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1. Introduction 

In [1][2], proposals were given for ACK channel performance test, when ACK/NAK information is sent on the PUSCH. This contribution provides alignment simulation results based on the agreed assumptions. 
2. Simulation Assumptions
The simulation assumptions shown in Table 1 below were based on [2]. 

	Propagation conditions
	ETU70

	Channel bandwidths
	All

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

	ACK/NAK bits coding on PUSCH
	General assumptions for multiplexing format:

· ACK/NACK mapping consecutive to RS, CQI time-first mapping 

· 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
· CQI and RI  - (only data, reference symbols and ACK/NAK’s are transmitted).   CQI and RI  - (only data, reference symbols and ACK/NAK’s are transmitted).


	Performance requirements
	Same performance requirements as for PUCCH ACK/NAK:

          DTX ( ACK: 1%

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

	Rx diversity
	2Rx

	Cyclic prefix
	Normal

	PRB allocation
	· QPSK:  Single PRB
· 16QAM:  Full, all PRBs

	ACK/NAK resources allocation (number of ACK/NAK symbols per subframe)
	Number of ACK/NAK symbols per PRB set indirectly by the Offset_dB value for ACK/NAK, i.e. 
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 chosen as the middle point of the agreed range (i.e. 3dB-13dB): 

· 
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	ACK/NAK constellations
	1bit ACK/NAK (BPSK)

	ACK/NAK coding
	PUSCH MCS dependent ACK/NAK coding

	DTX indicator
	None

	PUSCH frequency hopping
	None


Table 1  ACK on PUSCH Simulation Assumptions
2.1. Other Assumptions

1. Normal cyclic prefix with 14 LFDM symbols per sub-frame

2. One UE Tx antenna and two eNB Rx antennas. No antenna imbalance considered, zero antenna correlation
3. 6% Tx EVM

3. Simulation Results

Figures 1-6 show the throughputs versus Es/Nt per tone per antenna for 2 Rx antennas, QPSK, ETU70Hz channel, for 1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz and 20MHz, respectively.  
Figures 7-12 show the throughputs versus Es/Nt per tone per antenna for 2 Rx antennas, QPSK, ETU70Hz channel, for 1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz and 20MHz, respectively. 
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Figure 1  ACK on PUSCH error rate, QPSK, ETU70, 1.4MHz
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Figure 2  ACK on PUSCH error rate, QPSK, ETU70, 3MHz
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Figure 3  ACK on PUSCH error rate, QPSK, ETU70, 5MHz
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Figure 4  ACK on PUSCH error rate, QPSK, ETU70, 10MHz
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Figure 5  ACK on PUSCH error rate, QPSK, ETU70, 15MHz
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Figure 6  ACK on PUSCH error rate, QPSK, ETU70, 20MHz
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Figure 7  ACK on PUSCH error rate, 16QAM, ETU70, 1.4MHz
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Figure 8  ACK on PUSCH error rate, 16QAM, ETU70, 3MHz
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Figure 9  ACK on PUSCH error rate, 16QAM, ETU70, 5MHz
[image: image13.png]Ermor rate

PUSCH-ACK-16QAM-Offset8d, 10MHz

—— dix2ack

—F— acken

SNR [dB]




Figure 10  ACK on PUSCH error rate, 16QAM, ETU70, 10MHz
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Figure 11  ACK on PUSCH error rate, 16QAM, ETU70, 15MHz
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Figure 12  ACK on PUSCH error rate, 16QAM, ETU70, 20MHz

We can observe in Figures 7 through 12 that with 16QAM MCS, the target DTX(ACK error rate cannot be achieved.  This can be attributed to the fact that ACK is puncturing random data, and the two are not easily distinguishable if the number of modulation symbols allocated to ACK is insufficient (e.g. 3 symbols with 8dB offset for 16QAM). 
Our results in Figures 1 through 6 indicate that a similar problem also occurs in the QPSK case but to a lesser extent. The target QPSK DTX(ACK error rate can be achieved but only at a very high SNR level. 
4. Conclusion
In this document, we have presented link performance results for ACK demodulation when ACK is multiplexed on the PUSCH.  We found that with the current simulation assumptions, the target 1% DTX(ACK error rate is not achievable.  It is recommended that changing the simulation assumptions (increase 8dB SNR offset) should be explored.  
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