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1 Introduction
In RAN #72 a Work Item (WI) on “Multi carrier enhancements for UMTS” was officially approved [1], which basically consists in enabling the usage of 10ms TTI in “UL Multicarrier” scenarios. In RAN1 #86, the discussions on this WI were triggered and the TSG RAN WG1 agreed on the following two aspects [2]:
· Agreement
The legacy power scaling can be reused for DB-DC/DC 10ms+10ms TTI configurations.
· Agreement
It is RAN1 opinion that the TTI switching mechanism should be introduced in Multicarrier Enhancements for HSUPA.

This contribution is associated to the first agreement, because it was let for further investigations to find out if there is a need of modifying the “power scaling rules” when “UL Multicarrier” in configured with different TTIs.
2 Background on Multicarrier enhancements and power scaling
As it is today, the UMTS standard only allows a 2ms TTI configuration on both carriers for DC-HSUPA and DB-DC-HSUPA. In Rel-14, the WI on “Multicarrier Enhancements for UMTS” will open the possibility of configuring 10ms TTI on one or both uplink carrier frequencies. This mixed TTI configuration will lead to have different coverage/throughput trade-offs mainly for intermediate path loss ratios as compared to the legacy performance [3].
When UL Multicarrier be configured with a mixed TTI configuration, a question touching upon the “power scaling rules” was raised. The question basically wondered if the power scaling rules for UL Multicarrier would have to be modified due to a “Mixed TTI configuration”?. In the following subsections we provide an insight on the “power scaling rules” as described in the UMTS standard, and later on we analyse whether the “power scaling rules”  result in any drawback when UL Multicarrier is configured with different TTIs.

2.1 Power scaling rules for UL Multicarrier
The technical specification 25.214 contains the procedures that the UE has to follow in order to scale down the power in case that “the total UE transmit power would exceed the maximum allowed value” [4]. Concretely speaking, in subclause 5.1.2.6 under the subtitle “Two Uplink Frequencies configured for E-DCH” the “power scaling rules” that would be applicable for DB-DC/DC HSUPA regardless of the TTI configuration are described.
When there are two uplink frequencies configured for E-DCH, the UE first applies “DPCCH power adjustments and gain factors” which may actually be enough for not exceed the maximum allowed value anymore. However, if such alternative were not enough the power scaling procedure was made to scale down first the power on “the frequency with highest DPCCH power”. Then after having performed such an action the UE has to formulate yet again the question: “is the total UE transmit power exceeding the maximum allowed valued?”, and only if the answer were affirmative then the UE proceeds to scale down the power on “the uplink frequency with the second highest DPCCH power”. After that, and only if still were necessary to scale down the power, any additional scaling of the total transmit power (i.e., equal power scaling) is performed after testing an inequality related to ed,k,min and c (“ed,k,min/c = min (ed,k,reduced,min /c, ed,k,original/c)”) which has to be fulfilled for all activated uplink frequencies.
3 E-TFC selection and power scaling
In RAN1 #86, the power scaling procedure was pointed out straight away as a candidate to be revised given that the 10ms TTI configuration will be incorporated to UL Multicarrier. Nonetheless, the connection between the power scaling rules and the “E-TFC selection” procedure was overlooked.
The E-TFC selection determines the transport format of the E-DCH, and in principle this procedure should ensure that the total transmit power satisfies the maximum power constrain. For example, in a coverage limited scenario where the UE is transmitting close to its maximum power, the E-TFC selection would allocate a very small transport block size in such a way that the total transmit power won’t go beyond the maximum allowed value. Therefore, it needs to be understood that the E-TFCI selection is the main responsible of handling a proper power allocation accounting for the UL power constrains as reported by the UE, while the power scaling is just a last resort.
3.1 Power Allocation
The power allocation for UL Multicarrier is calculated based on DPCCH quality and the serving grant for each carrier. More specifically, the power allocation to a frequency i, Pi, is calculated as follows [5]:
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Where Premaining,s is the remaining power for scheduled transmissions once the power for non-scheduled transmissions has been taken into account, PDPCCH,target,i is the filtered DPCCH power defined in [6], and SGi is the Serving Grant on frequency i. In Table 1 we provide an analysis on the power allocation per carrier for several DB-DC/DC HSUPA scenarios including mixed TTI configurations.
Table 1: Power allocation per carrier in DB-DC/DC HSUPA scenarios including mixed TTI configurations
	Configuration
	Role per Carrier


	Frequency Band
	TTI length
	Power Allocation per carrier as a function of the Serving Grant

	DC HSUPA
	Primary Uplink Frequency

o
	Same
	Same
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From the above set of plots it is important to observe that when both carriers have equal SG, the power is allocated inversely proportional to the quality of the carrier, meaning that the carrier with “worse quality” (highest DPCCH power) is prioritized and given most power.

This becomes more noticeable in a DB-DC HSUPA scenario where the coverage difference between 900MHz and 2.1GHz is around 7.3dB, reason why the UL DPCCH power on the high frequency band results to be much higher than the UL DPCCH power transmitted on the low frequency band [3].
A similar situation occurs in a mixed TTI configuration. However, the unbalance results to be less drastic since according to lab results presented during the SI phase of “Multicarrier Enhancements for UMTS” [7], a “2 ms EUL TTI configuration needs 1 – 2 dB more power for the UL DPCCH channel as compared to the 10 ms EUL TTI for the same average throughput”.
What the above means in practice is that for a given UE distance from the Node B, the same number of bits cost less power to send on the low frequency carrier than on the high frequency carrier. Similarly, in terms of having different TTIs, for a given path loss ratio the same number of bits cost slightly less power to send on the 10ms TTI configuration than in the 2ms TTI configuration. 
An important observation is that configuring 10ms TTI on the high frequency carrier doesn’t compensate for the coverage unbalance in DB-DC HSUPA, since transmitting on the high frequency band has a dominant effect on the UL DPCCH power consumption due to the propagation properties of the 2.1GHz band.
After having performed a power allocation, if the UE suddenly had the need of applying the “power scaling rules”, then starting to scale down the power on “the frequency with highest DPCCH power” seems to be a good choice, since according to the E-TFC selection procedure the carrier that would be scaled down in power first would be the one being more costly in terms of either band, TTI or both together.
Finalizing the analysis, once it has been made clear that in principle the E-TFC selection procedure is the responsible for the proper handling of the grants allocated to each carrier, and given that the last resort the UE has for dealing with the “emergency situation” of scaling down the power results to be a good counterpart of the power allocation algorithm, then our proposal states the following:
Proposal 1:  Re-use the legacy power scaling rules for DB-DC/DC HSUPA scenarios with mixed TTI configurations (10ms+2ms TTI & 2ms+10ms TTI).
4 Conclusions 

This contribution provides an analysis on whether the “power scaling rules” result in any drawback when UL Multicarrier is configured with different TTIs. From the investigation performed the following points can be highlighted:

· In Rel-14, the WI on “Multicarrier Enhancements for UMTS” will open the possibility of configuring 10ms TTI on one or both uplink carrier frequencies.
· When UL Multicarrier be configured with a mixed TTI configuration, a question touching upon the “power scaling rules” was raised. The question basically wondered if the power scaling rules for UL Multicarrier would have to be modified due to a “Mixed TTI configuration”?.
· Aiming at addressing that question, we analyse whether the “power scaling rules” result in any drawback when UL Multicarrier is configured with different TTIs.
· As a background, according to the standard when there are two uplink frequencies configured for E-DCH the power scaling rules are as follows: 
· The UE first applies “DPCCH power adjustments and gain factors” which may actually be enough for not exceed the maximum allowed value anymore.
· If such alternative were not enough the power scaling procedure was made to scale down first the power on “the frequency with highest DPCCH power”. 
· Then after having performed such an action the UE has to formulate yet again the question: “is the total UE transmit power exceeding the maximum allowed valued?”, and only if the answer were affirmative then the UE proceeds to scale down the power on “the uplink frequency with the second highest DPCCH power”.
· Finally, and only if still were necessary to scale down the power, any additional scaling of the total transmit power (i.e., equal power scaling) is performed after testing an inequality related to ed,k,min and c (“ed,k,min/c = min (ed,k,reduced,min /c, ed,k,original/c)”) which has to be fulfilled for all the activated uplink frequencies.
· In RAN1 #86, the power scaling procedure was pointed out straight away as candidate to be revised given that the 10ms TTI configuration will be incorporated to UL Multicarrier. Nonetheless, the connection between the power scaling rules and the “E-TFC selection” procedure was overlooked.
· The E-TFC selection determines the transport format of the E-DCH, and in principle this procedure should ensure that the total transmit power satisfies the maximum power constrain.
· As stated in the Technical Specification 25.321, the power allocation for UL Multicarrier is calculated based on DPCCH quality and serving grant for each carrier. 
· The algorithm was built in such a way that the power is allocated inversely proportional to the quality of the carrier, meaning that the carrier with “worse quality” (highest DPCCH power) is prioritized and given most power.
· In a DB-DC HSUPA scenario the coverage difference between 900MHz and 2.1GHz is around 7.3dB, reason why the UL DPCCH power on the high frequency band results to be much higher than on the low frequency band.
· A similar situation occurs in a mixed TTI configuration. However, the unbalance results to be less drastic since according to lab results a “2 ms EUL TTI configuration needs 1 – 2 dB more power for the UL DPCCH channel as compared to the 10 ms EUL TTI for the same average throughput” [7].
· What the above means in practice is that for a given UE distance from the Node B, the same number of bits cost less power to send on the low frequency carrier than on the high frequency carrier. Similarly, in terms of having different TTIs, for a given path loss ratio the same number of bits cost slightly less power to send on a 10ms TTI configuration than in a 2ms TTI configuration.
· An important observation is that configuring 10ms TTI on the high frequency carrier doesn’t compensate for the coverage unbalance in DB-DC HSUPA, since transmitting on the high frequency band has a dominant effect on the UL DPCCH power consumption due to the propagation properties of the 2.1GHz band
· After having performed a power allocation, if the UE suddenly had the need of applying the “power scaling rules”, then starting to scale down the power on “the frequency with highest DPCCH power” seems to be a good choice, since according to the E-TFC selection procedure the carrier that would be scaled down in power first would be the one being more costly in terms of either band, TTI or both together.
Therefore, and based on the analysis performed in this contribution, the following proposal has been stated:
Proposal 1:  Re-use the legacy power scaling rules for DB-DC/DC HSUPA scenarios with mixed TTI configurations (10ms+2ms TTI & 2ms+10ms TTI).
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