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1 Introduction 
At RAN2#67 the issue about E-TFC selection for DC-HSUPA was further discussed. The following was the agreement on the topic, an excerption from [1],

Agreement: We adopt the parallel scheme.

-The exact mechanism on how to scale the power is FFS (based on SG or other)
This contribution is a further discussion on the FFS, by evaluating the performance of different parallel schemes proposed in [4] for a full buffer [5] scenario. We utilize the performance of Greedy water filling as the baseline for comparison.
2 E-TFC selection schemes
As described in [3], the UE maintains a serving grant (SG) for each carrier. These SGs are based on the absolute grants (AGs) and the relative grant (RG) commands for each respective carrier. The SG is defined as a max ratio of E-DPDCH power to the filtered DPCCH power and given the SG, the UE can compute the power that it is allowed to allocate to each carrier i={1,2} as 
                                  Pi=PDPCCH,i+PHS-DPCCH,i+PE-DPCCH,i+PE-DPDCH,i. 



                                                 
Here PE-DPDCH,i=SGi*PDPCCH,i denotes the maximum power that it can use for E-DCH. We moreover let Pmax represent the maximum transmit power accounting for necessary backoff.
The system simulation is based on the following 5 schemes where P1* and P2* denote the maximum allowed transmission power for the respective carrier:

1. Greedy water filling scheme:

The available power is allocated as much as possible to the carrier with lower DPCCH power, up to the limit of either the grant or max UE power. Then the remaining power goes to the other carrier.

2. Fair sharing:
This approach divides the total transmission power equally amongst the two carriers for power limited UEs; i.e. Pi*=min(Pmax/2,Pi) where Pi denotes the power that would be required in order to use the grant on carrier i completely. 
3. Proportional scaling based on serving grant:
In this approach the UE’s transmit power is divided between the carriers according to the rule Pi*= Pi min(1,Pmax/j Pj) where Pj represents the power that would be required by carrier j in order to use its entire serving grant. 
4. Proportional scaling based on scheduled grant:
In this algorithm the total transmission power is divided in such a way that Pi*= SchGi min(1,Pmax/j SchGj) where SchGi denotes the scheduled grant associated with carrier j which is deduced from serving grant and DPCCH power by the following formula [6].
SchG1=SG.carr1*DPCCHPower.carr1;

SchG2=SG.carr2*DPCCHPower.carr2;

5. Proportional scaling based on DPCCH power:
In this approach the total power is allocated based on the rule Pi*=(1/pdpcch,i)min(1,Pmax/j(1/pdpcch,j)) where pdpcch,i denotes the DPCCH power associated with carrier i.
3 Simulation

3.1
Simulation assumptions
The simulation parameters are described in Table 1, which is based on the simulation assumptions in [5].
Table 1: DC-HSUPA Basic System Level Parameters

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1732m

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz (Adjacent Carriers)

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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                                                                              = 70 degrees,     Am = 20 dB

                                                              

	Channel Model
	VA30
Fading across carriers is completely uncorrelated.

	Penetration loss
	10 dB

	Maximum UE EIRP
	24 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	
	HS-DPCCH information is transmitted on both UL carriers 

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Timing
	The two carriers have the same time reference and their downlinks are synchronized. 

	Serving cell
	The serving cells on both carriers belong to the same sector. 

	Traffic model
	Full Buffer FTP

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 6, 8

	NodeB Receiver
	Diversity, MRC 

	Channel Estimation
	Realistic

	Uplink HARQ
	2ms TTI, Max # of transmission =4, termination target depends on TBS

	Closed Loop Power Control Delay
	1 slot 

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional fairness


3.2
Simulation results

The simulation results for full buffer are shown from Figure 1 to Figure 5. The figures show the result for power limited UE. In these simulations all of the UEs always transmit on both 2 carriers.
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Figure 1: Average UE throughput as a function of the number of users per sector. 
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Figure 2: Cumulative distribution function of the power difference between the two carriers for power limited UEs. 
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Figure 3: Cell-edge UE throughput as a function of the number of users per sector. 
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Figure 4: Cumulative distribution function of ROT on carrier 1. 
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Figure 5: Cumulative distribution function of ROT on carrier 2.
4 Discussion
As shown in Figure 1, different parallel schemes achieve quite similar performance from the average UE throughput point of view. 

From the simulation result in Figure 2, we can see that the fair sharing is associated with the smallest power difference between the two carriers, while the proportional scaling with respect to the DPCCH power results in smaller power difference than proportional scaling with respect to the scheduling grant or the serving grant.

Figure 3 illustrates that different schemes have similar performance in term of cell-edge UE throughput.

It is depicted in Figure 4 and Figure 5 that the fair sharing leads to higher ROT level than the other schemes. However, the ROT increment is insignificant. It is also noticeable that the ROT levels on different carriers are almost the same.

5 Conclusion
In this contribution, the system performance of different parallel schemes for E-TFC selection were provided and compared with the performance of Greedy water filling. It was shown that the different parallel schemes performed a similar performance in terms of the average UE throughput, the cell edge UE throughput and the ROT level. However, the fair sharing provided the best performance among the four parallel schemes in term of the transmit power difference between two carriers. Thus we propose the following:

Proposal:
Adopt the fair sharing scheme for the E-TFC selection in DC-HSUPA.
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