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1 Introduction

In Release 8 of HSPA standardization Dual Carrier (DC) HSDPA was specified. In the RAN Plenary meeting #43 [1], WI was agreed to introduce dual carrier HSUPA. RAN1 #57 and RAN4 #51 meetings raised questions whether transmission power difference of the two carriers in DC HSUPA transmission is a problem and what is the extent of the difference. Power difference matter relates closely on such open issues as UE power scaling and E-TFC selection discussed in RAN1 and RAN2, respectively. It has also been noted that transmitter imperfections may cause interference from the higher power carrier to the other carrier and that the amount of interference is a function of the transmit power difference between carriers.
In this study the instantaneous power difference levels between the two carriers of DC-HSUPA is studied on system level. We analyse how much the DPCCH and total transmit powers of carriers differ in various scenarios and with different system loads when we apply primary carrier first or best carrier first type scheduler and E-TFC selection. No transmitter impairments have been included in these analyses. 
2 Simulation assumptions

The simulation assumptions are as specified in [2]. The following list shows used options and deviations:

· Channel model: PA3 (3km/h), TU6 (3 km/h), Fading across carriers is completely uncorrelated
· N: {1, 2, 4, 8}
· ISD: {500, 1000* , 1732} m (*full buffer only)
· Node B Receiver: Linear MMSE
· Uplink SI delay – No delay
· RoT limits: {3.5, 6.0} dB
· Scheduler: {First carrier first, Better carrier first}
Primary carrier first scheduler uses Carrier 1 power headroom as a basis for Proportional Fair (PF) algorithm. Users are scheduled on the second carrier according to the same priority as with Carrier 1. Best carrier first uses instantaneous DPCCH power levels to determine which carrier is better and then UEs make their rate requests prioritizing the better carrier. PF then uses UEs’ highest requests as an input for the priority metric calculation. UEs are then scheduled for both carriers according to this metric.
3 Simulation results
3.1 Bursty traffic

In this section we consider bursty traffic as traffic source model according to [2]. When a UE does not have data to send, it still transmits the DPCCH on both carriers. The most interesting metric is the transmit power differences between carriers. The metrics are analysed via Cumulative Distribution Functions (CDF) to look at distribution of power differences with different parameter settings. In CDF figures positive value in x-axis means that Carrier 1 has more transmit power and negative value in x-axis means that Carrier 2 has more transmit power.
As Figure 1, Figure 2, Figure 5 and Figure 6 illustrate in a small cell the scheduler has only minor impact on the power differences as the UEs are unlikely to be in power outage and thus have power to be spared on both carriers. However, in a larger cell, where power outages are more likely, the scheduler selection can even up the differences between carriers as then the other carrier would be favoured. This is illustrated in Figure 3, Figure 4, Figure 7 and Figure 8. Regardless of the scenario/scheduler total transmit power difference stays below 10 dB at least 90% of the time. 
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Figure 1 CDF of total transmit power difference for N = {1,2,4,8}, ISD=500, channel profile=TU6 (3km/h) and target RoT=3.5 dB.
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Figure 2 CDF of total transmit power difference for N = {1,2,4,8}, ISD=500, channel profile= TU6 (3km/h) and target RoT=6 dB.
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Figure 3 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1732, channel profile= TU6 (3km/h) and target RoT=3.5 dB.
	[image: image4.png]CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

Burst, TUB, ROT target 6 dB, 1732m cell

First Carrier First (N=1)
Better Carrier First (N=1)
First Carrier First (N=2)
Better Carrier First (N=2)
First Carrier First (N=4)
Better Carrier First (N=4)
First Carrier First (N=8)
Bgtter Carl"ier First ‘(N=8)

-15

-10 -5 0 5

10 15 20

Total Transmit power difference of carriers [dB]





Figure 4 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1732, channel profile= TU6 (3km/h) and target RoT=6 dB.
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Figure 5 CDF of total transmit power difference for N = {1,2,4,8}, ISD=500, channel profile=PA3 (3km/h) and target RoT=3.5 dB.
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Figure 6 CDF of total transmit power difference for N = {1,2,4,8}, ISD=500, channel profile= PA3 (3km/h) and target RoT=6 dB.
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Figure 7 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1732, channel profile= PA3 (3km/h) and target RoT=3.5 dB.
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Figure 8 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1732, channel profile= PA3 (3km/h) and target RoT=6 dB.


DPCCH power levels for bursty traffic and TU6 are illustrated in Figure 9 through Figure 12. As those figures show the difference between schedulers is very minor and the power differences stay within 5 dB majority of the time. With bursty traffic the impact of noise raise is expected to be small, thus main contribution difference is due to the propagation condition. 
	[image: image9.png]CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

i

Burst, TUB, ROT target 3.5 dB, 500m cell

First Carrier First (N=1)
Better Carrier First (N=1)
First Carrier First (N=2)
Better Carrier First (N=2)
First Carrier First (N=4)
Better Carrier First (N=4)
First Carrier First (N=8)
BgtterCarl"ierFirst(N 8)

-20

-15

-10

-5

0

5

10 15 20

DPCCH Transmit power difference of carriers [dB]





Figure 9 CDF of DPCCH transmit power difference for N=1 , ISD=500, channel profile= TU6 (3km/h) and RoT target=3.5 dB.
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Figure 10 CDF of DPCCH transmit power difference for N=1 , ISD=1732, channel profile= TU6 (3km/h) and RoT target=3.5 dB.


	[image: image11.png]CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

i

Burst, TUB, ROT target 3.5 dB, 1732m cell

First Carrier First (N=1)
Better Carrier First (N=
First Carrier First (N=2)
Better Carrier First (N=
First Carrier First (N=4)
Better Carrier First (N=
First Carrier First (N=8)
Bgtter Carl"ier First (N=

1)

2)

4)

8)

-15

-10

-5

0

5

10 15 20

DPCCH Transmit power difference of carriers [dB]





Figure 11 CDF of DPCCH transmit power difference for N=1 , ISD=500, channel profile= TU6 (3km/h) and RoT target=6 dB.
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Figure 12 CDF of DPCCH transmit power difference for N=1 , ISD=1732, channel profile= TU6 (3km/h) and RoT target=6 dB.


3.2 Full buffer

In this section we consider full buffer traffic model where all UEs transmit data constantly. The most interesting metric is transmit power differences between carriers. Similarly to bursty traffic the transmit powers are analysed through CDFs.
Figure 13 through Figure 18 show the transmit power differences with full buffer traffic and TU6 channel model.  Corresponding power differences from PA3 channel is found in Figures 19 through Figure 24. With few users and higher ROT target in larger cells, the transmit power differences observed increase over those shown in Section 3.1. Figures also illustrate that with higher amount of users the proportion of larger power differences starts to decline.  System becomes more interference/RoT limited, resulting lower allocated bit rates.
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Figure 13 CDF of total transmit power difference for N = {1,2,4,8}, ISD=500, channel profile=TU6 (3KM/H) and target RoT=3.5 dB.
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Figure 14 CDF of total transmit power difference for N = {1,2,4,8}, ISD=500, channel profile=TU6 (3KM/H) and target RoT=6 dB.
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Figure 15 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1000, channel profile=TU6 (3KM/H) and target RoT=3.5 dB.
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Figure 16 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1000, channel profile=TU6 (3KM/H) and target RoT=6 dB.
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Figure 17 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1732, channel profile=TU6 (3KM/H) and target RoT=3.5 dB.
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Figure 18 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1732, channel profile=TU6 (3KM/H) and target RoT=6 dB.
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Figure 19 CDF of total transmit power difference for N = {1,2,4,8}, ISD=500, channel profile=PA3 (3KM/H) and target RoT=3.5 dB.
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Figure 20 CDF of total transmit power difference for N = {1,2,4,8}, ISD=500, channel profile=PA3 (3KM/H) and target RoT=6 dB.
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Figure 21 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1000, channel profile=PA3 (3KM/H) and target RoT=3.5 dB.
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Figure 22 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1000, channel profile=PA3 (3KM/H) and target RoT=6 dB.
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Figure 23 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1732, channel profile=PA3 (3KM/H) and target RoT=3.5 dB.
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Figure 24 CDF of total transmit power difference for N = {1,2,4,8}, ISD=1732, channel profile=PA3 (3KM/H) and target RoT=6 dB.


DPCCH power level differences are illustrated in Figure 25 through Figure 30. 
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Figure 25 CDF of DPCCH transmit power difference for N = {1,2,4,8}, ISD=500, channel profile= TU6 (3km/h) and target RoT=3.5 dB.
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Figure 26 CDF of DPCCH transmit power difference for N = {1,2,4,8}, ISD=500, channel profile=TU6 (3KM/H) and target RoT=6 dB.
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Figure 27 CDF of DPCCH transmit power difference for N = {1,2,4,8}, ISD=1000, channel profile=TU6 (3KM/H) and target RoT=3.5 dB.
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Figure 28 CDF of DPCCH transmit power difference for N = {1,2,4,8}, ISD=1000, channel profile=TU6 (3KM/H) and target RoT=6 dB.
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Figure 29 CDF of DPCCH transmit power difference for N = {1,2,4,8}, ISD=1732, channel profile=TU6 (3KM/H) and target RoT=3.5 dB.
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Figure 30 CDF of DPCCH transmit power difference for N = {1,2,4,8}, ISD=1732, channel profile=TU6 (3KM/H) and target RoT=6 dB.


4. Conclusions

Presented simulation results show the distribution of transmit power difference of carriers with two different schedulers.  In most of the scenarios total transmit power difference stays below 10 dB 90% of the time.  Using better carrier first type of scheduling makes transmit power differences smaller, because no one carrier is preferred over another in the long term. 
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