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Introduction

Uplink power control was discussed during RAN4#58AH in Shanghai. This has culminated in an LS to RAN1 [1] suggesting: a change in the power scaling triggers from 
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in [2]. Most of the open issues for uplink power control have been resolved for Rel-10 and this has resulted in a joint proposal by interested parties [3]. This document looks at a limitation of the current solution proposed for the inter-band carrier aggregation with up to one serving cell per operating band.
Discussion

For Rel-10 it has been agreed that additional information in the power headroom reporting will be provided to assist the scheduler in the carrier aggregation (CA) scenario. The current format is that a UE reports a pair of PCMAX,c and power headroom (PH) for each activated serving cell. Due to the change of the scaling inequality constant from 
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then it is possible that additional scaling occurs after calculation the PHR so that the UE can meet the spectral emissions mask and spurious noise requirements. This additional scaling is not reflected in the PCMAX,c value in the PHR. For the intraband carrier aggregation scenario the MPR, A-MPR and P-MPR are the same for each CC. Figure 1 shows an example of this case. Note that a PH is a measure of the difference between the maximum UE transmit power and the uplink transmit power that would have been used assuming that the UE would not have been limited by its maximum transmit power, i.e. without power scaling. The horizontal-axis and vertical-axis of Figure 1 represent the transmit powers without power scaling in CC1 and CC2, respectively. Based on the PHR, the network can derive the transmit powers without power scaling at CC1 and CC2 from the UE reporting, which is depicted as the black dot in the figure 1.

 For the intraband case if additional scaling is applied then the eNB should be able to calculate the amount as Pcmax is known from Pcmax,c
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Figure 1: Intraband transmit power constraints when there are two CCs, where the horizontal and vertical axes represent the UE transmit powers without power scaling at CC1 and CC2, respectively.
For the interband carrier aggregation scenario the MPR, A-MPR and P-MPR can be different for each CC. Figure 2 shows an example of this case. For the interband case if additional scaling is applied – i.e. the total UE power is in Region 2 of Figure 2 - then the eNB may not be able to calculate the amount as Pcmax is unknown.
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Figure 2: Interband transmit power constraints when there are two CCs, where the horizontal and vertical axes represent the UE transmit powers without power scaling at CC1 and CC2, respectively.
It is recognised that having more than one uplink CC transmitting for the interband case is not a Rel-10 feature. However the equation for such a case has been defined in [3]. To future proof the current standards so that it supports more than one uplink CC for the interband case it may be beneficial to add a signalling mechanism to allow the eNB to determine the value of Pcmax.
Conclusion

This document looks at a limitation of the current solution proposed for the inter-band carrier aggregation with up to one serving cell per operating band. It is recognised that having more than one uplink CC transmitting for the interband case is not a Rel-10 feature. However the equation for such a case has been defined in [3]. To future proof the current standards so that it supports more than one uplink CC for the interband case it may be beneficial to add a signalling mechanism to allow the eNB to determine the value of Pcmax.
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