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1. Introduction

Low client-server round-trip time (RTT) is of great importance to several applications. Examples hereof are the popular multi-user first-person-shooter games, where rapid response from the game server obviously is a matter of life and death for the players. Among gaming “professionals”, it has become common to test the RTT, e.g., through the use of ‘ping’, and only enter the game if a sufficiently low delay is observed. Another important case when low client-server round-trip time is essential is TCP-based applications, where the congestion control mechanisms of TCP limit the data rate as a function of the observed RTT. A too large RTT may in this case lead to inefficiency in the radio-resource utilization and degraded end-user performance. 

Shortening the uplink TTI will contribute to an overall client-server RTT reduction. Results showing the impact from a reduced TTI on the TCP performance can be found in [1], where a relatively large gain is found, especially for small-size objects. In addition to the obvious reduction in delay from the TTI itself, a reduced TTI allows for reduced processing delays as well. Incoming data to be transmitted need to wait until the start of the next TTI, a waiting time which is shortened with a reduced TTI. Furthermore, the smaller payload resulting from a reduced TTI (assuming unchanged data rate) allows for a reduced processing time in the decoding process. In this contribution, two possible structures for a shorter uplink TTI are discussed as a part of reducing the overall delays.

2. General Assumptions

A shorter uplink TTI should allow for a significant uplink-delay reduction while still supporting reasonable payloads. Furthermore, it is preferable if the current minimum TTI of 10 ms is a multiple of the short TTI. Thus, a 2 ms TTI appears to be a reasonable choice, fulfilling the two requirements above. Note that this is also an alignment to the short TTI adopted for HS-DSCH.

In the following, the abbreviation “E-DCH” is used to denote a new transport channel type, supporting a TTI of 2 ms as well as TTIs of 10/20/40/80 ms. The TTI can be defined as static (2 ms), semi-static, or dynamic. The E-DCH, primarily intended for non-conversational services, may also support other enhancements considered, e.g., hybrid ARQ. 

The reason to adopt a semi-static TTI for E-DCH, instead of a static TTI, is that there might be occasions when it is preferable to use longer TTIs for traffic normally using a 2 ms TTI on the E-DCH, e.g., due to limited UE power at the outer rim of the cell. With a static TTI, changing to a longer TTI would require a channel switching operation, moving the logical channel from the E-DCH to the DCH. This would imply that other enhancements currently discussed for the E-DCH, e.g., hybrid ARQ, cannot be used in conjunction with a longer TTI. 

If a semi-static TTI is adopted for the E-DCH, which is in line with the current WCDMA structure, the network can reconfigure the TFCS in the UE to use longer TTIs on the E-DCH whenever necessary. In the following, a semi-static TTI of 2/10/20/40/80 ms is assumed for the E-DCH.

3. Channel Structure

A 2 ms sub-frame structure is necessary on the physical layer in order to support the 2 ms TTI on the E-DCH. Note that the current 10 ms TFCI cannot be used for 2 ms TTIs as the TFCI is not available at the start of decoding of a 2 ms sub-frame. Hence, if explicit TFCI signaling is used for E-DCH, it too must be based on a 2 ms timing.

There are at least two possibilities for a physical-layer structure supporting E-DCH:

· Code multiplexing, i.e., a new (set of) physical channel(s) with 2 ms sub-frames, is introduced.

· Time multiplexing, i.e., the current DPDCH is extended to support 2 ms sub-frames.

3.1. Alternative 1: Code Multiplexing

In a code-multiplexed structure, a new physical channel, E-DPDCH, with a 2 ms sub-frame structure is introduced. The E-DCH transport channels are processed and multiplexed into a single CCTrCh, which is mapped to the (set of) E-DPDCH. The DCH transport channels are processed and multiplexed into another CCTrCh, which is mapped to the (set of) DPDCH as in R99/4/5.  Thus, the processing of the DCHs and E-DCHs is separated and there are two CCTrCh:s in the uplink as illustrated in Figure 1.

There are no restrictions on the scheduling of DCHs and E-DCHs set by the physical channel structure, i.e., the transmission activity on the DPDCH is independent from the activity on E-DPDCH (apart from limitations set by the TFCS and power limitations). As multi-code transmission is used in the uplink, the peak-to-average ratio (PAR) may be increased, although the size of the PAR increase remains to be analyzed. It is worth noting that WCDMA already uses uplink multi-code transmission for the highest data rates. 

The TFCI for the DCH(s) are, together with power control commands, FBI bits, and pilot bits, carried on an uplink DPCCH as in R99/4/5. Any TFCI signaling necessary for the E-DCH (“E-TFCI”) is carried on a separate E-DPCCH. Note that E-TFCI would be the only physical-layer signaling carried on the E-DPCCH as the DPCCH carries the power control commands and other necessary control signaling. 

TFC selection should be performed jointly for all transport channels, both DCH and E-DCH. This allows the UE to take power limitations and channel priorities into account when selecting the transport formats for each of the transport channels. As the E-DCH is mainly intended for interactive and background RABs, which have relaxed delay requirements, transmission gaps on the E-DPDCH/E-DPCCH for compressed mode could be handled simply by avoiding transmission on the E-DCH in one or several TTIs, thus avoiding the need for additional complexity in the rate matching process.

To summarize, a code multiplexed physical channel structure has the following properties:

· Conceptually simple.
· Independent operation of DPDCH and E-DPDCH.

· Risk for increased PAR due to additional code multiplexing in the uplink, although the size of the PAR increase remains to be analyzed.
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Figure 1: Transport channel processing in a code multiplexed scheme (simplified).
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Figure 2: Principal illustration of a code multiplexed E-DPDCH. Several DPDCH and E-DPDCH may be supported to increase the data rate further.

3.2. Alternative 2: Time Multiplexing

In this alternative, a single (set of) physical channel(s) is used to support both a 2 ms sub-frame structure and a 10 ms frame structure. Thus, a single CCTrCh is sufficient. In order to not unnecessarily modify the 10 ms frame structure, sub-frames appear in multiples of five, i.e., a 10 ms period is either one radio frame or five sub-frames. The frame structure will be used to carry transport channels with 10 ms or longer TTIs, implying that the transport format for channels with “long” TTIs can change no more frequent than at the frame boundaries, similar to R99/4/5. Data on transport channels using the short 2 ms TTI will use the sub-frame structure.

The Node B must be able to identify when there is a 2 ms sub-frame carrying data and with what transport format. Note that the current 10 ms TFCI signaling cannot be used, as it is not available until the end of the 10 ms radio frame.

One possibility is to redesign the general TFCI signaling to fit into a 2 ms sub-frame structure instead of the current 10 ms frame structure. Smaller codes, e.g., a (6, 2) code has to be used instead of the current (30, 10) code. Obviously, this would reduce the number of possible transport format combinations to an unacceptable small number unless the slot structure is redesigned to fit a larger number of TFCI bits. This approach would result in a more or less complete redesign of the uplink structure, which is not desirable.

If the restriction that simultaneous transmission of an E-DCH with 2 ms TTI and a DCH in the same 10 ms time interval is cannot be used, a time-multiplexed approach can be used to support the shorter TTI. This is illustrated in Figure 3, where a 10 ms TTI for the DCH has been used an example. The restriction that an E-DCH with 2 ms TTI may not be transmitted in the same 10 ms radio frame as a DCH is a limitation in this approach. However, in situations dominated by data transmission using 2 ms TTI and only occasional transmission of DCHs with longer TTIs, it might not be too severe. In situations when frequent use of DCHs is required, e.g., for supporting simultaneous voice and data, the E-DCH can be reconfigured to use a 10 ms TTI and thus avoid the restriction of simultaneous transmission. Obviously, the E-DCH traffic will then not benefit from the shorter TTI, but may still benefit from other enhancements applied to the E-DCH.

With the approach in the previous paragraph, the R99/4/5 TFCI code is used for the DCH, while another TFCI code (“E-TFCI code”) with code word duration of 2 ms is used for E-DCHs using 2 ms TTI. The Node B is required to be able to detect the presence of five 2 ms sub-frames or one 10 ms radio frame early in each radio frame. This could be achieved if all E-TFCI code words have a large minimum distance to the first part (first 3 slots) of the current TFCI code words. By studying the TFCI bits in the first three slots, the Node B can at the start of each 10 ms radio frame determine whether there is a 10 ms TFCI code word or a 2 ms E-TFCI code word. If there is a 10 ms TFCI code word, there is a 10 ms frame structure identical to the current structure and the processing is identical to R99/4/5. On the other hand, if there is a 2 ms E-TFCI code word, a 2 ms sub-frame structure is present and the Node B shall process the received signal assuming E-DCH with 2 ms TTI and a transport format given by the E-TFCI. It is not yet clear whether an appropriate TFCI2 code can be found. Blind, or semi-blind, approaches operating on the DPDCH payload could also be used to detect whether there is a 10 or 2 ms structure, although this will increase the Node B complexity.

Similarly to the code-multiplexed alternative, the TFC selection operates jointly on all transport channels. Transmission gaps necessary for compressed mode can also be handled in a similar way as in the code multiplexed alternative. 

To summarize, the following properties can be identified with a time-multiplexed scheme as described above:

· Conceptually more complex than the code multiplexed approach.

· Restrictions apply on simultaneous transmission of DCH and E-DCH using 2 ms TTI.

· No increase in PAR compared to the current uplink from additional new code-multiplexed channels are introduced.
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Figure 3:  Physical channel structure with non-simultaneous transmission of data using 2 ms TTI and data using 10 ms TTI (example).
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Figure 4: Transport channel processing in a time-multiplexed scheme (simplified).

4. Conclusion

The benefits with supporting a 2 ms TTI for the enhanced uplink has been discussed and two possible structures elaborated upon. As reduced delays are of large importance for high performance data services, further studies should be undertaken on how to support a TTI shorter than 10 ms as parts of the uplink enhancements. Of the two approaches discussed in this paper, the code-multiplexed alternative is recommended as the main alternative for further studies as it is conceptually simpler and poses fewer restrictions on the use of the E-DCH.
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