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1 Introduction
During RAN1#60 meeting several companies presented system simulation results for open loop uplink switched antenna diversity techniques. Despite the common set of agreed simulation assumptions there was a quite significant spread in the results presented. One reason for this is that different companies studied different UE categories. In particular, in our previous contributions on the subject [1] we assumed Cat-7 UEs capable of 16 QAM. To our understanding all other companies have instead assumed Cat-6 UEs. To harmonize the system level results we therefore present updated results based on UEs that are only capable of QPSK. The results presented here have been performed assuming realistic 3D antennas at the Node B. 
In these results we have also modified the way the long-term antenna imbalance is computed. The difference between this contribution and [1] is that this contribution presents results when realistic 3D antennas at the NodeB are modeled. It is proposed that the corresponding results in section 7.1.1 in [2] are replaced by those presented here.

2 Simulation setup and studied algorithms
2.1 Simulation assumptions

Simulation assumptions are presented in Table 1 below. In particular we highlight that:

· The system is studied at a noise rise level of 8 dB.

· For each realization we study a time duration of 6s (whereof 1s is used as warm-up period)

· A rate fair scheduler in which all the users in the cell obtain an equal share of the noise rise budget is considered.
Table 1: Summary of the simulation assumptions used in the system parameters.
	Parameters
	Values and comments

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

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	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, VA30

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	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

	Traffic model
	Full buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 10 (Best effort data)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target BLER = 1%

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 

Long term antenna imbalance [dB]
(Note 1)
Short-term antenna imbalance [dB] 
(Note 2)
	4
	UL TPC Error Rate [%] 

	
	0, -4
	Long term antenna imbalance [dB]
(Note 1)

	
	Gaussian distribution with 

µ = 0

σ = 2.25


	Short-term antenna imbalance [dB] 
(Note 2)


Note 1: The long term antenna imbalance is fixed for all the UE’s in a particular simulation.

Note 2: The short term antenna imbalance value is independently generated from the distribution on a per UE per link basis. Once generated, the short term imbalance does not change for the duration of the simulation.

2.2 Studied algorithms

For switched antenna diversity schemes the UE is allowed to change transmit antenna every radio frame. The instantaneous decisions on whether to switch antenna is based on some algorithm. The ones studied herein are listed in the following:

· Genie algorithm
For the genie algorithm the UE each frame border select antenna j if 
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 in the previous frame is the maximum.

· Practical algorithm

For the practical algorithm no direct knowledge of the channel impulse response of the different transmit and receive antenna pairs is assumed. Instead it has to estimate which transmit antenna that is associated with the most favourable radio conditions. The algorithm is reproduced below: 

1) Let TPC command DOWN corresponds to -1 and TPC command UP be represented by +1. The UE then accumulates all received TPC commands. 

2) Every time an antenna switch occurs the accumulated TPC sum is reset to 0.

3) At each frame the accumulated TPC sum is compared with 0. If the sum is larger than 0 the transmit antenna is switched.

4) If the same transmit antenna has been used for 14 consecutive frames the UE automatically switched antenna.

· Reference algorithm

This is the baseline transmission scheme where no transmit diversity is used. Thus the UE always transmit from antenna 1.
3 Updated results for 3D antennas
This section presents the performance associated with the antenna switching algorithms when 3D antennas are assumed at the Node B. 
3.1 PA3 channel, 3D antennas and 0 dB long-term antenna imbalance
Figure 1 illustrates the average user throughput as a function of the cell throughput for a PA3 channel when the long-term antenna imbalance is 0 dB. The 95th percentile noise rise is presented in Figure 2 whereas the average noise rise is presented in Figure 3. The performance indicators used in [2] are summarized in Table 2, Table 3, Table 4, and Table 5. Note that the 10th percentile user data rate at high UE densities is low. This results in that the even small absolute gains are translated into high relative gains.  Note also that Table 4 presents the average transmit power when the average is performed in linear domain whereas Table 5 the corresponding values when average instead is performed in the dB domain.
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Figure 1: Average user data rates as a function of the cell throughput for a PA3 channel when the long-term antenna imbalance is 0 dB.
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Figure 2: 95th percentile noise rise as a function of the average number of users per cell for a PA3 channel when the long-term antenna imbalance is 0 dB.
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Figure 3: Average noise rise as a function of the number of users per cell for a PA3 channel when the long-term antenna imbalance is 0 dB. 

Table 2: Summary of the average user data rates and the relative gains with respect to the baseline algorithm (no transmit diversity) for the studied UE densities in a PA3 channel when the long-term antenna imbalance is 0dB. 
	
	Average number of UEs per cell

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [kbps]
	1589
	1501
	1291
	929
	537
	213

	Genie [kbps]
	1602
	1536
	1373
	1017
	606
	244

	Practical [kbps]
	1615
	1528
	1338
	969
	563
	221

	Relative gain from genie [%]
	0.8
	2.3
	6.4
	9.5
	12.8
	14.5

	Relative gain from practical [%]
	1.6
	1.8
	3.6
	4.3
	4.8
	3.8


Table 3: Summary of 10th percentile user data rates and the corresponding relative gains (with respect to the baseline algorithm without transmit diversity) for the studied UE densities in a PA3 channel when the long-term antenna imbalance is 0dB
	
	Average number of UEs per cell

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [kbps]
	1551
	1215
	667
	284
	184
	113

	Genie [kbps]
	1572
	1318
	829
	366
	243
	130

	Practical [kbps]
	1582
	1169
	734
	299
	196
	113

	Relative gain from genie [%]
	1.3
	8.4
	24.3
	28.8
	32.1
	15.0

	Relative gain from practical [%]
	2
	-3.8
	10.0
	5.1
	6..5
	0.2


Table 4: Summary of the average UE transmit power for the different algorithms in a PA3 channel when the long-term antenna imbalance is 0dB.
	
	Average UE transmit power

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [dBm]
	11.6
	11.1
	11.6
	11.1
	10.1
	7.92

	Relative gain from genie [dB]
	1.67
	1.58
	1.53
	1.31
	1.11
	1.28

	Relative gain from practical [dB]
	0.89
	0.79
	0.90
	0.81
	0.77
	0.95


Table 5: Summary of the average UE transmit power for the different algorithms in a PA3 channel when the long-term antenna imbalance is 0 dB. Notice that the averaging here is performed in dB-domain.

	
	Average UE transmit power

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [dBm]
	2.41
	1. 45
	1.17
	-0.18
	-0.83
	-2.8

	Relative gain from genie [dB]
	1.93
	1.59
	1.33
	0.94
	1.08
	1.37

	Relative gain from practical [dB]
	0.9
	0.71
	0.68
	0.6
	0.7
	1.04


3.2 PA3 channel, 3D antennas and -4 dB long-term antenna imbalance

Figure 4 shows the average user throughput as a function of the cell throughput in a PA3 channel when the long-term antenna imbalance is -4 dB. The 95th percentile noise rise is shown in Figure 5 whereas the average noise rise is presented in Figure 6. Table 6, Table 7, Table 8, and Table 9 summarize the performance indicators used in [2] related to the average user throughput, the 10th percentile user throughput and the average transmit power. Note that the 10th percentile user data rate at high UE densities is small. This results in that the even small absolute differences are translated into large relative numbers. Note that Table 9 presents the numbers related to the average transmit power when averaging is performed in dB domain. Table 8 presents the numbers when the averaging is done in linear domain.
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Figure 4: Average user data rates as a function of the cell throughput for a PA3 channel when the long-term antenna imbalance is -4 dB.
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Figure 5: 95th percentile noise rise as a function of the average number of users per cell for a PA3 channel when the long-term antenna imbalance is -4 dB. 
[image: image7.emf]0 1 2 3 4 5 6 7 8 9 10

0

1

2

3

4

5

6

Number of users per cell

Average noise rise [dB]

Long-term antenna imbalance:-4dB

 

 

Reference algorithm

Genie algoritm

Practical algorithm


Figure 6:Average noise rise as a function of the average number of users per cell for a PA3 channel when the long-term antenna imbalance is -4 dB. 

Table 6: Summary of the average user data rates and the relative gains with respect to the baseline algorithm (no transmit diversity) for the studied UE densities for a PA3 channel when the long-term antenna imbalance is -4dB.

	
	Average number of UEs per cell

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [kbps]
	1589
	1501
	1291
	929
	537
	213

	Genie [kbps]
	1594
	1518
	1375
	990
	570
	237

	Practical [kbps]
	1601
	1531
	1331
	938
	521
	207

	Relative gain from genie [%]
	0.3
	1.1
	6.5
	6.5
	6
	11.4

	Relative gain from practical [%]
	0.8
	2
	3.1
	1.0
	-3
	-2.8


Table 7: Summary of 10th percentile user data rates and the corresponding relative gains (with respect to the baseline algorithm without transmit diversity) for the studied UE densities in a PA3 channel when the long-term antenna imbalance is -4dB

	
	Average number of UEs per cell

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [kbps]
	1551
	1215
	667
	284
	184
	113

	Genie [kbps]
	1553
	1309
	851
	333
	198
	127

	Practical [kbps]
	1547
	1242
	682
	268
	167
	109

	Relative gain from genie [%]
	0.1
	7.7
	27.6
	17.3
	7.6
	12.2

	Relative gain from practical [%]
	-0.3
	2.2
	2.5
	-5.6
	-9.2
	-3.5


Table 8: Summary of the average UE transmit power for the different algorithms in a PA3 channel when the long-term antenna imbalance is -4dB

	
	Average UE transmit power

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [dBm]
	11.6
	11.1
	11.6
	11.1
	10.1
	7.9

	Relative gain from genie [dB]
	0.93
	-0.62
	0.03
	-0.26
	-0.2
	-0.17

	Relative gain from practical [dB]
	-0.24
	-0.69
	-0.48
	-0.71
	-0.55
	-0.40


Table 9: Summary of average UE transmit power for the different algorithms in a PA3 channel when the long-term antenna imbalance is -4 dB and averaging is performed in dB.

	
	Average UE transmit power

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [dBm]
	2.41
	1. 45
	1.17
	-0.18
	-0.83
	-2.8

	Relative gain from genie [dB]
	0.3
	0.04
	-0.77
	-1.22
	-0.14
	-0.43

	Relative gain from practical [dB]
	0
	-0.51
	-1.3
	-1.43
	-0.54
	-0.42


3.3 VA30 channel, 3D antennas and 0 dB long term antenna imbalance 
Figure 7 shows the average user throughput as a function of the cell throughput in a VA30 channel when the long-term antenna imbalance is 0 dB. Figure 8 depicts the 95th percentile of the noise rise as a function of the average number of users per cell whereas the average noise rise is shown in Figure 9. Table 10, Table 11, Table 12, and Table 13 summarize the performance indicators used [2] regarding the user throughput and UE transmit power. As before Table 12 presents the average transmit power when the averaging is performed in linear domain while Table 13 presents the average transmit power when averaging is done in dB domain.
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Figure 7: Average user throughput as a function of the cell throughput for a VA30 channel when the long term antenna imbalance is 0 dB and 3D antennas are assumed at the Node-B. 
[image: image9.emf]0 1 2 3 4 5 6 7 8 9 10

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

Long-term antenna imbalance:0dB

Average number of users per cell

95th percentile noise rise [dB]

 

 

Reference algorithm

Genie algoritm

Practical algorithm


Figure 8: 95th percentile noise rise as a function of the average number of users per cell for a VA30 channel when the long-term antenna imbalance is 0 dB.  
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Figure 9: Average noise rise as a function of the average number of users per cell for a VA30 channel when the long-term antenna imbalance is 0 dB.
Table 10: Summary of average user data rates for the studied UE densities a VA30 channel is considered and the long-term antenna imbalance is 0 dB. 
	
	Average number of UEs per cell

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [kbps]
	1594
	1458
	1240
	866
	499
	200

	Genie [kbps]
	1605
	1469
	1265
	892
	512
	203

	Practical [kbps]
	1591
	1460
	1232
	867
	496
	196

	Relative gain from genie [%]
	0.7
	0.7
	2
	3
	2.6
	1.5

	Relative gain from practical [%]
	-0.2
	0.1
	-0.7
	0.1
	-0.6
	-2.0


Table 11: Summary of the 10th percentile user data rates for the studied UE densities when a VA30 channel is assumed and the long-term antenna imbalance is 0 dB. 
	
	Average number of UEs per cell

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [kbps]
	1323
	913
	550
	276
	179
	106

	Genie [kbps]
	1352
	912
	565
	309
	191
	106

	Practical [kbps]
	1239
	868
	535
	292
	176
	99

	Relative gain from genie [%]
	2.2
	-0.1
	2.7
	11.9
	6.7
	-0.3

	Relative gain from practical [%]
	-6.4
	-4.9
	-2.7
	5.8
	-1.7
	-6.4


Table 12: Summary of the average transmit power for the studied UE densities when a VA30 channel is assumed and the long-term antenna imbalance is 0 dB.  
	
	Average UE transmit power

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [dBm]
	10.6
	12.2
	12.2
	11.0
	9.72
	7.15

	Relative gain from genie [dB]
	0.86
	0.66
	0.75
	0.65
	0.47
	0.48

	Relative gain from practical [dB]
	0.35
	0.25
	0.38
	0.48
	0.26
	0.37


Table 13: Summary of average UE transmit power for the different algorithms in a VA30 channel when the long-term antenna imbalance is 0 dB and averaging is performed in dB.

	
	Average UE transmit power

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [dBm]
	1.86
	3.91
	2.77
	1.30
	0.16
	-2.21

	Relative gain from genie [dB]
	1.02
	0.97
	0.93
	0.84
	0.60
	0.88

	Relative gain from practical [dB]
	0.09
	0.56
	0.61
	0.65
	0.46
	0.68


3.4 VA30 channel, 3D antennas and -4 dB long-term antenna imbalance
Figure 10 shows the average user data rates as a function of the cell throughput for a VA30 channel when the long-term antenna imbalance is -4 dB. Figure 11 presents the 95th percentile of the noise rise as a function of the average number of users per cell whereas Figure 12 depicts the corresponding average noise rise values. Table 14, Table 15, and Table 16 summarize the performance indicators for the VA30 channel used in [2].
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Figure 10: Average user throughput as a function of the cell throughput for a VA30 channel when the long-term antenna imbalance is -4 dB.
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Figure 11: 95th percentile noise rise as a function of the average number of users per cell for a VA30 when the long-term antenna imbalance is -4 dB. 
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Figure 12: Average noise rise as a function of the number of users per cell for a VA30 channel when the long-term antenna imbalance is -4 dB.

Table 14: Average user data rates for a scenario where the long-term antenna imbalance is -4 dB and a VA30 channel is assumed.
	
	Average number of UEs per cell

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [kbps]
	1594
	1458
	1240
	866
	499
	200

	Genie [kbps]
	1624
	1515
	1269
	885
	511
	206

	Practical [kbps]
	1623
	1486
	1212
	842
	475
	188

	Relative gain from genie [%]
	1.8
	3.9
	2.3
	2.2
	2.4
	3.0

	Relative gain from practical [%]
	1.8
	1.9
	-2.3
	-2.7
	-4.8
	-6.0


Table 15: Summary of the 10th percentile user data rates for the scenario where VA30 channel is assumed and the long-term antenna imbalance is -4 dB.
	
	Average number of UEs per cell

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [kbps]
	1323
	913
	550
	277
	179
	106

	Genie [kbps]
	1411
	1164
	576
	316
	192
	109

	Practical [kbps]
	1356
	973
	482
	285
	171
	107

	Relative gain from genie [%]
	6.7
	27.5
	4.76
	14.2
	7.1
	2.8

	Relative gain from practical [%]
	2.4
	6.6
	-12.4
	2.9
	-4.5
	1.0


Table 16: Summary of the average transmit power for the studied UE densities for a VA30 channel is assumed and the long-term antenna imbalance is -4 dB. 
	
	Average UE transmit power

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [dBm]
	10.6
	12.2
	12.2
	11.0
	9.72
	7.1

	Relative gain from genie [dB]
	-1.44
	0.31
	0.16
	-0.37
	-0.30
	-0.12

	Relative gain from practical [dB]
	-1.58
	0.04
	-0.44
	-0.85
	-0.70
	-0.50


Table 17: Summary of the average transmit power for the studied UE densities for a VA30 channel is assumed and the long-term antenna imbalance is -4 dB. Note that the averaging is performed in linear dB domain. 

	
	Average UE transmit power

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [dBm]
	1.86
	3.91
	2.77
	1.30
	0.16
	-2.21

	Relative gain from genie [dB]
	-1.27
	0.68
	-0.26
	-0.58
	-0.38
	-0.2

	Relative gain from practical [dB]
	-1.80
	0.55
	-0.29
	-0.88
	-0.74
	-0.45


4 Conclusions
This contribution has presented updated system simulation results for open loop switched antenna diversity techniques where a Cat-6 UE has been assumed instead of a Cat-7 UE. It is proposed that the corresponding results in section 7.1.1 in [2] are replaced by those presented here. 
The main observations from the presented results are:

· Average throughput can be increased for the PA3 channel. For the VA30 channel a small loss is observed

· Gain in 10th percentile user throughput is visible for the PA3 when no long-term antenna imbalance exists. For the more time-dispersive VA30, which is more likely at cell edge, or when there exist a long-term antenna imbalance the practical algorithms offers no significant gains.

· Average power is reduced when the long-term antenna imbalance is 0 dB. When the long term antenna imbalance is -4 dB the average transmit power increases.  
5 References

[1] R1-101301, System results for HSUPA antenna switching diversity with 3D antennas, Ericsson, ST-Ericsson, RAN1#60
[2] R1-101590, TP for system simulation results for antenna switching, Ericsson, ST-Ericsson, RAN1#60. 






























































































































































































































































































� EMBED Equation.3  ���





� EMBED Equation.3  ���








[image: image16.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

[image: image17.wmf]dB

3

q

_1269167373.unknown

_1315792485.unknown

_1263286178.unknown

