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Discussion and decision
1. Introduction 
In Rel.10 carrier aggregation, only contiguous intra-band carriers are allowed to be configured for uplink transmissions.  This leads to typically one RF chain and one power amplifier (PA) in the UE transmitter side. On the other hand, in Rel.11 carrier aggregation, non-contiguous intra-band and inter-band carriers can also be configured in uplink. Then, multiple Tx RF chains and correspondingly multiple PAs are introduced in the UE. The respective PAs in the UE may not have the same capability of the maximum output power. This contribution discusses potential issues concerning transmit power scaling for the cases that the multiple PAs are employed in the UE transmitter side. 
2. Discussion
From Rel.11, non-contiguous intra-band and inter-band carrier aggregation in UL is to be supported and RAN4 is working on developing core specifications for the UL non-contiguous CA deployment scenarios. Under those deployments, the UEs will have multiple Tx RF chains and correspondingly multiple PAs, as illustrated in Figure 1 captured from TR 36.807 “UE radio transmission and reception” [1]. 
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Figure 1. Tx architecture examples [1]
In Rel.10 carrier aggregation, only contiguous intra-band carriers were allowed to be configured for uplink transmissions. This leads to typically one RF chain and one PA in the UE transmitter side. Correspondingly in Rel-10, RAN4 defined the specifications [2] on the UE maximum output power for the contiguous intra-band CA cases, which is measured as the sum of the maximum output power at each UE antenna connector. In computing PCMAX,c for the respective CA carriers, the same maximum power, PPowerClass, is assumed for all CA carriers [2] and the PCMAX,c has been incorporated into the procedures for UL power headroom report, transmit power control and power scaling [3]. 
However, in Rel.11 CA where multiple PAs can be used in the UE transmitter to support non-contiguous intra-band or inter-band CA, there could be some issues concerning UL power headroom report and transmit power scaling, especially when the maximum output power of the respective PAs are different. For example, if the UE’s total maximum output power is set to the lowest maximum output power among the PAs employed in the UE, this can lead to unnecessary scale-down of the UL transmit power even when the transmit power on a UL carrier does not exceed the limit which the corresponding PA can support. This is caused by using PCMAX,c value not reflecting the actual PA power limit for the corresponding CA carrier and will result that overall uplink throughput decreases. 
On another hand, if the UE’s total maximum output power is set to the largest maximum output power among the PAs employed in the UE, a calculated transmission power based on the Rel-10 power scaling procedure may exceed an actual maxim output power of a PA due to using a PCMAX,c value not reflecting the actual PA power limit, while it still meets the UE’s total maximum output power. This can cause unsuccessful decoding of the corresponding PUSCH due to the scaling down of the PUSCH transmission power below the actual capacity. In addition, the discrepancy in a PA’s actual maximum output power and the assumed maximum in the power headroom reporting and power scaling could complicate the eNB scheduler operations to manage the scheduling of UL transmissions so that the maximum transmit power does not exceed on each of the configured UL carriers.
Meanwhile, if the maximum output power of the respective PAs can be assumed the same in most UE implementations, the issue may not exist and the Rel-10 procedures would be fully usable in Rel-11 as well. RAN4 is currently developing core specifications for UL non-contiguous CA cases and it is not clear at the moment whether the maximum output power of the PAs in the UE can be assumed the same or can happen to be different. If the maximum output power of the PAs in the UE should be allowed to be different in Rel-11, the related Rel-10 standards of RAN4 and/or RAN1, which are mostly based on contiguous CA in UL, may need to be revised. 
3. Conclusion
In this contribution, we discussed potential issues concering UL transmit power scaling for the cases that multiple PAs are employed in the UE transmitter to support non-contiguous UL CA from Rel-11. In Rel-10, the same maximum power, PPowerClass, is assumed in computing PCMAX,c for the respective CA carriers and the PCMAX,c based on the assumption has been incorporated into the procedures for UL power headroom report, transmit power control and power scaling.  If the maximum output power of the PAs in the UE should be allowed to be different in Rel-11, the related Rel-10 standards of RAN4 and/or RAN1 may need to be revised.
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