3GPP TSG RAN WG1 Meeting #65
R1-111404
Barcelona, Spain, 09-13 May 2011
Agenda Item:
5.2.4
Source:
Huawei, HiSilicon
Title:
System simulation performance for UL CLTD
Document for:
Discussion
1 Introduction
This contribution presents updated system simulation results and gains with the baseline single antenna transmission scheme.  
The results consist of average UE throughput, 10%-tile UE throughput, average UE total transmit power,  average UE primary DPCCH transmit power and mean RoT. 
2 Simulation Setup

2.1 CLTD scheme
The CLTD beamforming scheme is shown below 
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Figure 1 Pre-coded pilot structure 
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 : shown in Table 1
Table 1 Simulation drops

	UE number per cell
	0.25
	0.5
	1
	2
	4
	10

	Drops
	60
	30
	15
	8
	8
	4


3 Simulation Results for 2800-ISD
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 practical gains between 12.5% - 38.9% on the PA3 channel, and 7.5%-11.9% on the VA30 channel. 
Table 1 Average UE Throughput for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1652 
	1574 
	1390 
	1100 
	664 
	216 

	CLTD Genie (kbps)
	1693 
	1619 
	1440 
	1136 
	685 
	226 

	Baseline (kbps)
	1468 
	1393 
	1210 
	918 
	529 
	155 

	Pract. gain (%)
	12.5 
	13.0 
	14.9 
	19.8 
	25.6 
	38.9 

	Genie gain (%)
	15.3 
	16.2 
	19.0 
	23.7 
	29.6 
	45.1 


Table 2 Average UE Throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1489 
	1389 
	1186 
	878 
	505 
	157 

	CLTD Genie (kbps)
	1541 
	1444 
	1233 
	922 
	533 
	168 

	Baseline (kbps)
	1385 
	1288 
	1089 
	804 
	461 
	140 

	Pract. gain (%)
	7.5 
	7.8 
	8.8 
	9.3 
	9.6 
	11.9 

	Genie gain (%)
	11.3 
	12.1 
	13.1 
	14.7 
	15.6 
	20.1 


3.1.2 Long-term imbalance = -4dB

Under the condition of -4dB long-term imbalance, practical still have 3.4% to 22.0% gains on the PA3 channel. However, degrade a little for 0.25-1 UE/cell on the VA30 channel. The genie algorithm has gains on both channels: 7.6%-28.6% on the PA3 channel, and 3.7%-9.7% on the VA30 channel.
Table 3 Average UE Throughput for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1517 
	1449 
	1272 
	1000 
	604 
	190 

	CLTD Genie (kbps)
	1579 
	1508 
	1331 
	1044 
	629 
	200 

	Baseline (kbps)
	1468 
	1393 
	1210 
	918 
	529 
	155 

	Pract. gain (%)
	3.4 
	4.0 
	5.2 
	9.0 
	14.2 
	22.0 

	Genie gain (%)
	7.6 
	8.3 
	10.0 
	13.8 
	19.0 
	28.6 


Table 4 Average UE Throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1358 
	1264 
	1081 
	804 
	465 
	141 

	CLTD Genie (kbps)
	1436 
	1341 
	1155 
	854 
	496 
	154 

	Baseline (kbps)
	1385 
	1288 
	1089 
	804 
	461 
	140 

	Pract. gain (%)
	-2.0 
	-1.9 
	-0.8 
	0.0 
	0.8 
	0.9 

	Genie gain (%)
	3.7 
	4.1 
	6.0 
	6.3 
	7.6 
	9.7 


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)
	440 
	358 
	214 
	142 
	81 
	69 

	CLTD Genie (kbps)
	501 
	392 
	288 
	160 
	91 
	75 

	Baseline (kbps)
	264 
	226 
	154 
	89 
	56 
	46 

	Pract. gain (%)
	66.6 
	58.7 
	39.3 
	59.5 
	43.7 
	50.7 

	Genie gain (%)
	89.7 
	74.0 
	86.9 
	78.8 
	61.1 
	64.1 


Table 6 10th percentile UE throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	266 
	224 
	145 
	92 
	57 
	53 

	CLTD Genie (kbps)
	316 
	260 
	164 
	103 
	66 
	60 

	Baseline (kbps)
	218 
	175 
	126 
	78 
	48 
	39 

	Pract. gain (%)
	22.5 
	28.1 
	14.8 
	17.6 
	19.0 
	34.0 

	Genie gain (%)
	45.4 
	49.0 
	29.9 
	32.7 
	38.0 
	52.9 


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)
	278 
	237 
	171 
	104 
	57 
	48 

	CLTD Genie (kbps)
	343 
	286 
	183 
	123 
	67 
	55 

	Baseline (kbps)
	264 
	226 
	154 
	89 
	56 
	46 

	Pract. gain (%)
	5.2 
	5.0 
	11.2 
	16.4 
	1.4 
	3.7 

	Genie gain (%)
	30.1 
	26.9 
	19.3 
	38.1 
	19.1 
	20.5 


Table 8 10th percentile UE throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	184 
	158 
	116 
	69 
	39 
	34 

	CLTD Genie (kbps)
	242 
	199 
	137 
	87 
	50 
	46 

	Baseline (kbps)
	218 
	175 
	126 
	78 
	48 
	39 

	Pract. gain (%)
	-15.5 
	-9.6 
	-8.1 
	-10.8 
	-17.8 
	-12.7 

	Genie gain (%)
	11.1 
	13.6 
	8.8 
	12.3 
	4.8 
	16.9 


3.3 Average UE Total Transmit Power
Table 9 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 the PA3 channel. 

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]
	15.130 
	15.432 
	15.873 
	15.890 
	15.084 
	12.653 

	CLTD Genie [dBm]
	14.692 
	15.022 
	15.406 
	15.476 
	14.671 
	12.213 

	Baseline [dBm]
	16.696 
	16.967 
	17.133 
	17.296 
	16.542 
	14.190 

	Practical gain [dB]
	1.566 
	1.535 
	1.261 
	1.406 
	1.458 
	1.537 

	Genie gain [dB]   
	2.004 
	1.945 
	1.728 
	1.820 
	1.871 
	1.976 


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

	CLTD Pract. [dBm]
	16.774 
	16.931 
	16.834 
	16.606 
	15.529 
	12.975 

	CLTD Genie [dBm]
	16.320 
	16.516 
	16.527 
	16.212 
	15.139 
	12.528 

	Baseline [dBm]
	17.456 
	17.586 
	17.650 
	17.238 
	16.213 
	13.765 

	Practical gain [dB]
	0.682 
	0.655 
	0.816 
	0.632 
	0.684 
	0.791 

	Genie gain [dB]   
	1.137 
	1.071 
	1.123 
	1.027 
	1.074 
	1.237 


3.3.2 Long-term imbalance = -4dB

When the antenna suffers deep degradation, the practical algorithm will get small negative gains on the 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]
	16.214 
	16.531 
	16.860 
	16.942 
	16.212 
	16.214 

	CLTD Genie [dBm]
	15.727 
	16.033 
	16.356 
	16.461 
	15.711 
	15.727 

	Baseline [dBm]
	16.696 
	16.967 
	17.133 
	17.296 
	16.542 
	16.696 

	Practical gain [dB]
	0.482 
	0.436 
	0.273 
	0.355 
	0.330 
	0.284 

	Genie gain [dB]   
	0.968 
	0.935 
	0.778 
	0.836 
	0.831 
	0.846 


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

	CLTD Pract. [dBm]
	17.620 
	17.770 
	17.549 
	17.535 
	16.564 
	14.180 

	CLTD Genie [dBm]
	17.072 
	17.235 
	17.120 
	16.970 
	15.970 
	13.474 

	Baseline [dBm]
	17.456 
	17.586 
	17.650 
	17.238 
	16.213 
	13.765 

	Practical gain [dB]
	-0.164 
	-0.183 
	0.101 
	-0.297 
	-0.350 
	-0.414 

	Genie gain [dB]   
	0.384 
	0.352 
	0.531 
	0.269 
	0.244 
	0.291 


3.4 Average UE primary DPCCH transmit power
3.4.1 Long-term imbalance = 0dB

Table 11 Average UE primary DPCCH transmit power for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	-4.387 
	-3.624 
	-1.973 
	-0.352 
	1.322 
	2.050 

	CLTD Genie [dBm]
	-5.087 
	-4.293 
	-2.816 
	-1.022 
	0.712 
	1.446 

	Baseline [dBm]
	-1.101 
	-0.395 
	0.881 
	2.730 
	4.300 
	4.884 


Table 12 Average UE primary DPCCH transmit power for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	-2.041 
	-1.281 
	-0.090 
	1.514 
	2.805 
	3.388 

	CLTD Genie [dBm]
	-2.832 
	-2.032 
	-0.746 
	0.797 
	2.140 
	2.704 

	Baseline [dBm]
	-0.649 
	0.089 
	1.404 
	2.748 
	3.963 
	4.531 


3.4.2 Long-term imbalance = -4dB

Table 11 Average UE primary DPCCH transmit power for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	-2.434 
	-1.641 
	-0.238 
	1.443 
	3.068 
	3.820 

	CLTD Genie [dBm]
	-3.262 
	-2.508 
	-1.088 
	0.679 
	2.330 
	3.075 

	Baseline [dBm]
	-1.101 
	-0.395 
	0.881 
	2.730 
	4.300 
	4.884 


Table 12 Average UE primary DPCCH transmit power for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	-0.363 
	0.367 
	1.384 
	3.017 
	4.322 
	4.900 

	CLTD Genie [dBm]
	-1.412 
	-0.663 
	0.393 
	2.079 
	3.374 
	3.944 

	Baseline [dBm]
	-0.649 
	0.089 
	1.404 
	2.748 
	3.963 
	4.531 


3.5 Mean RoT
3.5.1 Long-term imbalance = 0dB

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

	CLTD Practical 
	0.687 
	1.216 
	2.365 
	4.183 
	5.893 
	7.226 

	CLTD Genie
	0.687 
	1.216 
	2.367 
	4.180 
	5.895 
	7.239 

	Baseline  
	0.719 
	1.295 
	2.475 
	4.304 
	5.986 
	7.398 


Table 14 Mean RoT for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Practical 
	0.871 
	1.558 
	2.853 
	4.676 
	6.176 
	7.259 

	CLTD Genie
	0.860 
	1.542 
	2.825 
	4.651 
	6.175 
	7.244 

	Baseline  
	0.884 
	1.590 
	2.915 
	4.706 
	6.172 
	7.297 


3.5.2 Long-term imbalance = -4dB

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

	CLTD Practical 
	0.677 
	1.218 
	2.366 
	4.158 
	5.876 
	7.246 

	CLTD Genie
	0.683 
	1.218 
	2.355 
	4.174 
	5.879 
	7.244 

	Baseline  
	0.719 
	1.295 
	2.475 
	4.304 
	5.986 
	7.398 


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

	CLTD Practical 
	0.846 
	1.525 
	2.812 
	4.609 
	6.132 
	7.274 

	CLTD Genie
	0.851 
	1.526 
	2.822 
	4.621 
	6.133 
	7.248 

	Baseline  
	0.884 
	1.590 
	2.915 
	4.706 
	6.172 
	7.297 


4 Simulation Results for 1000-ISD

4.1 Average UE Throughput

Table 18 to Table 21 shows the average UE throughput with different number of UEs per cell. 

4.1.1 Long-term imbalance = 0dB

We can see gains between -1.1 - 49.4% on the PA3 channel, and 0.6%-16.3% on the VA30 channel. 
Table 18 Average UE Throughput for PA3

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	2102 
	2007 
	1733 
	1193 
	631 
	186 

	CLTD Genie (kbps)
	2097 
	2013 
	1752 
	1232 
	662 
	200 

	Baseline (kbps)
	2125 
	1997 
	1606 
	996 
	488 
	125 

	Pract. gain (%)
	-1.1 
	0.5 
	7.9 
	19.8 
	29.2 
	49.4 

	Genie gain (%)
	-1.3 
	0.8 
	9.0 
	23.7 
	35.5 
	60.4 


Table 19 Average UE Throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1996 
	1819 
	1433 
	905 
	456 
	122 

	CLTD Genie (kbps)
	2009 
	1844 
	1480 
	957 
	492 
	136 

	Baseline (kbps)
	1985 
	1773 
	1343 
	818 
	403 
	105 

	Pract. gain (%)
	0.6 
	2.6 
	6.7 
	10.7 
	13.3 
	16.3 

	Genie gain (%)
	1.2 
	4.0 
	10.2 
	17.1 
	22.2 
	29.5 


4.1.2 Long-term imbalance = -4dB

Under the condition of -4dB long-term imbalance, practical algorithm has -2.0% to 17.4% gains on the PA3 channel and -2.1% to 0.7% gain on the VA30 channel.

Table 20 Average UE Throughput for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	2082 
	1982 
	1663 
	1086 
	552 
	147 

	CLTD Genie (kbps)
	2096 
	1999 
	1696 
	1137 
	589 
	165 

	Baseline (kbps)
	2125 
	1997 
	1606 
	996 
	488 
	125 

	Pract. gain (%)
	-2.0 
	-0.7 
	3.5 
	9.0 
	13.0 
	17.4 

	Genie gain (%)
	-1.3 
	0.1 
	5.6 
	14.1 
	20.7 
	32.1 


Table 21 Average UE Throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1973 
	1773 
	1353 
	817 
	400 
	103 

	CLTD Genie (kbps)
	1996 
	1811 
	1414 
	881 
	441 
	116 

	Baseline (kbps)
	1985 
	1773 
	1343 
	818 
	403 
	105 

	Pract. gain (%)
	-0.6 
	0.0 
	0.7 
	0.0 
	-0.6 
	-2.1 

	Genie gain (%)
	0.6 
	2.1 
	5.3 
	7.7 
	9.5 
	10.5 


4.2 10th percentile UE throughput
Table 22 to Table 25 shows the cell edge UE throughput gains respectively.

4.2.1 Long-term imbalance = 0dB

Table 22 10th percentile UE throughput for PA3

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1973 
	1617 
	978 
	528 
	283 
	145 

	CLTD Genie (kbps)
	1983 
	1619 
	1028 
	558 
	312 
	160 

	Baseline (kbps)
	1959 
	1455 
	766 
	381 
	190 
	95 

	Pract. gain (%)
	0.7 
	11.1 
	27.7 
	38.5 
	49.2 
	53.4 

	Genie gain (%)
	1.2 
	11.3 
	34.2 
	46.3 
	64.4 
	69.1 


Table 23 10th percentile UE throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1687 
	1156 
	668 
	343 
	180 
	99 

	CLTD Genie (kbps)
	1730 
	1214 
	707 
	379 
	207 
	109 

	Baseline (kbps)
	1611 
	1081 
	532 
	282 
	153 
	86 

	Pract. gain (%)
	4.7 
	6.9 
	25.6 
	21.7 
	17.3 
	15.0 

	Genie gain (%)
	7.4 
	12.3 
	32.9 
	34.5 
	35.0 
	26.9 


4.2.2 Long-term imbalance = -4dB

Table 24 10th percentile UE throughput for PA3

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1954 
	1561 
	891 
	453 
	235 
	115 

	CLTD Genie (kbps)
	1965 
	1594 
	950 
	503 
	259 
	131 

	Baseline (kbps)
	1959 
	1455 
	766 
	381 
	190 
	95 

	Pract. gain (%)
	-0.2 
	7.2 
	16.4 
	18.9 
	23.8 
	21.0 

	Genie gain (%)
	0.3 
	9.5 
	24.0 
	32.0 
	36.3 
	37.9 


Table 25 10th percentile UE throughput for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1627 
	1081 
	573 
	287 
	151 
	85 

	CLTD Genie (kbps)
	1683 
	1151 
	622 
	349 
	169 
	94 

	Baseline (kbps)
	1611 
	1081 
	532 
	282 
	153 
	86 

	Pract. gain (%)
	1.0 
	0.0 
	7.8 
	1.8 
	-1.8 
	-1.0 

	Genie gain (%)
	4.5 
	6.5 
	16.9 
	23.5 
	10.3 
	9.9 


4.3 Average UE Total Transmit Power

Table 26 to Table 29 shows the average UE total transmit power of all circumstances. Obvious gains can be observed on both the PA3 and the VA30 channel.
4.3.1 Long-term imbalance = 0dB

Table 26 UE average total transmit power for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	1.371 
	2.064 
	2.788 
	2.053 
	0.134 
	-2.979 

	CLTD Genie [dBm]
	0.686 
	1.393 
	2.137 
	1.513 
	-0.326 
	-3.426 

	Baseline [dBm]
	3.933 
	4.771 
	5.198 
	3.795 
	1.646 
	-0.906 

	Practical gain [dB]
	2.562 
	2.707 
	2.410 
	1.742 
	1.512 
	2.073 

	Genie gain [dB]   
	3.247 
	3.378 
	3.061 
	2.282 
	1.972 
	2.521 


Table 27 UE average total transmit power for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	4.183 
	4.566 
	4.353 
	2.711 
	0.435 
	-2.267 

	CLTD Genie [dBm]
	3.403 
	3.825 
	3.739 
	2.232 
	0.032 
	-2.971 

	Baseline [dBm]
	5.650 
	5.940 
	5.409 
	3.518 
	1.238 
	-0.600 

	Practical gain [dB]
	1.467 
	1.374 
	1.056 
	0.807 
	0.803 
	1.667 

	Genie gain [dB]   
	2.247 
	2.115 
	1.670 
	1.286 
	1.206 
	2.370 


4.3.2 Long-term imbalance = -4dB

When the antenna suffers deep degradation, the practical algorithm will get small negative gains on the VA30 channel.

Table 28 UE average total transmit power for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	3.139 
	3.963 
	4.592 
	3.509 
	1.425 
	-1.553 

	CLTD Genie [dBm]
	2.327 
	3.081 
	3.756 
	2.846 
	0.839 
	-2.263 

	Baseline [dBm]
	3.933 
	4.771 
	5.198 
	3.795 
	1.646 
	-0.906 

	Practical gain [dB]
	0.795 
	0.808 
	0.606 
	0.286 
	0.222 
	0.647 

	Genie gain [dB]   
	1.606 
	1.690 
	1.442 
	0.949 
	0.807 
	1.358 


Table 29 UE average total transmit power for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	5.910 
	6.293 
	5.879 
	4.007 
	1.677 
	-0.024 

	CLTD Genie [dBm]
	4.854 
	5.255 
	4.973 
	3.253 
	0.995 
	-1.495 

	Baseline [dBm]
	5.650 
	5.940 
	5.409 
	3.518 
	1.238 
	-0.600 

	Practical gain [dB]
	-0.260 
	-0.353 
	-0.471 
	-0.489 
	-0.439 
	-0.577 

	Genie gain [dB]   
	0.796 
	0.685 
	0.435 
	0.265 
	0.243 
	0.895 


4.4 Average UE primary DPCCH transmit power
4.4.1 Long-term imbalance = 0dB

Table 11 Average UE primary DPCCH transmit power for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	-20.685 
	-19.567 
	-17.520 
	-15.410 
	-14.211 
	-13.116 

	CLTD Genie [dBm]
	-21.332 
	-20.217 
	-18.233 
	-16.160 
	-14.877 
	-13.813 

	Baseline [dBm]
	-18.097 
	-16.652 
	-14.231 
	-12.413 
	-11.457 
	-9.800 


Table 12 Average UE primary DPCCH transmit power for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	-17.498 
	-16.229 
	-14.383 
	-13.094 
	-12.395 
	-11.122 

	CLTD Genie [dBm]
	-18.322 
	-17.087 
	-15.253 
	-13.902 
	-13.148 
	-12.105 

	Baseline [dBm]
	-15.966 
	-14.567 
	-12.783 
	-11.664 
	-11.065 
	-9.119 


4.4.2 Long-term imbalance = -4dB

Table 11 Average UE primary DPCCH transmit power for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	-18.974 
	-17.627 
	-15.369 
	-13.403 
	-12.349 
	-10.930 

	CLTD Genie [dBm]
	-19.766 
	-18.545 
	-16.358 
	-14.342 
	-13.211 
	-11.983 

	Baseline [dBm]
	-18.097 
	-16.652 
	-14.231 
	-12.413 
	-11.457 
	-9.800 


Table 12 Average UE primary DPCCH transmit power for VA30
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. [dBm]
	-15.713 
	-14.296 
	-12.430 
	-11.230 
	-10.638 
	-8.526 

	CLTD Genie [dBm]
	-16.848 
	-15.504 
	-13.678 
	-12.410 
	-11.720 
	-10.243 

	Baseline [dBm]
	-15.966 
	-14.567 
	-12.783 
	-11.664 
	-11.065 
	-9.119 


4.5 Mean RoT
4.5.1 Long-term imbalance = 0dB

Table 30 Mean RoT for PA3 

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Practical 
	0.988 
	1.940 
	3.798 
	5.809 
	7.114 
	8.052 

	CLTD Genie
	0.946 
	1.857 
	3.655 
	5.696 
	7.075 
	8.034 

	Baseline  
	1.246 
	2.528 
	4.631 
	6.368 
	7.388 
	8.917 


Table 31 Mean RoT for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Practical 
	1.458 
	2.761 
	4.697 
	6.323 
	7.267 
	8.488 

	CLTD Genie
	1.373 
	2.610 
	4.534 
	6.225 
	7.251 
	8.211 

	Baseline  
	1.673 
	3.129 
	5.064 
	6.529 
	7.354 
	9.349 


4.5.2 Long-term imbalance = -4dB

Table 32 Mean RoT for PA3

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Practical 
	1.093 
	2.224 
	4.225 
	6.088 
	7.212 
	8.339 

	CLTD Genie
	1.045 
	2.087 
	4.020 
	5.974 
	7.170 
	8.150 

	Baseline  
	1.246 
	2.528 
	4.631 
	6.368 
	7.388 
	8.917 


Table 33 Mean RoT for VA30

	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Practical 
	1.630 
	3.083 
	5.044 
	6.511 
	7.325 
	9.454 

	CLTD Genie
	1.515 
	2.876 
	4.818 
	6.386 
	7.297 
	8.744 

	Baseline  
	1.673 
	3.129 
	5.064 
	6.529 
	7.354 
	9.349 


5 Conclusions
This contribution 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:
· For ISD=2800m
· Average user throughput: 
· Up to 38.9% gains for practical algorithm, and up to 45.1% gains for genie algorithm on the PA3 channel 
· Up to 11.9% gains for practical algorithm, and up to 20.1% gains for genie algorithm on the VA30 channel
· For the case the antenna imbalance -4 dB, up to 22% gains is observed on the PA3 channel, but seems no obvious gain on the VA30 channel.
· 10% user throughput: 
· Up to 50.7% gains for practical algorithm, and up to 64.1% gains for genie algorithm on the PA3 channel 
· Up to 34.0% gains for practical algorithm, and up to 52.9% gains for genie algorithm on the VA30 channel
· For the case the antenna imbalance -4 dB, up to 16.4% gains is observed on the PA3 channel, but negative gains are observed on the VA30 channel.
· Average UE total transmit power: 
· The positive gains can be observed in most cases except for the VA30 channel with -4dB long-term imbalance 
· For ISD=1000m

· Average user throughput: 
· Up to 49.4% gains for practical algorithm, and up to 60.4% gains for genie algorithm on the PA3 channel 
· Up to 16.3% gains for practical algorithm, and up to 29.5% gains for genie algorithm on the VA30 channel
· For the case the antenna imbalance -4 dB, up to 17.4% gains is observed on the PA3 channel, but seems no obvious gain on the VA30 channel.
· 10% user throughput: 
· Up to 53.4% gains for practical algorithm, and up to 69.1% gains for genie algorithm on the PA3 channel 
· Up to 25.6% gains for practical algorithm, and up to 35% gains for genie algorithm on the VA30 channel
· For the case the antenna imbalance -4 dB, up to 23.8% gains is observed on the PA3 channel, and up to 7.8% is observed on the VA30 channel.
· Average UE total transmit power: 
The positive gains can be observed in most cases except for the VA30 channel with -4dB long-term imbalance
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7 Appendix
7.1 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, 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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	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, 

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
	To be described

	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.
NOTE 3: The RoT target is set to 8dB.
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