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1 Introduction
HARQ is thought to be one of the feasible techniques for E-DCH. For HARQ, additional downlink control signalling is required for ACK/NACK transmission.[1]

For ACK/NACK signalling, we can think two possible signalling schemes, 

· ACK/NACK transmission on the downlink DPCH: ACK/NACK bit is embedded on the downlink DPCH. Puncturing of DPDCH bits is one of the possible methods. It can avoid the limitation of code resource but the impact on downlink DPCH performance is expected. 

· ACK/NACK transmission on a separate code channel(s) [2][3][4]: ACK/NACK can be transmitted without impact on the downlink DPCH performance. The separate code channel(s) may lead to a burden of downlink code space and require an additional transmit power. Reception of additional separate code channel may increase the UE implementation complexity.

In regarding to downlink DPCH puncturing method, there are some concerns about the impact on downlink DPCH performance. But if the impact on downlink DPCH performance is negligible or could be mitigated with the proper algorithm, the ACK/NACK transmission on the downlink DPCH by puncturing could be a feasible method. 

So, in this contribution, we evaluate the impact on downlink DPCH performance with some simulation results in case of puncturing method for ACK/NACK signalling. 

2 Downlink DPCH puncturing method
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. And 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 times in one slot and inserted into the punctured position in DPDCH. The puncturing position can be selected by random algorithm.

Downlink DPCH puncturing method could result in the degradation of DPCH performances. So, it is needed to find the smarter puncturing scheme, which can reduce the factor of degradation as much as possible.
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Figure 1
Puncturing example for ACK/NACK bit

3 Simulation results
This section is showing some simulation results on link performance of DPCH with some bits punctured for ACK/NACK as well as ACK/NACK BER performance. 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

Figure 2 and Figure 3 are showing the DPDCH BLER performance and ACK/NACK BER performance in ITU pedestrian-A channel at 3km/h. Figure 4 and Figure 5 are in ITU pedestrian-B channel at 3km/h. Figure 6 and Figure 7 are in ITU vehicular-A channel at 30km/h. Simulation assumption is given in Annex.

In the figures, slight performance degradation is seen in DPDCH with the puncturing. 1 symbol puncturing per 3 slot TTI, voice service sill suffer 0.05~0.2dB degradation, which seems to be negligible. On the other hand, degradation would be 1.0 dB with 2 symbol puncturing per one slot. It is noted that if the position of p-bit per slot or frame is more randomized, the factor of degradation could be reduced.

Table 1 summarizes the simulation results. We observe that ACK/NACK error probability is less than 0.5% at the expense of 0.3~0.65dB degradation of DPDCH punctured. 

Namely, 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. 

	
	ITU Ped-A (3km/h)
	ITU Ped-B (3km/h)

	
	DPDCH performance degradation
	Required Ec/Ior for 1% BLER of DPDCH
	BER for ACK/NACK in given Ec/Ior 
	DPDCH performance degradation
	Required Ec/Ior for 1% BLER of DPDCH
	BER for ACK/NACK in given Ec/Ior 

	1 symbol puncturing in 1 TTI
	0.20 dB
	-20.20
	0.024
	0.05 dB
	-20.91
	0.04

	1 symbol puncturing in 1 slot
	0.65 dB
	-19.85
	0.001
	0.30 dB
	-20.60
	0.0014

	2 symbol puncturing in 1 slot
	1.0 dB
	-19.5
	less than 0.0001
	0.95 dB
	-20.01
	0.00007


	
	ITU Veh-A (30km/h)

	
	DPDCH performance degradation
	Required Ec/Ior for 1% BLER of DPDCH
	BER for ACK/NACK in given Ec/Ior 

	1 symbol puncturing in 1 TTI
	0.07 dB
	-20.36 dB
	0.04

	1 symbol puncturing in 1 slot
	0.35 dB
	-20.08 dB
	0.003

	2 symbol puncturing in 1 slot
	0.83 dB
	-19.6 dB
	0.0003


Table1. Summary of the simulation results
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Figure 2
Performance of 12.2 kbps speech with/without puncturing in ITU-R Pedestrian-A channel (3km/h)
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Figure 3
Performance of ACK/NACK in ITU-R Pedestrian-A channel (3km/h)

[image: image4.emf]-26 -25 -24 -23 -22 -21 -20

1E-3

0.01

0.1

1

Performance of DPCH over ITU-R Ped-B(3km/h,Ior/Ioc=3dB)

BLER

DPCH Ec/Ior

 

 

 No puncturing

 1 symbol puncturing per 3 slots

 1 symbol puncturing per 1 slot

 2 symbol puncturing per 1 slot


Figure 4
Performance of 12.2 kbps speech with/without puncturing in ITU-R Pedestrian-B channel (3km/h)
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Figure 5
Performance of ACK/NACK in ITU-R pedestrian-B channel (3km/h)
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Figure 6
Performance of 12.2 kbps speech with/without puncturing in ITU-R Vehicular-A channel (30km/h)
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Figure 7
Performance of ACK/NACK in ITU-R Vehicular-A channel (30km/h)

4 Conclusion

In this paper we have discussed about the possible methods for downlink ACK/NACK transmission: 

· ACK/NACK transmission on the downlink DPCH

· ACK/NACK transmission on a separate code channel(s) 

We also have shown some simulation results on the ACK/NACK transmission by puncturing of the downlink DPDCH bits. To ensure more reliable ACK/NACK transmission and to mitigate the impact on downlink DPCH performance, a novel puncturing scheme needs to be studied further.

To enable the further study of the possible methods for ACK/NACK signalling, it is proposed to include the following text proposal into the TR.
-------------------------------------------------------- Start of text proposal ------------------------------------------------------
7.2.3
Associated Signaling

Associated control signaling required for the operation a particular scheme consists of downlink and uplink signaling. Different proposals may have different requirements on the necessary signaling. Furthermore, the signaling structure may depend on other uplink enhancements considered.

The overhead required should be kept small in order not to waste power and code resources in the downlink and not to create unnecessary interference in the uplink. 

Downlink signaling consists of a single ACK/NAK per (uplink) TTI from the Node B. Similar to the HS-DSCH, a well-defined processing time from the reception of a transport block at the Node B to the transmission of the ACK/NAK in the downlink can be used in order to avoid explicit signaling of the hybrid ARQ process number along with the ACK/NAK. 
There are two possible methods for the downlink ACK/NACK transmission:

· ACK/NACK transmission on the downlink DPCH: ACK/NACK bit is embedded on the downlink DPCH. Puncturing of DPDCH bits is one of the possible methods. It can avoid the limitation of code resource but the impact on downlink DPCH performance is expected. 
· ACK/NACK transmission on a separate code channel(s): ACK/NACK can be transmitted without impact on the downlink DPCH performance. The separate code channel(s) may lead to a burden of downlink code space and require an additional transmit power. Reception of additional separate code channel may increase the UE implementation complexity.
The details on how to transmit the ACK/NAK are to be studied further. 
------------------------------------------------------------- End of text proposal ------------------------------------------------------
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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 

	Outer-loop power control
	Off

	TPC step size
	1dB

	TPC command error rate
	4% error

	Propagation Channel
	ITU-R channel : Ped-A(3km/h) Ped-B(3km/h), Veh-A(30km/h)

	Sample rate
	1 sample/chip

	SIR estimation for power control
	SIR estimation per slot

	Threshold for ACK/NACK decision
	0 (equally protected)

	Fast fading
	Jakes
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