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1. Introduction

This contribution addresses the simulation assumptions and test cases for ACK/NACK transmission on PUSCH based on the proposal in [3].
2. ACK/NACK Transmission on PUSCH
When ACK/NACK is transmitted on the PUSCH, ACK/NACK information is first encoded then interleaved (punctured) into the PUSCH data stream.  Figure 1 conceptually illustrates the encoding and interleaving process used as detailed in [1].     
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Figure 1.  ACK/NACK encoding on PUSCH.
For example, with 1-bit ACK/NACK, the following encoding table is used to generate the appropriate codeword based on the PUSCH modulation order Qm where y and x are scrambling placeholders to be filled in later [2].  Note that the HARQ-ACK will be transmitted using the same constellation as the PUSCH, but with a restricted mapping.
Table 1. Encoding of 1-bit HARQ-ACK. 

	Qm
	Encoded HARQ-ACK
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Subsequent to the encoding process, the codeword is repeated until a bit sequence of length QACK is generated.  The parameter QACK is given by
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The resulting bit sequence is then used to generate a vector sequence of length 
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. This vector sequence is then used to overwrite some entries of the PUSCH.
3. Simulation Assumptions
In [3], proposed simulation assumptions for PUSCH ACK/NACK test were given.  The proposed assumptions provided a very good starting point for discussion.  However, different simulation assumptions from those proposed in [3] are presented here for consideration –
1. Because the ACK/NACK encoding and mapping to constellation points are dependent on the PUSCH modulation.  It is proposed that the test covers QPSK, 16-QAM and 64-QAM to test the demodulator for all modulation possibilities.
2. Based on the proposed 
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value of 8 dB, the number of coded symbols for ACK/NACK based on the PUSCH MSC assignment is given in Table 2.  From the table, it is seen that for 16-QAM and 64-QAM, the number of ACK/NACK symbols remains the same.  Because the coding rate for 16-QAM and 64-QAM are roughly fixed, there will be no variation in the number of ACK/NACK symbols between 1 and full PRBs.  In general, channel estimation with 1 PRB is the most challenging.  Therefore, it is proposed that the test be performed using single PRB allocation only for all PUSCH modulation.  As only single PRB test is proposed, it should be considered whether all channel bandwidth should be tested.
Table 2. Number of coded ACK/NACK symbols.

	PUSCH

Modulation
	1 RB
	Full RB

	
	
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	QPSK
	8
	9
	9
	11
	9
	11
	9

	16-QAM
	3
	3
	3
	3
	3
	3
	3

	64-QAM
	2
	2
	2
	2
	2
	2
	2


3. Based on RAN1 discussion so far, no special indication is available to inform either UE or eNB that ACK/NACK is multiplexed on the PUSCH.  Therefore, DTX detection is done based only on PUSCH transmission in the expected ACK/NACK region.  In this case, random PUSCH data is generated and used for DTX detection.  However, as can be seen in Table 2, the number of ACK/NACK symbols used for detection is very small for 16-QAM and 64-QAM.  This can lead to poor performance in noisy channels when DTX requirement is included.  Note that even if the maximum 
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value of 13 is used, this is corresponds to only 4 and 7 ACK/NACK symbols for 64-QAM and 16-QAM fixed reference channels, respectively.  It is therefore proposed that careful consideration be given to whether strict DTX requirement is needed in this case.
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