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1. Introduction

Several techniques are currently under discussion for enhancing the performance of uplink dedicated channels, e.g., fast DCH setup, Node B controlled scheduling, Node B controlled hybrid ARQ and reduced TTI. An enhanced transport channel structure supporting these enhancements is discussed in [1]. The current contribution aims at discussing the 2 ms sub-frame structure required on the physical channels in order to support a 2 ms TTI.

2. Physical Channel Structure

In order to support a 2 ms TTI, a 2 ms sub-frame structure is necessary on the physical layer. If only data using 2 ms TTI is to be transmitted, it is straightforward to use one or several DPDCHs. For the situation where simultaneous transmission of data using 2 ms TTI and 10 ms and longer TTIs, the most straightforward approach is to use code multiplexing. In a code-multiplexing scheme, CCTrCH2 and CCTrCH10 are mapped to two, potentially overlapping, sets of channelization codes, DPDCHs. The notation in [1] is used, i.e., CCTrCH10 is the result of multiplexing transport channels using TTIs of 10 ms and longer, and CCTrCH2 is the result of multiplexing transport channels using a 2 ms TTI.

Simultaneous transmission of CCTrCH10 using 10 ms frames and CCTrCH2 using 2ms sub-frames is possible if two separate, non-overlapping sets of DPDCHs are used. The division of DPDCHs between CCTrCH10 and CCTrCH2 can be either semi-static, i.e., higher layer signaling is used to divide DPDCHs into two non-overlapping sets, or dynamic, where TFCI signaling is used to inform the Node B which DPDCHs that carry the CCTrCH10 and which DPDCH that carry CCTrCH2. A dynamic scheme is preferable as it allows for a more flexible utilization of code resources. This is illustrated in Figure 1, where two DPDCHs are used as an example. In this example, one DPDCH is used for both CCTrCH2 and CCTrCH10, although not simultaneously, while the other DPDCH is used for the CCTrCH2 only.

By using code multiplexing, the CCTrCH10 processing is identical to Rel5, thus ensuring backwards compatibility. It may also allow for reusing the current receiver structures for CCTrCH10 and only implement a separate “add-on” for the CCTrCH2.

Multi-code transmission implies a higher peak-to-average than single-code transmission, approximately 1 dB for a scenario with two DPDCHs compared to a single DPDCH in the region of interest [3]. Note that this PAR increase is related to the multi-code transmission and not to the sub-frame duration as such. Hence, the situation is identical to a Rel5 UE supporting multiple DPDCHs and no fundamental problems are foreseen with the use of code multiplexing. Furthermore, it is worth noting that the use of modulation schemes of higher order than BPSK, e.g., QPSK or 8PSK, implies multi-code transmission in the uplink and thus also impacts the peak-to-average ratio. 

For UEs that do not support multi-code transmission, simultaneous transmission on CCTrCH2 and CCTrCH10 cannot be supported. If simultaneous transmission activity occurs rarely, this restriction will not have a major impact on the performance. For a service mix requiring frequent transmission using 10 ms and longer TTIs, e.g. simultaneous voice and packet data, the packet data service may temporarily be mapped to transport channels using 10 ms TTI, e.g., by using MAC channel switching as discussed in [1].
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Figure 1: Example of transmission using both 2 ms and 10 ms structures. The transport format combinations in this example are defined such that CCTrCH10 is mapped onto DPDCH1, while CCTrCH2 is mapped onto DPDCH2, and, in case of no CCTrCH10 activity, on DPDCH1.

3. Control/TFCI Signaling

The Rel5 TFCI is transmitted once per 10 ms and cannot be used for channels with 2 ms TTI. If at least one DCH with 2 ms TTI is configured, TFC information for these transport channels needs to be transmitted every 2 ms.

To minimize the impact on the current uplink structure and to provide backwards compatibility for Rel5 channels, it is preferable to keep the Rel5 DPCCH unchanged and to introduce an additional E-DPCCH to carry the part of the TFCI signaling required by the CCTrCH2. Note that other enhancements, e.g., scheduling and hybrid ARQ, may require uplink control information and motivate the introduction of the E-DPCCH as well. For reasonable power offsets, the PAR increase due to the E-DPCCH is in the order of a few tenths of a dB [3]. Another possibility is to multiplex HS-DPCCH and E-DPCCH onto the same channelization code.

If there is no activity on the CCTrCH2 in a corresponding sub-frame interval, there is no need for the UE to transmit the part of the TFCI related to the CCTrCH2 and the overall interference is reduced. The number of bits required for the 2 ms TFCI extension is to be studied further, but a rather limited number of transport format combinations on the CCTrCH2 is likely to be sufficient. This is also desirable from an overhead point of view.

Note that the Rel5 TFCI signaling on the DPCCH is not changed, neither are the other fields of the DPCCH.

4. Conclusion

A physical channel structure supporting the uplink enhancements have been discussed. It is recommended that code multiplexing is used to support 2 ms TTI and that this is reflected in [2].
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