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1 Introduction
During 2009-2010 RAN1 evaluated the merits of open loop uplink transmit diversity techniques in which the UE autonomously selects a pre-coding vector with which the physical channels are multiplied based on some of the existing feedback channels (e.g., F-DPCH). The related studies were summarized in TR 25.863 [1]. At RAN#50 a work item aiming at introducing support for closed loop transmit diversity was initiated [2]. One of the objectives listed in the WI is
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In this paper we present system level performance evaluations quantifying the system level gains that can be achieved with closed loop antenna diversity. These simulation results confirm that the gains achievable from closed loop transmit diversity are on par with the system level gains achieved by the genie algorithm used during the open loop study item [1].
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 6 s (whereof 1 s is used as warm-up period)

· A rate fair scheduler in which all users in a cell obtain an equal share of the available noise rise budget is considered.

· PCI (carrying the pre-coding weights to be used in the uplink) feedback delay is 1 slot

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 2 (3D ant): Custom antenna (e.g. Kathrein 742212) with 8 degrees down tilt (*)                                                              

	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 [%] 
	4

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

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

µ = 0

σ = 2.25

	UE Tx Antenna Correlation
	0.3
0, 0.7 (*)

	UE Rx Antenna Correlation
	0

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair


Note 1: The long term antenna imbalance is fixed for all the UEs 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 beam forming the UE will dynamically change its pre-coding weights (see Figure 1) based on PCI feedback information transmit from the network. 


[image: image1]
Figure 1: Channel structure for closed loop transmit diversity.

In the evaluation the following codebook is used for closed loop beam forming (this is similar to the codebook used in LTE for rank-1 transmissions) 
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For closed loop antenna switching the following codebook is applied
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The algorithms studied in this contribution are described below (these have previously been described in [2] and [3]):
· Genie algorithm

Every time slot k the UE transmitter applies the pre-coding vector 
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 in the previous slot. 
· Practical closed loop beam forming algorithm

In this case the Node-B every slot 
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denotes the channel estimate for the l:th tap in the k:th slot.

· Reference algorithm

In the reference algorithm the UE always transmit from antenna 1. 

For genie and the practical algorithms two DPCCH pilot structures were considered. These are shown in Figure 2 and Figure 3 below. 

[image: image12]
Figure 2: DPCCH pilot structure in which the P-DPCCH is transmitted continuously and the S-DPCCH is transmitted every 
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 slot (for channel sounding purpose).

[image: image14]
Figure 3: DPCCH pilot in which the P-DPCCH and S-DPCCH are transmitted in intermittent fashion.
Details of the studied DPCCH settings are presented in Table 2. 
Table 2: Summary of DPCCH patterns studied in this contribution.

	Setting
	Parameter setting

	
	PCI cycle [slots]
	PCI delay [slots]
	DPCCH gating
	Number of DPCCHs

	Reference 
	N/A
	N/A
	N/A
	1

	Genie CLAS/CLBF
	1
	0
	N/A
	1

	CLAS/CLBF
	1
	1
	No
	2

	CLAS/CLBF
	5
	1
	No
	2

	CLAS/CLBF
	10
	1
	No
	2

	CLAS/CLBF
	10
	1
	No
	1


3 Simulation results 

3.1 Results for 3D antennas 
Figure 4 and Figure 5 show the average user data rates as a function of the cell throughput when the long-term antenna imbalance is 0 and -3 dB and closed loop antenna switching is performed. From the figures we can observe that for the case where the long-term antenna imbalance is 0 dB:

· A capacity improvement of up to 14 percent can be achieved.

· Closed loop antenna switching offers roughly twice as high improvement as the open loop algorithm studied in [1]. 

· The PCI feedback cycle does not seem to impact performance. 


[image: image15]
Figure 4: Average data rates as a function of the cell throughput when the long-term antenna imbalance is 0 dB.

For the case where the long-term antenna imbalance is -3 dB we can observe that there is no significant gain from utilizing CLAS. This is expected since the one of the two antennae is associated with significantly worse performance (as compared to the antenna used in the reference case).


[image: image16]
Figure 5: Average data rates as a function of the cell throughput when the long-term antenna imbalance is -3 dB.

Figure 5 and Figure 6 illustrate the performance associated with closed loop beam forming for the case where the long-term antenna switching is 0 and -3 dB. From the Figure 5 one can observe that:

· Closed loop antenna beam forming can offer significant performance gains as compared to the case where transmissions only take place from one of the two antennas.

· Closed loop beam forming algorithms offers roughly twice the performance gains as open loop techniques. 


[image: image17]
Figure 6: Average data rates as a function of the cell throughput when the long-term antenna imbalance is 0 dB. 

From Figure 7 we can observe that some non-neglictable performance gain also can be achieved for the case where the second transmit antenna is associated with a long-term antenna imbalance. 


[image: image18]
Figure 7: Average data rates as a function of the cell throughput when the long-term antenna imbalance is -3 dB.
Figure 8 and Figure 9 present the average transmit power for the studied CLAS and CLBF algorithms respectively. From the figures we can observe that both CLAS and CLBF facilitate an average power transmit reduction of 1-1.3 dB. This is in line with the results observed in [1].

[image: image19]
Figure 8: Average transmit power for the studied CLAS algorithms (for the case where the long-term antenna imbalance is 0 dB).


[image: image20]
Figure 9: Average transmit power for the studied CLBF algorithms (for the case where the long-term antenna imbalance is 0 dB).

3.2 Results for 2D antennas 

Figure 10 and Figure 11 illustrate the average user data rate as a function of the cell throughput for closed loop switched antenna diversity when the long-term antenna imbalance is 0 and -3 dB respectively.  From Figure 10 we can observe that the closed loop antenna diversity techniques roughly double the gains as compared to the practical open loop transmit diversity algorithm used in [1]. Furthermore if the results presented in Figure 10 are compared with the results presented in Figure 4 it is apparent that the gains when 2D antennas are larger than the gains observed with 3D antennas. Hence, we can expect that the gains from closed loop transmit diversity are greater in settings where the antenna downtilt is modest. 

[image: image21]
Figure 10: Average data rates as a function of the cell throughput when the long-term antenna imbalance is 0 dB.
In Figure 11 the average user throughput is illustrated for a setting where the second transmit antenna is associated with a long-term antenna imbalance that is -3 dB. From the figure we can observe that the closed loop antenna switching algorithms are capable of providing gains in the order of 5 percent. The practical open loop antenna switching algorithm, on the other hand, results in a performance loss as compared to the reference algorithm. This was consistent with the results observed during the SI on open loop transmit diversity. Similarly to the results for 3D antennas it is also evident that the system performance is insensitive to the PCI feedback cycle. This is a consequence of that the channel has large coherence time and the DPCCH overhead is modest. Note also that the DPCCH pattern in which the P-DPCCH and S-DPCCH are transmitted in a time-multiplexed manner results in some performance degradation as compared to the setting where both DPCCHs are transmitted. 


[image: image22]
Figure 11: Average data rates as a function of the cell throughput when the long-term antenna imbalance is -3 dB.
Figure 12 and Figure 13 present the average user throughput as a function of the cell throughput when closed loop beam forming transmit diversity is used. From the figures it is apparent that 

· The gains associated with closed loop beam forming are larger than the gains associated with closed loop antenna switching, and 
· The gains associated with closed loop beam forming are roughly twice as large as those provided by the practical beam forming algorithm used in [1].

[image: image23]
Figure 12: Average data rates as a function of the cell throughput when the long-term antenna imbalance is 0 dB.

[image: image24]
Figure 13: Average data rates as a function of the cell throughput when the long-term antenna imbalance is -3 dB.

Figure 14 and Figure 15 show the average transmit power for closed loop antenna switching and closed loop beam forming respectively. From Figure 14 we can observe that the reduction in transmit power from closed loop antenna switching is between 0.5 and 1.1 dB. For closed loop beamforming transmit diversity the corresponding gains are between 0.7 and 1.2 dB. These values are in line with the results observed for the genie algorithm during the SI on open loop transmit diversity. 

[image: image25]
Figure 14: Average transmit power for the studied CLAS algorithms (for the case where the long-term antenna imbalance is 0 dB).


[image: image26]
Figure 15: Average transmit power for the studied CLBF algorithms (for the case where the long-term antenna imbalance is 0 dB).
4 Conclusions
This contribution has presented system simulation results for closed loop beam forming. The results indicate that both closed loop antenna switching and closed loop beam forming can provide system level gains (increased cell throughput) as well as reduced transmit power. Overall the results are as expected and they are in line with the genie results presented in [1].
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Confirm performance gains of closed loop transmit diversity and key factors of the feature design. The results shall be captured in an appropriate document, e.g. existing TR or summary document.
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