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1 Introduction

This contribution mainly discusses the sPUCCH power control and PUCCH related aspects in short TTI transmission.
2 PUCCH power control 
In section 5.1.2.1 of [1], for PUCCH format 1/1a/1b/2/2a/2b/3, the setting of the UE Transmit power[image: image1.wmf]PUCCH

P

for the physical uplink control channel (PUCCH) transmission in subframe i for serving cell [image: image2.wmf]c

 is given by
[image: image3.wmf](
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· [image: image4.wmf]PUCCH
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 is a correction value, also referred to as a TPC command and is included in DCI.
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 where [image: image6.wmf])
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 is the current PUCCH power control adjustment state and where [image: image7.wmf](
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is the first value after reset.
When sPUCCH is transmitted before PUCCH transmission in the same serving cell, there are three options on the definition of [image: image8.wmf]()

gi

. 

· Option 1: [image: image9.wmf]()
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is determined by the power control adjustment and UE specific correction value of recent PUCCH transmission. 

· Option 2: [image: image10.wmf]()

gi

is determined by recent sPUCCH/PUCCH transmission and UE specific correction value of current PUCCH

· Option 3: [image: image11.wmf]()
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is determined by only the power control adjustment of recent sPUCCH/PUCCH transmission
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Figure 1. Dynamic scheduling case 1 between sTTI and 1ms TTI in one cell
Option 1: [image: image13.wmf]()
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is determined by the power control adjustment and UE specific correction value of recent PUCCH transmission. In this option, the current PUCCH power control adjustment [image: image14.wmf]()
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 depends on the recent PUCCH power control adjustment state [image: image15.wmf](1)
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 and UE specific correction value [image: image16.wmf]PUCCH
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, which is referred to as a TPC command and included in a DCI. Therefore, UE uses [image: image17.wmf]1
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 regardless of the sTTI transmission.  

· Pros: It’s simple in standardization and implementation. In addition, PUCCH and sPUCCH may not share the power control adjustment, since the sPUCCH and PUCCH may not have the similar link performance.
· Cons: It has low power adjustment rate.

Option 2: [image: image18.wmf]()
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is determined by recent sPUCCH/PUCCH transmission and UE specific correction value of current PUCCH. In this option, if the recent transmission is sPUCCH as in Figure 1, the current PUCCH power control adjustment [image: image19.wmf]()
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 depends on the recent sPUCCH power control adjustment state [image: image20.wmf]()
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 and UE specific correction value [image: image21.wmf]PUCCH
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, which is referred to as a TPC command and included in a DCI. Then, UE uses [image: image22.wmf]1
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 if the recent transmission is PUCCH and [image: image23.wmf]1
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 if the recent transmission is sPUCCH.  

· Pros: It has high power adjustment rate, as the PUCCH/sPUCCH transmit power can be adjusted in both DCI and sDCI. 
· Cons: It needs more standard work and may result in power over adjustment. As in figure 1, after eNB transmits the TPC corresponding to PUCCH, it schedules several sPDSCH transmission. And eNB should adjust the transmit power of sPUCCH corresponding to the sPDSCH to meet the sPUCCH BLER requirement by the TPC corresponding to sPUCCH. However, the sum of UE specific correction value [image: image24.wmf]PUCCH
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 for PUCCH and sPUCCH may lead to over-adjustment if the transmit power of sPUSCH has been adjusted to an appropriate value. 

Option 3: [image: image25.wmf]()
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is determined by only the power control adjustment of recent sPUCCH/PUCCH transmission

In this option, if the recent transmission is sPUCCH, the current PUCCH power control adjustment [image: image26.wmf]()
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 depends on the recent sPUCCH power control adjustment state [image: image27.wmf]()
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 if the recent transmission is PUCCH and [image: image29.wmf]()()
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 if the recent transmission is sPUCCH.  

· Pros: It has high power adjustment and can avoid the power over adjustment. 

· Cons: Some specification work is required and some power offset between PUCCH and sPUCCH may be required. 

Based on the above discussion, considering that the sPUCCH and PUCCH may have different link performance, we prefer Option 1 as follows:
Proposal 1: The power control adjustment [image: image30.wmf]()
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of PUCCH is independent of sPUCCH power adjustment.
3 sPUCCH power control 
Based on the current specifications, most parameters of PUCCH power control can be reused in sPUCCH power control. Then, UE transmit power for sPUCCH transmission in sTTI p is given by:
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)

(

)

(

)

(

)

CMAX,c

sPUCCH

0_PUCCH,F_sPUCCH

(),

min

,(')

p

p

cCQIHARQSRTxDp

PsTTI

PsTTI

PPLhnnnFFgsTTI

ìü

ïï

=

íý

+++D+D+

ïï

îþ


· [image: image32.wmf]CMAX,c
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is the configured UE transmit power defined in sTTI p for serving cell [image: image33.wmf]c


· [image: image34.wmf]F_sPUCCH
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 is provided by higher layers. Each [image: image35.wmf]F_sPUCCH
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 value corresponds to a sPUCCH format
· [image: image36.wmf])

'

(

F

TxD

D

is provided by higher layers when to transmit sPUCCH on two antenna ports.
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 is a sPUCCH format dependent value, where  corresponds to the number of information bits for CQI, HARQ and SR.
· [image: image38.wmf]c
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 is the downlink path loss estimate calculated in the UE for serving cell [image: image39.wmf]c

 in dB, 
· [image: image40.wmf]O_sPUCCH

P

 is a parameter composed of the sum of a parameter [image: image41.wmf]O_NOMINAL_ sPUCCH
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 provided by higher layers and a parameter [image: image42.wmf]O_UE_sPUCCH
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 provided by higher layers.
Since the sPUCCH with different TTI length and different payload size than 1ms PUCCH, the sPUCCH performance is different with PUCCH. Therefore, the [image: image43.wmf]O_sPUCCH
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 should be configured separately for sTTI operation instead of the same value with PUCCH. Furthermore, if the sPUCCH support UL transmit diversity, the [image: image44.wmf])
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 could be separately configured instead of the same value with PUCCH.
Proposal 2: [image: image45.wmf]O_sPUCCH
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 and [image: image46.wmf]O_PUCCH
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 are configured separately.
Proposal 3: The [image: image47.wmf])
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 of sPUCCH and PUCCH are configured separately.
As discussed in section 2, sPUCCH and PUCCH have different link performance, thus, their power control adjustment have different targets. Therefore, the current sPUCCH power control adjustment [image: image48.wmf]()

p

gsTTI

 depends on the recent sPUCCH power control adjustment state [image: image49.wmf]1
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 and UE specific correction value [image: image50.wmf]sPUCCH
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, which referred to as a TPC command and included in a sDCI. Then, UE uses the [image: image51.wmf]1
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as the sPUCCH transmit power regardless of the 1ms TTI transmission.  
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Figure 2. Dynamic scheduling case 2 between sTTI and 1ms TTI in one cell
Proposal 4: The power control adjustment [image: image53.wmf]()
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 of sPUCCH is calculated by power control adjustment of recent sPUCCH transmission and UE specific correction value [image: image54.wmf]sPUCCH
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4 Conclusion

In this paper, we discuss UL power control, and have following proposals: 
Proposal 1: The power control adjustment [image: image55.wmf]()
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of PUCCH is independent of sPUCCH power adjustment.

Proposal 2: [image: image56.wmf]O_sPUCCH
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 and [image: image57.wmf]O_PUCCH
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 are configured separately.
Proposal 3: The [image: image58.wmf])
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 of sPUCCH and PUCCH are configured separately.
Proposal 4: The power control adjustment [image: image59.wmf]()
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 of sPUCCH is calculated by power control adjustment of recent sPUCCH transmission and UE specific correction value [image: image60.wmf]sPUCCH
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