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1 Introduction
Currently some CLTD simulation results have been performed at previous couple of meetings. This contribution presents some system-level simulation results with full buffer traffic model comparing with baseline single antenna transmission scheme. 
2 Simulation Setup

For CLTD Algorithm, two pre-coded pilots are transmitted by the UE.  Let N denotes the last slot of one TTI. The serving NodeB generates the weight vector 
that maximizes 
 where 
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 is the instantaneous channel to the UE's serving cell and 
[image: image6.wmf]L

 is the channel path number. Then the NodeB transmits the pilot at N slot. The UE will use the corresponding precoding weight at (N+4) slot. Hence, the PCI delay is 1 TTI. 
The simulated CLTD algorithm is based on [1] (pre-coded pilot CLTD scheme option 1) where one pilot is transmitted on each antenna. 
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Figure 1 Precoded pilot CLTD scheme option 1
3 Simulation Result
Table 1 – Table 4 are the average user throughput and 10% user throughput when long-term imbalance is 0dB

Table 5 – Table 8 shows the performance when long-term imbalance is -4 dB.

3.1 0 dB long-term antenna imbalance

Table 1 Average user throughput for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD (kbps)
	2087 
	1941 
	1580 
	1022 
	521 
	144 

	Baseline (kbps)
	2091 
	1903 
	1447 
	870 
	423 
	108 

	Gain (%)
	-0.2%
	2.0%
	9.2%
	17.4%
	23.1%
	33.5%


Table 2 Average user throughput for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD (kbps)
	1923 
	1675 
	1234 
	738 
	360 
	96 

	Baseline (kbps)
	1896 
	1638 
	1195 
	711 
	348 
	93 

	Gain (%)
	1.4%
	2.3%
	3.3%
	3.7%
	3.3%
	3.1%


Table 3 10% user throughput for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD (kbps)
	1918 
	1379 
	784 
	422 
	219 
	112 

	Baseline (kbps)
	1886 
	1283 
	590 
	285 
	168 
	83 

	Gain (%)
	1.7%
	7.4%
	32.8%
	47.9%
	30.4%
	35.5%


Table 4 10% user throughput for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD (kbps)
	1425 
	897 
	484 
	240 
	139 
	80 

	Baseline (kbps)
	1424 
	889 
	423 
	214 
	131 
	77 

	Gain (%)
	0.1%
	0.9%
	14.4%
	12.4%
	6.0%
	4.2%


3.2 -4 dB long-term antenna imbalance

Table 5 Average user throughput for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD (kbps)
	2071 
	1906 
	1492 
	914 
	449 
	113 

	Baseline (kbps)
	2091 
	1903 
	1447 
	870 
	423 
	108 

	Gain (%)
	-1.0%
	0.1%
	3.1%
	5.1%
	6.0%
	5.0%


Table 6 Average user throughput for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD (kbps)
	1893 
	1616 
	1149 
	662 
	315 
	86 

	Baseline (kbps)
	1896 
	1638 
	1195 
	711 
	348 
	93 

	Gain (%)
	-0.1%
	-1.4%
	-3.8%
	-6.9%
	-9.6%
	-8.0%


Table 7 10% user throughput for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD (kbps)
	1897 
	1318 
	673 
	340 
	182 
	89 

	Baseline (kbps)
	1886 
	1283 
	590 
	285 
	168 
	83 

	Gain (%)
	0.6%
	2.7%
	14.1%
	19.1%
	8.2%
	7.8%


Table 8 10% user throughput for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD (kbps)
	1386 
	876 
	381 
	196 
	124 
	74 

	Baseline (kbps)
	1424 
	889 
	423 
	214 
	131 
	77 

	Gain (%)
	-2.6%
	-1.5%
	-10.1%
	-8.1%
	-5.9%
	-4.4%


4 Conclusions
From the results of average user throughput, we can observe up to 33% gain in PA3 channel. Even in VA30, the gain is still positive. If a large antenna imbalance is applied, the gain of CLTD decreases to negative value in VA30, but can be still positive for PA3.
For the result of 10 percentile user throughput, 1.7% - 47.9% gain can be observed in PA3 channel and a range of 0.1% – 14.4% for VA30 channel. Similarly, when encountering deep antenna imbalance, no gain remains for 10% user throughput in VA30 channel.
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6 Appendix

Table 10: Simulation assumptions
	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 

	NodeB Antenna pattern
	3GPP ant: 
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 = 70 degrees, Am = 20 dB

	Channel Model
	PA3, VA30

	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

	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)

	Additional Demodulation Loss caused by CLTD algorithms
	None

	UL TPC Generation
	Based on 1 slot non-ideal measured SIR of the intended UE

	Uplink HARQ
	2 ms 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] (see note 1)
	0, -4

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

µ = 0

σ = 2.25

	E-DCH Scheduling Delays
	Period
	4ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	0

	Scheduling Type
	Proportional Fair

	Practical CL-BFTD Weight Update
	Period
	3 slots

	
	Delay
	2 slots


	
	Error Rate [%]
	4

	
	Channel Estimation
	Realistic (3 slot filtering)

	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.
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