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1 Introduction

In the new WI on Short TTI and reduced processing [1] the (selected) detailed objectives are set to be:

For Frame structure type 1: [RAN1, RAN2, RAN4]

· 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

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

In this contribution, we discuss UL power-related aspects due to shorter TTI length in UL.

2 Discussion
Power control for PUCCH is defined in [2] as, for subframe i and serving cell c,


[image: image1.wmf](

)

(

)

(

)

(

)

ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

D

+

+

+

=

i

g

F

F

n

n

n

h

PL

P

i

P

i

P

TxD

SR

HARQ

CQI

c

)

'

(

,

),

(

min

F_PUCCH

,

0_PUCCH

c

CMAX,

PUCCH


for PUCCH format 1/1a/1b/2/2a/2b/3 and


[image: image2.wmf](

)

(

)

(

)

(

)

(

)

(

)

ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

D

+

+

+

=

i

g

F

i

i

M

PL

P

i

P

i

P

c

F_PUCCH

c

TF,

c

PUCCH,

10

0_PUCCH

c

CMAX,

PUCCH

log

10

),

(

min


for PUCCH format 4/5,
where

· 
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 is the maximum transmit power.
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 is the target of received power.
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 is the downlink path loss estimate.
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 is a PUCCH format dependent value that reflects cases with larger payload.
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 is the number of resource blocks for PUCCH format 5, equals 1 for all other formats.
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 is a relation in dB between PUCCH format F and PUCCH format 1a.
· 
[image: image9.wmf])

(

,

i

c

TF

D

 is an adjustment factor depending on number of coded bits that is exactly specified in [2]. 
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 depends on the number of antenna ports configured for PUCCH.
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 is the closed loop power control state and is updated using 
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 signalled in the downlink assignment.
In principle a similar equation can be used for sPUCCH power control. There has not been much progress on sPUCCH. The number and the type of sPUCCH formats needed are still open. So, only high level considerations on power control for sPUCCH can be made at this stage. There will be at least one format of sPUCCH defined for each supported UL TTI length. The current UL TTI lengths under discussion are 2, 4 and 7 SC-FDMA symbols. Link level simulations [3] performed during the study item highlight that independently of the selected sPUCCH format(s) a larger SNR is required for sPUCCH compared to PUCCH in order to reach similar performance in terms of ACK missed detection probability, NACK-to-ACK error probability, DTX-to-ACK probability. The shorter sPUCCH is the larger is the performance gap with PUCCH. So, the sPUCCH power control can be based on an equation similar to the PUCCH power control equation but it needs to address this performance gap for UEs that are not power-limited. The closed loop state, 
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, for PUCCH is derived from the TPC information 
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 signalled in the downlink assignment for 1ms TTI. For fast closed loop power control of sPUCCH it would be convenient to also signal 
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 for sPUCCH in the downlink assignment for sTTI. The most natural way is to capture the performance difference in 
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 that is signalled from higher layers. Additionally, 
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 and 
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 needs to be defined for new formats. The parameter 
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 obviously only need to be modified based on if some PUCCH format like PUCCH format 4 and 5 are supported for sTTI operation.
Proposal 1: 
The power control for sPUCCH should be widely based on the procedure defined for PUCCH power control
Proposal 2: 
Study how to capture the sPUCCH performance gap compared to PUCCH in the power control considering different sPUCCH formats and different sPUCCH lengths
3 Conclusion

Based on the discussion in section 2 we propose the following: 

Proposal 1: 
The power control for sPUCCH should be widely based on the procedure defined for PUCCH power control
Proposal 2: 
Study how to capture the sPUCCH performance gap compared to PUCCH in the power control considering different sPUCCH formats and different sPUCCH lengths
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