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1          Introduction

In DC-HSUPA, each carrier is independently power controlled and the E-DCH grants are independently scheduled.  As a result, each carrier has a different power requirement and in a power limited condition, the E-TFC selection process need to efficiently allocate the UE power among the carriers.  The Greedy Filling algorithm, among many others, was discussed in the previous RAN2#66 meeting and it was shown to have the closest performance to the optimum water filling power allocation algorithm [1].  
In Greedy Filling, the carriers are allocated power one at a time where for each carrier the power is filled up to the allowed level (e.g. based on Serving Grant) or till no remaining power is left.  The order of the power filling is based on a filling order scheme.  This T-doc evaluates 4 different filling order schemes via system level simulations and a proposal is then made.  Part of this T-doc was also presented in the teleconference on DC-HSUPA E-TFC Selection held on 11 August 2009.
2          Filling Order Schemes in Greedy Filling
2.1
Potential E-DPDCH/DPCCH Power Ratio (MaxEDPDCH)

In the MaxEDPDCH scheme, the carrier with the largest potential total E-DPDCH/DPCCH UE transmit power ratio is filled up first.  The potential total E-DPDCH power is the min(Serving Grant ( DPCCH Tx power, PREMAIN), where PREMAIN is the remaining power of the UE before any power allocation.  The rational behind this is that the larger the E-DPDCH/DPCCH power ratio, the higher the UE throughput.  
2.2
Serving Grant/DPCCH Power Ratio (SG-DPCCH)

In this scheme, the carrier with the largest Serving Grant (SG) to DPCCH transmit power ratio is filled first followed by the carrier with the next largest SG/DPCCH transmit power ratio.  The Serving Grant indicates the potential transport block size that can be sent in a TTI whilst the transmitted UL DPCCH power represents the cost of fulfilling this SG.  This scheme aims to give a balance between SG and the cost of fulfilling it.
2.3
Lowest DPCCH Transmit Power (TxDPCCH)

This scheme was introduced in [1], the filling order is sorted with ascending order of the UE DPCCH transmit power.  That is, the carrier with the lowest DPCCH transmit power is filled up first followed by the carrier with the next lowest DPCCH transmit power.  The rationale is that the carrier with the lowest DPCCH transmit power will have the best radio channel.
2.4
Random

In this scheme the filling order is randomly determined.  This simple scheme is simulated as a reference scheme.

3          Simulation Assumptions
The simulation assumptions used follow those in [2] and they are summarised in the Appendix.  Since the power allocation scheme is only useful when the E-TFC selection is power limited, a site-to-site distance of 1732 m and building penetration loss of 20 dB are selected to increase the probability of a UE hitting the maximum power. 

For the purpose of evaluation, to further stress the filling order schemes, 4 carriers are used instead of 2, where the carriers have unbalanced loadings.  The loading is set as the target Rise over Thermal (RoT) and they are set as 4 dB, 6 dB, 8 dB and 10 dB for carriers 1, 2, 3 and 4 respectively.
A scenario with balanced loading is also simulated for reference.  Here the RoT is set at 6 dB for all carriers.
4          Results and Discussion
4.1
Unbalanced Loading

Figure 1 is a CDF plot of the UE total throughput (sum over 4 carriers) on all schemes for UEs transmitting at maximum transmit power (24 dBm), where the filling order schemes can be evaluated.  It can be seen in Figure 1 that about 35% of these UEs are in outage.  The average total throughput for UEs transmitting at 24 dBm that are not in outage is summarised in Table 1, for each scheme, together with the throughput gain over the Random scheme.  The results show that SG-TxDPCCH has the best performance, followed by MaxEDPDCH and TxDPCCH.  As expected, the Random scheme has the worst performance.  
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Figure 1: UE total throughput at 24 dBm
Table 1: Average UE total throughput for non outage UE at 24 dBm transmit power (Unbalanced)
	Parameter
	MaxEDPDCH
	SG-TxDPCCH
	TxDPCCH
	Random

	Throughput (kbps)
	1221
	1255
	1081
	1056

	Throughput Gain w.r.t. Random (%)
	15.6%
	18.8%
	2.4%
	0%
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Figure 2: Probability of a carrier selected for 1st filling

Figure 2 is the probability of a carrier being selected first for Greedy Filling.  It is shown that the TxDPCCH scheme favours Carrier 1 with a probability of more than 70% of being selected, which is more than twice that of the closest scheme (SG-TxDPCCH).  Since Carrier 1 has the lowest RoT (4 dB), it will more likely to have the lowest transmit DPCCH power at the UE.  This causes the TxDPCCH scheme to select Carrier 1 more often, which causes it to transmit more E-DPDCH power on Carrier 1 than those in the other schemes.  In order to maintain the RoT, the NB will schedule less grants to Carrier 1 in TxDPCCH.  This is shown in a CDF plot of Serving Grant in Figure 3, where the TxDPCCH scheme has less Serving Grants especially on the larger Serving Grants on Carrier 1 compared to the other schemes.  This causes the performance of the TxDPCCH scheme to perform better at lower throughputs than at higher throughputs as shown in Figure 1.  Hence, in an unbalanced load across carrier, the TxDPCCH scheme in trying to optimise the transmit power at each UE causes the overall Serving Grant to reduce especially for the carrier with the lowest RoT.
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Figure 3: Serving grant for different carriers
4.2
Balanced Loading
In balanced loading, the sector RoT is set to 6 dB for all carriers.  The average total throughput for UEs that are not in outage and transmit at 24 dBm is shown in Table 2.  In this scenario, the MaxEDPDCH scheme has the best performance followed by the SG-TxDPCCH and TxDPCCH schemes.  As expected the Random scheme has the worst performance.   
Table 2: Average UE total throughput for non outage UE at 24 dBm transmit power (Balanced)

	Parameter
	MaxEDPDCH
	SG-TxDPCCH
	TxDPCCH
	Random

	Throughput (kbps)
	1210
	1099
	1079
	944

	Throughput Gain w.r.t. Random (%)
	28.2%
	16.5%
	14.4%
	0%


4.3 Overall Sector Throughput
The CDF of the sector total throughputs (sum across all carriers for all UEs) for all schemes are plotted in Figure 4 and Figure 5 for unbalanced and balanced loading respectively.  The average sector throughput on each scheme for unbalanced and balanced scenarios are summarised in Table 3 and Table 4 respectively.  Although the power limited UE total throughput gains in the other schemes are significant relative to that in the Random scheme, the sector total throughput performance of the Random scheme is close to those in the other schemes with an average throughput loss up to 5.8%.  This is because the gains in using any of these schemes are only realised when the UE is not in outage and is power limited.  Despite the aggressive settings in the simulation assumption, the percentage of UE in these situations is about 24% and among these UEs, the UE total throughput gain over the Random scheme is up to 28% (refer to Table 1 and Table 2), which is not significant enough to cause major gain in the overall sector total throughput.  It is expected that in a more realistic deployment, less UE will be transmitting at max power and the sector total throughput performance gaps between the schemes will be smaller.
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Figure 4: Sector total throughput CDF - Unbalanced Loading
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Figure 5: Sector total throughput CDF - Balanced Loading

Table 3: Average Sector total throughput based on all UEs (Unbalanced)

	Parameter
	MaxEDPDCH
	SG-TxDPCCH
	TxDPCCH
	Random

	Throughput (kbps)
	9238
	9415
	8962
	8899

	Throughput Gain w.r.t. Random (%)
	3.82%
	5.80%
	0.71%
	0%


Table 4: Average Average Sector total throughput based on all UEs  (Balanced)

	Parameter
	MaxEDPDCH
	SG-TxDPCCH
	TxDPCCH
	Random

	Throughput (kbps)
	8750
	8746
	8572
	8402

	Throughput Gain w.r.t. Random (%)
	4.14%
	4.10%
	2.01%
	0%


5          Conclusion
This T-doc evaluated 4 different filling order schemes in a Greedy Filling power allocation algorithm for the E-TFC selection process via system level simulations.  Although there are differences in UE total throughput gains between the filling order schemes when UE is power limited, the overall sector throughput performances are similar among the schemes.  At the moment, RAN2 is still investigating the advantages of using sequential (i.e. Greedy Filling) vs. parallel power allocation methods.  Hence, if sequential is the preferred method, then it is proposed to use SG-TxDPCCH scheme, which is a compromise between complexity and performance.
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Appendix: System Simulation Assumptions
The system simulation assumptions are summarised in Table 5.
Table 5: DC-HSUPA Basic System Level Parameters

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B

	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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	Channel Model
	 PA3

 (*) Fading models for adjacent carriers:

- Fading across carriers is completely uncorrelated.

	Penetration loss
	20dB

	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 a single UL carrier 

	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

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	8 (on average)

	NodeB Receiver
	Rake (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
	Proportional Fair. 
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