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1. Introduction

In RAN1#80bis meeting, the following agreements and working assumption had been made for the support of PUCCH on Scell in Rel-13 CA [1]. 

	Agreements:

· SR on PUCCH SCell can be supported

· Send LS to RAN2
· UE reports Type 2 PHR for PUCCH on SCell

· UE does not monitor common search space on the SCell carrying PUCCH
· Cross-carrier scheduling between PUCCH CGs is not supported

· For the power limited case, PUCCH CG with PCell is prioritized for the same UCI type between different PUCCH CGs

· For the PUCCH carried by the SCell, either the primary cell or the PUCCH SCell is configured as pathloss reference by higher layer signalling in the following cases:

· When the UE is configured with a single TAG, or

· When the UE is configured with multiple TAGs and the PUCCH SCell belongs to a TAG containing the primary cell
· Otherwise (i.e., the PUCCH SCell belongs to a secondary TAG), the PUCCH SCell is the pathloss reference for the PUCCH carried by the SCell. 

Working assumption:

· DCI format 3/3A for PUCCH carried on SCell is signalled by CSS on PCell
· FFS: Detailed configuration

Agreements:

· UCI multiplexing on PUSCH is per CG basis

· Aperiodic CSI triggering is per CG basis
· In the case of two aperiodic CSI requests received simultaneously for different PUCCH cell groups, a UE is not required to update CSI for more than 5 CSI processes across the PUCCH cell groups if UE does not support aggregating more than 5 DL CCs


In this contribution, we provide our view on the remaining points in the above and address further issue to be considered for supporting PUCCH on Scell in Rel-13 CA. 
2. Remaining issues for supporting PUCCH on Scell
There are three remaining issues to be decided or further discussed for the support of PUCCH on Scell in Rel-13 CA: DCI format 3/3A based TPC for PUCCH on Scell, power control priority between aperiodic and periodic CSI reports, and issues with PUCCH Scell deactivation.
· DCI format 3/3A based TPC for PUCCH on Scell
According to the agreements so far, PUCCH conveying periodic CSI or SR would also be transmitted in PUCCH Scell. Since those periodic UCI PUCCH transmission don’t have dynamic grant based TPC as for HARQ-ACK PUCCH, applying DCI format 3/3A based TPC for PUCCH on Scell is reasonable and beneficial for reliable UCI transmission. Therefore, the relevant working assumption should be confirmed and finally agreed as: DCI format 3/3A for PUCCH carried on SCell is signalled by CSS on PCell.

Regarding the FFS point on detailed configuration of TPC in DCI format 3/3A on Pcell, following three options can be considered. 

Opt 1) different tpc-index for Pcell and PUCCH Scell (with same TPC-PUCCH-RNTI)
Opt 2) different TPC-PUCCH-RNTI for Pcell and PUCCH Scell
Opt 3) different combination of (TPC-PUCCH-RNTI, tpc-index) for Pcell and PUCCH Scell
Among above three options, Opt 3 is reasonable and preferred to provide configuration flexibility on DCI format 3/3A based TPC in the eNB side.
Proposal 1: Confirm the working assumption that DCI format 3/3A for PUCCH carried on SCell is signalled by CSS on PCell, and a combination of TPC-PUCCH-RNTI and tpc-index is configured to support DCI format 3/3A based TPC for PUCCH Scell.
· Power control priority between aperiodic and periodic CSI reports
On UL power control in case configured with PUCCH on Scell, it is still remained as FFS whether aperiodic CSI and periodic CSI reports between different PUCCH CGs have same priority for power scaling in power-limited case. 

From technical point of view, first of all, it is obviously reasonable that aperiodic CSI has higher priority than periodic CSI since aperiodic CSI provides full set of CSI contents (e.g. RI + PMI + CQI) and contains large amount of CSI feedback for multiple DL cells and/or multiple CSI processes by a single CSI report while periodic CSI conveys only one CSI content for a single DL cell or CSI process. Moreover, considering CA with large number of DL cells in Rel-13 where size of an aperiodic CSI report would be much larger and amount of periodic CSI reporting subframes would be increased, the above priority (i.e., aperiodic CSI > periodic CSI) would be more desirable for DL scheduling efficiency in the eNB. 
Besides, even from specification perspective, potential impact by applying the priority as (aperiodic CSI > periodic CSI) would be small and reasonable (e.g. by adding a few paragraphs only for CA case within entire PCM1 procedure for dual connectivity). An example of potential specification change with the priority as (aperiodic CSI > periodic CSI) is provided in Appendix. 
Proposal 2: Aperiodic CSI report in a PUCCH CG is prioritized over periodic CSI report in another PUCCH CG for power scaling in power-limited case.
· Issues with PUCCH Scell deactivation
Considering the case that PUCCH Scell is deactivated according to RAN2 agreement, some involved operation from RAN1 perspective may need to be discussed and clarified. For example, power control of PUCCH transmission (e.g. with periodic UCI) just after PUCCH Scell is activated and SR transmission during deactivation of PUCCH Scell may need to be discussed, with consideration of potential impact on UCI signalling reliability and UL resource overhead. 
Proposal 3: Discuss on the case of PUCCH Scell deactivation and the involved RAN1 related operation. 
3. Conclusions

In this contribution, we addressed and discussed the remaining aspects for supporting PUCCH on Scell in Rel-13 CA. Based on above, we propose:

Proposal 1: Confirm the working assumption that DCI format 3/3A for PUCCH carried on SCell is signalled by CSS on PCell, and a combination of TPC-PUCCH-RNTI and tpc-index is configured to support DCI format 3/3A based TPC for PUCCH Scell.
Proposal 2: Aperiodic CSI report in a PUCCH CG is prioritized over periodic CSI report in another PUCCH CG for power scaling in power-limited case.
Proposal 3: Discuss on the case of PUCCH Scell deactivation and the involved RAN1 related operation. 
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Appendix
An example of potential specification change with the priority as (aperiodic CSI > periodic CSI) for power scaling with PUCCH on Scell is provided as the following. 
5.1.4.1
Dual connectivity power control Mode 1

If the UE PUSCH/PUCCH transmission(s) in subframe [image: image1.wmf]1

i

 of CG1 overlap in time with PUSCH/PUCCH transmission(s) in more than one symbol of subframe [image: image2.wmf]2
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if the UE has a PUCCH/PUSCH transmission with UCI including HARQ-ACK/SR in subframe [image: image5.wmf]1
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.  If the UE has a PUSCH transmission with UCI including HARQ-ACK in subframe [image: image16.wmf]1
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if CG1 is MCG and CG2 is SCG, 
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if CG1 is SCG and CG2 is MCG 

if the UE has a PUCCH transmission with UCI including HARQ-ACK subframe [image: image32.wmf]2
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of CG2, 
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else if the UE has a PUSCH transmission with UCI including HARQ-ACK in subframe [image: image35.wmf]2
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< For dual connectivity only >
if the UE has a PUCCH/PUSCH transmission with UCI not including HARQ-ACK/SR in subframe [image: image41.wmf]1
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 of CG1: If the UE has a PUCCH transmission with UCI not including HARQ-ACK/SR in subframe [image: image42.wmf]1
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if the UE has a PUCCH transmission with HARQ-ACK and a PUSCH transmission with UCI not including HARQ-ACK in subframe [image: image66.wmf]1
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if CG1 is MCG and CG2 is SCG

if the UE has a PUCCH transmission with UCI including HARQ-ACK in subframe [image: image68.wmf]2
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else if the UE has a PUSCH transmission with UCI including HARQ-ACK in subframe [image: image71.wmf]2
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otherwise, 
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if CG1 is SCG and CG2 is MCG 

if the UE has a PUCCH transmission  in subframe [image: image77.wmf]2

i

of CG2 and/or a PUSCH transmission with UCI in in subframe [image: image78.wmf]2
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of serving cell [image: image79.wmf]2

2

CG

j

Î


[image: image80.wmf])

2

(

'

ˆ

)

2

(

'

ˆ

)

2

(

ˆ

)

2

(

ˆ

2

,

2

_

2

_

2

i

P

i

P

i

P

i

P

j

PUSCH

CG

PUCCH

CG

PRACH

q

+

+

=


[image: image81.wmf]å

å

Î

¹

Î

+

=

2

,

,

2

,

2

2

2

2

2

2

2

)

2

(

ˆ

~

)

2

(

ˆ

)

2

(

'

ˆ

CG

c

c

SRS

j

c

CG

c

c

PUSCH

q

i

P

i

P

i

P


where, 
[image: image82.wmf]0

)

2

(

ˆ

2

_

=

i

P

CG

PUCCH

if the UE does not have a PUCCH transmission in subframe [image: image83.wmf]2

i

of CG2; 
[image: image84.wmf]0

)

2

(

ˆ

2

,

=

i

P

j

PUSCH

if the UE does not have a PUSCH transmission with UCI in subframe [image: image85.wmf]2

i

of CG2;
otherwise

[image: image86.wmf])

2

(

ˆ

)

2

(

ˆ

2

_

2

i

P

i

P

CG

PRACH

q

=


[image: image87.wmf]å

Î

÷

ø

ö

ç

è

æ

+

=

2

,

,

2

2

2

2

)

2

(

ˆ

~

)

2

(

ˆ

)

2

(

'

ˆ

CG

c

c

SRS

c

PUSCH

q

i

P

i

P

i

P


< For CA with PUCCH Scell only >
if the UE has a PUSCH transmission with UCI not including HARQ-ACK/periodic CSI in subframe [image: image88.wmf]1

i

of serving cell [image: image89.wmf]1

1

CG

c

Î

: If [image: image90.wmf])

1

(

ˆ

1

,

i

P

c

PUSCH

 would exceed[image: image91.wmf])

1

(

2

i

S

, the UE scales [image: image92.wmf])

1

(

ˆ

1

,

i

P

c

PUSCH

such that the condition [image: image93.wmf]{

}

)

1

(

2

,

0

max

)

1

(

ˆ

)

1

(

2

1

,

i

S

i

P

i

c

PUSCH

=

×

a

 is satisfied where [image: image94.wmf]1

)

1

(

2

0

£

£

i

a

 and [image: image95.wmf])

1

(

ˆ

)

1

(

2

)

1

(

'

ˆ

1

1

,

,

i

P

i

i

P

c

PUSCH

c

PUSCH

×

=

a

. If [image: image96.wmf])

1

(

ˆ

1

,

i

P

c

PUSCH

would not exceed [image: image97.wmf])

1

(

2

i

S

, [image: image98.wmf])

1

(

ˆ

)

1

(

'

ˆ

1

1

,

,

i

P

i

P

c

PUSCH

c

PUSCH

=

.
[image: image99.wmf])

1

(

2

i

S

is determined as follows

[image: image100.wmf])

2

(

ˆ

)

1

(

ˆ

)

2

,

1

(

ˆ

)

1

(

2

2

2

i

P

i

P

i

i

P

i

S

q

u

CMAX

-

-

=


where [image: image101.wmf])

1

(

'

ˆ

)

1

(

ˆ

)

1

(

ˆ

1

_

1

_

2

i

P

i

P

i

P

CG

PUCCH

CG

PRACH

u

+

=


where, 
[image: image102.wmf]0

)

1

(

'

ˆ

1

_

=

i

P

CG

PUCCH

 if the UE does not have a PUCCH transmission with HARQ-ACK in subframe [image: image103.wmf]1

i

 of CG1;

[image: image104.wmf])

2

(

'

ˆ

)

2

(

'

ˆ

)

2

(

ˆ

)

2

(

ˆ

2

,

2

_

2

_

2

i

P

i

P

i

P

i

P

j

PUSCH

CG

PUCCH

CG

PRACH

q

+

+

=


where, 
[image: image105.wmf]0

)

2

(

'

ˆ

2

_

=

i

P

CG

PUCCH

 if the UE does not have a PUCCH transmission with UCI including HARQ-ACK in subframe [image: image106.wmf]2

i

of CG2; 
[image: image107.wmf]0

)

2

(

'

ˆ

2

,

=

i

P

j

PUSCH

 if CG1 is MCG and CG2 is SCG and the UE does not have a PUSCH transmission with UCI including HARQ-ACK in subframe [image: image108.wmf]2

i

of serving cell [image: image109.wmf]2

2

CG

j

Î

, or if CG1 is SCG and CG2 is MCG and the UE does not have a PUSCH transmission with UCI including HARQ-ACK/aperiodic CSI in subframe [image: image110.wmf]2

i

of serving cell [image: image111.wmf]2

2

CG

j

Î

;
if the UE has a PUCCH/PUSCH transmission with UCI not including HARQ-ACK/SR/aperiodic CSI in subframe [image: image112.wmf]1

i

of CG1: If the UE has a PUCCH transmission with UCI not including HARQ-ACK/SR in subframe [image: image113.wmf]1

i

 of CG1 and if [image: image114.wmf])

1

(

ˆ

1

_

i

P

CG

PUCCH

would exceed [image: image115.wmf])

1

(

2

i

S

, the UE scales [image: image116.wmf])

1

(

ˆ

1

_

i

P

CG

PUCCH

such that the condition [image: image117.wmf]{

}

)

1

(

2

,

0

max

)

1

(

ˆ

)

1

(

2

1

_

i

S

i

P

i

CG

PUCCH

=

×

a

is satisfied where [image: image118.wmf]1

)

1

(

2

0

£

£

i

a

 and [image: image119.wmf])

1

(

ˆ

)

1

(

2

)

1

(

'

ˆ

1

_

1

_

i

P

i

i

P

CG

PUCCH

CG

PUCCH

×

=

a

. If [image: image120.wmf])

1

(

ˆ

1

_

i

P

CG

PUCCH

would not exceed [image: image121.wmf])

1

(

2

i

S

, [image: image122.wmf])

1

(

ˆ

)

1

(

'

ˆ

1

_

1

_

i

P

i

P

CG

PUCCH

CG

PUCCH

=

. If the UE has a PUSCH transmission with UCI not including HARQ-ACK/aperiodic CSI in subframe [image: image123.wmf]1

i

of serving cell [image: image124.wmf]1

1

CG

c

Î

, and if [image: image125.wmf])

1

(

ˆ

1

,

i

P

c

PUSCH

would exceed[image: image126.wmf])

1

(

2

i

S

, the UE scales [image: image127.wmf])

1

(

ˆ

1

,

i

P

c

PUSCH

such that the condition [image: image128.wmf]{

}

)

1

(

2

,

0

max

)

1

(

ˆ

)

1

(

2

1

,

i

S

i

P

i

c

PUSCH

=

×

a

 is satisfied where [image: image129.wmf]1

)

1

(

2

0

£

£

i

a

 and [image: image130.wmf])

1

(

ˆ

)

1

(

2

)

1

(

'

ˆ

1

1

,

,

i

P

i

i

P

c

PUSCH

c

PUSCH

×

=

a

. If [image: image131.wmf])

1

(

ˆ

1

,

i

P

c

PUSCH

would not exceed [image: image132.wmf])

1

(

2

i

S

, [image: image133.wmf])

1

(

ˆ

)

1

(

'

ˆ

1

1

,

,

i

P

i

P

c

PUSCH

c

PUSCH

=

.
[image: image134.wmf])

1

(

2

i

S

is determined as follows

[image: image135.wmf])

2

(

ˆ

)

1

(

ˆ

)

2

,

1

(

ˆ

)

1

(

2

2

2

i

P

i

P

i

i

P

i

S

q

u

CMAX

-

-

=


where [image: image136.wmf])

1

(

'

ˆ

)

1

(

ˆ

)

1

(

ˆ

1

_

1

_

2

i

P

i

P

i

P

CG

PUCCH

CG

PRACH

u

+

=


where, 
[image: image137.wmf]0

)

1

(

'

ˆ

1

_

=

i

P

CG

PUCCH

 if the UE does not have a PUCCH transmission with HARQ-ACK/SR in subframe [image: image138.wmf]1

i

 of CG1;

[image: image139.wmf])

2

(

'

ˆ

)

2

(

'

ˆ

)

2

(

ˆ

)

2

(

ˆ

2

,

2

_

2

_

2

i

P

i

P

i

P

i

P

j

PUSCH

CG

PUCCH

CG

PRACH

q

+

+

=


where, 
[image: image140.wmf]0

)

2

(

'

ˆ

2

_

=

i

P

CG

PUCCH

 if CG1 is MCG and CG2 is SCG and the UE does not have a PUCCH transmission with UCI including HARQ-ACK/SR in subframe [image: image141.wmf]2

i

of CG2, or if CG1 is SCG and CG2 is MCG and if the UE does not have a PUCCH transmission in subframe [image: image142.wmf]2

i

of CG2; 
[image: image143.wmf]0

)

2

(

'

ˆ

2

,

=

i

P

j

PUSCH

 if CG1 is MCG and CG2 is SCG and the UE does not have a PUSCH transmission with UCI including HARQ-ACK/aperiodic CSI in subframe [image: image144.wmf]2

i

 of serving cell [image: image145.wmf]2

2

CG

j

Î

, or if CG1 is SCG and CG2 is MCG and the UE does not have a PUSCH transmission with UCI in subframe [image: image146.wmf]2

i

of serving cell [image: image147.wmf]2

2

CG

j

Î

;
If the UE has PUSCH transmission(s) without UCI in subframe [image: image148.wmf]1

i

of CG1, the UE shall determine
[image: image149.wmf]ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

ï

þ

ï

ý

ü

ï

î

ï

í

ì

-

×

-

-

-

=

)

2

(

'

ˆ

)

2

(

ˆ

100

)

2

,

1

(

ˆ

,

0

max

min

)

2

(

ˆ

)

1

(

ˆ

)

2

,

1

(

ˆ

)

1

(

3

3

3

2

CMAX

3

3

CMAX

i

P

i

P

i

i

P

i

P

i

P

i

i

P

i

S

q

q

CG

q

u

g


where

if the UE has a PUCCH transmission  in subframe [image: image150.wmf]1
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if CG1 is SCG and CG2 is MCG 
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