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1
Introduction
In the last RAN4 meeting, simulation assumptions for ACK/NACK multiplexed to PUSCH were discussed and agreed in [1]. This contribution provides initial simulation results based on the agreed simulation assumptions.
2
Simulation assumptions
Simulation assumptions used in the studies are summarized in Table 1.

Table 1 Simulation parameters

	Simulation parameters
	Values

	Propagation conditions
	ETU70

	Channel bandwidth
	5 MHz

	Rx diversity
	2Rx

	Cyclic prefix
	Normal

	ACK/NACK constellations
	1 bit ACK/NACK

	ACK/NACK bits coding on PUSCH
	Based on TS 36.212
· ACK/NACK mapping consecutive to RS

· ACK/NACK resources punctured into data starting from the bottom of the figure below

· Max number of resources for ACK/NACK: 4 SC-FDMA symbols (per one sub-carrier)

	ACK/NACK resource allocation
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	Performance requirements
	DTX -> ACK: 1%
ACK -> NACK or DTX: 1%

	Data modulation and coding rate
	QPSK, 1/3 
	16QAM, 3/4

	PRB allocation
	1 RB
	Full RB


In our studies, we derive the missed ACK performance from the three step procedures below:
Step 1: Derive the threshold value for false detection [1%].

Step 2: Add the safety margin [T. B. D. dB]

Step 3: Derive the required Es/N0 for Missed ACK [1%], using the threshold including the safety margin

3
Simulation results

Figure 1 presents simulation results for QPSK, 1/3 (1 RB), in which we assumes 0 dB, 1 dB, and 2 dB safety margins for DTX detection threshold. PUSCH BLER is also presented in the figure as a reference. 

From the results, we can find the typical operation point for this MCS (QPSK, 1/3) should be approximately 4 dB Es/N0, assuming 10% PUSCH BLER. Missed ACK performance in this operation point is higher than the target value (1%), and therefore it implies that we need to refine the delta offset value 
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 for this MCS. Further discussions were provided in [2].
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Figure 1 QPSK, 1/3, 1 RB
Figure 2 presents simulation results for 16QAM, 3/4 (Full RB), in which we assumes 0 dB, 1 dB, and 2 dB safety margins for DTX detection threshold. PUSCH BLER is also presented in the figure as a reference. 

From the results, we can find the typical operation point for this MCS (16QAM, 3/4) should be approximately 14 dB Es/N0 assuming 10% PUSCH BLER. Missed ACK performance in this operation point is much lower than the target value (1%), and therefore it implies that we need to refine the delta offset value 
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 for this MCS or change MCS to the lower coding rage in order to align ACK missed detection operation point with PUSCH operation point. Further discussions were provided in [2].
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Figure 2 16QAM, 3/4, Full RBs
3
Conclusions

This contribution presents initial simulation results for ACK/NACK multiplexed to PUSCH.
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