

Initial access

In principle, the synchronised E-DCH SI addresses UEs operating in CELL_DCH state. However in order to operate synchronised E-DCH, UEs need to be timing aligned. If timing alignment is not achieved during initial access, then the terminals may need to be firstly configured to HSUPA prior to a timing alignment being carried out, which may increase the call setup delay. An alternative that could be considered would be to perform timing advance starting from reception of the first RACH preamble, which would require some modification to the RACH procedure.

Scheduling requests
UEs that are in CELL_DCH but have not been active for some time need to be able to make scheduling requests. In WCDMA, this is achieved by autonomous transmission of a MAC header. For synchronised EDCH, there are a number of possibilities. WCDMA and unscheduled transmissions could be re-used, although this would introduce some non orthogonality. Alternatively, a new synchronised RACH could be introduced or polling or regular scheduling of MAC headers could be introduced to enable transmission of the scheduling requests within the OVSF space. An analysis of the overhead and latency impacts of these options is required,

Power control loops

The inner and outer loop power control should in principle be capable of operating in a similar manner for synchronised E-DCH as is the case for HSUPA. However if good orthogonality is achieved within the cell, then the interference will become more dominated by inter-cell interference and the variance may increase.

RoT control

Due to the need to support legacy WCDMA users, the RoT in the cell should remain controlled and at a level commensurate with that for which the cell was planned. In a similar manner to HSUPA, RoT could be controlled by controlling the power offset applied to the E-DPDCH. It should be noted that there is likely to be a loose linkage between applicable power control offset and the amount of allocated OVSF resource.

Synchronisation requirements

Synchronisation was extensively studied during the Release 5 USTS SI and should not be re-addressed in detail as a part of this SI. Obviously, for OVSF separation to function effectively sub chip alignment of the main receive paths of the users must be achieved. At least SF256 symbol timing must be achieved; in principle TTI alignment is not necessary although in practice this is required for efficient scheduling. Re-alignment of synchronisation during handover should also be considered, although such detail may not be essential for a SI phase.
Backward compatibility

The problem of the backward compatibility was originally studied during the USTS SI. No particular problems with mixing old and new devices were shown, in opposite: the gradual improvement as a function of the new device population is expected. Nevertheless the impact of the legacy UEs on the new synchronised E-DCH should be rechecked.

4. Conclusion

The following list of issues should be addressed in evaluating the feasibility and signalling requirements for introducing a synchronised E-DCH to Release 8. It is proposed that the TR be structured to allow for an evaluation of these aspects.

· OVSF Code management issues

· Scheduling & required downlink control channels

· HARQ

· Parallel E-DPDCH and OVSF transmissions

· Management of the UL control channels & CPC applicability

· Soft/Softer Handover 

· Initial access

· Scheduling requests

· Power control loops

· RoT control

· Synchronisation requirements

· Backward compatibility
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