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1. Introduction
At RAN2#66 the issue about E-TFC selection for DC-HSUPA was discussed but no conclusion was reached. It was agreed that the E-TFC selection procedure for each carrier should not be modified and what is to be considered is how to divide the UE power margin between the two carriers to enable the UE to transmit at the maximum data rate provided by the serving grants. Several schemes for UE power margin division were recommended at RAN2#66, 2 representative schemes are the “Greedy filling scheme” mentioned in [1] and the “Scheduled transmit data power based” scheme mentioned in [2] [3].
In this contribution, the system simulation results and some analysis for these schemes will be provided. 
2. E-TFC selection schemes
2.1 E-TFC selection schemes for DC-HSUPA in simulation
The system simulation is based on the following 2 schemes:

· The Greedy 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.

· The Scheduled transmit data power based scheme:
The proportion of total power headroom division between two carriers is direct proportion to the scheduled transmit data power of each carrier which deduced from SG and DPCCH power by the following formula, and then each carrier uses its respective new power headroom for E-TFC selection as per the legacy procedure.
P1=SG.carr1*DPCCHPower.carr1;

P2=SG.carr2*DPCCHPower.carr2;

PowerHeadRoom.carr1=TotalPowerHeadRoom*P1/(P1+P2);

PowerHeadRoom.carr2=TotalPowerHeadRoom*P2/(P1+P2);
2.2 Other E-TFC selection schemes for DC-HSUPA

Besides the “Greedy filling” scheme and the “Scheduled transmit data power based” scheme, there are some other schemes such as the “Max scheduled grant” scheme and so on. However, all these schemes can be considered as the variations of either the “Greedy filling” scheme or the “Scheduled transmit data power based” scheme. 
For example, the “Max scheduled grant” scheme is actually could be considered as a kind of the so called “Sequential approaches” defined in [3]. The advantage of the Sequential approaches is efficient power usage. From power efficiency point of view, choosing first the carrier for E-TFC selection based on instantaneous DPCCH power is more effective than a choice based on the scheduled grant because the grant can not reflect the fast fading. So we can select the Greedy filling scheme as being representative of Sequential approaches.
Another kind of scheme is characterized by proportionally dividing the UE power margin between the two carriers before the E-TFC selection. The proportion can be calculated from the SG and DPCCH power of each carrier such as used by the Scheduled transmit data power based scheme. It can also be calculated from the SG only or DPCCH power only. However, the SG is defined as a max ratio of E-DPDCH power to the filtered DPCCH power and this can hardly reflect the fast fading. Using DPCCH power only will lead to the waste of power that has been analyzed in [2]. Therefore it is reasonable to determine the proportion based on both factors of SG and DPCCH power.
3. Simulation
3.1
Simulation assumptions
The simulation parameters are described in Table 1:
Table 1: System Simulation Assumption Parameters
	Parameters
	Values and comments

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

	Inter-site distance
	1000 m

	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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θ3dB= 70 degrees,     Am = 20 dB                                                              

Case 2 (3D ant): Custom antenna (e.g. Kathrein 742212) with 8 degrees down tilt

	Channel Model
	 PA3

 (*) Fading models for adjacent carriers:

- Fading across carriers is completely uncorrelated.

- Fading correlation across carriers is modeled using some practical approach (optional)

- Fading across carriers is completely correlated

	Penetration loss
	10 dB, 20 dB

	Maximum UE EIRP
	24 dBm

	Uplink system noise
	 –102.9 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	

	
	NACK [dB]
	

	
	CQI [dB]
	

	
	Pr[ACK]/Pr[NACK]/Pr[DTX] 
	0.9/0.09/0.01

	βec/ βc [dB]
	

	Soft Handover Parameters
	R1a (reporting range constant) = 3 dB, 

R1b (reporting range constant) = 6 dB

	SHO TBS Limit
	

	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

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.2, 0.4, 0.6, 0.8, 1, 2, 4, 6

	NodeB Receiver
	Rake (2 antennas per cell), Linear MMSE (2 antennas per cell)

	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
	Rate scheduling (using AG and RG)


3.2
Simulation results
The simulation results for full buffer traffic are shown from Figure 1 to Figure 4. The figures show the result for both 10 dB penetration loss and 20 dB penetration loss, which will lead to different percentage of UEs that are power limited. In these simulations all of the UEs always transmit on both 2 carriers.
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Figure 1: Average sector throughput as a function of the number of users per sector. The simulation assumptions are 10 dB penetration loss and uncorrelated fast fading across carriers.
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Figure 2: Average RoT as a function of the number of users per sector. The simulation assumptions are 10 dB penetration loss and uncorrelated fast fading across carriers.
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Figure 3: Average sector throughput as a function of the number of users per sector. The simulation assumptions are 20 dB penetration loss and uncorrelated fast fading across carriers.
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Figure 4: Average RoT as a function of the number of users per sector. The simulation assumptions are 20 dB penetration loss and uncorrelated fast fading across carriers.
We also collect some statistics of the probability that UE is power limited. In the Table 2, along with the increase of UE numbers per sector, the probability that UE is power limited is reduced is because of the effect of cell load control algorithm.
Table 2: The probability that a UE is power limited
	UE Num per sector
	0.2
	0.4
	0.6
	0.8
	1
	2
	4
	6

	Power Limited Probability with 10 dB penetration loss
	3.78%
	5.69%
	6.82%
	6.51%
	6.09%
	3.62%
	2.02%
	1.15%

	Power Limited Probability with 20 dB penetration loss
	37.29%
	53.04%
	66.56%
	68.15%
	64.68%
	57.38%
	39.81%
	29.34%


4. Discussion
As shown in Figure 1, with 10 dB penetration loss, the “Greedy filling” scheme and the “Scheduled transmit data power based” scheme achieve quite similar performance from the sector throughput point of view. While from the simulation result in Figure 3, we can see that with 20 dB penetration loss the “Greedy filling” scheme gets higher sector throughput than the “Scheduled transmit data power based” scheme although the gain is not so significant (at most 10%).
From the Table 2 above, it could be seen that the probability that UE is power limited with 20 dB penetration loss is much higher than the case with 10 dB penetration loss. So, the simulation result with 20 dB penetration loss will be more convinced, since the performance of the two schemes will only be differentiated in case UE is power limited. One thing should be pointed out is that from the Figure 4, it could be seen that the “Greedy filling” scheme leads to higher RoT level than that of the “Scheduled transmit data power based” scheme with 20 dB penetration loss, the reason is that “Greedy filling” scheme achieves high sector throughput, moreover the RoT level is till below the RoT target (i.e. 6 dB).
Further more, in [4], we analyze the cubic metric for DC-HSUPA, and it is considered that the cubic metric and MPR are not limiting factors for power imbalance between the two carriers of DC-HSUPA.
5. Conclusion
In this contribution, the system simulation results of both the “Greedy filling” scheme and the “Scheduled transmit data power based scheme” are provided with the conclusion that “Greedy filling” scheme will get better performance, thus we propose:
Proposal: It is proposed to adopt the greedy filling scheme for the E-TFC selection in DC-HSUPA.
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