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1 Introduction
During the last RAN1 Working Group meeting several power scaling algorithms for DC-HSUPA were proposed and an initial discussion between the interested companies occurred. However, no agreement was reached and the power scaling method for DC-HSUPA was thus left as FFS. This contribution discusses and analyzes the proposed methods.
2 Discussion
Given the E-TFC selection (corresponding transport formats, gain factors, power backoff, etc.) the inner loop power control updates the UE transmission power, using the DPCCH SIR level determined by the outer loop power control as target. If the maximum UE transmission power is exceeded as an effect of the updates the determined UE transmission power must be reduced. This procedure is called power scaling.

In a system offering a single-rate service such as voice, power scaling occurs for UEs on the cell border. However, DC-HSUPA operation is mainly interesting for data services. Thus, UEs configured in DC-HSUPA will generally require significantly higher data rates (and SIR levels). A consequence of this is that power scaling depending on the scheduling headroom allocated to the UE also may occur for UEs that are located closer to the NodeB.
2.1 Description of the proposed power scaling algorithms

During RAN1#57 several methods for power scaling were presented; see [1]
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 \* MERGEFORMAT [3]. The methods presented therein can be categorized into two classes:
· Sequential approaches where the UE starts by reducing the gain factors on one of the carriers and (if this is not sufficient) continues to reduce the power on the other carrier.

· Parallel approaches where the UE reduces the power on both carriers simultaneously.

More specifically, [1] proposes a method whereby the UE initially tries to reduce ed,k on the carrier with smallest E-TFCI. If this reduction is not sufficient, the UE instead tries to reduce the gain factor on the other carrier (while restoring the ed,k,reduced on the carrier with minimum E-TFCI to its original value). The main arguments raised in [1] in favour of this method were that it:
· Maximizes throughput subject to the power reduction, and 
· Only degrades the performance of one of the carriers (if possible).

To our understanding, [1] does not however explicitly state whether the control channels on the carrier whose power is initially lowered should be reduced before the gain factors of the other carrier is reduced.
Also [2] proposes a sequential power scaling algorithm for DC-HSUPA. The main objective with the proposed algorithm is to account for the problem of common EVM sources. Originating from this argument the objective of the proposed power scaling was to reduce the power difference between the two carriers. This was accomplished by ensuring that the power scaling algorithm initially always reduces the power associated with the carrier having the largest transmission power. (In [2] the need for exceptions to this rule, e.g., due to HS-DPCCH, is also briefly discussed.) While we acknowledge the problem of EVM (image rejection) it is not clear whether this problem is most efficiently handled by the power scaling algorithm. Instead, we believe that it (if necessary) could be more efficiently handled by the E-TFC selection. Finally, it should also be noticed that this method – as the method described in [1] – will result in the two carriers having different quality. 
We have proposed a parallel power scaling algorithm in [3] which can be seen as straightforward extension of the current specification. Unlike the two previously described methods this is based on that the two carriers are handled in a similar manner, i.e. power limited UEs reduce their gain factors on both carriers simultaneously and by the same relative amount. In [3], it was proposed that scaling of the control channels only should occur when ed,k=ed,k,min  for all E-DPDCH(s) on both carriers. Once ed,k=ed,k,min for E-DPDCH(s) on both carriers the additional remaining power reduction should be achieved by means of equal scaling whereby the relative power level of all physical channels remained identical. The main motivation for this algorithm is to retain similar quality level on both carriers (so that higher layers can be carrier-agnostic). We also note that this power scaling algorithm, similarly as for the algorithm proposed in [2], in general results in that the power difference between the two carriers is reduced (since the carrier with larger ed,k typically is reduced by a greater amount in absolute terms). This could be advantageous from both a UE transmitter perspective and from a system interference (stability) point of view.
2.2 Comparison of the methods
When comparing the power scaling algorithms presented in the previous section two main questions arise:
1. Should the gain factors of control channels (hs, c,…) on a certain carrier be reduced when ed,k > ed,k,min on the other carrier?
2. Should the gain factors associated with E-DPDCH(s) on the two carriers be reduced in parallel or sequentially? 
Focusing on the first of these questions the main motivation for also reducing the control channels (DPCCH, E-DPCCH) on a specific carrier before the gain factors associated with E-DPDCH(s) on the other carrier are reduced would be that this could allow a reduction in overhead – if the gain factors of E-DPDCH are reduced by an amount so high so that the data simply has too low SIR there may not exist any reasons for transmitting the related control information (E-DPCCH). Hence it may be beneficial to sacrifice the E-DPCCH on one carrier (and the associated E-DPDCH on that carrier) in order to be able to transmit E-DPDCH on the other carrier. However, as has been noted (see e.g. [4]) the existence of HS-SCCH orders represents a fast and simple approach for deactivation (and reactivation) of the secondary carrier and this can be used to ensure that the uplink coverage experienced by the UE remains above some minimum level. Having said this, reducing the gain factors of the control channels is disadvantageous because:
· The downlink performance may be degraded (e.g., due to inferior HS-DPCCH quality)

· A too low DPCCH power may result in lost uplink synchronization.
· Estimations of channel coefficients, frequency offset, path delays, etc., rely on the DPCCH and typically the estimations rely on values from multiple slots. A reduction in the DPCCH power will result in less accurate estimations, which reduce the uplink performance.
Hence it is proposed:
Proposal 1: Control channels should not be scaled until ed,k,reduced=ed,k,min on both carriers.
The remaining part of this section focuses on the second question, i.e. whether the gain factors associated with E-DPDCH(s) on the two carriers should be reduced in parallel or sequentially. Since we believe that the overall performance is insensitive to whether the gain factors of the E-DPDCH(s) associated with the two carriers are reduced sequentially or in parallel we do not have a very strong preference on this topic. Having said this one may however note that sequential power scaling algorithms tend to result in that the performance (BLER) of the two carriers may be different (since only the gain factors of one carrier is reduced). In situations where power scaling occur in multiple consecutive sub-frames and where the gain factors of one of the carriers need to be reduced significantly the BLER of the two carriers becomes different. When also accounting for that L1 retransmissions always take place on the same carrier as the original transmission this could be disadvantageous for higher layers because:

· Having different BLER of the E-DPDCH(s) on the two carriers could increase the risk for RLC window stalling (which is determined by the carrier with worst performance).
· If the BLER of the two E-DPDCH(s) is highly different and if power scaling occurs in multiple consecutive sub-frames the risk for that the ‘STATUS PDU’ used to advance the RLC window [5] is lost increases (since layer 1 retransmissions always occur on the same carrier). This could result in downlink RLC window stalling.
· Having different BLER of the E-DPDCH(s) on the two carriers could increase the RLC SDU average latency (and variance) if RLC SDUs are segmented into several RLC PDUs and transmitted on possibly different carriers.
All these aspects are reasons to maintain a similar performance on both carriers. 
Another aspect that could be considered is the interaction with the outer loop power control (OLPC). In the sequential power scaling algorithms the OLPC will tend to increase the DPCCH SIR target on the carrier whose gain factor is reduced. Hence, the OLPC will increase DPCCH SIR target for the carrier with largest power for the algorithm proposed in [2] whereas it instead increases the DPCCH SIR target for the congested carrier in [1] (since this is likely to be the carrier that is associated with smallest grant and highest DPCCH power). Also the algorithm proposed in [3] will result in that the DPCCH SIR targets for the two carriers are increased. The rate at which these DPCCH SIR targets are increased may however be smaller than for the sequential power scaling algorithms and the relative DPCCH SIR levels between the two carriers will be preserved (since the effect of the OLPC will be similar for both carriers). The latter could be beneficial – especially if a sequential E-TFC selection is used – since it results in a more stable UE behaviour. Finally, however, we note that there exist methods whereby an increased SIR target due to the outer loop power control can be limited (e.g., by freezing the OLPC).

For the reasons presented above our preference is to scale the gain factor of the E-DPDCH(s) on the two carriers in parallel.
Proposal 2: UEs that would need to exceed their allowed maximum transmit power should apply parallel power scaling.

3 Conclusions

This contribution has discussed possible methods for power scaling in DC-HSUPA. Based on the reasons outlined above we have the following proposals:
Proposal 1: Control channels should not be scaled until ed,k,reduced=ed,k,min on both carriers.

Proposal 2: UEs that would need to exceed their allowed maximum transmit power should apply parallel power scaling.
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