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1 Introduction
At the RAN1 #89 meeting, the following was decided for sPUCCH format design [1]:  
	Working assumption:
· The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.

· ACK/NACK information map to different cyclic shifts (i.e., ACK and NACK are indicated based on cyclic shift index)

· The cyclic shifts on different sPUCCH symbols can be different due to cyclic shift randomization 

· Cyclic shift randomization is re-used from 1 ms operation to support multiplexing with legacy PUCCH

· Only frequency hopping between sPUCCH symbol(s) is supported (no FH is not supported). 

· 1 RB allocation per symbol

· FFS: How to handle SR + HARQ, hopping pattern, A/N information mapping to CS

· To be confirmed by RAN1#90


This contribution discusses resource allocation and configuration aspects of sPUCCH. Further, we discuss one more open issue regarding simuntanous transmission of SR and HARQ with minimized UL control overhead.     
2. Discussion
2.1 PUCCH resources for HARQ-ACK transmission 

We think that it makes sense to configure multiple sPUCCH formats with varied sTTI lengths for a given UE. This is due to the fact that the HARQ-ACK bit payload and radio channel experienced by a given UE possibly varies significantly across different subframes or sTTIs.  

Furthermore, sPUCCH resource sharing among different sTTI-configured UEs and different sPUCCH formats is desirable to reduce the sPUCCH overhead. RRC signalling is reliable to ahieve this target. The risk of sPUCCH resource collision can be effectively addressed by introducing an HARQ-ACK Resoure Indicator (ARI) field in the fast DL grant to explicitly select one of the configured sPUCCH resources based on the lastest UL SINR geometry. Also, the ARI field can be used to adapt the sPUCCH format dynamically based on the actual number of UCI bits so as to improve spectrum efficiency. 
Proposal 1: A set of sPUCCH formats and corresponding resources for at least HARQ-ACK are semi-statically configured by RRC signaling. The HARQ-ACK Resource indicator (ARI) IE in the fast DL grant selects the sPUCCH resource out of the configured set of resources. 
2.2 Resource arrangement of SR transmission

A UE with data to transmit must send an SR and the receiver a scheduling grant before data transmission. In order to send an SR, UE must wait for an SR PUCCH resource, which has a periodicity of 1 to 80 ms in LTE. It should be noted that the SR latency does not only impact the UL throughput performance; it is also essential for DL dominated traffic as TCP ACK messages will be sent over UL using the sPUSCH channel. sPUCCH can scale the SR to UL grant latency by allowing the use of dedicated SR resources. 
Proposal 2: sPUCCH resource for SR can be assigned through RRC signaling on an sTTI basis subject to UE capability.  

In RAN1 #89, it was agreed as working assumption to introduce a sequence-based sPUCCH w/o DMRS to carry up to 2 bits HARQ and SR in 2OS sTTI and 3OS sTTI. However, the details remain FFS. 
The simplest way to support simultaneous transmission of HARQ-ACK and SR is to assign separate CS for them, as in current LTE. More specifically, the HARQ-ACK bundling operation should be applied in an SR sTTI. After that, the bundled HARQ-ACK information is transmitted on the assigned SR resource.   

However, a concern has been raised regarding the UL control overhead as this approach requires up to five CSs to be reserved for a UE. One potential solution to achieve lower overhead is provided in Table 1. Based on this table,  the CS sequences reserved for a given UE are kept to be the same regardless of the presence of SR transmission. Hence, we propose the following: 

Proposal 3: The mapping scheme in Table 1 should be considered to handle simultaneous SR and HARQ-ACK transmission in order to minimize the UL control overhead.     
Table 1: Mapping of 2 bits HARQ-ACK information and SR to Cyclic Shift[image: image2.png])
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	ACK,ACK
	negative
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	ACK, NACK/DTX
	negative
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	NACK/DTX, ACK
	negative
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	NACK/DTX, NACK
	negative
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	ACK,ACK
	positive
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	ACK, NACK/DTX
	positive
	[image: image12.png]()



 and [image: image14.png]()





	NACK/DTX, ACK
	positive
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	NACK/DTX, NACK
	positive
	[image: image20.png](),



 and [image: image22.png](%)






3. Conclusions
In this contribution, we discussed sPUCCH resource allocation for HARQ-ACK and SR transmissions in the case of sTTI operation. We propose the following: 
Proposal 1: A set of sPUCCH formats and corresponding resources for at least HARQ-ACK are semi-statically configured by RRC signaling. The HARQ-ACK Resource indicator (ARI) IE in the fast DL grant selects the sPUCCH resource out of the configured set of resources. 
Proposal 2: sPUCCH resource for SR can be assigned through RRC signaling on an sTTI basis subject to UE capability.  

Proposal 3: The mapping scheme in Table 1 should be considered to handle simultaneous SR and HARQ-ACK transmission in order to minimize the UL control overhead.     
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