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1 Introduction
According to the latency reduction SI approved in RAN#67 [1], TTI shortening and reduced processing times should be studied in RAN1, including the following aspects: 
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling.

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier).
In this contribution, we present our views on design of ACK/NACK transmission in the short TTI. The link-level evaluations are also provided. 
2 Discussion

Because the HARQ-ACK timing determines the delay to the next retransmission or the new initial transmission, which directly affects the average latency, new PUCCH format for the fast ACK/NACK transmission in the shortened TTI is necessary. In this section, new ACK/NACK signal structures for different TTI lengths are discussed, followed by link-level evaluations.  
ACK/NACK in 0.5ms TTI 
To avoid the unnecessary specification complexity, ACK/NACK transmission in 0.5ms TTI can reuse the current signal structure of PUCCH Format 1a/1b in each slot. Besides the 3dB performance loss caused by TTI shortening, the performance of ACK/NACK in 0.5ms TTI is expected to be even worse due to no frequency hopping between slots. Whether to enhance new ACK/NACK signal in 0.5ms TTI for frequency diversity can be further considered.  
Proposal 1：For 0.5ms TTI, the structure of PUCCH Format 1a/1b in a slot can be reused for ACK/NACK transmission.  
ACK/NACK in 4-symbol TTI 
For 4-symbol TTI, similar design to PUCCH Format 1a/1b can be used. As an example shown in Figure 1, DMRS signals are placed on the two central symbols in the TTI. In each of 4 symbols, a length-12 sequence, which is the same as applied to current PUCCH Format 1a/1b, is mapped to the 12 subcarriers in frequency domain. The coherent detection can be used at the receiver to detect ACK/NACK/DTX. 
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Figure 1 ACK/NACK transmission in 4-symbol TTI
ACK/NACK in 2-symbol TTI 
For the 2-symbol TTI, if the ACK/NAK is designed with purpose to support coherent detection, the two symbols have to be allocated to DMRS and ACK/NACK, respectively, under the constraint to achieve optimal CM. In each of two symbols, a length-12 sequence as defined in current PUCCH Format 1a/1b is mapped to 12 subcarriers. This ACK/NACK signal structure is shown in Figure 2 and referred as Option 1 in the evaluation results presented later.  
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Figure 2 ACK/NACK coherent transmission in 2-symbol TTI (Option 1)
The 50% DMRS overhead in the coherent signal structure as in Figure 2 could be more than sufficient, which means the transmission power is wasted on DMRS. As an alternative to coherent transmission of ACK/NACK, the non-coherent transmission can be also considered. As an example shown in Figure 3, two length-6 orthogonal sequences ZC1(n) and ZC2(n) are mapped to 6 even or odd subcarriers in two symbols, where ZC1(n) is always transmitted in the first symbol and ZC2(n) in the second symbol. If ACK is sent, ZC1(n) is mapped to the even subcarriers and ZC2(n) is mapped to the odd subcarriers. If NACK is sent, ZC1(n) is mapped to the odd subcarriers and ZC2(n) is mapped to the even subcarriers. At the receiver, non-coherent detection needs to be used.  
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Figure 3 ACK/NACK non-coherent transmission in 2-symbol TTI (Option 2 w/o hopping)
One benefit from the non-coherent signal structure is to allow the frequency hopping and therefore to achieve frequency diversity gain. Figure 4 shows such hopping structure, where the length-6 sequence is mapped to different PRBs in each of two symbols. Another benefit is that the non-coherent structure can reduce the processing complexity in receiver by avoiding the channel estimation. The non-coherent structures shown in Figure 3 and Figure 4 are referred as Option 2 without hopping and Option 2 with hopping, respectively, in the evaluation results presented later. 
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Figure 4 ACK/NACK non-coherent transmission in 2-symbol TTI (Option 2 w/ hopping)
Evaluation results 

Figure 5 shows the link-level simulation results of ACK/NACK transmission in 1ms TTI and 0.5ms TTI. In the evaluation, the Prob{DTX-to-ACK} is always kept at 1%. To ensure Prob{ACK missing}≤1% and Prob{NACK-to-ACK}≤0.1%, the SNR should be at least -2dB for 0.5ms TTI and at least -8dB for 1ms TTI. The 6 dB loss is caused by TTI shortening and the lack of frequency diversity. 
Figure 6 shows the ACK/NACK performances for 0.5ms TTI, 4-symbol TTI and 2-symbol TTI, all based on coherent detection with DMRS to be transmitted. As shown, there are 2dB and 5dB deterioration for 4-symbol TTI and 2-symbol TTI, respectively, when comparing to 0.5ms TTI. 

Observation 1: Compared to ACK/NACK performance in 1ms TTI, the coherent detection performance losses in 0.5ms TTI, 4-symbol TTI and 2-symbol TTI are  6dB, 8dB and 11dB, respectively.  

Figure 7 and Figure 8 show the ACK/NACK performances of 2-symbol TTI in EPA and TU channels, respectively. It can be seen that, the performance of signal structure with DMRS is just a little better than the no-DMRS structure without frequency hopping, but is clearly worse than the no-DMRS structure with frequency hopping. 
Observation 2: For 2-symbol TTI, ACK/NACK signal without DMRS can outperform ACK/NACK signal with DMRS if frequency hopping is applied to former.   
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Figure 5 Coherent detection performance for ACK/NACK in 1ms TTI and 0.5ms TTI
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Figure 6 Coherent detection performance for ACK/NACK in TTIs of {0.5ms, 4 symbols, 2 symbols}
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Figure 7 ACK/NACK performance in 2-symbol TTI (EPA channel)
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Figure 8 ACK/NACK performance in 2-symbol TTI (TU channel)
Proposal 2: For 2-symbol TTI, ACK/NACK signal without DMRS but with frequency hopping should be considered.

3 Conclusion

According to the analysis given above, we have the following observations and proposals:
Observation 1: Compared to ACK/NACK performance in 1ms TTI, the coherent detection performance losses in 0.5ms TTI, 4-symbol TTI and 2-symbol TTI are  6dB, 8dB and 11dB, respectively.  

Observation 2: For 2-symbol TTI, ACK/NACK signal without DMRS can outperform ACK-NACK signal with DMRS if frequency hopping is applied to the former.  

Proposal 1：For 0.5ms TTI, the structure of PUCCH Format 1a/1b in a slot can be reused for ACK/NACK transmission.  

Proposal 2: For 2-symbol TTI, ACK/NACK signal without DMRS but with frequency hopping should be considered.
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Appendix: Simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz 

	TTI length
	2/4/7/14 symbols 

	Channel model 
	EPA, TU

	UE speed 
	3km/h 

	Antenna configuration
	1Tx(UE), 2Rx(eNB) 

	CP length
	Normal

	Modulation mode
	BPSK        

	Shortened PUCCH design
	as shown in section 2 

	Receiver type
	MMSE 

	Channel estimation
	Practical

	Performance metrics
	For HARQ-ACK: ACK missed detection probability (1%), NACK-to-ACK error probability (0.1%);  DTX-to-ACK probability 1%
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