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1. Introduction

At the RAN WG 1 53 meeting the topic of ACK/DTX/NAK detection on PUSCH was treated. During the meeting no conclusion was reach. In this contribution we present our view on the topic. This contribution does not cover the offset for the linkage between the PUSCH MCS and the control, this is instead covered in ‎[1].
2. Discussion

The ACK/NAK on PUSCH is punctured over the data [2], the number of coded ACK/NAK bits that are punctured over is determined by the formula that specifies the linkage between the PUSCH MCS and control. Since the ACK/NAK is punctured over data, the UE will in the cases it misses its DL scheduling information on PDCCH instead transmit data on the ACK/NAK positions. This requires the eNB to be able to detect either ACK/DTX/NAK. The most important is that the eNB does not interpret a NAK as an ACK as this would require a RLC retransmission. 

The target requirements in Table 1 are specified for the ACK/NAK PUSCH by RAN WG2 and the corresponding missed DL scheduling information is given in Table 1. The target requirements in Table 1 gives a joint error probability of P(DL scheduling information)*P(DTX->ACK) = (10-4 – 10-3).
Table 1: Target requirements ‎[3]
	Event
	Target quality

	DL scheduling information miss detection
	(10-2)

	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)


Assuming the current description of the ACK/NAK on PUSCH and implementing ACK/DTX/NAK receiver with a DTX->ACK = 10-2, gives the performance according to Figure 1. The simulation assumption for Figure 1 is given in Table 2.
Table 2: Simulation assumptions

	Item
	Assumption

	Channel model
	ETU 70

	DTX to ACK error
	10-2

	TX antennas
	1

	RX antennas
	2

	RB allocated
	1

	Frequency hopping
	yes

	System bandwidth
	100 RB
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Figure 1: 3-state decoder 1 bit A/N direct implementation
Given the target requirements in Table 1, the current implementation would pass the requirements down to a SNR of ~-1dB. The corresponding requirement for PUCCH is about -5 dB (dependence on channel model)‎ [6]. The controlling factor for the ACK misdetection performance is the DTX->ACK requirement. Since the DTX->ACK requirement is 10-2 it requires placing the DTX to ACK threshold close to the ACK point.
The important requirement is the joint error probability of P(DL scheduling assignment)P(DTX->ACK) = 10-4. An implementation method that would allow increasing the DTX->ACK requirement to 10-1, is to lower the error probability of missing the DL scheduling assignment to 10-3. With this assumption the joint error probability would be the same, i.e.P(DL scheduling assignment)P(DTX->ACK) = 10-4. The corresponding ACK/NAK error probability is show in Figure 2. In practices lowering the errors probability of the PDCCH would be achieved by increase the number of CCE and/or power boost the CCEs.
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Figure 2: 3-state decoder 1 bit A/N DTX->ACK 10%, PDCCH approach
The PDCCH approach increases the performance with about 2 dB, as compared with the results in Figure 1 at the cell edge. At the high SNR region (4 ACK/NAK repetitions) the performance gain is about 5 dB, as compared with Figure 1. 

The direct gain with the PDCCH approach is that it will require a minimum specification change. The only thing that the specification should support is the change is the requirements, i.e. lowering the missed DL scheduling assignment to 10-3 and at the same time increase the DTX->ACK = 10-1.
2.1. Other contributions

In [4] it is proposes to add an extra bit in the UL grant to indicate to the UE to allocate resource for ACK/NAK on PUSCH and to indicate DTX with a CRC mask that is applied to CRC of the PUSCH data. The CRC mask is problematic in many aspects, one of the problematic areas is that it will increase the HARQ delays has it will require the eNB to decode the PUSCH data before decoding DTX/NAK.
The second part of the proposal in [4] is to indicate a DL assignment in the UL grant with an extra bit. The extra bit indicates for the UE to allocated resources for NAK, if the DL assignment is missed. Simulations results of the extra bit to allocate resource for ACK/NAK on PUSCH is available in ‎[5]. In order to make a fare comparison with the result in this contribution the NAK->ACK threshold has been changed so that the NAK->ACK probability is below 10-4, so the performance is inline with the requirements in Table 1. The corresponding performance is shown in Figure 3. From a performance point there is no noticeable difference between the UL grant bit and the PDCCH approach. 
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Figure 5: 1-bit A/N 2 state decoder, UL Grant bit
3. Conclusion

In this contribution we propose 
· Keeping the current working assumption and allowing for the PDCCH approach
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