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1. Introduction

Carrier aggregation is a promising technic to increase the throughput of LTE-A. The configuration of carrier aggregation can be either symmetric or asymmetric and either contiguous in frequency domain or non-contiguous in frequency domain. Considering the independent characteristic between multi-carriers, the uplink power control scheme in LTE can be revisited. 
In this contribution, we share our view based on the TPC formula, TPC command signaling and maximum power limitation regarding multi-carrier power control. Based on the trade-off between standardization effort and performance, several proposals are provided.
2. Discussion 

TPC formula:

In LTE, the uplink transmission power is decided based on the formulas [1]:
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Both the formulas for PUSCH and for PUCCH power control contain path loss compensation, MCS/format compensation, offset value, and power command. For the MCS/format compensation and offset value, it’s naturally to have separate configuration for each carrier to allow the same degree of freedom in LTE-A deployment comparing with LTE since these parameters are more cell specific. Considering the TPC command carried on PDCCH, it seems following the same design of LTE is enough. The only thing may require spec change is override between TPC commands which is quite in-line with LTE if the command is applied per carrier basis. Path loss should be carefully treated since the carriers may be in different band and the value can vary between carriers. It was proposed to base the estimation on one specific carrier and to derive path loss of other carriers according to the configured path loss offsets [2]. With this method, the path loss estimation error increases since the said offset value may not truly reflect the path loss difference between carriers which require more signalings to compensate. Therefore, the baseline should be that path loss estimation is performed per carrier. It is straightforward to perform the estimation on the paired DL carrier of the concerned uplink carrier based on the assumption that the UL/DL carrier pair is of reasonable duplex distance as the order of that in LTE.
Proposal 1:  Each carrier has its own set of configurable parameters for power control. Path loss estimation is performed per UL carrier based on the measurement of paired DL carrier.
TPC command signaling:

Contributed by separate coded PDCCH, the designed TPC signalling scheme can almost be reused in LTE-A, with the view of multiple parallel controls. 
· TPC command carried on uplink grant/downlink assignment: 
The carrier the TPC command applied to is the carrier PDCCH allocate resource for, regardless whether carrier indicator is applied or not. Currently we don’t see the merit of carrying multi-carrier power command on one PDCCH dedicated for a specific carrier.
· TPC command carried on format 3/3A:   
The TPC command can be applied either to a specific carrier or to all the aggregated carriers. Since TPC command aim to eliminate the estimation error of transmission power, it seems more reasonable to allow independent power controls on different carriers, based on different path loss/MCS compensations on different carriers. Therefore we think this type of TPC command with per-carrier basis should be the baseline. 
Further considering which carrier the TPC command applies to, it depends on the design of common search space. If every carrier can have its own common search space, it’s straightforward to apply the command on the paired carrier receiving the corresponding PDCCH as a pure extension of LTE. If there is non-PDCCH carrier or extension carrier or if UE only monitors common search space on one anchor carrier [3], a kind of cross-carrier signaling is required. Explicit indication or implicit RNTI indication can serve for this purpose while we should be careful about the capacity of common search space given the unbalanced PDCCH loading.
Proposal 2: TPC command is signaled per carrier based on LTE Rel-8. Cross carrier signalling can be considered for format3/3A.
Maximum transmission power:

Maximum transmission power sets an upper limit of UE UL transmission power based on UE capability or network configuration. Mainly two trends for this topic:
· a joint limit for all carriers:

Considering how to share the total amount of maximum power, several alternatives can be adopted. One is to allocate power base on some specific weighting. The metric for the weighting can be path loss, allocated bandwidth, or the computed transmitted power between carriers. Concerns were raised that this kind of allocation penalize the carrier has better channel condition [4]. Another alternative is to set a kind of priority and allocate power accordingly [4][5]. This alternative can optimize the utilization of power between carriers, while a whole new algorithm is required and may be complicated.
· a separate limit for each carrier:

This trend can be considered as an extension of LTE Rel-8 power control. Each carrier is given a maximum transmission power by equally divided or based on some specific weighting. The drawback of this alternative is power is not optimally allocated and some excessive power is not utilized for the carrier with transmission power lower than maximum value. This drawback can be overcome, if required, with some power lending mechanism for carrier with excessive power. 
Proposal 3: There is maximum transmission power per carrier. FFS whether additional optimized mechanism is required for power allocation.
3. Conclusion

Several aspects corresponding to uplink transmission power control is discussed in this contribution. We have the following preliminary proposal for further development on this topic:
Proposal 1: Each carrier has its own set of configurable parameters for power control. Path loss estimation is performed per UL carrier based on the measurement of paired DL carrier.

Proposal 2: TPC command is signaled per carrier based on LTE Rel-8. Cross carrier signalling can be considered for format3/3A.
Proposal 3: There is maximum transmission power per carrier. FFS whether additional optimized mechanism is required for power allocation.
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