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1 Introduction
At RAN#45 a study item on open loop uplink transmit diversity was initiated [1]. The objective with the study item is to evaluate 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 WG meetings the merits of these techniques has been evaluated. At RAN1#59bis a new practical beam forming algorithm was proposed. This algorithm was summarized in [3]. This contribution evaluates the potential of beam forming techniques for a system with 2D antennas. In a companion paper [4] 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 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
	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 the beam forming algorithm the UE can change its antenna weights 
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 each time slot (0.667ms). The signal power fed to the two antennas is always identical, i.e. 
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. More specifically the weight vector belongs to a codebook 
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 is the relative phase difference. The studied algorithms are described below:
· Genie algorithm

Every time slot k the UE transmitter applies the weight vector 
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that would have maximized 
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 in the previous slot 
· Practical algorithms

Let TPC command DOWN be represented by -1 and TPC command UP by +1. 

1. Initial relative phase between two transmitters 
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for the first slot (#1 slot). 
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is kept zero until two TPC commands become available to the UE.

2. Apply relative phase for the next slot 
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3. Determine new relative phase:(TPC1 and TPC2 correspond to slot (1,2),(3,4), .., (i*2-1, i*2), where i=1 to n)

a. if TPC1>TPC2, 
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b. if TPC2>TPC1, 
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c. otherwise, no change

4. Apply relative phase for the next slot  
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Go to step 2
In the algorithm 
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 is 48 degrees while 
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 is 12 degrees.
· Reference algorithm

In the reference algorithm the UE always transmit from antenna 1. 
Note that UEs in soft handover always base their decision on the combined TPC command.

3 Results
This section presents the performance associated with the beam forming algorithms.
3.1 Results for a PA3 channel

Figure 1 presents the average user data rates as a function of the cell throughput when the second antenna is characterized by a long-term antenna imbalance of 0 and -4 dB. It is evident that both the genie and the practical beam forming algorithm can increase the average data rates when the long-term antenna imbalance is 0 dB. More specifically, the genie algorithm increases the average data rates with 11-41 percent while the practical algorithm increases the average data rates with 6-23 percent. When the second antenna is associated with an antenna imbalance of -4 dB the corresponding gain for the genie algorithm varies between 6 and 9 percent while the gain associated with the practical algorithm is -9 to 4 percent (i.e. there is a loss). 
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Figure 1: Average data rates as a function of cell throughput when the second antenna is characterized by an antenna imbalance 0 dB and -4 dB.

If one compares these numbers with those associated with 3-D antennas (see [4]) it can be noted 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 thus the gain from reducing the inter-cell interference further is smaller). 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. It is clear that the F-factor observed with 2-D antennas is considerably higher than the one observed when 3-D antennas are modeled. Note that the F-factor observed for the reference algorithm in an environment with 3-D antennas (~0.65) was mentioned in [5] as a typical ratio of inter to intra-cell interference observed in macro-cells. 
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Figure 2: Median F-factor for the case of 2-D and 3-D antennas..

Figure 3 shows the 10th, median and 90th percentile of the user data rates as a function of the cell throughput when the second antenna is characterized by a long term antenna imbalance of 0 and -4 dB. From the figure it is evident that the practical beam forming algorithm provides slightly better performance than the reference algorithm.
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Figure 3: 10th, 50th and 90th percentile user data rates as a function of the cell throughput when the second antenna is characterized by an antenna imbalance 0 dB and -4 dB.
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Figure 4: Average transmit power as a function of the number of users per cell when the second antenna is characterized by an antenna imbalance of 0 dB and -4 dB.
Figure 4 shows the average transmit power as a function of the number of users. It is clear that the average transmit power can be reduced with 1.5 dB for both the genie beam forming and the practical beam forming algorithm when the long-term antenna imbalance is 0 dB. However, when the second antenna is associated with an antenna imbalance -4 dB both the genie and practical beam forming algorithms require a higher transmit power than the reference algorithm.

3.2 Results for a VA30 channel

Figure 5 presents the average data rates as a function of the cell throughput when the long-term antenna imbalance is 0 and -4 dB in a VA30 channel. From the figure it is evident that the practical beam forming algorithm provides similar average data rates as the reference case when the antenna imbalance is 0 dB. When the antenna imbalance is -4 dB the practical algorithm has worse performance than the reference algorithm.  
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Figure 5: Average data rates as a function of cell throughput where the cell throughput when the second antenna is characterized by an antenna imbalance 0 dB.

Figure 6 present 10th, 50th and 90th percentile data rates for the different loads. 
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Figure 6: 10th percentile of the user data rates as a function of the cell throughput when the second antenna is associated with 0 and -4 dB. 
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Figure 7: Average transmit power as a function of the number of users per cell when the long term antenna imbalance associated with the second antenna is associated with 0 dB and -4 dB.
Figure 7 presents the average transmit power as a function of the number of users. From the figure it can be observed that the both the genie and practical beam forming algorithm can reduce the average transmit when the long-term antenna imbalance is 0 dB. However, when the long term antenna imbalance is -4 dB the practical algorithm requires more power than the reference algorithm. This is similar to the behaviour observed for 3-D antennas [4]. 
4 Conclusions
This contribution has evaluated the performance of uplink beam forming algorithms by means of system simulations for a scenario with 2-D antennas at the Node-B. 
For the PA3 channel:

· The practical beam forming algorithm can increase the average data rates with 6-23 percent when the antenna imbalance is 0 dB. When the antenna imbalance was -4 dB, the gain varied between -9 and 4 percent.
· The practical beam forming algorithm can increase the 10th percentile user data rates slightly when the antenna imbalance is 0 dB. For an antenna imbalance of -4 dB no appreciable gains were observed.
· The average transmit power can be reduced with 22-28 percent when the long-term antenna imbalance is 0 dB. When the long-term antenna imbalance was -4 dB there was an increase in average transmit power (with respect to the reference algorithm) ranging from 7-39 percent.
For the VA30 channel:

· The practical algorithm provides a “gain” between -1 and 8 percent when the antenna imbalance was 0 dB. When the antenna imbalance was -4 dB the loss ranges from 0-13 percent.

· For the practical beam forming algorithm no appreciable gains in 10th percentile user data rates was observed.
· For the practical algorithm the average transmit power can be reduced with 17-20 percent when the antenna imbalance is 0 dB. When the long-term antenna imbalance is -4 dB the practical beam forming algorithm requires 30-38 percent more transmit power.
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6 Appendix A 

6.1 Additional results for the PA3 channel
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Figure 8: Average noise rise as a function of the average number of user per cell.
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Figure 9: 95th percentile noise rise as a function of the average number of users per cell.
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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 the VA30 channel
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Figure 11: Average noise rise as a function of the average number of users per cell.
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Figure 12: 95th percentile of the noise rise as a function of the average number of users per cell.
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