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1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. Regarding the shortened TTI, the updated WID was approved in RAN#73 [2]. The objectives of shortened TTI are as below.

	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)


Since the legacy LTE uses subframe TTI, short TTI operations needs other UL power control functionalities. This contribution considers the aspect of sPUCCH resource management.
2 Discussions 

LTE supports different PUCCH formats which are used to carry different types of uplink control information (UCI) such as HARQ-ACK, SR, CSI, or combinations thereof and they carry different numbers of information bits per subframe. As described in [3], UL power for PUCCH format 1/1a/1b/2/2/a/2b/3 is determined by
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while UL power for PUCCH format 4/5 is determined by
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 are also defined in [3].


Upon the legacy power control mechanism, UL power control for sTTI operations may bring power changes within a subframe. This kind of power variation within a subframe will bring some drawbacks. One of the drawbacks is the performance degradation due to UL power transient period. As already discussed before, if the UL power transient period is large, there must be performance degradation for sPUCCH and sPUSCH. The other drawback is non-uniformly distributed interference during a subframe. This may give much impact to legacy UEs that assumes the same interference during a given subframe. Of course, even when sTTI operations employ the same UL power during a subframe, the interference can be fluctuated during a subframe due to dynamic on/off of the sTTI transmissions. However, once the UL power variation is introduced, the interference fluctuation will be much worse to the legacy LTE UEs. With the fixed UL power within a subframe, the UL power for sPUCCH can be determined by introducing new offset value compared to the legacy PUCCH power. One issue to be discussed is whether to use the one-shot maximum power indication. When the new offset field is defined, a one-shot single indication of the offset sometimes cannot bring the maximum power. Therefore, the sPUCCH power can be determined by the following equation.
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In the above equation, 
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 is the offset to determine the sPUCCH power based on PUCCH power in subframe i. The value of 
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 can be indicated by sDCI.
Proposal 1: UL power for sPUCCH does not change during a given subframe.
Proposal 2: sPUCCH power offset is defined, where the baseline for the offset is UL power for PUCCH.

Proposal 3: Consider the indication of the maximum power transmission of sPUCCH by a specific indication value.
3 Conclusions
In this contribution, UL power for sPUCCH is discussed. It can be summarized as below. 
Proposal 1: UL power for sPUCCH does not change during a given subframe.
Proposal 2: sPUCCH power offset is defined, where the baseline for the offset is UL power for PUCCH.
Proposal 3: Consider the indication of the maximum power transmission of sPUCCH by a specific indication value.
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