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1 Introduction
In this contribution, we present our views on design of 2-symbol PUCCH for short TTI (sPUCCH). Both sPUCCH structures for ACK/NACK and SR transmission are provided. The corresponding evaluation results are presented in companion contribution [2]. 
2 Discussion
2.1 sPUCCH design for ACK/NACK transmission 
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 component of shortening the HARQ-ACK timing. We analyze a few new sPUCCH structures for 2-symbol TTI in this section.  
Option1, DMRS-based method
For the 2-symbol TTI, if the ACK/NAK is designed with purpose to support coherent detection, the two symbols have to be used by DMRS and ACK/NACK payload respectively, under the constraint to achieve optimal CM. In each symbol, a length-12 sequence defined in current PUCCH Format 1a/1b is mapped to 12 subcarriers. This ACK/NACK signal structure is shown in Figure 1 and referred as Option 1 in the evaluation results presented in the simulation contribution.  
The 50% DMRS overhead in the coherent signal structure could be too high as shown in Figure 1, which means the transmission power is over used by DMRS.
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Figure 1 ACK/NACK coherent transmission in 2-symbol TTI (Option 1)
Observation1： DMRS overhead could be too high for a 2-symbol TTI. 
Option2,  Sequence-based method using length-12 CGS 
As an alternative to coherent transmission of ACK/NACK, sequence-based transmission can also be considered, i.e. non-coherent can be used at the receiver. As an example shown in Figure 2, two length-12 Computer Generated Sequences (CGS) ZC1(n) and ZC2(n) are mapped to 12 subcarriers in two symbols. If sending 1 bit ACK, ZC1(n) and ZC2(n) are transmitted on the first and second symbol in the sTTI respectively. If sending 1 bit NACK, ZC1(n) is transmitted on the second symbol and ZC2(n) is transmitted on the first symbol. Both ZC1(n) and ZC2(n) are mapped to the same 12 continuous subcarriers.  
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Figure 2 ACK/NACK DMRS-based transmissions in 2-symbol TTI (Option 2 without hopping)
One benefit from the non-coherent signal structure is to allow the frequency hopping and therefore to achieve frequency diversity gain. Since there is no need for channel estimation of non-coherent detection method, processing complexity can be further reduced.
Proposal 1： Sequence-based sPUCCH can be used for ACK/NACK transmission to achieve frequency diversity and reduce processing complexity. 
Option3, Sequence-based method using length-4 ZC sequences
Since no channel estimation is needed for non-coherent transmission, the orthogonality between sequences is more significant factor, especially for severe fading channel e.g.  ETU channel model.  One alternative is to reduce the length of the orthogonal sequences. Figure 3 shows such an example with symbol-level hopping, where the length-4 sequence is mapped to 4 subcarriers in different frequency position of two symbols.

For 2 bits ACK/NACK transmission, 4 orthogonal sequences could be allocated to each UE and FDM can be used for multiplexing between different UEs. 
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Figure 3 ACK/NACK sequence-based transmissions in 2-symbol TTI (Option 3 with hopping)
Proposal 2：For sequence-based sPUCCH, the length of sequences could be further reduced, eg. Length-4 sequences. 
2.2 sPUCCH design for SR transmissionSimilar to ACK/NACK transmission, sequence-based method could be also used for SR transmission.  Since SR information is carried by the presence/absence of transmission of PUCCH, one sequence is sufficient for SR transmission only. However, for length-4 sequences, there would be three available sequences left for ACK/NACK transmission, which can only transmit 1 bit ACK/NACK. If two sequences are also assigned to a UE for SR transmission, not only 1 bit ACK/NACK from a different UE can transmit but achieve the multiplexing of SR and 1 bit ACK/NACK from a same UE when both SR and ACK/NACK are transmitted in same sTTI. UE can use SR code resources to transmit 1 bit ACK/NACK in such cases. 
As an example shown in Figure 4, two length-4 orthogonal sequences ZCSR1(n) and ZCSR2(n) are configured for SR transmission. If the UE also transmit 1 bit ACK at the same sTTI, it shall use ZCSR1(n) and ZCSR2(n) for transmission. 
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Figure 4 Multiplexing of SR and 1 bit ACK/NACK in 2-symbol TTI 
Proposal 3: Sequence-based method should be also applied for SR transmission.
2.3 PUCCH design for CSI feedback 
In [3], system level simulations with CSI reporting by current LTE or by short TTI are provided. The gain brought by the CSI feedback timing is small relatively to the proportion of the TTI shortening, at low and medium UE velocities. Therefore, there is no need to increase the frequency of periodic CSI reporting by transmitting it in a shortened PUCCH.  
Proposal 4: The legacy periodic CSI reporting within legacy PUCCH can be kept for the DL sTTI band.
3 Conclusion

According to the analysis given above, we have the following observations and proposals:
Observation1： DMRS overhead could be more than sufficient for a 2-symbol TTI. 
Proposal 1：Sequence-based sPUCCH can be used for ACK/NACK transmission to achieve frequency diversity and reduce processing complexity. 

Proposal 2：For sequence-based sPUCCH, the length of sequences could be further reduced, eg. Length-4 sequences. 
Proposal 3: Sequence-based method could be also applied for SR transmission.
Proposal 4: The legacy periodic CSI reporting within legacy PUCCH can be remained also for the DL sTTI band.
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