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1 Introduction
In RAN1 #87 meeting, the following agreements on shortened PUCCH (sPUCCH) are achieved [1]. 
· At least the following formats should be designed for sPUCCH:

· For sPUCCH supporting up to 2-bit HARQ-ACK and/or SR (if any)

· DMRS based demodulation for 7-symbol sTTI

· FFS on the formats and DMRS design for 2-symbol sTTI

· For sPUCCH supporting more than 2-bit HARQ-ACK and SR (if any)

· DMRS based demodulation for all sTTI lengths

· FFS on encoding methods
· FFS on sPUCCH with channel selection for up to 4-bit HARQ-ACK.

· FFS on support of frequency hopping
However, until now RAN1 has few discussions on sPUCCH resource indication and the multiplexing method among different TTI lengths. In this contribution, we will present our views on these aspects.    
2 PUCCH Multiplexing 
In current LTE, PUCCH frequency regions are allocated at the two edges of uplink system bandwidth, and PUCCH Format 1/1a/1b/2 from different UEs can be CDMed in the same PRB. 
As already discussed in SI phase, UPT gains from shortened TTI are mainly observed in small file size and low payload size scenarios. Therefore, resource utilization would be inefficient if independent frequency band is allocated to (s)PUCCH with different sTTI lengths. To improve multiplexing efficiency, we propose that, at least for small payload size of UCI, (s)PUCCH with different TTI lengths can be CDMed in the same PRB on the same symbol. 
Proposal 1: At least for small payload size of UCI, (s)PUCCH with different TTI lengths can be CDMed (between different UEs) in the same PRB on the same symbol.
3 sPUCCH resource indication  
According to the HARQ-ACK procedure in LTE, there are three PUCCH resource indication methods. 
· Alt.1: In case of PUCCH format 1a/1b for one configured serving cell, UE shall use resource 
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which depends on the lowest CCE index and resource offset configured by higher layers. 
· Alt.2: Besides CCE index and resource offset configured by higher layers, additional 2-bit HARQ-ACK resource offset (ARO) in DCI is used. The possible values of ARO are 0, -1, -2 and 2.  
· Alt.3: Like in CA scenarios, the 2-bit TPC field in DCI shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers. 

[image: image2.emf]Subframe n+4

 0 1 2 3 4 5

sPUCCH+PUCCH 

 0 1 2 3 4 5

...

Subframe n+3 Subframe n+2

PUCCH 

Subframe n

7-symbol sPUCCH 

2-symbol sPUCCH 

 0 1 2

3 4 5


Figure 1 (s)PUCCHs multiplexing with different TTI lengths 
In Figure 1, (s)PUCCHs multiplexing with different TTI lengths is shown. As depicted, HARQ-ACKs corresponding to 1ms PDSCH transmitted in sub-frame #n, 7-symbol sPDSCH in sub-frame (n+2) and 2-symbol sPDSCH in sub-frame (n+3) need to feedback in UL sub-frame (n+4). 
To ensure the multiplexing of different TTI lengths in the same PRB, the latter sPUCCH should avoid the collision with the former (s)PUCCH. Therefore Alt.1 with semi-dynamic indication may not always work. For Alt.3, the four resource values configured by higher layers are UE-specific. Therefore, the overhead of higher layers is large when the number of multiplexing UEs with different TTI lengths is big.  For Alt.2, more multiplexing UEs with lower overhead can be supported, because UEs sharing the same scheduling (s)TTI can be firstly distinguished by CCE index and UEs with different scheduling (s)TTI can be distinguished by ARO and/or resource offset configured by higher layer.   
Proposal 2: sPUCCH resources can be indicated by a combination of CCE index, resource offset configured by higher layer, and 2-bit ARO in DCI. 

4 Conclusion

This contribution provides the following observations and proposal:
Proposal 1: At least for small payload size of UCI, (s)PUCCH with different TTI lengths can be CDMed (between different UEs) in the same PRB on the same symbol.
Proposal 2: sPUCCH resources can be indicated by a combination of CCE index, resource offset configured by higher layer, and 2-bit ARO in DCI. 
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