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1
Introduction
The handling of PUSCH error situations caused by DL allocation grant signalling failure is open item. We have proposed to include one bit in the UL scheduling grant (which is sent in the DL) to inform whether the corresponding DL scheduling grant was transmitted or not [1]. Basically, this bit that is associated with the DL signalling of the UL resources tells the UE whether to reserve resources for ACK/NACK or not. This signalling will solve the DTX-to-ACK problem, as far as UL grant is transmitted: UL data cannot be interpreted as an ACK/NACK even if the DL grant reception fails at PDCCH. This contribution shows the ACK/NACK dimensioning with and without explicit DTX signaling in the UL scheduling grant. 
2
DTX-to-ACK Error
DTX to ACK error means the case of detecting ACK even though neither ACK nor NACK is sent. The combination of DL scheduling information missed detection and DTX to ACK error (for DL-SCH) leads to a higher layer error [2].
Table 1 presents target quality for UL control signaling [2].  Besides this table, we also note that target quality for DL/UL scheduling information missed detection is set to be 1% [2]. As a result, false ACK probability is 1e-4, which is derived from the combination of DL scheduling information miss detection (1%) and DTX to ACK error (for DL-SCH).
We emphasize that the DTX to ACK error requirement of 1% should be met in all multiplexing combinations:
· ACK/NACK only (PUCCH)
· ACK/NACK + SR (PUCCH)
· ACK/NACK + CQI (PUCCH)
· ACK/NACK + UL data (PUSCH)
Table 1 UL control signalling

	Event
	Target quality

	ACK miss detection (for DL-SCH)
	 (1e-2)

	DTX to ACK error (for DL-SCH)
	 (1e-2)

	NACK to ACK error (for DL-SCH)
	 (1e-4)


3 Performance impact of DTX-to-ACK issue
This chapter shows the number of ACK/NACK symbols per slot required to meet the performance requirements of ACK/NACK signalling. The necessary number of ACK/NACK symbols is analyzed with and without ACK/NACK indication bit. Without ACK/NACK indication bit, the additional threshold needed to guarantee 1 % DTX to ACK quality target.  In the simulation the threshold is set related to estimated power of received pilot symbols. The DTX is interpreted, when the power of ACK/NACK symbol was more than threshold value above received pilot power. The threshold value was optimized in each of ACK/NACK sequence lengths. The example of link simulation results is shown in Figure 2 
Figure 1 shows the number of symbols per slot required to meet performance requirement given in Table 1  in TU channel [1] with and without ACK/NACK indication. These curves correspond to dynamically scheduled data for two PRBs.  The curves show that: 
· Without explicit ACK/NACK indication,  2.5 times more A/N symbols are needed in order to meet the requirements of ACK/NACK signalling
· The coverage gain (SNR difference with maximum symbol allocation)  from ACK/NACK indication  is about 1.8 dB 

[image: image1]
Figure 1. Number of ACK/NACK  symbols per slot required to meet A/N performance requirement given in Table 1,  with and without additional ACK/NACK indication included in the UL grant 1 A/N bit, TU channel, 2 PRBs
4
Summary
This contribution analyses the ACK/NACK performance with and without ACK/NACK indication bit. Results show that without ACK/NACK indication bit, 2.5 times more symbols need to allocated for same signalling quality. Therefore we propose to include 1-bit signalling indicating the presence of simultaneous ACK/NACK/DTX transmission in the UL grant because minimizes the total system overhead and allows meeting the DTX-to-ACK requirement on PUSCH. Furthermore, it will guarantee the ACK/NACK coverage in the case when transmitted on PUSCH.
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Figure 2 ACK/NACK signalling with and without additional ACK/NACK indication included in the UL grant, TU channel, 8 ACK/NACK symbols/slot, 2 PRBs,
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