3GPP TSG-RAN WG2 Meeting #67
R2-094237
Shenzhen, China
24th – 28th August 2009
Agenda item:
10.2.3



Source:
Alcatel-Lucent
Title:
A Comparison between Sequential and Parallel Power Allocation in E-TFC Selection for DC-HSUPA
Document for:
Discussion & Decision
1          Introduction

In E-TFC selection for DC-HSUPA, a method is required to allocate power between carriers.  In previous RAN2#66 meetings, the proposed power allocation methods fall into two groups, namely, Sequential and Parallel.  The performances of these two groups were discussed in a teleconference held on the 11 August 2009.  This T-doc investigates these two groups of power allocation for the following performances:
· Sector performances in terms of throughput and noise rise

· UE performances in terms of throughput

· Power Imbalances between carriers in the UE

2          Power Allocation Methods
2.1
Sequential

In the Sequential method, Greedy power filling is employed to each carrier based on a filling order.  In Greedy filling, the 1st carrier in the filling order is filled up with as much power as allowed and any remaining power is then filled up in the same way onto the next carrier.  This process is repeated until either all carriers are filled up or no power remains.  The filling orders consider in this T-doc are as follows.
2.1.1
Transmit DPCCH Power (S-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 rational is the carrier with the lowest DPCCH transmit power will have the best radio channel.
2.1.2
Serving Grant/DPCCH Power Ratio (S-SGTxDPCCH)

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 [2].  The Serving Grant indicates the potential transport block size that can be sent in a TTI whilst the transmit UE DPCCH power represents the cost of fulfilling this SG.  This scheme aims to give a balance between SG and the cost of fulfilling it.

2.2
Parallel Power Allocation Methods
In the Parallel method, the remaining power for E-DPDCH is divided among the carriers based on a proportional rule [3].  Here, a variable in each carrier is used to generate the portion of power in each carrier.  Generally, the power for carrier j, Pj =PR ( Vj/(( Vk), where PR is the remaining power to be allocated and Vj is the variable of interest in each carrier.  The following proportional rules are investigated [3]:

2.2.1
Transmit DPCCH Power (P-TxDPCCH)

The variable of interest, Vj for each carrier is the inverse of the UE DPCCH transmit power in that carrier.  That is the smaller the UE DPCCH transmit power for a carrier, the larger the proportion of power that the carrier will receive for E-DPDCH.
2.2.2
Serving Grant (P-SG)

The variable of interest, Vj for each carrier is the Serving Grant of the carrier.  That is the larger the serving grant is in a carrier, the larger the proportion of power that it will receive.
2.2.3
Power to Fulfil Serving Grant (P-SGPwr)

The variable of interest, Vj for each carrier is the power required to fulfil the Serving Grant of the carrier.  This power is the product of the Serving Grant and the transmit DPCCH power for that carrier.
3          Simulations
The simulation assumptions used follow those in [4] 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.  Two scenarios are simulated for all the power allocation methods described in Section 2 and they are as follows:

· Balanced Loading: The target Rise over Thermal (RoT) for both carriers is 6 dB

· Unbalanced Loading: The target Rise over Thermal (RoT) for Carrier 1 and Carrier 2 are 6 dB and 10 dB respectively

4          Results
4.1
Sector Performances
The CDF of the total sector throughput (i.e. summed across two carriers) are plotted in Figure 1 and Figure 2.  The average sector throughput for each methods are summarised in Table 1.
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Figure 1: Total sector throughput for balanced loading
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Figure 2: Total sector throughput for unbalanced loading

Table 1: Average total sector throughput (kbps)

	Loading
	Sequential
	Parallel

	
	S-TxDPCCH
	S-SGTxDPCCH
	P-TxDPCCH
	P-SG
	P-SGPwr

	Balanced
	4075 kbps
	4096 kbps
	4240 kbps
	4071 kbps
	4002 kbps

	Unbalanced
	4764 kbps
	4868 kbps
	4958 kbps
	4642 kbps
	4529 kbps


In balanced loading scenario, there is at most 6% gain in throughput between the best method (P-TxDPCCH) and the worst method (P-SGPwr), which is not significant.  In the unblanaced loading scenario, there is at most 9.5% between the best method (P-TxDPCCH) and the worst method (P-SGPwr), which is more significant.  However, the difference between the best sequential method (S-SGTxDPCCH) and the best parallel method (P-TxDPCCH) is not significant and they are 3.5% and 1.8% for balanced and unbalanced loadings respectively.
The PDF of the NB Rise over Thermal (RoT) for the balanced loading is plotted in Figure 3 and Figure 4 for Carrier 1 and Carrier 2 respectively.  Figure 5 shows the PDF of NB RoT for the unbalanced loading scenario.  From these figures, it is shown that all the methods meet the target RoT and there isn’t significant difference in terms of RoT between the methods.

The spread of RoT expressed as the standard deviation for all the NBs are summarised in Table 2 and Table 3 for balanced and unbalanced loading respectively.  Here, it further shows that there isn’t significant difference in terms of RoT between the methods.
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Figure 3: NB Carrier 1 RoT - Balanced Loading
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Figure 4: NB Carrier 2 RoT - Balanced Loading
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Figure 5: NB RoT (dB) - Unbalanced
Table 2: NB RoT Standard Deviation (dB) - Balanced

	Carrier
	Sequential
	Parallel

	
	S-TxDPCCH
	S-SGTxDPCCH
	P-TxDPCCH
	P-SG
	P-SGPwr

	1
	0.84
	0.83
	0.78
	0.81
	0.83

	2
	0.91
	0.89
	0.80
	0.81
	0.85


Table 3: NB RoT Standard Deviation (dB) - Unbalanced

	Carrier
	Sequential
	Parallel

	
	S-TxDPCCH
	S-SGTxDPCCH
	P-TxDPCCH
	P-SG
	P-SGPwr

	1
	0.89
	0.92
	0.81
	0.85
	0.94

	2
	1.22
	1.20
	1.11
	1.09
	1.12


In terms of sector performance, there isn’t significant difference between sequential and parallel methods in terms of sector throughput and RoT.  However, the parallel scheme offers a slight edge in terms of sector throughput over the sequential schemes.
5          UE Performance
The power allocation algorithm is only useful when the UE is in a power limited condition.  Given this, the UE performance will focus on those UEs that are power limited or that are transmitting at the maximum power (i.e. 24 dBm).  

The CDF of power limited UE total throughput (sum across carrier) are plotted in Figure 6 and Figure 7 for balanced and unbalanced loading respectively.  The average power limited UE total throughput are summarised in Table 4.  In both balanced and unbalanced loading, the sequential methods perform better than those in parallel methods.  In the balanced loading scenario, the best sequential method (S-SGTxDPCCH) has a throughput gain of 12% over the best parallel method (P-TxDPCCH or P-SG).  In the unbalanced loading scenario, the best sequential method (S-SGTxDPCCH) has a gain of 10.5% over the best parallel method (P-SG).  Although P-TxDPCCH has the best performance in balanced loading scenario, it performs the worst in an unbalanced loading scenario with a significant loss of 34.7% compared to S-SGTxDPCCH.  It is also noted that P-TxDPCCH has the best overall sector throughput but this is obtained at the expense of poor power limited UE throughput.
Although parallel methods offer a slight gain over sequential methods in sector total throughput, they perform poorly in power limited UE throughput compared to those in sequential methods.
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Figure 6: Power limited UE total throughput - Balanced Loading
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Figure 7: Power limited UE total throughput - Unbalanced Loading

Table 4: Average power limited UE total throughput (kbps)

	Loading
	Sequential
	Parallel

	
	S-TxDPCCH
	S-SGTxDPCCH
	P-TxDPCCH
	P-SG
	P-SGPwr

	Balanced
	463 kbps
	475 kbps
	424 kbps
	424 kbps
	388 kbps

	Unbalanced
	496 kbps
	551 kbps
	409 kbps
	499 kbps
	483 kbps


6          UE Carrier Power Imbalance
Similarly to UE performance in Section 5, here we focus only on power limited UE (i.e. UE transmitting at max power or 24 dBm).
[image: image8.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2 4 6 8 10 12 14 16 18 20

Carrier UE Tx Pwr Difference at Max Tx Pwr (dB) - Balanced

CDF

S-TxDPCCH S-SGTxDPCCH P-TxDPCCH P-SG P-SGPwr


Figure 8: Power imbalanced for power limited UE - Balanced Loading
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Figure 9: Power imbalanced for power limited UE - Unbalanced Loading

Figure 8 and Figure 9 are CDF plots of the power difference between the carriers for power limited UE in a balanced and an unbalanced loading respectively.  The average carrier power difference for power limited UE for all methods are summarised in Table 5.  In general parallel methods have lower carrier power imbalance.  
Table 5: Average carrier power imbalance for power limited UE (dB)

	Loading
	Sequential
	Parallel

	
	S-TxDPCCH
	S-SGTxDPCCH
	P-TxDPCCH
	P-SG
	P-SGPwr

	Balanced
	5.6 dB
	5.7 dB
	2.2 dB
	2.4 dB
	3.7 dB

	Unbalanced
	5.3 dB
	5.9 dB
	2.1 dB
	2.9 dB
	4.4 dB


It is observed in Figure 8 and Figure 9 that a maximum power imbalanced of 20 dB is able to support all methods discussed in this paper.  It is therefore useful to get input from RAN4 on the maximum tolerable power imbalance, which should be independent of power allocation method.  An EVM against power imbalance plot for various modulations would be invaluable.

6          Conclusion
This T-doc evaluated various schemes in sequential and parallel power allocation methods.  The overall performances are summarised in Table 6.  There isn’t significant difference in sector total throughput and NB RoT between the two methods.  However, there are significant differences in power limited UE throughput performances where it is shown that sequential method offers a higher gain.  Finally, parallel methods have lower carrier power imbalance in power limited UE than those in sequential methods but it is observed that a maximum power imbalance of 20 dB is capable to support both sequential and parallel methods.  
Table 6: Performance summary with the best scheme in brackets
	Performance
	Balanced Loading
	Unbalanced Loading

	
	Sequential
	Parallel
	Difference
	Sequential
	Parallel
	Difference

	Sector throughput (kbps)
	4096 kbps

(S-SGTxDPCCH)
	4240 kbps

(P-TxDPCCH)
	3.5%
	4868 kbps

 (S-SGTxDPCCH)
	4958 kbps

(P-TxDPCCH)
	1.8%

	NB RoT spread (dB) – Carrier 1
	0.83 dB

(S-SGTxDPCCH)
	0.78 dB

(P-TxDPCCH)
	0.05 dB
	0.89 dB
(S-TxDPCCH)
	0.81 dB
(P-TxDPCCH)
	0.08 dB

	Power limited UE total throughput (kbps)
	475 kbps
(S-SGTxDPCCH)
	424 kbps
(P-TxDPCCH)
	12%
	551 kbps
(S-TxDPCCH)
	499 kbps
(P-SG)
	10.4%

	Power limited UE carrier power imbalance (dB)
	5.6 dB
(S-TxDPCCH)
	2.2 dB
(P-TxDPCCH)
	3.4 dB
	5.3 dB
(S-TxDPCCH)
	2.1 dB
(P-TxDPCCH)
	3.2 dB


It is hence proposed that a LS is sent to RAN4 requesting the impact on EVM due to carrier power imbalances for various modulation schemes.  This analysis should be independent of E-TFC power allocation methods.  A sample LS is in the attachment.
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Appendix: System Simulation Assumptions
The system simulation assumptions are summarised in Table 7.
Table 7: 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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