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1 Introduction
E-UCCH carries uplink control information associated with the E-DCH. An incorrect E-UCCH generally results in a failure to decode the E-DCH. Depending on system configuration, more than one instance of the E-UCCH can be multiplexed in an E-DCH TTI and they can be combined to improve decoding performance. The more E-UCCH used for the combining, the better the performance of the control channel. However, an excessive number of E-UCCH leads to an unnecessary consumption of physical resources. The objective of this contribution is to show that the throughput degradation of 3.84Mcps E-DCH due to erroneous E-UCCH can be made reasonably small by using a small number of E-UCCH. 
2 Simulation assumptions
The impact of E-UCCH on E-DCH can be evaluated by Fixed Reference Channel (FRC) throughput simulation. Table 1 presents three fixed reference channels to be used in the simulation, corresponding to low, medium and high coding rates.  FRC channels with both QPSK and 16-QAM modulation are also represented to provide a range of scenarios.  The number of E-UCCH is the number of E-UCCH actually multiplexed in the E-DCH. Additional assumptions are shown in Table 2. Throughout the simulations, incremental redundancy was assumed.  Details on the coding and multiplexing of E-DCH can be found in [1].
Table 1 FRC definition

	Fixed Ref Channel
	Block Size
	Time slots
	SF
	Burst type
	Coding rate
	Modulation
	Number of E-UCCH

	FRC1 
	347
	6
	16
	1
	0.312
	QPSK
	4

	FRC2
	10831
	6
	2
	1
	0.488
	16QAM
	2

	FRC3
	20737
	4
	1
	1
	0.716
	16QAM
	2


Table 2 Simulation Assumptions
	Parameter


	Assumption

	Carrier Frequency
	2 GHz

	Chip rate
	3.84 Mcps

	Transmit diversity
	OFF

	Receiver antenna diversity
	ON

	Numerical precision
	Floating point simulation

	Oversampling 
	4 samples per chip

	Channel ray mapping
	shifted to nearest multiple of the sampling rate

	RRC Pulse shaping filter 
	Yes

	Receiver 
	MMSE JD receiver

	Channel estimation
	Joint channel estimator according to article from Steiner and Baier in Freq., vol. 47, 1993, pp.292-298. Realistic post-processing of the channel estimates.

	Midamble
	Default midamble

	Propagation model
	Pedestrian A at 3 kmph, Vehicular A at 30 kmph

	Channel Coding
	Turbo code with a Max-log Map algorithm for up to 4 maximum iterations


3 Simulation Results
In this section, the E-DCH FRC throughput performance with different number of E-UCCH is compared to the performance with a perfect knowledge of E-UCCH. A reasonable performance criterion could be one in which the FRC throughput suffers less than 5% degradation, (compared to ideal FRC throughput), for ideal FRC throughputs ≥x% of the full FRC channel rate, due to E-UCCH loss.  A reasonable target value of x is considered to be 50%.

Figure 1 to Figure 6 compare the FRC throughput results and normalized degradation with an ideal E-UCCH and with realistically decoded E-UCCH. Different numbers of E-UCCH have been considered in the combining. It is seen that the throughput degradation reduces as the number of E-UCCH used in the combining is increased. The number of E-UCCH required to meet the aforementioned criterion are summarized in Table 3. 
Table 3 Required Number of E-UCCH 

	Fixed Ref Channel
	Fading channel
	Required number of E-UCCH

	FRC1 
	PA3
	4

	
	VA30
	2

	FRC2
	PA3
	2

	
	VA30
	2

	FRC3
	PA3
	2

	
	VA30
	2
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Figure 1 FRC1 throughput; PA3
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b. Throughput degradation


Figure 2 FRC1 throughput comparison; VA30
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Figure 3 FRC2 throughput Degradation; PA3
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Figure 4 FRC2 throughput comparison; VA30
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b. Throughput degradation


Figure 5 FRC3 throughput Degradation; PA3
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Figure 6 FRC3 throughput Degradation; VA30 
4 Conclusion

Based on the presented results, it is verified that the current E-UCCH design is capable of efficient operation across a variety of different channels types, E-DCH coderates and modulation formats. A small E-DCH throughput degradation relative to ideal FRC throughput can be archived through the use of a small number of E-UCCH per E-DCH TTI.  It is concluded that the E-UCCH has been designed adequately.
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