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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 given by: 
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 principles of sPUCCH resource management. Short TTI sPUCCH design itself is discussed in [4].  
2. sPUCCH resource management for shortened TTI
In LTE, PUCCH resource managements aims at fulfilling a few targets: Firstly, PUCCH resource management should allow to minimize the UL control overhead, i.e. the resources that cannot be used for PUSCH transmission in a given subframe. At the same time, the overhead in the DL direction (specifically in the PDCCH DCI) is a concern as well. Furthermore, efficient PUCCH resource management policies aim at minimizing also scheduling restrictions related to e.g. which PDCCH CCEs the eNodeB can allocate in any given subframe. 
Unfortunately, the above design targets are to some extent contradicting each other, and the PUCCH resource management schemes for LTE aim at finding an ideal balance between these aspects. What makes things even more complicated is that LTE support five different PUCCH formats, most of them having one or more sub-formats. Furthermore, different resource allocation principles are assumed in the case of FS1 and FS2, with PDCCH and EPDCCH based scheduling, as well as with different PUCCH format. All this makes PUCCH resource management a rather complicated task. Obviously similar targets are equally important with sPUCCH too, and should be considered as a starting point in sPUCCH resource management.
Observation #1: sPUCCH resource management should aim at fulfilling the following targets:
· Minimize UL overhead (size of the UL control region)
· Minimize DL overhead (number of bits in DL assignments)
· Minimize scheduling restrictions and other impact to how PDCCH, EPDCCH and/or sPDCCH resources can be assigned
From the UL overhead point of view the key point is to allow for efficient sharing of resources allocated for legacy PUCCH formats, i.e. a possibility to allocate both PUCCH and sPUCCH on the same PRBs. As discussed in [4], the sPUCCH format design should allow for this whenever possible. 
Observation #2: Being able to multiplex PUCCH and sPUCCH on the same PRBs is a prerequisite for efficient sPUCCH resource management. 
Another key aspect is the principle of resource allocation itself. With PUCCH, the resources for ACK-NACKs related to dynamically scheduled PDSCH TBs are determined based on the index of the lowest CCE scheduling the corresponding PDCCH (so called implicit resource allocation). The benefit of this approach is that there is no need to add bits into DL assignment for resource indication. On the other hand, in a few other cases the resource allocation is explicit, using either RRC configuration (e.g. for periodic CSI with format 2), or a combination of RRC configuration and dynamic signaling (e.g. with carrier aggregation and format 3/4/5). 
Since the basic structure of DL control channels for sTTI operation, as well as the sPUCCH design itself is still under discussion with many of the key decisions pending, it is yet too early to say whether sPUCCH resource allocation should be based on implicit or explicit signaling, or a combination of both.    
Proposal #1: The details of sPUCCH resource management should be agreed only after the basic agreements on sPDCCH and sPUCCH structures are in place.

3. Summary
In this contribution we have provided initial views on sPUCCH resource management. We make following observations and a proposal. 
Observation #1: sPUCCH resource management should aim at fulfilling the following targets:
· Minimize UL overhead (size of the UL control region)
· Minimize DL overhead (number of bits in DL assignments)
· Minimize scheduling restrictions and other impact to how PDCCH, EPDCCH and/or sPDCCH resources can be assigned
Observation #2: Being able to multiplex PUCCH and sPUCCH on the same PRBs is a prerequisite for efficient sPUCCH resource management 
Proposal #1: The details of sPUCCH resource management should be agreed only after the basic agreements on sPDCCH and sPUCCH structures are in place.


[bookmark: _GoBack]4. References
[1] [bookmark: _Ref75086397]RP-150465, New SI proposal Study on Latency reduction techniques for LTE, Ericsson
[2] TR 36.881, Study on latency reduction techniques for LTE
[3] RP-161922. New Work Item on shortened TTI and processing time for LTE, Ericsson
[4] R1-1702000, sPUCCH Design for Shortened TTI, Nokia, Alcatel-Lucent Shanghai Bell, RAN1#88, February 2017

1

