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1 Introduction

During the RAN1#58bis meeting there were agreements on the basic principle of uplink power control for CA. Further an outline of the issues to study during the WI phase of CA was agreed. In this contribution we discuss does aspects further.
2 Discussion

2.1 TPC command transmission for PUCCH and PUSCH

The TPC commands for PUSCH and PUCCH can be transmitted on the PDCCH DCI corresponding to the physical channel on the respective uplink component carrier. Depending on the mapping of the PDCCHs to the downlink component carriers, the PDCCHs can be transmitted on the same or different downlink component carriers. The PDCCH structure should be the same as for Rel-8, i.e. the TPC bits in the uplink grant and the downlink assignment should always be included, even in case there is no power adjustment, as there is no gain from not sending the TPC bits unless one would consider doubling the amount of PDCCH blind decodes or modifying the PDCCH formats, which both would not be inline with the agreed way forward from RAN1#58 [1].

In some scenarios, e.g. with two adjacent uplink component carriers, it may be sufficient to transmit one TPC command corresponding to the uplink anchor carrier, together with a component carrier specific offset. However, as there is still a need to transmit the TPC bits for all uplink component carriers, we see no benefit in supporting such an option. 
Proposal 1: TPC commands for PUSCH and PUCCH are transmitted on the PDCCH in the DCI corresponding to the physical channel on the respective uplink component carrier. 

2.2 Open loop power control
The uplink component carrier power setting is based on the uplink pathloss estimate with respect to a measurement on a downlink component carrier. Depending on the component carrier configuration for the UE, e.g. where the downlink and uplink component carriers are located in different bands, there might be a significant difference between the pathloss on the uplink component carrier on which the UE is transmitting and the pathloss estimated for the uplink component carrier that belongs to the downlink component carrier on which the UE has measured. This is e.g. the case when there is no downlink carrier associated with the uplink carrier in the same band. In such situation the UE can in general not rely on the exact pathloss estimate obtained from the measurement on the downlink component carrier for setting the initial uplink power on the component carrier it is transmitting, and it is therefore beneficial to provide the UE with a pathloss power offset to compensate for the difference between the uplink component carrier belonging to the downlink component carrier on which the UE has measured on and the uplink component carrier on which the UE is scheduled.
Proposal 2: To support an uplink component carrier without a corresponding downlink component carrier in the same band, the pathloss estimate should be based on that the UE measures the pathloss on a downlink component carrier in the band where the downlink carrier is transmitted and applies a pathloss power offset to its measurement.
For configurations with multiple downlink component carriers, it is FFS since RAN1#58bis whether the UE should measure RSRP on a single component carrier or from multiple component carriers. This aspect does not only affect UE power control but also mobility aspects as the pathloss measurement for RSRP and RSRQ. The discussion about only measuring RSRP one component carrier or measuring it on individual component carriers started in RAN4#53, and RAN1 should follow the conclusions reached in RAN4.
Proposal 3: RAN4 should discuss if the UE should measure pathloss from one or multiple DL component carriers.

2.3 Uplink power limitation handling

2.3.1 Uplink power limitation handling in the UE

As discussed in [3], the network side has a number of means to avoid power limitation in the UE, such as reducing the load on PUCCH/PUSCH. However, the situation of power limitation can still occur, and then on the UE side the power on the uplink component carriers should be scaled. At RAN1#58bis it was agreed that in such scenario there should be a standardised rule for how the UE should behave in case of a single PA in the UE. 
For the same reason there is also a need for a UE with multiple PA to have a standardised rule for how the UE should behave in case of power limitation, since the UE total allowed transmission power across all its component carriers can be reached even if it would be possible for the UE to transmit on each individual component carrier. 

Proposal 4: In case of power limitation in a UE with multiple PA a standardised rule should be defined on how to scale the transmission power.

The power scaling should be unequal between different component carriers, e.g. to take into account the type of data scheduled on the component carriers or the transmission of ACK/NACK information on PUSCH on a specific component carrier. The power scaling between different component carriers should be controlled by the network, so that the component carrier(s) with critical information are scaled last.
As a principle, when the UE reaches the maximum total transmission power, the UE should first scale the component carriers with relative weights provided by the network. The weights may e.g. be set such that one or several component carriers are prioritised, i.e. not scaled down. 

If after the relative scaling, i.e. scaling down all non-prioritised carriers, the UE is still reaching power limitation, the UE should share the available transmit power equally between the prioritised carriers.
Proposal 5: In case of uplink power limitation, the UE should scale the uplink power individually on each uplink component carrier using component carrier specific weights provided by the network. 
In case of simultaneous transmission of PUCCH and PUSCH, in cases where power limitation is reached, the UE should distribute the available power by prioritising the PUCCH over the PUSCH. Since L1 control information is generally more important on PUCCH than individual PUSCH transmission, the UE should avoid this scenario to occur by first allocating power on the PUCCH and utilising the remaining power for PUSCH.
Proposal 6: In case of uplink power limitation, PUCCH should be allocated power over PUSCH if they are transmitted in the same subframe either on the same component carrier or different component carriers.
2.4 Power headroom reporting

The UE should report power headroom per component carrier, as independent errors can occur in each TPC loop. 

The introduction of LTE Rel-10 will make it possible for the UE to transmit PUSCH and PUCCH at the same occasion. As both of the physical channels can be transmitted at the same occasion the transmit power in the UE needs to be shared among the two channels in some way. Since the PUCCH has a separate power control loop, the base station can not know how much power that PUCCH will take from the total available transmission power and correspondingly, how much power is left for the scheduled PUSCH. Hence the power headroom should also be reported separately for PUCCH.
Proposal 7: PUCCH/PUSCH specific power headroom reporting per component carrier.

2.5 SRS

Although the details for SRS transmission have not been decided, there is nothing fundamentally different to SRS power control compared to single carrier operation. Therefore, we propose as in LTE Rel-8/Rel-9 that the SRS power control should be based on the PUSCH power control.

Proposal 8: Base SRS power control in Rel-10 on PUSCH power control.

3 Conclusions

This contribution discussed a several principles for uplink power control with carrier aggregation. It is proposed that RAN1 discusses and agrees on the following proposals: 

1. TPC commands for PUSCH and PUCCH are transmitted on the PDCCH in the DCI corresponding to the physical channel on the respective uplink component carrier. 
2. To support an Uplink component carrier without a corresponding Downlink component carrier in the same band. The pathloss estimate should be based on that the UE measures the pathloss on a downlink component carrier in another band and applies a pathloss power offset to its measurement.
3. RAN4 should discuss if the UE should measure pathloss from one or multiple DL component carriers.
4. In case of power limitation in a UE with multiple PA a standardised rule should be defined on how to scale the transmission power.
5. In case of uplink power limitation, the UE should scale the uplink power individually on each uplink component carrier using component carrier specific weights provided by the network.
6. In case of uplink power limitation, PUCCH should be allocated power over PUSCH if they are transmitted in the same subframe either on the same component carrier or different component carriers.
7. PUCCH/PUSCH specific power headroom reporting per component carrier.

8. Base SRS power control in Rel-10 on PUSCH power control. 
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