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1. Introduction

In last meeting, it was decided that 10 ms TTI was basic assumption and 2 ms TTI would be used as a supplementary. TTI of 10 ms has the benefits of robust signaling and compatibility with existing system. However, it is true that the packet delay with 10 ms TTI is larger than that with 2 ms TTI. In this paper, we discuss the timing of scheduling assignment and ACK/NACK signaling in 10 ms TTI and propose a method of timing alignment of downlink signals to reduce the packet delay.

2. Timing of downlink signaling

Since the uplink transmission timings of different UEs in a cell are not synchronized, the delays from a scheduling assignment (SA) to the start of the uplink packet transmission will be different between UEs. For convenience, we name this delay ‘scheduling delay’.. If multiple downlink SA channels exist but the transmission timings of all the SA channels are synchronized, the maximum scheduling delay with 10 ms TTI UEs can be about 10 ms, which is illustrated in Figure 1 (a). 

It is desirable to reduce the scheduling delay as much as possible so that Node B scheduling can reflect the uplink condition quickly and the packet delay can be reduced. If multiple downlink SA channels exist and the transmission timings of different downlink SA channels are distributed within a TTI, the scheduling delay can be reduced. Figure 1 (b) illustrates this operation. Specifically, figure 1 (b) shows an example of 3 existing SA channels and the transmission timing of SA channels are allocated differently within 10 ms TTI. Then, Node B scheduler can select a SA channel with the smallest scheduling delay with the UE to be scheduled. It should be noted that in this case, Node B should perform scheduling operation 3 times every TTI.

Similar strategy can be employed in the ACK/NACK signaling. If we set the same transmission timing for all the downlink ACK/NACK channels to the UEs in a cell, maximum ACK/NACK delay can be about 10 ms, which is illustrated in Figure 2 (a). To reduce the delay, we can set different transmission timing for each ACK/NACK channel as shown in Figure 2 (b) so that the delay from the reception of the uplink E-DCH packet to the downlink ACK/NACK signaling can be reduced. 

When the ACK/NACK signals for different UEs are multiplexed into an OVSF code by use of orthogonal codes [1][2], the transmission timings of the ACK/NACK signals should be assigned in such way that the orthogonality between ACK/NACK signals for different UEs is guaranteed. For an example, the ACK/NACK transmission timings may be shifted by 2 ms resolution if orthogonal codes with 2 ms period are used with repetition for the multiplexing of ACK/NACK signals for different UEs [3].

Different timing allocation for the SA channels and ACK/NACK channels described above may be implemented by defining different timing offset values relative to a common downlink channel, e.g., S-CCPCH, to each scheduling assignment channel and each ACK/NACK channel.
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(a) With one transmission timing. 
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Figure 1. Downlink signaling of scheduling assignment 
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(a) With one transmission timing

[image: image4.emf]DL ACK/NACK

transmission

{

UE1

UE2

UE3

10 ms TTI

UL E-DCH

transmission

{

ACK/NACK delay

ACK/NACK delay

ACK/NACK delay


(b) With multiple transmission timings

Figure 2. Downlink signaling of ACK/NACK 

5. Conclusions
It is suggested that the transmission timings of the downlink SA channels and ACK/NACK signaling channels should be able to be allocated differently within 10 ms TTI to reduce the delay in scheduling assignment and HARQ.
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