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1 Introduction

In RAN1#60bis it was decided [1] that in case the UE exceeds its maximum transmission power 
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, the UE scales the PUSCH transmission power in component carrier (CC) 
[image: image2.wmf]c

 and sub-frame 
[image: image3.wmf]i

, 
[image: image4.wmf])

,

(

i

c

P

PUSCH

,  according to  

[image: image5.wmf])

(

)

,

(

)

(

i

P

P

i

c

P

c

w

PUCCH

CMAX

c

PUSCH

-

£

×

å

.

(1)

[image: image6.wmf])

(

i

P

PUCCH

 is the PUCCH transmission power in the UL PCC (
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 if no PUCCH transmission exists in the UL PCC) and 
[image: image8.wmf])

(

c

w

 are the scaling factors in each UL CC having PUSCH transmission from the reference UE. The determination of 
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 is the topic of this contribution.  
2 Power Scaling
In case 
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 is reached, PUCCH power allocation is prioritized over PUSCH power allocation and power allocation to PUSCH with UCI transmission is prioritized over power allocation to PUSCH without UCI transmission. This leaves the following open issues:

a) How to allocate power among PUSCH transmissions without UCI (in different UL CCs)

b) How to allocate power among PUCCH transmissions (among different UCI types)

2.1 Scaling of PUSCH Transmission Power
The PUSCH transmission power in UL SCC 
[image: image11.wmf]c

 and sub-frame 
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 is given as 
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where 

· 
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 is the maximum power for PUSCH transmission in UL CC 
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 is the number of, contiguous or non-contiguous, PRBs in UL CC 
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 is the fractional TPC cell-specific parameter for UL CC 
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 is the path-loss estimate in the DL CC linked to UL CC 
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 is the function accumulating the CL TPC command 
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 during sub-frame 
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 being the first value after reset of accumulation. 

In case of a single PA per antenna, the UE needs to reduce the PUSCH transmission power per antenna in all or some of the CCs when 
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 is reached. Note that because 
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 is also usually exceeded (although 
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 may be set by the eNB to be less than 
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 in some cases) while the reverse does not apply. Therefore, it is more appropriate and simpler to apply power scaling on 
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 first. 
Regarding the determination of the scaling factors 
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, the RAN2 decision for “all UL CC's will roughly have the same UL QoS” should be considered in conjunction with the UCI transmission in the PUSCH and with the fact that UCI QoS takes precedence over data QoS. 

If the UCI is distributed in all PUSCH transmissions, since the UCI resources depend on the spectral efficiency of each PUSCH transmission, the power scaling should also be according to the spectral efficiency of each PUSCH transmission. Using the Shannon capacity formula (and considering 
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Therefore, 
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 which, under the assumption that the SINR of a UE scheduled PUSCH transmissions in multiple UL CCs is not low, can be simplified to 
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 (linear range of the capacity curve). Then, the PUSCH transmission power in UL CC 
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 (for a total of 
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 UL CCs) is:
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Note that the requirement for “roughly the same” UCI QoS is achieved by such scaling but the requirement for “roughly the same” data QoS may not be achieved.  

If UCI is included only in a single PUSCH, QoS is prioritized for that PUSCH (since UCI is prioritized) and there is no reduction in power. The requirement for “roughly the same UL QoS” is not achieved for the PUSCH transmission having the UCI which is prioritized. The same scaling coefficient 
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It is assumed that UCI is either transmitted in the PUSCH or the PUCCH (but not in both in the same sub-frame) and 
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 is the UL CC with the PUSCH transmission containing the UCI. The above also applies in case there is no UCI transmission in any PUSCH (there is no 
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). This also allows that in some UL CCs, PUSCH transmissions with very low initial 
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 can be suspended. 
Proposal: With CA when 
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 is reached, PUSCH transmission power scaling applies on 
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 first.

Proposal: With CA when 
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 is reached, PUSCH transmission power scaling is as in Equation (4) if UCI is distributed in all PUSCH and as in Equation (5) if UCI is included in a single PUSCH or if there is no UCI. Suspending a PUSCH transmission is also allowed.
2.2   Scaling of PUCCH Transmission Power
If the UE simultaneously transmits multiple UCI types (SR, CQI, HARQ-ACK) in the PUCCH of the UL Primary CC (UL PCC), similar considerations as for the PUSCH apply when 
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 (or 
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 in the UL PCC) is reached.
Assuming that the HARQ-ACK reliability is more important than the SR reliability which is in turn more important that the CQI reliability, the following can apply:

a) Transmission power for HARQ-ACK signaling is prioritized (Rel-8 TPC applies).
b) Transmission power for SR signaling is allocated next. This case needs to only be considered if HARQ-ACK and SR multiplexing cannot be supported. If the maximum transmission power is reached before the SR transmission is allocated its required power, two options exist:
· Dropping the SR transmission.

· Transmitting SR with reduced power. 

As a false positive SR is less detrimental than an SR miss/drop, the second option is preferable.
· Transmission power for CQI signaling is allocated next. If the maximum transmission power is reached before the CQI transmission is allocated its required power, two options exist:

· Dropping the CQI transmission.

· Transmitting CQI with reduced power.

The first option is less detrimental as it is preferable for the Node B to know that a CQI report is missed/dropped (DTX detection) than to receive an incorrect CQI report or to ignore it (while still having the associated UL interference and the UE power consumption). The second option can be used for PUCCH CQI transmissions with CRC protection, if supported in Rel.10 (e.g. periodic PUSCH [3]).
Proposal: For simultaneous PUCCH transmission of multiple UCI types in the UL PCC, power allocation is in the following order: HARQ-ACK, SR, and CQI (CQI is dropped if not CRC protected).

3 Conclusions
This contribution considered some of the remaining aspects for UL TPC operation in Rel-10 and proposes the following:

Proposal 1: With CA when 
[image: image61.wmf]CMAX

P

 is reached, PUSCH transmission power scaling applies on 
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 first.

Proposal 2: With CA when 
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 is reached, PUSCH transmission power scaling is as in Equation (4) if UCI is distributed in all PUSCH and as in Equation (5) if UCI is included in a single PUSCH or if there is no UCI. Suspending a PUSCH transmission is also allowed.
Proposal 3: For simultaneous PUCCH transmission of multiple UCI types in the UL PCC, power allocation is in the following order: HARQ-ACK, SR, and CQI (CQI is dropped if not CRC protected).
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