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1. Introduction

In RAN1#58bis, several aspects of uplink power control for LTE-A were discussed.  In case of power limitation, the UE will scale the transmit power in case a single PA is used.  When PUSCH and PUCCH are transmitted simultaneously, power sharing between PUSCH and PUCCH should be configured by the eNB or defined by a rule with the exact procedure is FFS.  This contribution addresses power sharing in this situation and presents a simple procedure. Other aspects uplink power control are addressed in the companion contribution R1-100178.
2. UE transmit power in case of power limitation
LTE-A UEs can be configured to transmit on multiple uplink carriers simultaneously.  This includes a combination of PUSCH and PUCCH, where, for example, a UE may transmit the PUCCH in one carrier and the PUSCH in another.  In addition, within the same carrier, UE has the ability to simultaneously transmit both PUSCH and PUCCH.  In general, PUCCH should be prioritized over PUSCH.  Although some control information such as CQI/PMI/RI may not be as crucial as ACK/NACK and SI, it may not be worthwhile to separate PUCCH transmission by type of control information being sent.  In any case, PUSCH has HARQ which can be used to correct erroneous transmissions, whereas the PUCCH must be received correctly in a single transmission. 

With carrier aggregation in addition to simultaneous PUSCH and PUCCH transmission,, the total transmit power of the UE is then given by –
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where i is the component carrier index and 
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 is the cumulative power that the UE is allowed to transmit across all component carriers. Under transmit power limitation, several power reduction approaches can be considered as follows –

· Uniform scaling where a single scaling factor 
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 is applied to all channels in order to limit the total transmit power.
· Per component carrier scaling where a scaling factor 
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 is applied to each component carrier.
· Per channel scaling where scaling factors 
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PUCCH,

and 
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PUSCH,

are separately applied to the PUCCH and PUSCH channels within each component carrier.
Per channel scaling is most attractive from a system performance perspective since it allows different priority to be assigned to different component carriers as well as to the channel being transmitted (PUCCH or PUSCH).  In addition, it allows per carrier and uniform power reduction to be implemented as a subset.  Thus, in case of power limitation it is proposed that the UE scale its transmit power according to –
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The scaling factors are calculated at the UE based on either predefined rules or priority weights assigned to different channels and component carriers by the eNB.  For instance, the weights may be configured that power reduction is performed only on the PUSCH, leaving PUCCH as much power as possible.  Or the rules could be that some channels are dropped (not transmitted) based on certain criteria.  Details are FFS. 
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