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1. Introduction

This contribution presents ideal simulation results for ACK/NACK transmission on PUSCH based on the agreed assumptions in [1].
2. Simulation Assumptions
Based on [2], performance of 1-bit ACK/NACK on PUSCH was evaluated using the simulation parameters shown in Table 3 as follows –
· PUSCH SNR operating points corresponding to 10% target BLER are obtained for the various bandwidth and number of resource blocks.  From Table 3, it is seen that two sets of results are required – A.3-1 (QPSK, R=1/3, single PRB) for all bandwidth, and A.4-3 – A.4-8 (16-QAM, R=3/4, all PRBs).  The resulting SNR operating points for ETU70 propagation channel are summarized in Table 1 below (also shown in Figure 1–Figure 2).
· Obtain 1% DTX→ACK thresholds based on the SNR operating points for 10% PUSCH BLER.

· Obtain the SNR at missed ACK probability of 1% based on the above thresholds.

Table 1.  SNR Requirement for 10% PUSCH BLER.
	FRC
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	A.3-1

(QPSK, R=1/3, single PRB)
	3.6
	3.7
	3.8
	3.6
	3.7
	3.9

	A.4-3 – A.4-8

(16-QAM, R=3/4, all PRBs)
	15.4
	14.8
	13.8
	12.9
	12.8
	12.6


3. Simulation Results
Ideal simulation results are shown in Table 2 below for 1% missed ACK probability.
Table 2.  SNR Requirement for 1% Missed ACK.

	
	Q´
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	QPSK
	12
	5.0
	4.9
	4.9
	5.0
	4.8
	5.1

	
	15
	4.0
	4.0
	3.8
	3.9
	3.9
	4.0

	16-QAM
	3
	10.2
	9.7
	8.9
	9.2
	9.5
	9.2
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Table 3. Simulation Assumptions.

	Propagation conditions
	ETU70

	Channel bandwidths
	All

	Rx diversity
	2Rx

	Cyclic prefix
	Normal

	ACK/NAK constellations
	1bit ACK/NAK

	Resulting resources for ACK/NAK on PUSCH
	Number of ACK/NAK symbols per PRB set indirectly by higher layered signaled offset value as follows:


[image: image1.wmf]ACK

HARQ

offset

I

-



[image: image2.wmf]PUSCH

offset

b

 [dB]

Q`

QPSK 1/3

7

10

12

8

12.625

15

16QAM 3/4

5

6.25

3



	Performance requirements
	ACK false detection: 1% 

ACK ( ~ACK (DTX or NAK) : 1%

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

	PRB allocation
	Single PRB
	Full

	FRC
	A.3-1
	A.4-3 – A.4-8


[image: image3.wmf]-4

-3

-2

-1

0

1

2

3

4

5

6

10

-3

10

-2

10

-1

10

0

SNR (dB)

Error Rate

QPSK, R=1/3, ETU70

PUSCH FER

Missed ACK, Q'=15

Missed ACK, Q'=12

1.4 MHz

3 MHz

5 MHz

10 MHz

15 MHz

20 MHz


Figure 1. PUSCH and ACK/NACK performance for A.3-1, ETU70.
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Figure 2. PUSCH and ACK/NACK performance for A.4-3 – A.4-8, ETU70.
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