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1. Introduction
This paper includes Lucent’s complete set of simulation results on HS-DPCCH ACK/NACK detection performance with ideal and non-ideal channel estimation. 
2. Simulation assumptions

The simulation assumptions are shown in Table 1 and they are based on [1].

Table. 1: Simulation assumptions

	Parameter
	Assumptions

	Carrier Frequency
	2 GHz

	Chip rate
	3.84 Mcps

	Receiver antenna diversity
	2 branch diversity with correlation ( = 0.

	Number of samples per chip
	1

	Number of bits in AD converter
	Floating point simulations

	Number of RAKE fingers
	Equal to the number of taps in propagation condition models

	RX AGC
	OFF

	Channel estimation
	Ideal or Non-Ideal (one-slot average estimate)

	Delay estimation
	Ideal

	Propagation conditions
	AWGN, Case1, Case2 and Case3 specified in TS25.104.

	DPCCH/ DPDCH
	Reference measurement channel (12.2kbps) as specified in Annex A of TS25.104.

	Closed loop power control
	OFF

	HS-DPCCH repetition
	1

	HS-DPCCH power offset to DPCCH
	0 dB

	HS-DPCCH timing offset to DPCCH
	0 symbol


3. Simulation results
The detection algorithm used for ACK/NACK detection in these studies is the algorithm specified in [1]. In our previous contribution [2], we showed simulation results for the probability of ACK False Alarm, i.e., 

P[DTX->ACK] with respect to the detection threshold (T). The value of the threshold that resulted in P[DTX->ACK] <= 10-2   was found to be –5.8 dB, in agreement with other companies’ results [3,4,5,6]. An implementation margin of 2 dB was added to this threshold value, resulting in T=-3.8 dB for all the simulation runs in [2]. The performance requirements are Ack Miss-Detection probability, i.e., P[ACK->NACK or DTX] <=10-2  and NACK->ACK False Alarm probability, i.e., P[NACK->ACK] <= 10-4 for AWGN, Case 1, 2 and <= 10-3 for Case 3  [1]. 

In this contribution, we evaluate the performance of the detection scheme with ideal and non-ideal channel estimation for threshold values of T=–5.8 dB and T=–3.8 dB. Figure 1 shows the performance of 

P[ACK->DTX or NACK] with respect to Ec/No (dB) for both the threshold values with ideal channel estimation. We can see that the performance with T=-5.8 dB is better than with T=-3.8 dB, as is to be expected if the threshold value is reduced (increasing the decision region for ACK).  Figure 2 shows the same comparison with non-ideal channel estimation, where we notice a similar improvement (of about 1 dB) with T=-5.8. Here, the channel estimator is a simple one-slot average (causal) channel estimate.

[image: image1.jpg]P[ACK—>DTX or ACK->NACK]

ACK Miss—Detection Probability, Ideal Channel Estimation

....... [enrmin new nnmoshasmasmonmusmensd ammenman oou osm e me s m e e m s os s
NN
-~ ;
@
.S..\.*.s.. N
o e ~5
~ e P
N ~
: ~
L e N R N T N NN

== AWGN, T = -3.8dB
=0- AWGN, T = -5.8dB
~@- Case 1, T=-3.8dB
-0~ Case 1, T=-5.8dB
-B=- Case 2, T =-3.8dB
=0~ Case 2, T =-5.8dB
== Case 3, T =-3.8dB
== Case 3, T = -5.8dB

Ec/No (dB)





Figure 1: Probability of ACK-> DTX or NACK v/s Ec/No (dB) with ideal channel estimation.
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Figure 2: Probability of ACK-> DTX or NACK v/s Ec/No (dB) with non-ideal channel estimation

Figure 3 shows the probability of false alarm, given by P[NACK->ACK] with respect to Ec/No, for a threshold value of –3.8 dB. The ideal channel estimation results agree with the results in [3,4,5,6]. It should be noted that this simple non-ideal channel estimator does not perform satisfactorily in this Ec/No regime, and the resulting performance is very poor across channel profiles. There is ~12 dB performance degradation due to non-ideal channel estimation at the 10-4 target set point. Further, at this value of threshold and for these Ec/No ranges, the probability of correct detection (P[NACK->NACK]) is very small. This is expected since we can get a 99% probability of correct detection of NACK only at the Ec/No value where the probability of ACK (or NACK) miss-detection is 10-2 since P[NACK->NACK] = 1 – P[NACK->DTX or ACK] = 1 – P[ACK->DTX or NACK] (assuming the threshold values are symmetric and equal power offsets are given to NACK and ACK transmissions).  
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Figure 3: Probability of NACK->ACK v/s Ec/No (dB) with ideal and non-ideal channel estimation for threshold T=-3.8 dB
Figures 4 and 5 compare the false alarm performance of choosing T=-3.8 dB versus T=-5.8 dB with ideal and non-ideal channel estimation respectively. Here, it can be seen that the penalty for decreasing the threshold to 

–5.8 dB is large (~5-10 dB depending on the channel profile). So the small gains in P[ACK->DTX or NACK] obtained by choosing T=-5.8 dB over T=-3.8 dB is more than offset by the corresponding significant loss in P[NACK->ACK]. Thus T=-3.8 dB seems to be a good choice of the threshold to satisfy all the performance criteria.
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Figure 4: Probability of NACK->ACK v/s Ec/No (dB) with ideal channel estimation for threshold           T=-3.8 dB and T=–5.8 dB

4. Conclusion

Table 2 shows the required EC/N0 values for P[ACK->DTX or NACK] = 10-2 with ideal and non-ideal channel estimation based on the results in this paper and those of our earlier contribution [2]. Table 3 shows the required EC/N0 for the false alarm criterion of P[NACK->ACK] = 10-4 (10-3 for Case 3) with ideal and non-ideal channel estimation. All these values are based on setting the threshold value to –3.8 dB. Based on these results, it is clear that the same implementation margins that are applied on top of the ideal curves in the ACK missed detection case cannot be applied to the false alarm curves since the performance of the channel estimation degrades significantly at very low Ec/No values.

Table 2 Required EC/N0 for ACK Missed Detection criterion, Threshold = -3.8 dB 
	
	Static (10-2)
	Case1 (10-2)
	Case2 (10-2)
	Case3 (10-2)

	  Ideal Channel Estimation
	-20.0 dB
	-14.7dB
	-18.2 dB
	-17.3 dB

	Non-ideal Channel Estimation
	-19.0 dB
	-12.8 dB
	-15.0 dB 
	-14.6 dB


 Table 3 Required EC/N0 for False Alarm P[NACK->ACK] criterion, Threshold = -3.8 dB
	
	Static (10-4)
	Case1 (10-4)
	Case2 (10-4)
	Case3 (10-3)

	Ideal Channel Estimation
	-36.0 dB
	-33.7 dB
	-36.0 dB
	< -45.0 dB

	Non-ideal Channel Estimation
	-23.0 dB
	-21.5 dB
	-24.0 dB 
	-30.0 dB
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Figure 5: Probability of NACK->ACK v/s Ec/No (dB) with non-ideal channel estimation for threshold           T=-3.8 dB and T=–5.8 dB
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