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1 Introduction
At RAN1#63bis work on CLTD was initiated. During the meeting several agreements and working assumptions were agreed. Amongst others a set of simulation assumptions that should be used for quantifying the system level performance gains offered by CLTD was agreed [1]. In this contribution we present results for the system level gains that are achieved in a PA3 channel for the agreed simulation assumptions.

2 Summary of used simulation parameters
The results presented in the paper are based on those agreed in [1]. To improve the readability we reproduce the used system level parameters in Table 1. 

Table 1: System level parameters.

	Parameters
	Values and comments

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

	Inter-site distance [m]
	1000, 2800

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	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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                                                                              = 70 degrees,   Am= 20 dB

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

	Channel Model
	PA3

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	E-DPCCH Decoding
	Ideal

	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 (Full Buffer Traffic)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

Other channel estimation algorithms if used should be indicated

	NodeB Receiver Loss due to CLTD algorithms
	No Rx Loss is modelled

	Uplink HARQ
	2ms TTI,Max # of trans =4,Target BLER=1% after 4th trans for Rake

	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

	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
	Equal rate scheduler


In addition the used parameters that are related to CLTD are shown in Table 2.

Table 2: System parameters related to CLTD.

	Parameters
	Values and comments

	Practical CLTD Weight Generation
	Based on realistic channel estimate to maximize the composite channel gain of the serving radio link set. (See Section 2.2 for reference algorithm)

	Pre-coding Codebook Size
	4 phases

	Number of Feedback Bits
	2 bits

	Practical CLTD Weight Update
	Period
	1 slot

	
	Delay
	2 slots

	
	Error Rate [%]
	2% per bit

	
	Channel Estimation
	Realistic (3 slot filtering)


Aside from the parameters shown in Table 1 and Table 2 we highlight the following set of assumptions:

· Throughout the simulation experiments an equal rate scheduler is assumed.

· A noise rise threshold of 8 dB is used (for the 95th percentile)

· For each snapshot a warm-up time of 2 seconds were used.

· The inner loop power control only adjusts the power the P-DPCCH. The S-DPCCH is always transmitted with the same transmit power as the P-DPCCH.
3 Results 

3.1 Results with 2D antennas

3.1.1 Long-term antenna imbalance 0 dB

3.1.1.1 Inter-site distance 1 km

Figure 1 illustrates the average user throughput as a function of the cell throughput for a PA3 channel. From the figure we can observe that closed loop beam forming can increase the cell throughput significantly. More specifically the capacity can be increased with 28 percent by the practical CLBF algorithm and up to 40 percent when the genie algorithm is used. 
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Figure 1: Mean user throughput as a function of the cell throughput for the PA3 channel when the inter-site distance is 1 km and when 4 code-words are used. 

Figure 2 illustrates the average transmit power associated with the different algorithms as a function of average number of users per cell. From the figure we can observe that CLBF in general reduce the average UE transmit power. 
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Figure 2: Average total transmit power as a function of the number of UEs per cell when the inter-site distance is 1 km and 4 code-words are used. 

Figure 3 shows the average DPCCH transmit power as a function of the average number of users per cell for the different algorithms. Note that the DPCCH power here includes the transmit power allocated for both the P-DPCCH and the S-DPCCH (in the case of multi-antenna transmission techniques) whereas there only exist one DPCCH for the reference case. From the figure we observe that additional DPCCH transmit power overhead is almost 3 dB for 0.25 users per cell. For higher user densities the DPCCH power levels associated with CLBF is on par with the reference case. The observed results could be explained by that the sub-optimal power offsets are used. 
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Figure 3: Total DPCCH transmit power as a function of the number of UEs per cell when the inter-site distance is 1 km and 4 code-words are used.

Figure 4 illustrates the 10th percentile user throughput percentile associated with the different algorithms. It is evident that the CLBF can provide substantial system-level gains.
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Figure 4: Cell-edge user data rate as a function of the average number of users per cell for the different algorithms when the inter-site distance is 1 km and 4 code-words are used. 

3.1.1.2 Inter-site distance 2.8 km

Figure 5 shows the average user throughput as a function of the cell throughput for the beam forming techniques. Based on the results presented in the figure it can be concluded that the practical CLBF algorithm can increase the system capacity with 21 percent whereas the genie approach can increase the system throughput with approximately 30 percent. Hence we conclude that CLBF can provide significant performance gains in terms of average user data rates also for an inter-site distance of 2.8 km. 
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Figure 5: Average user throughput as a function of the cell throughput for the studied multi-antenna transmission techniques when the inter-site distance is 2.8 km. 
Figure 6 shows the average transmit power associated with CLBF algorithms. From the figures we can observe that the average transmit power can be reduced when multi-antenna transmission techniques are applied (even though the average user throughput is increased at the same time). 
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Figure 6: Average uplink transmit power as a function of the average number of users per cell when the inter-site distance is 2.8 km and 4 code-words are used.

Figure 7 illustrates the average DPCCH transmit power associated with the different beam forming algorithms. In general we can observe that the DPCCH power associated with the practical CLBF is on par with the average transmit DPCCH power of the reference algorithm. 
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Figure 7: Average DPCCH transmit power as a function of the average number of users per cell when the inter-site distance is 2.8 km. 
Figure 8 shows the 10th percentile user throughput as a function of the average number of users per cell. It is evident that the beam forming algorithms can provide significant performance gains as compared to the reference scheme.
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Figure 8: Cell-edge user throughput as a function of the average number of users per cell when the inter-site distance is 2.8 km. 
3.1.2 Long-term antenna imbalance -4 dB

3.1.2.1 Inter-site distance 1 km

Figure 9 illustrates the average user throughput as a function of the cell throughput when the inter-site distance is 1 km and the long-term antenna imbalance is -4 dB. From the figure it is evident that the beam forming algorithms only are able to provide modest gains of the average data rates. It could however be noticed that the there are some gains associated with the SVD approach.  
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Figure 9: Average user throughput as a function of the cell throughput when the inter-site distance is 1 km and the long-term antenna imbalance is -4 dB.
Figure 10 shows the average uplink transmit power as a function of the average number users per cell when the long-term antenna imbalance is -4 dB. From the figure we can all algorithms consume a similar amount of transmit power.

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

0

2

4

6

8

10

12

14

16

Number of user per cell

UL TX power [dBm]

PedA; s2s=1000m; LAI=-4dB; 2D antenna

 

 

Ref

CLAS

CLBF

SVD


Figure 10: Average uplink transmit power as a function of the average number of users per cell when the long-term antenna imbalance is -4 dB and the inter-site distance is 1 km.

Figure 11 shows the average DPCCH transmit power as a function of the average number of users per cell when the inter-site distance is 1 km and the long-term antenna imbalance is -4 dB. 
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Figure 11: Average DPCCH transmit power as a function of the average number of users per cell when the long-term antenna imbalance is -4 dB and an inter-site distance of 1 km is assumed. 
Figure 12 shows the 10th percentile user data rates as a function of the average number of users per cell when the inter-site distance is 1 km and the long-term antenna imbalance is -4 dB. 
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Figure 12: 10th percentile user throughput as a function of the average number of users per cell. 

3.1.2.2 Inter-site distance 2.8 km

Figure 13 depicts the average user throughput as a function of the cell throughput when the inter-site distance is 2.8 km and the long-term antenna imbalance is -4 dB. 
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Figure 13: Average user data rates as a function of the cell throughput when the inter-site distance is 1 km and the long-term antenna imbalance is -4dB. 

Figure 14 shows the average transmit power as a function of the average number of users per cell when the long-term antenna imbalance is -4 dB. 
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Figure 14: Average transmit power as a function of the average number of users when the long-term antenna imbalance is -4 dB.

Figure 15 shows the average DPCCH transmit power as a function of the average number of users per cell when the long-term antenna imbalance is -4dB and the inter-site distance is 2.8 km. 
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Figure 15: Average DPCCH transmit power as a function of the average number of users per cell when the long-term antenna imbalance is -4 dB  and the inter-site distance is 2.8 km. 
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Figure 16: 10th percentile user throughput as a function of the average number of users per cell when the inter-site distance is 2.8 km and the long-term antenna imbalance is -4 dB. 
4 Conclusions 
This paper has evaluated the system level gains associated with CLTD for a PA3 channel when 2D antennas are assumed at the Node-B.
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