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1
Introduction

Work item for uplink dual-carrier HSUPA was launched in RAN plenary meeting #43 [1]. The following UTRA multicarrier extensions were agreed to be specified to Release 9 in [1] for uplink dual-carrier HSUPA:
· The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH
· The carriers belong to the same Node-B and are on adjacent carriers
· Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules
In this paper we discuss about how slot level power scaling in dual carrier HSUPA operation should be performed.
2
Background
In single-carrier HSUPA if the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, the UE shall firstly reduce all the E-DPDCH gain factors βed,k by an equal scaling factor to respective values βed,k,reduced so that the total transmit power would be equal to the maximum allowed power. If this scaling is insufficient, then further scaling is made on all of the uplink channels. Any scaling, and any reduction in the E-DPDCH gain factor, shall only be applied or changed at a DPCCH slot boundary. [2, section 5.1.2.6]
3 Discussion
The UE has to share its total transmission power over two carriers during dual carrier operation. Unless restricted by the specification process the UE may have:

· DCH transmission on one of the carriers

· Non-scheduled E-DCH transmission on one of the carriers or on both carriers

· HS-DPCCH transmission on one of the carriers or on both carriers

· Scheduled E-DCH transmission on one of the carriers or on both carriers
With dual carrier transmission powers on carriers may differ quite much due to independent inner and outer loop power controls, different load level on carriers as well as different traffic on carriers. In situations where one carrier is having much higher transmission power than the other, SNR of the lower power carrier at the transmitter is deteriorated by the high power carrier due to common EVM sources (after carriers have been mixed/combined). For that it would be beneficial to try to balance transmission powers as much as possible. 
Above facts should be taken into account when designing power scaling rules for the UE.

In dual carrier transmission UE should also scale down first E-DPDCH gain factors. The carriers should be prioritized to decide on which carrier UE shall do scaling the first. Here it could be assumed that UE has already prioritized carriers in E-TFC selection so that it has allocated first data as much as possible onto carrier on which the transmitted DPCCH power level is lower. [3] Similarly prioritization could be applied here by assigning higher priority for the carrier on which DPCCH level is lower and start scaling down the carrier on which DPCCH level is higher. On the other hand total transmission powers on carriers may differ quite much and the carrier on which DPCCH level is lower may have higher total transmission power. We need to take into account the problem of common EVM sources where the noise level at transmitter is dominated by the higher power carrier. 
Thus we end up having two cases:
1) Total transmission power exceeds the UEs max power (either the actual power capability or the maximum value set by the network)
2) The difference in transmission power on each carrier is more than specified range, even though the maximum total transmit power is not exceeded.
In both cases UE could perform scaling for the higher power carrier (total carrier transmission power higher) according to rules specified for the single carrier HSUPA transmission. On the other hand, couple of exceptions may need to be studied further whether it makes sense to scale down higher power carrier:
· higher power carrier may have DCH

· higher power carrier may have HS-DPCCH configured

4 Conclusions
In this paper we discussed about slot level UE power scaling operation when the total transmission power has exceeded the maximum allowed transmission power or the difference in transmission power on each carrier is more than allowed range even in case the maximum total transmit power is not exceeded. In both events UE could perform power scaling for the higher power carrier according to rules specified for the single carrier HSUPA transmission. Furthermore, further study may be needed to specify behaviour if DCH and/or HS-DPCCH have been configured into the higher power carrier. 
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