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1
Introduction
As part of a system study on higher order modulation (16-QAM) in HSUPA, [1] discussed the benefits of using this feature in partially loaded cells and slow fading environments. However, the system performance was based on the assumption of using an ideal LMMSE (Type 3) receiver at the Node-B. 
In this contribution, we examine the system performance of 16QAM on E-DPDCH in partially loaded cells and slow fading channels (PA3) using an LMMSE receiver based on realistic channel estimation [3].  
2
System Simulation Assumptions
Table 1 lists the system simulation configuration parameters. 
Table 2 highlights the MCS table used by the UL Scheduler. MCS entries 13 through 21 correspond to single transmission schemes. Furthermore, MCS Entries 17 through 21 in the table correspond to higher order modulation
. The short term curves for these entries were determined based on the optimal T/P set point for each of these transport block sizes [3].
The simulation methodology can be summarized as follows:
· Users are randomly dropped into the system.
· The uplink scheduler schedules a single user at a time i.e. the left over RoT is wasted. 
· In this study, we compare 2 systems:
· System without 16-QAM support
· MCS Entries Allowed: 1 to 16.

· System with 16-QAM support
· MCS Entries Allowed: 1 to 14 and 17 to 21.
· The MCS entries chosen are based on the link analysis study performed in [3]. For example, in the 16-QAM system, for data rates up to 4 Mbps, we use QPSK and then use 16-QAM for data rates larger than 4 Mbps.
Table 1: System Configuration Parameters
	Parameter
	Units
	Value
	Comment

	Total # Node-Bs
	
	19
	

	Cells per Node-B
	
	3
	Simulating a total of 57 cells

	Users in System
	
	1, 5, 10, 20, 30, 40,50  
	Simulating partially loaded system

	Carrier Frequency 
	MHz
	2000
	

	Inter-site Distance (ISD)
	m
	500m
	Cell radius = 288.6m

	BS Antenna Gain & Cable Loss
	dBi
	14.0
	

	Sector Antenna Gain
	dB
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 is angle w.r.t. antenna bore sight. 
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 is 3dB antenna beam width.

	BS Front-Back Ratio (
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	dB
	20.0
	

	Sector Antenna 3dB Beamwidth
	degs
	70.0
	

	Path Loss Model
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	UMTS 30.03, Section B.1.4.1.3

	Penetration Loss
	dB
	0,10,20
	

	UE PA Backoff
	dB
	0, 3
	

	UE Max Output Power
	dBm
	21
	

	BS Noise Figure
	dB
	9.0
	

	Shadowing Lognormal Standard Dev.
	dB
	8.0
	

	Shadowing Inter-site Correl. Coeff.
	
	0.5
	

	Shadowing Intra-site Correl. Coeff.
	
	1.0
	

	Power Control
	
	Enabled
	

	Channel Type
	
	PA 3km/hr,  4 path
	Actual ITU Channel

	Receiver
	
	Tc/2 LMMSE (Type 3)
	84 tap (Tc/2) Equalizer

	Node-B  Channel Estimator
	
	Realistic
	

	Scheduler
	
	Greedy Filling Proportional Fair
	

	Traffic Model
	
	Best effort 
	

	TTI Duration
	[ms]
	2
	


Table 2: MCS Table
	MCS
	Transport Block Size (bits)
	Modulation
	Target Number of Tx
	Number of codes
	Code Rate
	SF
	Instantaneous Data Rate (kbps)

(after Target number of Tx)

	1
	128
	BPSK
	4
	1
	0.33
	16
	16

	2
	256
	BPSK
	4
	1
	0.33
	8
	32

	3
	512
	BPSK
	4
	1
	0.33
	4
	64

	4
	768
	BPSK
	4
	2
	0.33
	2
	96

	5
	1024
	2xBPSK
	4
	2
	0.33
	2
	128

	6
	2048
	2xBPSK
	4
	2
	0.33
	2
	256

	7
	3072
	2xBPSK
	4
	2
	0.40
	2
	384

	8
	4096
	2xBPSK
	4
	2
	0.53
	2
	512

	9
	5120
	4xBPSK
	4
	4
	0.44
	4,2
	640

	10
	6144
	4xBPSK
	4
	4
	0.53
	4,2
	768

	11
	7168
	4xBPSK
	4
	4
	0.62
	4,2
	896

	12
	8192
	4xBPSK
	4
	4
	0.71
	4,2
	1024

	13
	7000
	4xBPSK
	1
	4
	0.607
	4,2
	3500

	14
	8192
	4xBPSK
	1
	4
	0.71
	4,2
	4096

	15
	9000
	4xBPSK
	1
	4
	0.781
	4,2
	4500

	16
	11000
	4xBPSK
	1
	4
	0.954
	4,2
	5500

	17
	9000
	16-QAM
	1
	4
	0.391
	4,2
	4500

	18
	11000
	16-QAM
	1
	4
	0.477
	4,2
	5500

	19
	16384
	16-QAM
	1
	4
	0.711
	4,2
	8192

	20
	18000
	16-QAM
	1
	4
	0.781
	4,2
	9000

	21
	20000
	16-QAM
	1
	4
	0.869
	4,2
	10000


3
System Metrics
We follow a similar methodology as in [1] to extract the relevant system metrics from the simulation results for partially loaded cells.
· User Throughput CDF for 1, 5, 10, 20. 30, 40 and 50 users in the entire system, with and without 16-QAM

· T90 versus average cell throughput, with and without 16-QAM where T90 is defined as

· Pr [User Throughput < T90 ] = 0.9

· Tavg versus average cell throughput with and without 16-QAM where Tavg is the average user throughput

4
System Simulation Results
Figures 1 through 12 illustrate the user throughput CDF and T90, Tavg v/s average cell throughput for the combinations of propagation loss and PA back-off as listed in Table 3:

Table 3: Penetration Loss/ PA Back-off Combinations

	
	Penetration Loss [dB]
	PA Back-off [dB]

	1
	0
	0

	2
	0
	3

	3
	10
	0

	4
	10
	3

	5
	20
	0

	6
	20
	3
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Figure 1: User Throughput CDF, Penetration Loss = 0d B, PA Back-off = 0dB
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Figure 2: 90 percentile and Average User Throughput v/s Average Cell Throughput

Penetration Loss = 0dB, PA Back-off  = 0dB
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Figure 3: User Throughput CDF, Penetration Loss = 0d B, PA Back-off = 3dB
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Figure 4: 90 percentile and Average User Throughput v/s Average Cell Throughput  





Penetration Loss = 0dB, PA Back-off  = 3dB
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Figure 5: User Throughput CDF, Penetration Loss =10 dB, PA Back-off = 0dB
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Figure 6: 90 percentile and Average User Throughput v/s Average Cell Throughput

Penetration Loss = 10dB, PA Back-off = 0dB
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Figure 7: User Throughput CDF, Penetration Loss =10 dB, PA Back-off = 3dB
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Figure 8: 90 percentile and Average User Throughput v/s Average Cell Throughput

Penetration Loss = 10dB, PA Back-off = 3dB

[image: image14.emf]0 2 4 6 8 10 12 14

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

User Throughput (Mbps)

User Throughput CDF

1u w/o 16QAM

5u w/o 16QAM

10u w/o 16QAM

20u w/o 16QAM

30u w/o 16QAM

40u w/o 16QAM

50u w/o 16QAM

1u w/ 16QAM

5u w/ 16QAM

10u w 16QAM

20u w 16QAM

30u w/ 16QAM

40u w 16QAM

50u w/ 16QAM


Figure 9: User Throughput CDF, Penetration Loss =20 dB, PA Back-off = 0dB
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Figure 10: 90 percentile and Average User Throughput v/s Average Cell Throughput 

Penetration Loss =20 dB, PA Back-off = 0dB
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Figure 11: User Throughput CDF, Penetration Loss =20 dB, PA Back-off = 3dB
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Figure 12: User Throughput CDF, Penetration Loss =20 dB, PA Back-off = 3dB
5
Observations
The system performance gain due to 16-QAM (PA3, Partially Loaded Scenario) is tabulated in Table 4 for the case of no extra penetration loss and 3 dB PA Back-off.
Table 4: System Performance Gain due to 16-QAM (PA3)
	Number of Users in entire  System
	Without 16-QAM
	With 16-QAM
	Percentage gain due to 16-QAM

	
	Tuser90 [Mbps]
	Tuseravg [Mbps]
	Tcellavg [Mbps]
	Tuser90 [Mbps]
	Tuseravg  [Mbps]
	Tcellavg  [Mbps]
	Tuser90 %
	Tavg  %

	1
	5.5
	5.5
	0.10
	10.0
	9.8
	0.17
	82
	78

	5
	5.5
	5.3
	0.46
	10.0
	8.8
	0.77
	82
	66

	10
	5.5
	4.8
	0.84
	9.9
	7.7
	1.35
	80
	60

	20
	5.4
	3.9
	1.38
	9.4
	5.7
	1.99
	74
	46

	30
	5.2
	3.1
	1.60
	8.7
	4.4
	2.30
	67
	44

	40
	4.4
	2.4
	1.67
	7.1
	3.3
	2.30
	62
	38

	50
	3.5
	2.1
	1.79
	5.1
	2.7
	2.39
	46
	34


· User throughput and cell throughput are both limited by the peak rates in the partially loaded systems.
·  Specifically, with the added 16-QAM rates, in the scenario of no extra penetration loss and 3 dB PA backoff,   

· Top users (90 percentile) experience a throughput gain of 46-82% 
· Mean user throughput experiences a gain of 34-78%
· Cell throughput increases up with the same proportion as the mean user throughput 
· We observe similar trends as in [1] i.e. T90 stays almost constant for up to 30 users as a function of cell throughput.
· The throughput gains are not very sensitive to the penetration loss and PA back-off .The reasons are the following: 
· In all the cases simulated, UEs still have ample headroom
· Extra penetration loss limits certain users from using the high rates but this reduces their interference  and helps neighboring high-rate users
6
Conclusion

A detailed system study was performed to explore the benefits of 16-QAM in partially loaded systems assuming that a Node-B is equipped with LMMSE (Type 3) receivers with realistic channel estimation. 
Adding 16-QAM can considerably increase the achievable peak rates. The gain in both user throughput and cell throughput are substantial in partially loaded systems and other peak-rate limited systems.   
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� Entry 13 in the MCS table is still 4xBPSK since we show in [1] and [2] that for this transport block size, 4xBPSK is more link efficient than


   16-QAM.
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