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1. Introduction

At RAN1#57 meeting, most of DC-HSUPA issues were come to an agreement, but power scaling for dual-cell UEs is still an open issue. In this contribution, we further discuss different power scaling alternatives that can be performed in DC-HSUPA.
2. Discussion
2.1 Current power scaling for single carrier HSUPA
It is specified in TS25.214 (section 5.1.2.6) [1] that, when the total UE transmit power (after update DPCCH power and gain factor) exceeds the maximum uplink transmit power, the UE shall reduce transmission power to meet maximum allowed value. 
Normally, there are two steps for legacy UEs:

· When applying power reduction, the UE shall only 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 reduced E-DPDCH gain factors ed,k,reduced/c is less than ed,k,reduced,min /c, that ed,k shall be set to ed,k,min such that ed,k,min/c = min (ed,k,reduced,min /c, ed,k,original/c), where ed,k,original denotes the E-DPDCH gain factor before reduction and ed,k,reduced,min is configurable by higher layers. 
· If the total UE transmit power would still exceed the maximum allowed value even though ed,k is equal to ed,k,min for all k, an additional equal scaling shall be applied on all uplink physical channels.

2.2 Power scaling for DC-HSUPA
In the following, the discussion focuses on the case with two transmissions on both carriers. There were several papers proposing schemes to address this issue [2][3][4]. Basically, two power reduction methods can be summarized as,
· Parallel way: Power reduction is applied on both carriers simultaneously by a given scaling factor.

· Sequential way: Power reduction on two carriers is ordered by some specified rules, i.e., reduction would be applied on one of the carriers first, and then on the other carrier if needed. 

Searcher, channel estimate and radio link synchronization etc. are quite relying on DPCCH quality. And, power reduction on HS-DPCCH may also degrade the downlink performance. Therefore, control channels shall be highly protected to avoid any power scaling. However, another issue is that whether the anchor carrier should be prior to secondary carrier to be protected while equal scaling since HS-DPCCH is determined to be only on primary uplink frequency. How much the HS-DPCCH performance degradation could be in this case needs further evaluation.
Proposal 1: The transmission power of control channels are not scaled down on any of carrier until E-DPDCH(s) on both carriers are reduced to ed,k,min.

2.2.1 Parallel power reduction

For the parallel power reduction method, UEs will reduce their E-DPDCH gain factors on both carriers simultaneously. The scaling factors can be set as simple as an equal value for two carriers so that the reduced total power is equal to the maximum allowed power. And, the scaling factor ratio of one carrier to the other can be applied according to specified rules, which could take the DPCCH power level or the E-TFCI of two carriers as the reference. However, it could happen that the performance of two carriers would be degraded simultaneously since all E-DPDCH gain factors on both carriers are always reduced. Thus, data transmission cannot be assured on either carrier. Moreover, an additional step of process would need to be specified before equal scaling for the case that E-DPDCH gain factors on one carrier have been reduced to the minimum value βed,k,min but the other carrier still has E-DPDCH power margin to reduce.
2.2.2 Improved sequential power reduction

For the normal sequential method, UEs reduce the E-DPDCH gain factors in a carrier-by-carrier way. For instance, UEs firstly reduce E-DPDCH gain factors on one of the two carriers. In case the reduction is not sufficient for the maximum allowed value, the gain factors on the other carrier are also reduced. If the power constraint is still not met, equal scaling on all uplink physical channels is applied.
Whereas for a improved way, in order to maximize performance and assure original transmission power, UEs shall always try to apply the power reduction only on a single carrier, so as to fulfill the transmit power of the other carrier as much as possible. The principle to specify which carrier is chosen to do power reduction first is considered using E-TFCI (which denotes data transport block). From throughput performance aspect, it may be necessary to ensure E-DPDCH transmit power of the carrier with larger E-TFCI. Thus, E-DPDCH gain factors of the carrier with smaller E-TFCI would be first chosen to perform power reduction as the legacy procedure. If the maximum allowed value is still not met, only the E-DPDCH gain factors of the carrier with larger E-TFCI are reduced and the original E-DPDCH power on the smaller E-TFCI carrier is restored in the meantime for the sake of keeping original transmit power for the transport block. In case the maximum allowed power still cannot be reached, the smaller E-TFCI carrier shall be additionally applied power reduction. Especially, this improved way is useful when E-TFC selection results in large data size difference between carriers. Provided that it is still not sufficient to meet power limitation after power reduction on both carriers, the additional equal scaling on all uplink physical channels of two carriers is performed. If the two carriers have the same E-TFCI value, carrier with larger DPCCH power or secondary carrier would be assumed to scale down first.
As the DPCCH power and the current serving grant both impact on E-TFC selection, power level may not reflect the transmission data size on each carrier accurately in some cases. Instead, L1 parameter E-TFCI directly denotes to the transmission data size. Depending on different E-TFC selection criteria and current scheduling status, the transport block size could be widely different or almost similar with each other. In the case of similar E-TFCs on two carriers the improved sequential scaling method may have no difference with normal sequential method since it may be in vain to attempt exchange of scaling carrier. Whereas given E-TFCs differ a lot the extra attempt to only scale down E-DPDCH gain factors on a single carrier is useful.
Power scaling typically happens during the data re-transmission or when UE power headroom is limited due to DPCCH variance after E-TFC selection. Power limitation on DC-HSUPA UEs may happen more easily than on legacy single-carrier UEs on account of two high data rates transmission on uplink. However, the network scheduling and E-TFC selection procedure also consider the UE power headroom to allocate power margin. Thus, it is unlikely that power scaling on dual cell UEs is performed very often. Furthermore, the case huge amount power need to be reduced is even hard to occur in several consecutive slots. In consequence the risk of large difference of BLER of two carriers is very low. 
A paper [5] from last RAN4 meeting evaluated cubic metric (CM) impact for DC-HSUPA. It was observed that the more balanced transmission powers of two uplink carriers leads to the higher cubic metric. As we know, the CM value in UMTS system reflects the Maximum Power Reduction (MPR). Thus, similar power level on two uplink carriers would not be seen much gains.

Proposal 2: Power scaling shall be applied as improved sequential way between carriers where the carrier with smaller E-TFCI shall be chosen for power reduction first.

3. Conclusion
In this document we discussed about possible power scaling methods for DC-HSUPA. Based on the discussion above we propose that:
Proposal 1: The transmission power of control channels are not scaled down on any of carrier until E-DPDCH(s) on both carriers are reduced to ed,k,min.
Proposal 2: Power scaling shall be applied as improved sequential way between carriers where the carrier with smaller E-TFCI shall be chosen for power reduction first.
The main advantage of this improved sequential power reduction method, compared with parallel way, is that the UEs could make attempts to keep a carrier’s E-DPDCH gain factors from any reduction so that the performance on this carrier has no degradation. However, UE power limited is a rare scenario even for dual cell modes provided network scheduling and E-TFCI selection. The performance of either scaling method would not be foreseen to have much difference. On the other hand, power scaling is a procedure implemented on the UE side. In case UE vendors consider the complexity of the proposed improved sequential power scaling needs to be evaluated, the simplified normal sequential scaling (also taking E-TFCI as reference to prioritize carriers) is also a promising scheme.
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