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1.1. Introduction

In previous meetings, there were contributions touching upon issues with DTX to ACK target quality requirements for uplink control signaling [1]. In this contribution we give some simulation results as well as some analysis of target quality requirement for ACK/NACK transmission in PUSCH.
2.1. Target Quality Requirement for UL control signaling
Last year RAN1 has studies issues on uplink control signaling and have sent an LS to RAN2, and RAN4 on RAN1’s views on the target quality requirements [2]. These target quality requirements has been captured into TS36.300 Annex H as part of the informative text on general description of LTE [3]. The table below shows the target quality requirements of these two documents.
Table 1. Target Quality Requirements for UL control signaling

	Event
	Target quality

	ACK miss detection (for DL-SCH)
	(10-2)

	DTX to ACK error (for DL-SCH)
	(10-2 – 10-1)

	NACK to ACK error (for DL-SCH)
	(10-4 – 10-3)

	CQI block error rate
	FFS (10-2 – 10-1)


In case of ACK/NACK transmission, the ACK/NACK performance must satisfy 1% BLER while, at the same time NACK to ACK error must satisfy either 0.1% or 0.01%. Also in cases, where the UE misses the PDCCH scheduling grant for downlink, the DTX of ACK/NACK should not lead to DTX to ACK more than 1% or 10% of the time. In order to satisfy these target quality requirements, the eNB can utilize some threshold detection mechanism, at least for the 1 bit ACK/NACK transmission in the PUSCH. This threshold detection mechanism is both used to provide sufficient DTX to ACK error quality, and also sufficient NACK to ACK error quality.
Based on these target error quality requirements, we have simulated ACK/NACK performance, in order to see what code rates are needed to sufficiently support ACK miss detection, DTX to ACK, and NACK to ACK error requirements. We also simulated to see what code rate are needed to sufficiently only support ACK miss detection, and NACK to ACK error requirements. From these results we may able to get a general idea how DTX to ACK target requirement affect the ACK/NACK control signalling in the uplink.
3.1. Summary of Simulation Results

Detailed information on simulation parameters and configurations are located in the Annex of this contribution. To summary the simulation results, we have simulated the ACK/NACK performance using a threshold detection method. The performance itself was simulated over various threshold values. Depending on the threshold values, the performances of ACK miss detection, NACK to ACK error, and DTX to ACK error changes. After various simulations we have plotted the minimum SNR required in order to meet NACK to ACK error 0.1%, 0.01% and DTX to ACK error 10% and 1% using a certain number of RE for ACK/NACK transmission in PUSCH. Note that a optimized threshold value depending on number of REs used and SNR points was used for each target quality requirements.
Figure 1 shows the minimum SNR required for certain number of REs being used for ACK/NACK transmission in PUSCH, for different target quality requirements. The minimum SNR for DTX to ACK error of 1% or 10% was the minimum SNR which satisfy ACK miss detection of 1%, NACK to ACK error of 0.01%, and DTX to ACK error of 1% or 10% at the same time. The minimum SNR for NACK to ACK error of 0.1% or 0.01% was the minimum SNR which satisfy only ACK miss detection of 1% and NACK to ACK of 0.1% or 0.01%. The 2 State ACK miss detection of 1% curve in the figure is the ideal performance without using any threshold value. All the simulation results were based on realistic channel estimation in a fading channel environment.
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Figure 1. Number of REs versus required SNR for different target quality using optimized threshold value
From the observation of the results, we can see that DTX to ACK of either 1% or 10% can be achieved with only 4 REs, although the required SNR is increased in order to sufficiently achieve 1% or 10%. It may be more beneficial to support higher DTX to ACK error from the system perspective, since supporting DTX to ACK error of 1% may require large offset values in the PUSCH control information MCS formula [4]. This may be feasible since from the system perspective the eNB only need to maintain the back to back requirement of “Pr(PDCCH miss)*Pr(DTX to ACK) < Pr(NACK to ACK)”. It may be so that UEs operating in a high SNR uses small number of RE to transmit ACK/NACK, but since the eNB knows in advance what code rate or SNR the UE is operating in it could boost the power of the PDCCH lowering the PDCCH miss probability and still maintain the back to back requirement.
4.1. Conclusion

It seems that the DTX to ACK error requirement in ACK/NACK being transmitting in PUSCH can be supported by setting the minimum REs used by the ACK/NACK transmission to be 4 RE. Since the minimum REs used by the ACK/NACK transmission is 2 RE for cases where DTX to ACK error requirement is neglected, this 4 RE may not be such a burden on the PUSCH. Additionally it seems that supporting DTX to ACK error requirements in the lower SNR ranges could be done by adjusting the offset value of the current MCS calculation formula.
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Annex. Simulation Parameters and Additional Results
Simulation were in two different propagation scenerios AWGN and ETU defined in TS36.101[6]. The AWGN results were done using ideal channel estimation, whereas the ETU results were done using real channel estimator. The ACK/NACK REs used was positioned according to the latest specifications (Near the RS). Table 2 shows the simulation parameters used in the simulation. The simulation was done using different threshold values ranging from 0 to 0.9.
Table 2. Simulation Parameters

	Wireless Channel model
	AWGN, ETU 3Km/hr

	System Carrier Frequency
	2 GHz

	System BW
	10 MHz

	Number of RBs for PUSCH
	4 RBs

	Antenna Configuration
	1 x 2

	Channel Estimator
	AWGN : Ideal Channel Estimator

ETU : Real Channel Estimator


The following figures are results from using AWGN propagation channel and ideal channel estimation.
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Figure 2. ‘0’ Threshold ACK performance in AWGN using ideal channel estimation
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Figure 3. ‘0.5’ Threshold ACK performance in AWGN using ideal channel estimation
The following figures are results from using ETU propagation channel and real channel estimation.
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Figure 4. ‘0.0’ Threshold ACK performance in ETU using real channel estimation
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Figure 5. ‘0.1’ Threshold ACK performance in ETU using real channel estimation
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Figure 6. ‘0.2’ Threshold ACK performance in ETU using real channel estimation
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Figure 7. ‘0.3’ Threshold ACK performance in ETU using real channel estimation
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Figure 8. ‘0.5’ Threshold ACK performance in ETU using real channel estimation
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Figure 9. ‘0.6’ Threshold ACK performance in ETU using real channel estimation
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Figure 10. ‘0.7’ Threshold ACK performance in ETU using real channel estimation
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Figure 11. ‘0.8’ Threshold ACK performance in ETU using real channel estimation
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Figure 12. ‘0.9’ Threshold ACK performance in ETU using real channel estimation
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