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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. Some of these enhancements may require modifications to the Rel5 transport channel processing. The current contribution discusses how the transport channel processing can be enhanced to support hybrid ARQ and a shortened TTI, e.g., 2 ms. Neither fast DCH setup, nor Node B controlled scheduling are foreseen to require any major changes to the Rel5 transport channel processing and are not considered in this contribution. The structures discussed do not assume any particular physical channel structure and may be applied to any of the physical channel structures discussed.

2. Transport Channel Structure

Enhancements to the Rel5 transport channel processing are required in order to support new features not found in Rel5 and currently under consideration:

· Hybrid ARQ, enabling fast retransmissions and soft combining for enhanced end-user performance and increased system capacity.

· Support for 2 ms TTI in addition to the Rel5 TTIs. A short TTI reduces the overall roundtrip delays and enhances end-user performance.

To support these enhancements, an enhanced DCH, E-DCH, can be introduced, either in the form of a new transport channel type or as modifications to the existing DCH transport channel type. For services not using these new features, the Rel5 DCH processing should be maintained, i.e., coding, rate matching and transport channel multiplexing should not be modified in this case.

In order to find a suitable structure for supporting the E-DCH, there are some issues that need to be addressed:

· The number of E-DCHs supported. Supporting only one E-DCH may simplify transport channel multiplexing and reduce the need for additional outband signaling, but allows only one transport channel to benefit from hybrid ARQ and a short TTI. Whether this is a serious limitation or not need to be addressed.

· Static or semi-static TTI. A (partially) separate processing chain is required to support a 2 ms TTI on the E-DCH. Using static TTI (which is used for HS-DSCH) will simplify the processing, while a semi-static TTI is in line with Rel5 and may be useful in certain scenarios. Note that a static TTI will prohibit the use of hybrid ARQ in conjunction with TTIs other than the one specified for E-DCH.

In Figure 1, one generic structure is illustrated, not making any particular assumption on the number of E-DCHs or the TTIs supported. Simultaneous transmission on multiple transport channels is possible (to the extent allowed by the physical channel structure). Hence, similar rules for prioritization between logical channels as in Rel5 can be employed, i.e., TFC selection is performed jointly for all transport channels such that the UE maximizes transmission of high priority data before transmitting data of lower priority. For E-DCHs using hybrid ARQ, a new MAC-e entity is introduced to handle the retransmission protocol in a similar way as for HS-DSCH. In any scheme with more than one MAC-e, there will be a dependency between the MAC-e entities as only a single ACK/NAK and new data indicator per (shortest uplink) TTI is used [1]. Thus, if multiple E-DCHs are supported, a retransmission request is valid for all E-DCHs using hybrid ARQ in the corresponding interval. Physical layer processing related to hybrid ARQ, e.g., soft combining, is preferably located between the coding and rate matching blocks in the transport channel processing.

Transport channels (DCHs and, if applicable, E-DCHs) with TTIs of 10/20/40/80 ms are multiplexed using the Rel5 transport channel multiplexing. In order to support E-DCH with 2 ms TTI, a separate processing chain is required. Using a separate processing chain may also allow for implementing the receiver for 2 ms E-DCHs as an “add-on” to the Rel5 processing. The output from the two processing chains is mapped onto separate (sets of) DPDCH(s). Alternatively, time multiplexing may be used and the output mapped to a single (set of) DPDCH(s).

An alternative to the structure outlined above is to impose the restriction that at most one transport channel may support hybrid ARQ. MAC-e multiplexing can be used to support multiple MAC-d flows with different priorities and multiplex them into a single transport channel. This structure allows for inband signaling of the information necessary for separation of the received data into different MAC-d flows instead of relying on the TFCI. However, the TFC selection and MAC-e multiplexing must be jointly designed in order not to “starve” low-priority MAC-d flows.

Implementing compressed mode through spreading factor reduction seems to be of limited value for DCHs with 2 ms TTI. Instead, higher layer scheduling can be used. Thus, the rate matching for these channels can be simplified compared to Rel5. Furthermore, if only a single DCH with 2 ms is allowed, i.e., by the use of MAC-e multiplexing, the rate matching process may be further simplified as there is no need to balance the quality of multiple E-DCH with 2 ms TTI.

For many applications, it is desirable to use a 2 ms TTI from a delay perspective. However, in power limited situations, e.g., close to the cell border, it may not be possible to support a reasonable payload using a 2 ms TTI and a longer TTI may be useful. One possibility is to use higher layer signaling to reconfigure the transport channels. This is a relatively slow process. Another possibility is to support MAC channel switching, allowing the UE to autonomously change the mapping of a logical channel from a transport channel using a short TTI to a transport channel using a longer TTI in a power limited situation. This is a relatively fast process and switching could in principle be done at the rate determined by the “long” TTI.
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Figure 1: Transport channel processing (simplified).

3. Conclusion

A transport channel structure supporting the uplink enhancements currently under consideration has been outlined and some open issues highlighted. It is recommended that this structure is taken as a basis for further discussions.
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