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1. Introduction
The SI on Latency reduction techniques for LTE [1] was closed at RAN#72 and based on the outcome documented in the TR [2], a follow-up WI was approved in [3]. The main objectives of the WI in [3] are: 
The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.
…
For Frame structure type 1: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· Down-selection is not precluded
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.


In this document, we discuss the remaining issues related to UL control channel design. 

2. Open Issues
Positive SR and 2-bit HARQ-ACK transmission with sequence based 2/3-OS sPUCCH
The straight forward extension would lead to reserving four additional resources for SR transmission. We find this excessive from overhead point of view, and the performance of this solution is also questionable since all 8 resources cannot fit onto the same PRB. When different PRBs experience different fading and interference, detection reliability will be compromised. Instead we see that in case of a positive SR, the two HARQ ACK-bits could be bundled. Consequently, six resources are needed altogether, as shown in the figure below:


Table 1  A/N bundling on PRB2 when SR is present, single physical sequence is transmitted on a physical resource (6 resources reserved), 
	A1
	A2
	bundled A/N
	SR
	Logical resource (CS)

	0
	0
	 
	0
	0

	0
	1
	 
	0
	1

	1
	0
	 
	0
	3

	1
	1
	 
	0
	2

	0
	0
	0
	1
	5

	0
	1
	0
	1
	5

	1
	0
	0
	1
	5

	1
	1
	1
	1
	4



Proposal #1: HARQ-ACK bundling is applied with positive SR transmission for sequence based 2/3 symbol sPUCCH. Two additional sPUCCH resources are reserved in SR sTTIs.


sPUCCH resource for positive SR-only transmission
A UE determines the resource for HARQ-ACK transmission based on the 2-bit ARI included into the sPDSCH DL assignment. The ARI in turn is associated with four RRC configure sPUCCH resources. In the case of SR-only transmission the ARI is absent and therefore the the UE needs to have some apriori knowledge about which resource to use. We propose that the resource for SR-only transmission is RRC configured, just like in normal LTE operation.
Proposal #2: The resource for positive SR-only transmission is RRC configured, just like in normal LTE operation. 


Remaining issues of sPUCCH resource management  
One open issue related to sPUCCH resource management is the determination of PRB for 2/3 symbol sTTI. Since 2/3-OS sequence-based sPUCCH does not apply OCC, it would be simple and logical to reuse the resource determination for legacy PUCCH format 2. This would lead to following definition:


, where:


The cyclic shift mapping can also follow that of PUCCH format 2.




Proposal 3: For 2/3-OS sequence-based sPUCCH, the PRB index is determined as follows. 




in which, . nsl is the index of each frequency hop.  is the number of sPRBs in UL system bandwidth.

3. Summary
In this contribution, we consider aspects related to control channel design for sTTI. We make the following proposals.
Proposal #1: HARQ-ACK bundling is applied with positive SR transmission for sequence based 2/3 symbol sPUCCH. Two additional sPUCCH resources are reserved in SR sTTIs.
Proposal #2: The resource for positive SR-only transmission is RRC configured, just like in normal LTE operation. 
[bookmark: _GoBack]Proposal #3: For 2/3-OS sequence-based sPUCCH, the PRB index is determined as follows. 




in which, . nsl is the index of each frequency hop.  is the number of sPRBs in UL system bandwidth.
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