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1. Introduction
In RAN1 #58bis meeting, a proposed way forward of uplink transmission power control was agreed and the followings are the baseline principles:
· Scope of uplink power control in LTE-Advanced is similar to Rel’8:

· Mainly compensate for slow-varying channel conditions while reducing he interference generated towards neighboring cells 

· Fractional PC or full path-loss compensation is used on PUSCH and full path-loss compensation on PUCCH

· LTE-Advanced supports component carrier specific UL PC for both contiguous and non-contiguous channel aggregation

· for closed-loop case, and for open loop at least for the cases Many:1 and 1:1 DL:UL CCs

Rel-8 LTE uplink power control shall be revised to satisfy the demands of LTE-A. Many contributions [1] – [5] have discussed various issues on uplink power control in LTE-A. In this document, we share our views on several aspects of uplink power control, such as PC parameters, power headroom reporting, and power limitation handling among component carriers.
2. Discussion 
In carrier aggregation systems, UL component carriers may be aggregated from separate frequency bands, which have different properties on pathloss, channel frequency selectivity, and interference level. CC-specific UL power control would be an effective scheme to handle the above issues. In the following, we discuss several related topic on UL power control in LTE-A.
2.1. PC parameters 
In LTE Rel-8 specification, TPC formulas for different UL physical channels are defined as following
· PC for PUSCH


[image: image1.wmf])}

(

)

(

)

(

)

(

))

(

(

log

10

,

min{

)

(

TF

O_PUSCH

PUSCH

10

CMAX

PUSCH

i

f

i

PL

j

j

P

i

M

P

i

P

+

D

+

×

+

+

=

a


· PC for PUCCH
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· PC for SRS
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In the formulas, most parameters shall be CC-specific as different component carriers may have different bandwidth, modulation, and traffic load. Moreover, TPC commands transmitted on PDCCH on one DL CC can control the PUSCH/PUCCH transmit power on the corresponding UL CC, similar to Rel-8.
The parameter PL is the pathloss of a component carrier. There are generally two approaches to obtain the PL for each UL component carrier:

1. PL for each component carrier is derived based on RSRP measurement on the corresponding DL component carrier

2. PLs for multiple UL component carriers are derived based on RSRP measurement on the single DL component carrier with some CC specific compensation values.

In case of contiguous carrier aggregation, PLs derived by the two approaches shall not have essential difference since the radio propagation characteristic is similar within the same band. 
In case of non-contiguous carrier aggregation, both of the two approaches can be applied to obtain the PLs. However, in order to reflect the different propagation condition in different bands, it is preferable to perform RSRP measurement on each corresponding DL component carrier to derive the PL.
In case of asymmetric carrier aggregation where more UL component carriers are aggregated than DL, PLs for multiple UL component carriers need to be derived using the second approach, since multiple UL carriers may be corresponding to the same DL carrier. Hence, support of second approach is needed if aggregation of more UL carriers than DL is possible in LTE-A.
2.2. Power headroom report
Power headroom represents the difference between the allowed UE maximum transmit power PCMAX and current transmission power for UL-SCH. Therefore, it indicates the margin of UE’s transmission capability. In Rel-8 specification, PHR is calculated as follows:
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In case of non-contiguous carrier aggregation on multiple bands, each component carrier may have a separate PA. Hence, it is preferable that PHR shall be CC specific.

In case of continuous carrier aggregation or non-contiguous carrier aggregation within a single band, one PA may be used to transmit multiple CCs. The definition of 
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 can affect the meaning of PHR in this scenario. If 
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means the total transmit power of the PA, it may affect eNB schedule decisions since the PHR does not reflect the power margin of the scheduled CC. If 
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means the transmit power of one CC, the relationship between the total transmit power of one PA and the maximum transmit power on one CC shall be clarified. RAN4 shall further investigate and clarify the definition of
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. 
Given that uplink resource allocation and power control are CC specific, and the estimated UL-SCH power is based on the allocated uplink resources, MCS and power control strategy on each CC, it is preferable that 
[image: image9.wmf]CMAX

P

 and PHR are CC specific as well.
LTE-A UEs support simultaneous PUSCH and PUCCH transmission on one carrier. In such case, eNB cannot know accurately how much power the PUCCH is consuming and how much power can be used for PUSCH transmission. In order to reflect UE transmission power headroom for PUSCH correctly, PHR formula shall be revised as following:
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Hence, there can be two PHR formats in LTE-A: 
(1) PHR for PUSCH only transmission: 
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(2) PHR for concurrent PUSCH and PUCCH transmissions: 
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It is desirable to introduce a 1-bit signaling for eNB to indicate the specific format of PHR the UE shall send, i.e. with or without PUCCH. In this way, eNB can flexibly obtain the power margin of uplink transmission and operate the closed loop power control more effectively.

2.3. Power limitation strategy
In carrier aggregation, transmission over multiple component carriers can be realized with a single PA or multiple PAs. For non-continuous carrier aggregation, each component carrier may have a specific PA. Hence, the strategy of handling power limitation can be the same as Rel-8. For continuous carrier aggregation, one PA is used to transmit signals on multiple CCs. When a UE’s max transmit power is reached, there are a few options to handle the power limitation [1] – [3]. One possibility is to reduce the transmit power proportionally on each CC. Another option is to first reduce the transmit power on CCs transmitting low priority signals. Our preference is that the transmit power on multiple CCs can be decreases non-proportionally, which allows eNB to more flexibly operate the UL power control. In particular, a set of priorities shall be defined for different UL signals. Our preference is that the transmission power for control channels has a priority over data channels. Power reduction can be done according to the different priorities of different channels, e.g. ACK/NAK has the highest priority, followed by SR, CQI and PUSCH.
3. Conclusions
In this contribution, we discuss several aspects of UL power control in LTE-A, including PL estimation, power headroom reporting, and handling of transmit power limitation. Further discussion is needed in Rel-10. Moreover, we suggest RAN4 to further investigate and clarify the definition of
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in carrier aggregation, especially in continuous carrier aggregation with one PA.
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