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1 Introduction
At RAN#43 a Work Item on Dual-Cell HSUPA (DC-HSUPA) was initiated. During RAN1#56bis it was agreed that power scaling were FFS (see ‎[1]). This contribution discusses different methods that could be used for power scaling in DC-HSUPA. 

2 Discussion
This section describes a few possible methods for power scaling in DC-HSUPA. As power scaling and E-TFC selection (for power limited UEs) are related, a brief description of the possible approaches for E-TFC selection for DC-HSUPA UEs is presented in section 2.1. E-TFC selection is further discussed in ‎[2].
2.1 E-TFC selection for DC-HSUPA

The outcomes of the E-TFC selection for DC-HSUPA UEs are presented in Figure 1.There exists three possible outcomes when both uplink carriers are activated; namely
· The control channels and E-DPDCH are transmitted on both carriers (case 1).
· The E-DPDCH is only transmitted on the secondary carrier (case 2). 
· The E-DPDCH is only present on the primary carrier (case 3).
Note that Figure 1 is based on that HS-DPCCH(s) only is transmitted on the primary carrier. The remaining part of the section will thus focus on this setting. Notice, however, that the approaches specified in section 2 below also are applicable for case 2 and case 3.

[image: image1]
Figure 1: Possible outcomes from the E-TFC selection. It is assumed that HS-DPCCH always is transmitted on the primary carrier (in ‎[1] it was agreed that this always should be possible).
2.2 Power scaling procedures
Given a transport formats (and corresponding gain factors) UEs update their transmit power used on the DPCCH on a per slot basis. If the required transmission power (taking the gain factors as constant) exceeds the maximum allowed transmission power, the UE must reduce its transmission power.

The existing procedures for legacy single carrier UEs are specified in ‎[4] (see section 5.1.2.6) and they are based on the following two-step process:

· The UE shall first reduce the gain factors 
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 so that the total power required by the UE is equal to the maximum allowed power (note that the gain factors for all other control channels ec,hs…are left unchanged).
· If any 
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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 the reduction. Additional power reductions should only occur if ed,k is equal to ed,k,min for all k. These additional reductions should be based on equal scaling of all physical channels (until the constraint on total transmit power is met). 
2.2.1 Power scaling methods for Dual-Cell UEs
For DC-HSUPA UEs at least the following two approaches for power reduction are possible (one could also think of hybrid approaches): 
· Sequential power scaling in which the transmission powers (gain factors) associated with the two carriers are reduced sequentially. I.e., power limited DC-HSUPA UEs start by reducing the transmission power on one of the two carriers (e.g., according to legacy behaviour). If this reduction is not sufficient the UE reduces the gain factors also on the secondary carrier.

· Parallel power scaling in which DC-HSUPA UEs reduce the gain factors on both carriers by an equal scaling factor.
The main advantage with sequential power scaling is that it enables the UE to prioritize between the carriers and that it can reduce the overhead in situations where the power needs be reduced by an amount so high that the UE would be power limited even if it removed all its E-DPDCH traffic on one of the carriers. Given an appropriate E-TFC selection, such situations should be quite rare. A drawback with sequential power scaling is that it will result in that the two carriers are associated with different performance (e.g., different BLER) and that the HS/E-DPCCH quality on one of the carriers will be unnecessarily low.
2.2.1.1 Parallel power scaling

Parallel power scaling is based on that DC-HSUPA UEs that become power limited reduce their gain factors on both carriers simultaneously. More specifically, the UE could reduce the gain factor for all E-DPDCH(s) for both carriers with an amount 
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 chosen in such a manner so that the maximum power constraint is met (if possible). Note that 
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for a specific E-DPDCH should not be reduced beyond ed,k,min  unless all the gain factors for all E-DPDCH(s) on both carriers have been reduced to ed,k,min. In case the maximum UE transmit power constraint can not be met even when ed,k is equal to ed,k,min for all carriers additional reductions are achieved by applying equal scaling of all physical channels (in accordance with the existing procedures). This principle is illustrated in Figure 2 below.
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Figure 2: Description of parallel power scaling. In the upper-leftmost subplot it is sufficient to reduce the scaling the factors on the E-DPDCH(s). The upper rightmost subplot illustrates the fact that the transmission power on the data channels are not reduced until ed,k = ed,k,min for all E-DPDCH(s). In the lower-leftmost subplot the scaling factors associated with the E-DPDCH have been reduced to a level in which the modified scaling factors ed,k = ed,k,min for all E-DPDCH(s) on both carriers. If this is not sufficient for meeting the power constraint, equal scaling on all physical channels are performed, as illustrated in the down-rightmost subplot.
Compared to sequential power scaling, parallel power scaling methods have the following advantages:
· The performance associated with the two carriers would remain similar. 

· The behaviour would be similar to existing procedures for legacy UEs (for example, reduction on control channels would occur simultaneously).

· The impact on the standard would be minimal. 
Based on the reasons presented above it is proposed to adopt parallel power scaling.

Proposal 1: UEs that exceed their maximum transmission 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 it is proposed that:
· UEs that exceed their maximum transmission power should apply parallel power scaling.
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5 Appendix A- Proposed text modifications with respect to existing specifications (Section 5.1.2.6 in [3])

[text omitted]
5.1.2.6
Maximum and minimum power limits

When E-DCH is not configured, in the case that the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, the UE shall apply additional scaling to the total transmit power so that it is equal to the maximum allowed power. This additional scaling shall be such that the power ratio between DPCCH and DPDCH and also DPCCH and HS-DPCCH remains as required by sub-clause 5.1.2.5 and 5.1.2.5A. 
When E-DCH is configured, 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 ed,k on all active carriers by an equal scaling factor to respective values ed,k,reduced so that the total transmit power would be equal to the maximum allowed power. Also if E-TFCIi is greater than E-TFCIec,boost, UE shall reduce only E-DPDCH gain factors to respective values ed,k,reduced and E-DPCCH is transmitted using original ec which is not recalculated according to the reduced E-DPDCH gain factors. After calculating the reduced E-DPDCH gain factors, if E-TFCIi is smaller than or equal to E-TFCIec,boost, quantization according to table 1B.2 in [3] subclause 4.2.1.3 may be applied, or if E-TFCIi is greater than E-TFCIec,boost, quantization according to table 1B.2B in [3] subclause 4.2.1.3 may be applied, where each ed,k,reduced is quantized such that ed,k/c is the largest quantised value for which the condition ed,k ( ed,k,reduced holds. In case a DPDCH is configured, if any ed,k,reduced/c is less than the smallest quantized value of Table 1B.2 in [3] subclause 4.2.1.3, DTX may be used on that E-DPDCH (E-DPCCH is, however still transmitted using ec). 
In case no DPDCH is configured and regardless of the applied uplink modulation, if any 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. 

In the following cases, the UE shall then apply additional scaling to the total transmit power so that it is equal to the maximum allowed power:

· if a DPDCH is configured and the total UE transmit power would still exceed the maximum allowed value even though DTX is used on all E-DPDCHs on all active carriers;

· if no DPDCH is configured and 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 on all active carriers.

Any additional scaling of the total transmit power as described above shall be such that the power ratio between DPCCH and DPDCH, between DPCCH and HS-DPCCH, and between DPCCH and E-DPCCH, remains as required by sub-clauses 5.1.2.5, 5.1.2.5A and 5.1.2.5B.1, and such that the power ratio between each E-DPDCH and DPCCH remains as required by ed,k,min/c if DTX is not used on E-DPDCH. Any slot-level scaling of ed or DTX of E-DPDCH as described above is applied at layer 1 only and is transparent to higher layers.

Any scaling, and any reduction in the E-DPDCH gain factor as described above, shall only be applied or changed at a DPCCH slot boundary. In order that the total UE transmit power does not exceed the maximum allowed value the scaling or E-DPDCH gain factor reduction shall be computed using the maximum HS-DPCCH power transmitted in the next DPCCH slot. In the case that either an ACK or a NACK transmission will start during the next DPCCH slot, the maximum HS-DPCCH power shall be computed using one of the following: 

(a) whichever of ACK and NACK will be used according to whether the transmission will be ACK or NACK, or 

(b) whichever of ACK and NACK is the largest.

When transmitting on a DPCH the UE is not required to be capable of reducing its total transmit power below the minimum level required in [7]. However, it may do so, provided that the power ratio between DPCCH and DPDCH and also between DPCCH and HS-DPCCH remains as specified in sub clause 5.1.2.5 and 5.1.2.5A. Some further regulations also apply as follows: In the case that the total UE transmit power (after applying DPCCH power adjustments and gain factors) would be at or below the total transmit power in the previously transmitted slot and also at or below the required minimum power specified in [7], the UE may apply additional scaling to the total transmit power, subject to the following restrictions:

-
The total transmit power after applying any additional scaling shall not exceed the required minimum power, nor the total transmit power in the previously transmitted slot;

-
The magnitude of any reduction in total transmit power between slots after applying any additional scaling shall not exceed the magnitude of the calculated power reduction before the additional scaling.

In the case that the total UE transmit power in the previously transmitted slot is at or below the required minimum power specfied in [7] and the DPCCH power adjustment and gain factors for the current slot would result in an increase in total power, then no additional scaling shall be used (i.e. power control shall operate as normal).

If the UE applies any additional scaling to the total transmit power as described above, this scaling shall be included in the computation of any DPCCH power adjustments to be applied in the next transmitted slot.
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