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1 Introduction
HARQ is thought to be one of the feasible techniques for E-DCH. For HARQ, additional downlink signalling is required. So, until now, there have been some documents and discussions on downlink channel structure for uplink enhancements. Tdoc [3] has shown the general requirements and possibilities for physical downlink signalling. Tdoc [2] described a detailed method for downlink control channel.
In this contribution, possible methods for ACK/NACK signalling are discussed with some simulation results.
2 ACK/NACK Signalling
Downlink signalling is composed of HARQ related information, scheduling related information, and etc. This contribution is focusing on the HARQ related downlink signalling, which is ACK/NACK. 
For ACK/NACK, we can think two possible signalling schemes, common type and dedicated type. Common type ACK/NACK signalling has the problem that the number of UEs which node B can handle is limited. Furthermore, this scheme should reserve some downlink code space. While, dedicated type ACK/NACK signalling can overcome these properties.
Dedicated type ACK/NACK is very similar to HI scheme in HSDPA, which had not accepted. During the HSDPA discussion, there were so many contributions on HI transmission. And finally DPDCH puncturing had been considered as the most feasible method even though it has the drawback such as backward compatibility.
So, we think that ACK/NACK should also be signalled by DPDCH puncturing. In this section, we describe possible ACK/NACK signalling methods by DPDCH puncturing.
2.1 Possible method
Dedicated type ACK/NACK has the drawback of backward compatibility. That is, DPDCH puncturing could result in the degradation of DPDCH performances. So, we should find the proper puncturing scheme which can reduce the factor of backward compatibility as much as possible.
ACK/NACK should be transmitted with high reliability, since the misdetection of ACK or NACK may result the serious problem in HARQ functionality. So, ACK/NACK may be repeated or transmitted with high power for the reliable transmission even though just one information bit is needed for the ACK/NACK indication. 
Actually ACK/NACK should be able to be transmitted every TTI, so it can be transmitted either every slot or some slots in a TTI.  Figure 1 shows one example of the ACK/NACK transmission scheme with DPDCH puncturing. Here, ACK/NACK is repeated by p in one slot and inserted into the punctured position in DPDCH. The puncturing position is selected randomly.
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Figure 1
Puncturing example for ACK/NACK bit
2.2 Simulation results
This section is showing some simulation results on link performance of DPCH with some bits punctured for ACK/NACK. We compared the link performance curves of the 12.2Kbps speech service depending on the number of punctured bits. Observed cases are
· No puncturing case (equal to Rel’99 DPCH)

· 1 symbol puncturing in 1 TTI (assuming that TTI length is 3 slot)
· 1 symbol puncturing in 1 slot

· 2 symbol puncturing in 1 slot

These figures are showing the performance results in AWGN channel and 3km/h 2-path fading channel condition. Simulation assumption is given in Annex.
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Figure 1
Performance of 12.2 kbps speech with/without puncturing in static propagation channel
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Figure 2
Performance of 12.2 kbps speech with/without puncturing in 3km/h fading channel

2.3 Discussions

In section 2.2, we showed the DPCH link performance according to the number of punctured bits for ACK/NACK signalling. As you can see the figures, slight performance degradation is seen with the puncturing. 1 symbol puncturing per 3 slot TTI, voice service sill suffer 0.1dB degradation, which seems to be negligible. On the other hand, degradation would be 0.7 dB with 2 symbol puncturing per one slot.

If the number of punctured bits for ACK/NACK is small, degradation of the DPCH link performance would be very slight, but the reliability of ACK/NACK could be reduced. While, with more bits punctured, ACK/NACK can be transmitted with big reliability, but the degradation of DPCH performance would be somewhat increased. 
Here, we can see there would be the trade off between DPCH performance and ACK/NACK reliability. So, the number of punctured bits would be considered if the ACK/NACK signalling is achieved by DPDCH puncturing.
3 Conclusion

In this paper we have presented dedicated schemes of downlink ACK/NACK transmission for Enhanced Uplink DCH. Here, we assumed that ACK/NACK can be signaled by DPDCH puncturing. Section 2 showed some simulation results of DPDCH performance according to the puncturing for ACK/NACK signaling. 
From the simulation results, DPDCH puncturing method seems to be the feasible downlink signaling of ACK/NACK information at the expense of negligible degradation of DPCH performance.
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Annex
Table A.1

Simulation Assumptions

	Chip Rate
	3.840 Mcps

	Carrier Frequency (GHz)
	2

	Slot format
	8

	Information bit rate (kbps)
	12.2kbps (speech) + 3.4Kbps (SRB)

	Channel coding
	1/3 convolutional code

	Channel Estimation
	Ideal

	Inner-loop transmit power control (TPC)
	On (except in AWGN case)

	Outer-loop power control
	On (BLER target 1%)

	TPC step size
	1dB

	TPC command error rate
	None

	Propagation Channel
	Static(AWGN), CASE 1 (2 tap, 3kmph) in TS25.101

	Sample rate
	1 sample/chip

	SIR estimation for power control
	SIR estimation per slot




































