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1 1. Introduction
Power scaling for DC HSUPA was discussed in RAN WG1 meeting #57 in San Francisco and the results of the discussion were summarized in [1]:

· Power scaling to be studied further.
 The discussion was introduced by [2, 3, 4], these documents proposed two types of power scaling: sequential and parallel.  All of these documents agree that the E-PDCH should be first scaled down to the ed,k,reduced value before any other scaling is applied.  The proposed schemes basically apply the current HSUPA scaling schemes to the DC-HSAPA case.  We contend that DC-HSUPA is different than HSUPA and the UE should scale its power in a way to enhance the overall throughput of the network. 
2 
Discussion
DC-HSUPA is not the same as HSUPA, as the available UE uplink power is not simply split between the data and control channels.  The power for DC-HSUPA is split both across the two carriers and between the data and control channels on each carrier.  It is likely that the specified UE maximum power behaviour will be affected by the introduction of the secondary carrier and an additional DC MPR factor will have to be applied to ensure ACLR and EVM performance of the UE will be maintained [5] (the need and details of DC MPR are still being discussed  in RAN4).  Given that this is the case then there is an argument for the scaling to reduce (both the data and control) or DTXing of one carrier first, instead of scaling both carriers evenly.  If one of the two carriers is reduced or DTXed then the UE will recover the additional maximum power which was lost to the DC MPR, this recovered power may allow for the successful transmission of the remaining channels. If the channels are scaled in parallel then the DC MPR will not be recovered.  

There are several sequential scaling methods which may be used to allow for the recovery of the DC MPR a few examples are provided here (note: some of these methods are similar to what was proposed in [2, 3]):
1. The carrier with the smaller E-TFCI is scaled first (note if the carriers have the same size E-TFCI then the secondary carrier is chosen). 

a. Its E-DPDCHs power is scaled until the ed,k,reduced  value is reached. 
b. If further power reduction is required then the other carrier is scaled until the ed,k,reduced  value is reached (once this scaling is completed there is probably no longer any DC MPR advantage for this method)
c. If further power reduction is required then all of the remaining channels on both carriers are scaled maintaining the same power ratio. 

2.  (a variant of 1 with better DC MPR recovery)
 The carrier with the smaller E-TFCI is scaled first (note if the carriers have the same size E-TFCI then the secondary carrier is chosen). 

a. Its E-DPDCHs power is scaled until the ed,k,reduced  value is reached. 

b. If further power reduction is required then remaining channels on the carrirer with the smaller E-TFCI are scaled until a threshold is reached and they are DTXed, similar to the case where DPDCH is configured. (Note this may DTX the HS-DPCCH if the anchor carrier is selected first.)

c. If further power reduction is required then standard HSUPA power scaling is applied to the remaining carrier. 

3. Secondary carrier  first scaling:

a. First the E-DPDCHs of the secondary channel are scaled to the ed,k,reduced value
b. If further power reduction is required then all of the remaining channels on the secondary channel are are scaled until a threshold is reached and they are DTXed.

c.  If further power reduction is required then standard HSUPA power scaling is applied to the anchor channel. 

4. Anchor channel first scalling:

a.  First the E-DPDCHs of the anchor channel are scaled to the ed,k,reduced value
b. If further power reduction is required E-DPDCHs on the anchor channel are DTXed.
c.  If further power reduction is required then the E-DPDCHs on the secondary channel are scaled to the ed,k,reduced value.
d. If further power reduction is required then the remaining channels on the secondary carrier are scaled maintaining the same power ratio until a threshold is reached and they are DTXed.
e. If further power reduction is required then the remaining control channels on the anchor carrier are scaled.

It is important to note that power scaling is only applied when the chosen E-TFIs for the carriers will require the UE to transmit at a power level greater than its allowed maximum power (its physical max power or the network defined max power or a MPR adjusted physical max power, which ever is less).  If the network is intelligent in assigning its grants it is unlikely that the UE will have to use scaling very often.   However when the UE does need to use scaling it would be beneficial to recover the DC MPR as the recovery of this addition power will probably allow the UE to have a higher thoughput. 
3 Conclusions

This contribution proposes several methods for UE DC-HSUPA power scaling.  Of these methods we propose to select #3 the secondary carrier first scaling.  As this method provides a simple way to scale the UE power and enables the recovery of the DC MPR.  
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