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1 Introduction
At RAN#45 a study item on open loop uplink transmit diversity was opened [2]. The objective with the study item is to study the performance of uplink transmit diversity techniques that does not require any newly standardized dynamic feedback signaling between the network and UE. 

During the last RAN1 working groups meetings the merits of such diversity techniques have been evaluated. This contribution evaluates the potential of antenna switching for a system with 2D antennas. In a companion paper [5] the performance is evaluated for a scenario with 3D antennas.
2 Simulation setup and studied algorithms
2.1 Simulation assumptions

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

· 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)

· The scheduler allocates a similar share of the noise rise budget to all users in the cell.

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
	Ideal

	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 described in [4] is based on the one we previously described in [1] and it 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 Results
3.1 Results for PA3 channel

Figure 1 presents the average data rates as a function of the cell throughput when the second antenna is associated with an antenna imbalance of 0 and -4 dB. From the figure it is clear that both the genie and practical antenna switching algorithm can increase the average data rates when the antenna imbalance is 0 dB. More specifically the genie algorithm provide a gain in the order of 8-32 percent whereas the practical algorithm offers a gain of 1-10 percent. For the case where the long-term antenna imbalance is -4 dB the genie algorithm provides a gain ranging from 0-9 percent while the practical algorithm provides a “gain” between -18 and 1 percent. Note here that -18 refers to a loss.
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Figure 1: Average data rates as a function of the cell throughput for a case where the second antenna is associated with an antenna imbalance of 0 dB and -4 dB.
If one compares these numbers with those associated with 3-D antennas it is clear that the gains observed with 2-D antennas exceeds those observed with 3-D antennas. This is due to the fact that the cell isolation is higher with 3-D antennas (and the gains from reducing the inter-cell interference is thus less). This can also be observed from Figure 2 where the median F-factor is presented as a function of the average number of users per cell for 2-D and 3-D antennas when the long-term antenna imbalance is 0 dB. Comparing the F-factors with those presented in [5] it is clear that the F-factor observed with 2-D antennas is considerably higher than when 3-D antennas is modeled.
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Figure 2: Median F-factor for the case of 2-D and 3-D antennas
Figure 3 presents the 10th, median and 90th percentile of the average user data rates for the different loads. It is evident that the practical antenna switching algorithm in general can increase the 10th percentile user data rates. For the 90th percentile user data rates there is a slight degradation in the performance.
[image: image6.emf]0.25 0.5 1 2 4 10

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Average number of users per cell

10th percentile user data rates [Mbps]

Long-term antenna imbalance:0dB

 

 

Reference algorithm

Genie algoritm

Practical algorithm

[image: image7.emf]0.25 0.5 1 2 4 10

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Average number of users per cell

10th percentile user data rates [Mbps]

Long-term antenna imbalance:-4dB

 

 

Reference algorithm

Genie algoritm

Practical algorithm


[image: image8.emf]0.25 0.5 1 2 4 10

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Average number of users per cell

10th percentile user data rates [Mbps]

Long-term antenna imbalance:0dB

 

 

Reference algorithm

Genie algoritm

Practical algorithm

 [image: image9.emf]0.25 0.5 1 2 4 10

0

0.5

1

1.5

2

2.5

3

3.5

4

Average number of users per cell

50th percentile user data rates [Mbps]

Long-term antenna imbalance:-4dB

 

 

Reference algorithm

Genie algoritm

Practical algorithm


[image: image10.emf]0.25 0.5 1 2 4 10

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Average number of users per cell

90th percentile user data rates [Mbps]

Long-term antenna imbalance:0dB

 

 

Reference algorithm

Genie algoritm

Practical algorithm

[image: image11.emf]0.25 0.5 1 2 4 10

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Average number of users per cell

90th percentile user data rates [Mbps]

Long-term antenna imbalance:-4dB

 

 

Reference algorithm

Genie algoritm

Practical algorithm


Figure 3: 10th, 50th and 90th percentile user data rates as a function of the cell throughput for a case where the long-term antenna imbalance is 0 and -4 dB. 
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Figure 4: Average transmit power as a function of the average number of users per cell when the second transmit antenna is associated with a long term antenna imbalance of 0 and -4 dB.
Figure 4 illustrates the average transmit power as a function of the average number of users per cell. It is evident that both the genie and practical algorithms can reduce the average transmit power for the case where the antenna imbalance is 0 dB. When the second antenna is associated with a long-term antenna imbalance of -4 dB all the studied algorithms have a similar average transmit power.
3.2 Results for VA30 channel

Figure 5 illustrates the average user data rates a function of the cell throughput for the VA30 channel. When the long-term antenna imbalance is 0 dB it is evident that genie algorithm have similar performance as the reference algorithm without transmit diversity whereas the practical algorithm is associated with a small loss.  However, when the second antenna is associated with a long-term antenna of -4 dB the practical algorithm is associated with significant loss in average data rates that ranges between 5 and 20 percent. It can also be observed that the genie algorithm offer similar performance as the reference algorithm. This indicates that that the UE is transmitting from antenna 1 the vast majority of time. The rather significant loss observed for the practical algorithm can at least in part be attributed to the increase in SIR target.
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Figure 5: Average user data rates as a function of cell throughput when the second transmit antenna is associated with a long-term antenna imbalance 0 and -4 dB.
Figure 6 shows the 10th, median and 90th percentile of the user data rates for the studied loads in the VA30 channel. From the figure one can observe that the practical algorithms are associated with smaller 10th percentile user data rates as compared to the reference algorithm.
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Figure 6: 10th, median and 90th percentile user data rates as a function of the cell throughput when the second antenna is associated with a long term antenna imbalance of 0 and -4 dB.
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Figure 7: Average transmit power as a function of the average number of users per when the second antenna is associated with a long-term antenna imbalance of 0 and -4 dB.

Figure 7 presents the average transmit power as a function of the average number of users per cell. It is evident that when the long term antenna imbalance is 0 dB both the genie and practical antenna switching algorithm can reduce the average transmit power. However, when the antenna imbalance is -4 dB all algorithms are associated with a similar average transmit power. This behavior was also observed for the PA3 channel.
4 Conclusions
This contribution has evaluated the performance of antenna switching algorithms in a scenario with 2-D antennas.
For the PA3 channel:

· The practical antenna switching algorithm can increase the average data rates with 1-10 percent when the long term antenna imbalance is 0 dB. When the long term antenna imbalance is -4 dB the relative gain associated with the practical antenna switching algorithm is between -18 and 1 percent.
· The average transmit power can be reduced with 30 to 32 percent when the long-term antenna imbalance is 0 dB. When the long term antenna imbalance is -4 dB there is a small increase in average transmit power (ranging from 0-4 percent).
For the VA30 channel:

· The practical antenna switching algorithm offered similar average data rates as the reference algorithm when the long-term antenna imbalance is 0 dB (the relative gain was between -4 and 3 percent). When the long-term antenna imbalance is -4 dB the practical antenna switching algorithm is associated with a loss ranging between 5-20 percent.
· The average transmit power can be reduced with 10-30 percent when the long-term antenna imbalance is 0 dB. When the long term antenna imbalance is -4 dB there is neither a loss nor a gain in terms of average transmit power.
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6 Appendix A 

6.1 Additional results for PA3 channel
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Figure 8: 95th percentile of the noise rise as a function of the average number of users per cell. 
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Figure 9: Average noise rise as a function of the average number of users per cell for the case where the second antenna is associated with an antenna imbalance of 0 and -4 dB. 
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Figure 10: 90th percentile of the average UE transmit power as a function of the average number of users per cell. 
6.2 Additional results for VA30 channel
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Figure 11: 95th percentile of the noise rise as a function of the average number of users per cell when the second antenna is associated with a long term antenna imbalance of 0 and -4 dB.
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Figure 12: Average noise rise as a function of the average number of users per cell when the second antenna is associated with a long term antenna imbalance of 0 and -4 dB.
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Figure 13: 90th percentile of the user transmit power as a function of the average number of users per cell when the second transmit antenna is associated with a long term antenna imbalance of 0 and -4 dB.
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