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1. Introduction

In Seoul meeting and the discussion in the email reflector, it was agreed that ACK/NACK would be transmitted during 2 ms radio subframe via E-HICH dedicated to each 2 ms TTI UE by symbol level orthogonal sequence [1]. On the other hand, it is still F.F.S. whether the duration of ACK/NACK signaling will be extended larger than 2 ms in case of 10 ms TTI or not. This paper shows further simulation results of ACK/NACK signaling and propose the structure of downlink ACK/NACK signaling via E-HICH for 10 ms TTI. The results and proposal will be valid also with the downlink scheduling command signaling via E-RGCH.

2. Performance of downlink ACK/NACK signaling

As already well known, restriction on the NACK-to-ACK error rate is more strict than on the ACK-to-NACK error rate since NACK-to-ACK error will cause RLC level retransmission. In RAN2 discussion, it was agreed that the probability of ‘CAT2 error’ which implies the error events causing RLC retransmission should be guaranteed below 1e-3 stably. To meet this requirement, the probability of NACK-to-ACK error, PA|N should meet the following equation (slightly modified from [2]) roughly.
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, where NTX means the average number of retransmission and PA|N includes the error case of NACK-to-ACK error from any one RL among multiple RLs in case of SHO.  With this restriction, the requirements on PA|N according to the number of average retransmission is as in Table 1.

Table 1. Requirements on NACK-to-ACK error

	NTX
	1
	2
	3
	4
	5

	PA|N
	< 1e-3
	< 5e-4
	< 3.3e-4
	< 2.5e-4
	< 2e-4


Figure 1 shows PA|N performance with a signaling duration of 2 ms. The detailed simulation assumptions are shown in Table 2. As shown in the figure, the performance with 2 ms signaling duration is reliable in non-SHO case and in the cases of SHO with balanced radio links. For example, to support 2 times of average repetition, around 0.2% of total Node B transmit power is sufficient in non-SHO case and so is around 1.2% in case of SHO with 0 dB link imbalance. 

With 2 ms ACK/NACK signaling in 10 ms TTI, it is possible to multiplex ACK/NACK signaling for 5 different UEs by different time slots within an E-HICH, which is illustrated in Figure 2. In this case, utilization of downlink OVSF code channel can be improved 5 times. Considering the current empirical issue on the shortage of downlink channelisation code resources, we propose to have ACK/NACK signaling with 2 ms duration in case of 10 ms TTI as well as in 2 ms TTI case.

There are cases where 2 ms ACK/NACK signaling may be unreliable as shown in Figure 1, especially in cases of SHO with large link imbalances between RLs. In those cases, OOK may be applied to ACK/NACK signaling for more protection on NACK signaling as proposed in [3][4]. It may be also possible to have both of 2 ms and 10 ms signaling duration for ACK/NACK signaling so that the signaling duration can be selected between both of them [5]. However, having two different ACK/NACK signaling durations may increase the complexity of the allocation of E-HICH.

It is expected that the requirement of the reliability of E-RGCH will be much looser than that of ACK/NACK signaling. Therefore, it is also proposed to have relative grant command with 2 ms signaling duration in case of 10 ms TTI so that one E-RGCH with same orthogonal sequence can be allocated to 5 different UEs via different time slots.
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Figure 1. Performance of ACK/NACK signaling with 2 ms signaling duration
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Figure 2. ACK/NACK signal allocation within E-HICH for 10 ms TTI

Table 2. Simulation assumptions

	ACK/NACK signaling duration
	2 ms

	Spreading factor of ACK/NACK symbol
	256

	ACK/NACK symbol repetition in TTI
	30

	Channel environment
	fading channel with 2 equal gain paths (3km/hr)

	Channel estimation
	by CPICH with 10% of total Node B transmit power

	ACK/NACK detection scheme
	BPSK detection with zero threshold

	Inner-loop power control
	On

	TPC bit error rate
	4 %

	Outer-loop power control
	Off

	Soft handover
	Non-SHO, 2-way, 3-way

	Link imbalance in case of SHO
	0 dB, 3 dB, 6 dB


3. Summary

The followings are proposed for the structure of E-HICH of 10 ms TTI.

- Having 2 ms ACK/NACK signaling duration

- Multiplexing 2 ms ACK/NACK signals to different UEs within one E-HICH

The followings are also proposed for the structure of E-RGCH of 10 ms TTI.

- Having 2 ms RG command signaling duration

- Multiplexing 2 ms RG commands to different UEs within one E-RGCH
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