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1 Introduction
According to the agreed simulation assumptions in [1], this contribution presents updated system-level simulation results with a full buffer traffic model and a comparison with the baseline single antenna transmission scheme.  
The result consists of average UE throughput, 10%-tile UE throughput, average UE total transmit power and mean RoT. The CDF figures of the DPCCH transmit power are provided in the appendix.
2 Simulation Setup

2.1 CLTD scheme
According to the working assumption in [1], the CLTD transmit scheme is shown below.  
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Figure 1 Precoded pilot scheme [1]
The genie algorithm obtains the ideal precoder from a SVD of the channel matrix. Note that although the precoding vector is ideal, we use practical channel estimation when doing the demodulation. In order to evaluate the upper bound of UL CLTD performance, we use 1 slot PCI delay for the genie algorithm. In addition, the PCI error rate is ideal for all cases.
For the practical algorithm, the pre-coding vector is generated every slot and is applied to the transmitter after 3 slots delay. 
Concerning the system simulation parameters in terms of drops and simulation time, we use the following settings:
· Simulation time:  10s,  Warm up time : 1s

· Simulation drops :

	UE number per cell
	0.25
	0.5
	1
	2
	4
	10

	Drops
	60
	30
	15
	8
	8
	4


3 Simulation Results
3.1 Average UE Throughput
Table 1 to Table 4 shows the average UE throughput with different number of UEs per cell. 
3.1.1 Long-term imbalance = 0dB
We can see gains between 2.3% - 58.6% on PA3 channel, except for 0.25 UE/cell there is a little loss. 
Table 1 Average UE Throughput for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	2078 
	1945 
	1603 
	1058 
	549 
	157 

	CLTD Genie (kbps)
	2076 
	1951 
	1626 
	1096 
	579 
	170 

	Baseline (kbps)
	2090 
	1900 
	1451 
	870 
	423 
	107 

	Pract. gain (%)
	-0.6 
	2.3 
	10.5 
	21.6 
	29.9 
	46.6 

	Genie gain (%)
	-0.7 
	2.7 
	12.0 
	25.9 
	36.8 
	58.6 


Table 2 Average UE Throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1925 
	1710 
	1302 
	802 
	401 
	108 

	CLTD Genie (kbps)
	1941 
	1734 
	1342 
	841 
	426 
	116 

	Baseline (kbps)
	1894 
	1640 
	1195 
	712 
	348 
	93 

	Pract. gain (%)
	1.6 
	4.3 
	8.9 
	12.7 
	15.4 
	15.6 

	Genie gain (%)
	2.5 
	5.8 
	12.3 
	18.2 
	22.3 
	25.1 


3.1.2 Long-term imbalance = -4dB

Under the condition of -4dB long-term imbalance, practical and genie algorithm still have 0.7% to 29.6% gains on PA3 channel and 0% to 9.5% gain on VA30 channel.
Table 3 Average UE Throughput for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	2066 
	1914 
	1524 
	956 
	478 
	124 

	CLTD Genie (kbps)
	2074 
	1929 
	1565 
	1004 
	512 
	139 

	Baseline (kbps)
	2090 
	1900 
	1451 
	870 
	423 
	107 

	Pract. gain (%)
	-1.2 
	0.7 
	5.1 
	9.8 
	12.9 
	15.4 

	Genie gain (%)
	-0.8 
	1.5 
	7.9 
	15.4 
	21.1 
	29.6 


Table 4 Average UE Throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1901 
	1657 
	1219 
	721 
	350 
	93 

	CLTD Genie (kbps)
	1922 
	1694 
	1271 
	771 
	381 
	101 

	Baseline (kbps)
	1894 
	1640 
	1195 
	712 
	348 
	93 

	Pract. gain (%)
	0.4 
	1.1 
	2.0 
	1.3 
	0.6 
	0 

	Genie gain (%)
	1.5 
	3.3 
	6.3 
	8.4 
	9.5 
	8.7 


3.2 10th percentile UE throughput
Table 5 to Table 8 shows the cell edge UE throughput gains respectively.
3.2.1 Long-term imbalance = 0dB
Table 5 10th percentile UE throughput for PA3

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1922 
	1377 
	821 
	447 
	242 
	123 

	CLTD Genie (kbps)
	1925 
	1390 
	851 
	472 
	256 
	136 

	Baseline (kbps)
	1871 
	1269 
	586 
	272 
	168 
	83 

	Pract. gain (%)
	2.7 
	8.5 
	40.1 
	64.1 
	44.4 
	49.5 

	Genie gain (%)
	2.9 
	9.5 
	45.3 
	73.1 
	52.9 
	64.5 


Table 6 10th percentile UE throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1492 
	992 
	550 
	285 
	161 
	87 

	CLTD Genie (kbps)
	1528 
	1003 
	593 
	313 
	175 
	94 

	Baseline (kbps)
	1431 
	907 
	422 
	214 
	132 
	77 

	Pract. gain (%)
	4.2 
	9.4 
	30.3 
	33.3 
	22.3 
	13.2 

	Genie gain (%)
	6.7 
	10.7 
	40.3 
	46.3 
	32.7 
	21.3 


3.2.2 Long-term imbalance = -4dB

Table 7 10th percentile UE throughput for PA3

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1907 
	1329 
	712 
	367 
	192 
	98 

	CLTD Genie (kbps)
	1919 
	1352 
	774 
	415 
	216 
	111 

	Baseline (kbps)
	1871 
	1269 
	586 
	272 
	168 
	83 

	Pract. gain (%)
	1.9 
	4.7 
	21.5 
	34.8 
	14.4 
	18.4 

	Genie gain (%)
	2.5 
	6.5 
	32.1 
	52.4 
	28.8 
	33.9 


Table 8 10th percentile UE throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1450 
	943 
	467 
	221 
	136 
	77 

	CLTD Genie (kbps)
	1484 
	972 
	515 
	252 
	151 
	82 

	Baseline (kbps)
	1431 
	907 
	422 
	214 
	132 
	77 

	Pract. gain (%)
	1.3 
	4.0 
	10.5 
	3.4 
	3.3 
	0.2 

	Genie gain (%)
	3.7 
	7.2 
	21.9 
	17.8 
	14.1 
	6.9 


3.3 Average UE Total Transmit Power
Table 8  to Table 12 shows the average UE total transmit power of all circumstances. Noted that the transmit power unit is dBm. The absolute tx power gains seem not to have obvious trend on PA3 channel. For VA30 channel, UE total transmit power become lower while the number of UEs per cell increases.
3.3.1 Long-term imbalance = 0dB

Table 9 UE average total transmit power for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	-0.787 
	-0.433 
	-0.484 
	-1.882 
	-4.032 
	-7.205 

	CLTD Genie [dBm]
	-1.465 
	-1.119 
	-1.090 
	-2.373 
	-4.489 
	-7.689 

	Baseline [dBm]
	1.695 
	2.013 
	1.512 
	-0.385 
	-2.590 
	-4.492 

	Practical gain [dB]
	2.482 
	2.446 
	1.996 
	1.497 
	1.443 
	2.713 

	Genie gain [dB]   
	3.160 
	3.132 
	2.602 
	1.988 
	1.899 
	3.197 


Table 10 UE average total transmit power for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	1.435 
	1.339 
	0.520 
	-1.465 
	-3.778 
	-6.019 

	CLTD Genie [dBm]
	0.813 
	0.747 
	0.034 
	-1.845 
	-4.158 
	-6.792 

	Baseline [dBm]
	2.909 
	2.618 
	1.488 
	-0.649 
	-2.919 
	-3.784 

	Practical gain [dB]
	1.474 
	1.280 
	0.968 
	0.816 
	0.858 
	2.235 

	Genie gain [dB]   
	2.096 
	1.871 
	1.454 
	1.196 
	1.239 
	3.008 


3.3.2 Long-term imbalance = -4dB

When the antenna suffers deep degradation, the practical algorithm will get small negative gains on VA30 channel.
Table 11 UE average total transmit power for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	1.000 
	1.387 
	1.171 
	-0.509 
	-2.774 
	-5.443 

	CLTD Genie [dBm]
	0.161 
	0.524 
	0.414 
	-1.148 
	-3.343 
	-6.372 

	Baseline [dBm]
	1.695 
	2.013 
	1.512 
	-0.385 
	-2.590 
	-4.492 

	Practical gain [dB]
	0.695 
	0.626 
	0.341 
	0.124 
	0.184 
	0.951 

	Genie gain [dB]   
	1.534 
	1.490 
	1.098 
	0.762 
	0.753 
	1.880 


Table 12 UE average total transmit power for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	3.158 
	2.986 
	1.970 
	-0.195 
	-2.534 
	-3.345 

	CLTD Genie [dBm]
	2.222 
	2.097 
	1.179 
	-0.872 
	-3.178 
	-4.930 

	Baseline [dBm]
	2.909 
	2.618 
	1.488 
	-0.649 
	-2.919 
	-3.784 

	Practical gain [dB]
	-0.249 
	-0.367 
	-0.483 
	-0.454 
	-0.385 
	-0.440 

	Genie gain [dB]   
	0.687 
	0.522 
	0.309 
	0.223 
	0.259 
	1.146 


3.4 Mean RoT
3.4.1 Long-term imbalance = 0dB

Table 13 Mean RoT for PA3 
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Practical 
	0.962 
	1.803 
	3.230 
	4.639 
	5.550 
	6.257 

	CLTD Genie
	0.921 
	1.717 
	3.117 
	4.556 
	5.507 
	6.190 

	Baseline  
	1.204 
	2.282 
	3.825 
	5.026 
	5.747 
	7.668 

	Practical gain
	0.242 
	0.480 
	0.596 
	0.387 
	0.197 
	1.411 

	Genie gain    
	0.283 
	0.565 
	0.709 
	0.470 
	0.240 
	1.478 


Table 14 Mean RoT for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Practical 
	1.316 
	2.353 
	3.793 
	4.970 
	5.645 
	7.120 

	CLTD Genie
	1.258 
	2.254 
	3.686 
	4.921 
	5.629 
	6.743 

	Baseline  
	1.508 
	2.644 
	4.062 
	5.119 
	5.715 
	8.418 

	Practical gain
	0.193 
	0.292 
	0.269 
	0.149 
	0.069 
	1.298 

	Genie gain    
	0.250 
	0.391 
	0.376 
	0.198 
	0.086 
	1.675 


3.4.2 Long-term imbalance = -4dB

Table 15 Mean RoT for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Practical 
	1.069 
	2.046 
	3.552 
	4.851 
	5.621 
	6.849 

	CLTD Genie
	1.015 
	1.919 
	3.398 
	4.766 
	5.592 
	6.461 

	Baseline  
	1.204 
	2.282 
	3.825 
	5.026 
	5.747 
	7.668 

	Practical gain
	0.135 
	0.237 
	0.274 
	0.176 
	0.126 
	0.819 

	Genie gain    
	0.189 
	0.363 
	0.427 
	0.260 
	0.155 
	1.207 


Table 16 Mean RoT for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Practical 
	1.466 
	2.605 
	4.042 
	5.101 
	5.689 
	8.452 

	CLTD Genie
	1.380 
	2.465 
	3.899 
	5.040 
	5.670 
	7.605 

	Baseline  
	1.508 
	2.644 
	4.062 
	5.119 
	5.715 
	8.418 

	Practical gain
	0.042 
	0.040 
	0.021 
	0.018 
	0.025 
	-0.034 

	Genie gain    
	0.128 
	0.179 
	0.163 
	0.079 
	0.045 
	0.813 


Note that, since we implement minimum data rate limitation for each UE in system simulations, RoT for 10 UE/cell becomes relative higher than target.
4 Conclusions
This paper provided the system-level performance of CLTD with genie and practical algorithm, and showed the gains comparing with the baseline 1x2 system.
There are several conclusions from the data presented above:
· In terms of average user throughput CLTD achieves gains of up to 58% for the genie algorithm and up to 46.6% for practical algorithm on the PA3 channel, and up to 25% for genie algorithm and 15.6% for practical algorithm on the VA30 channel. Even for the case the antenna imbalance is -4 dB, it can also get rather good performance.

· For the 10% UE throughput, the result is similar with the average UE throughput. 

· For average UE total transmit power, the positive gain can be observed in most cases except for the VA30 channel with -4dB long-term imbalance. There are at least 1.4 dB gain on the PA3 channel and 0.8 dB gain on the VA30 channel when the imbalance is 0dB.
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6 Appendix
6.1 Simulation Assumption
Table 17: 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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	Channel Model
	PA3, VA30

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 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
	1 slots

	
	Delay
	3 slots

	
	Error Rate [%]
	Ideal

	
	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.


6.2 CDF of DPCCH Transmit Power
The following 4 figures show the CDFs of the DPCCH transmit power at 1 UE/cell. We can observe about 3dB gain on PA3 channel when the long-term imbalance is 0dB. On a VA30 channel, the gain decreases to approximately 1.5 dB. When the antenna encounters deep imbalance, a slight loss can be observed on the VA30 channel.
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