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1. Introduction

At RAN1 #73 we provided part of simulation results for standalone S-UMTS and S-UMTS carrier aggregation [1-2]. In this paper, we provide a more comprehensive set of link level simulation results for S-UMTS.
2. HSPA Simulations Results
2.1. HSDPA simulations results
2.1.1. Standalone S-UMTS
Tables 1 and Table 2 show the DL link level simulation results for HSPA, comparing UMTS and S-UMTS with scaling factor N =2, for PA3, VA3, VA30 and VA120 channels, assuming one P-CCPCH channel. Table 1 and Table 2 correspond to the results assuming outer loop ON and outer loop OFF, respectively.
The performance metrics that are shown are computed as follows:

· Throughput gain = ((Throughput with S-UMTS)*N – (Throughput with UMTS))/ (Throughput with UMTS)
Table 1: Standalone S-UMTS downlink simulation results for HSDPA with outer loop ON, One P-CCPCH

	Ior/Ioc  
	Throughput Gain

	
	PA3
	VA3
	VA30
	VA120

	-5
	-4.74%
	3.52%
	-15.66%
	-0.17%

	0
	-3.72%
	2.16%
	-13.99%
	-0.23%

	5
	-2.33%
	3.95%
	-8.09%
	-2.81%

	10
	-1.85%
	3.84%
	-4.13%
	-0.78%

	15
	-1.13%
	3.26%
	-0.76%
	-2.75%

	20
	1.10%
	2.60%
	5.44%
	-6.41%


Table 2: Standalone S-UMTS downlink simulation results for HSDPA with outer loop OFF, One P-CCPCH
	Ior/Ioc  
	Throughput Gain

	
	PA3
	VA3
	VA30
	VA120

	-5
	1.20%
	9.28%
	0.41%
	-7.91%

	0
	-1.43%
	3.11%
	-0.36%
	-5.68%

	5
	-2.30%
	-0.52%
	1.69%
	-2.53%

	10
	0.31%
	-2.58%
	2.29%
	-3.36%

	15
	5.35%
	5.90%
	2.83%
	-4.68%

	20
	1.56%
	4.46%
	-2.42%
	-8.78%


From both Table 1 and Table 2, there is some gain in the range of -5% to 10% in slow speed multipath channels such as PA3 and VA3. But a minor loss is observed for medium and high speed multipath channels such as VA30 and VA120, and the loss may be due to increased CQI delay.
Tables 3 shows the DL link level simulation results for HSPA, comparing UMTS and S-UMTS with scaling factor N =2, for PA3, VA3, VA30 and VA120 channels, assuming two P-CCPCH channels.
Table 3:  Standalone S-UMTS downlink simulation results for HSDPA with outer loop ON, Two P-CCPCHs
	Ior/Ioc  
	Throughput Gain

	
	PA3
	VA3
	VA30
	VA120

	-5
	-11.56%
	-4.02%
	-23.39%
	-8.26%

	0
	-8.64%
	-4.20%
	-21.02%
	-8.97%

	5
	-6.96%
	-1.02%
	-13.54%
	-7.65%

	10
	-5.01%
	-0.30%
	-8.17%
	-5.83%

	15
	-4.50%
	-0.18%
	-4.11%
	-5.50%

	20
	-1.61%
	0.23%
	0.86%
	-9.04%


Given two P-CCPCHs are used for S-UMTS, the relative gain of S-UMTS over UMTS is in the range of -12% to 1% in slow speed multipath channels such as PA3 and VA3 and in the range of -23% to 1% in medium and high speed multipath channels such as VA30 and VA120. It can be observed that standalone S-UMTS with two P-CCPCHs performs a little worse than standalone S-UMTS with one P-CCPCH. This may be due to more power allocated to signaling channels.
Tables 4 shows the DL link level simulation results for HSPA, comparing UMTS and S-UMTS with scaling factor N =2, for PA3, VA3, VA30 and VA120 channels, assuming one P-CCPCH channels and CQI cycle =2 TTI , i.e. for UMTS the CQI cycle is 4ms, and for S-UMTS with scaling factor N=2, the cycle is 8ms.
Table 4:  Standalone S-UMTS downlink simulation results for HSDPA with outer loop ON, One P-CCPCH, CQI cycle =2TTI
	Ior/Ioc  
	Throughput Gain

	
	PA3
	VA3
	VA30
	VA120

	-5
	-5.37%
	2.60%
	-13.17%
	-2.74%

	0
	-3.91%
	1.50%
	-10.70%
	-4.37%

	5
	-2.71%
	3.75%
	-5.74%
	-5.03%

	10
	-2.65%
	3.68%
	-1.82%
	-2.37%

	15
	-1.09%
	3.73%
	0.76%
	-4.01%

	20
	0.99%
	2.64%
	6.53%
	-7.15%


The relative gain of S-UMTS over UMTS is in the range of -5.37% to 3.75% in slow speed multipath channels such as PA3 and VA3 and in the range of -13.17% to 6.53% in medium and high speed multipath channels such as VA30 and VA120.  Compared to CQI cycle =1 TTI case, the relative gain is a litter worse in PA3, VA3, and VA120 due to more CQI delay, but for VA30, the relative gain is a litter better, which may be due to the outer loop not working well for UMTS with two TTI CQI reporting cycle, compared to one TTI cycle.
2.1.2. S-UMTS Carrier Aggregation
Table 5 and Table 6 show the DL link level simulation results for HSDPA, comparing UMTS and S-UMTS carrier aggregation with scaling factor N =2, 4, for PA3, VA3, VA30 and VA120 channels. 

The performance metrics that are shown are computed as follows:

Throughput gain = ((Throughput with S-UMTS carrier aggregation) – (Throughput with UMTS))/ (Throughput with UMTS)
Table 5: S-UMTS carrier aggregation downlink simulation results for HSDPA in 7.5MHz spectrum (N=2), with outer loop ON
	Ior/Ioc  
	Throughput Gain

	
	PA3
	VA3
	VA30
	VA120

	-5
	54.14%
	58.33%
	46.74%
	49.87%

	0
	52.00%
	54.77%
	47.53%
	49.88%

	5
	51.81%
	54.67%
	48.83%
	48.61%

	10
	51.82%
	54.17%
	50.41%
	49.61%

	15
	52.72%
	53.41%
	51.29%
	48.62%

	20
	53.43%
	51.77%
	53.64%
	46.79%


Table 6: S-UMTS carrier aggregation downlink simulation results for HSDPA in 6MHz spectrum (N=4), with outer loop ON
	Ior/Ioc  
	Throughput Gain

	
	PA3
	VA3
	VA30
	VA120

	-5
	19.15%
	19.29%
	17.90%
	23.36%

	0
	20.69%
	20.57%
	19.05%
	22.71%

	5
	21.89%
	21.83%
	20.77%
	21.15%

	10
	22.81%
	21.24%
	20.56%
	19.18%

	15
	23.42%
	19.32%
	19.60%
	18.35%

	20
	23.94%
	17.33%
	17.21%
	16.01%


In Table 5 and Table 6, S-UMTS carrier aggregation shows about 47%~58% gain for N=2 and about 16%~24% gain for N=4. The gain benefits from additional carrier with higher HS-PDSCH power due to no common control channels on the carrier.
2.2. HSUPA simulations results
Table 7 shows the UL link level simulation results for HSPA, comparing UMTS and standalone S-UMTS with scaling factor N =2, for PA3, VA3, VA30 and VA120 channels. 
The performance metrics that are shown are computed as follows:

Throughput gain = ((Throughput with S-UMTS)*N – (Throughput with UMTS))/ (Throughput with UMTS)
	Table 7: Standalone S-UMTS uplink simulation results for HSUPA
　
	PA3
	VA3
	VA30
	VA120

	Throughput Gain
	-0.08%
	-0.04%
	-0.77%
	-0.43%


It can be observed that the S-UMTS has a similar performance with UMTS with the difference within 1% in terms of throughput.
3. DCH Simulation Results
S-UMTS with scaling factor N = 2 is considered to be able to carry AMR 12.2Kbps DCH voice. In order to compare the performance of S-UMTS with UMTS, the following performance metrics are computed as:
· S-UMTS gain (UL) = (Rx Ec/No with UMTS) – (Rx Ec/No with S-UMTS -3dB)
· S-UMTS gain (DL) = (Tx Ec/Ior with UMTS) – (Tx Ec/Ior with S-UMTS -3dB)
Table 8 shows the downlink and uplink link level simulation results for AMR 12.2Kbps on DCH, in PA3, VA3，VA30 and VA120 channels. 
Table 8 Standalone S-UMTS gain (in dB) for AMR12.2Kbps on DCH
	
	PA3
	VA3
	VA30
	VA120

	UL
	0.53
	0.64
	-0.20
	-0.31

	DL
	0.06
	1.11
	-0.70
	-0.45


It can be observed that the gain of S-UMTS over UMTS is in the range of -0.3dB to 0.6dB in UL and -0.7dB to 1.1dB in DL.
4. Conclusion
In this contribution, we have provided link level simulation results of S-UMTS. The results show standalone S-UMTS provides similar spectral efficiency as normal UMTS, while S-UMTS carrier aggregation provides additional throughput gain over normal UMTS.
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