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1
Introduction 
This document presents a summary of the uplink results for the LTE performance evaluation that was requested in [15].  The achievable UL peak data rates are calculated and the results for spectrum efficiency, average user throughput and cell edge user throughput are presented. 
2
Uplink Peak Data Rates
Calculations of UL peak data rates were shown in contributions [1-3]. In a 20 MHz spectrum allocation, assuming that 2 long blocks in every sub-frame are reserved for reference signals and a code rate of 1, one gets the following peak data rates:
· 57.6 Mbps when 16QAM is used

· 86.4 Mbps when 64QAM is used

The overhead of  PUCCH is not included in the calculation as the signalling on it is associated with the DL and is not necessarily transmitted in every sub-frame. Both these values exceed the targets in [17] of 50 Mbps.
3
Uplink Throughput and Spectrum Efficiency
Uplink results are shown in [3-14] where a majority of companies have simulated the UTRA baseline as described in [15] and an E-UTRA baseline assuming one TX antenna in the UE and two receive antennas at the eNodeB. Most companies show simulation results for cases 1 and 3 in [16]. Additional results were provided for 4 receive antennas at the eNodeB, multi-user MIMO where two users are assigned the same time-frequency resources and single user MIMO where one UE is transmitting with two antennas.

For both the baseline UTRA and E-UTRA results, the spectrum efficiency and average cell throughput figures match well between companies. For the user cell edge throughput there is some variation. Some reasons for the variations have been identified. The cell edge throughput is sensitive to the RoT or IoT operating point used and for UTRA the UE TX power was difference as some companies used 21 dBm power while other companies used 24 dBm UE TX power. A trend can be seen from the results that the higher the RoT or IoT operating point the lower cell edge throughput, but this was not generally true. The same observation can be made for the UE TX power in the UTRA case where the simulations with lower TX power mainly have lower cell edge throughput for the coverage limited case, but this was not generally true.
A linear average of the simulation results has been calculated and the results are shown in Table 1and Table 2 in the appendix, for Case 1 and Case 3 respectively. It can be seen that the requirements given in [17] are met, i.e. 2-3 times improvement in spectrum efficiency and cell user throughputs.
The results from different companies are summarized in the Excel sheet attached in the appendix.

4
Conclusion
The uplink simulation results provided for the LTE performance evaluations show that the requirements set in [17] can be met.
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Table 1 Summary of LTE performance evaluation results for case 1
	Case 1
	Spectrum Efficiency 
	Mean User Throughput
	Cell-Edge User Throughput

	
	[bps/Hz/cell]
	x UTRA 
	[bps/Hz/user]
	x UTRA 
	[bps/Hz/user]
	x UTRA 

	UTRA baseline
	0.332
	x1.0
	0.033
	x1.0
	0.009
	x1.0

	E-UTRA 1x2
	0.735
	x2.2
	0.073
	x2.2
	0.024
	x2.5

	E-UTRA 1x2 MU-MIMO 
	0.675
	x2.0
	0.067
	x2.0
	0.023
	x2.4

	E-UTRA 1x4
	1.103
	x3.3
	0.110
	x3.3
	0.052
	x5.5

	E-UTRA 2x2 SU-MIMO 
	0.776
	x2.3
	0.078
	x2.3
	0.010
	x1.1


Table 2 Summary of LTE performance evaluation results for case 3
	Case 3
	Spectrum Efficiency 
	Mean User Throughput
	Cell-Edge User Throughput

	
	[bps/Hz/cell]
	x UTRA 
	[bps/Hz/user]
	x UTRA 
	[bps/Hz/user]
	x UTRA 

	UTRA baseline
	0.316
	x1.0
	0.032
	x1.0
	0.0023
	x1.0

	E-UTRA 1x2
	0.681
	x2.2
	0.068
	x2.2
	0.0044
	x2.0

	E-UTRA 1x2 MU-MIMO 
	0.622
	x2.0
	0.062
	x2.0
	0.0023
	x1.0

	E-UTRA 1x4
	1.038
	x3.3
	0.104
	x3.3
	0.0094
	x4.2
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Uplink

				Case 1		Spectrum Efficiency				Mean User Throughput				Cell-Edge User Throughput				Avg IoT		UE TX Power				Case 3		Spectrum Efficiency				Mean User Throughput				Cell-Edge User Throughput				Avg IoT		UE TX Power

						[bps/Hz/cell]		x UTRA		[bps/Hz/user]		x UTRA		[bps/Hz/user]		x UTRA		[dB]		[dBm]						[bps/Hz/cell]		x UTRA		[bps/Hz/user]		x UTRA		[bps/Hz/user]		x UTRA		[dB]		[dBm]								Revisions:

		Alcatel-Lucent		UTRA baseline		0.28		x1.0		0.03		x1.0		0.011		x1.0				24				UTRA baseline		0.28		x1.0		0.03		x1.0		0.0030		x1.0				24.0								v2		Included IoT values and power classes

				E-UTRA 1x2		0.74		x2.6		0.07		x2.6		0.031		x2.8		5.0		24				E-UTRA 1x2		0.68		x2.4		0.07		x2.4		0.0065		x2.2		2.0		24.0										Included SU-MIMO results

																																																		Adjusted Nortel cell edge results to compensate for more users

		Ericsson		UTRA baseline		0.29		x1.0		0.03		x1.0		0.011		x1.0				24				UTRA baseline		0.22		x1.0		0.02		x1.0		0.0014		x1.0				24								v3		Corrected error in Nortel Mean user throughput for case 3

				E-UTRA 1x2 FDM		0.87		x2.9		0.09		x2.9		0.034		x3.0		7.0		24				E-UTRA 1x2 FDM		0.81		x3.7		0.08		x3.7		0.0052		x3.7		4.0		24

				E-UTRA 1x4 FDM		1.32		x4.5		0.13		x4.5		0.061		x5.3				24				E-UTRA 1x2 FDM		1.19		x5.4		0.12		x5.4		0.0142		x10.1				24

		Huawei		UTRA baseline																				UTRA baseline

				E-UTRA 1x2		0.73				0.07				0.020				12.3		24				E-UTRA 1x2		0.81				0.08				0.0057				7.2

		InterDigital		UTRA baseline																				UTRA baseline

				E-UTRA 1x2		0.68				0.07				0.006				13.0		24				E-UTRA 1x2

				E-UTRA 2x2 SU-MIMO		0.87				0.09				0.006				13.0		24

		Motorola		UTRA baseline		0.31		x1.0		0.03		x1.0		0.009		x1.0				21				UTRA baseline		0.26		x1.0		0.03		x1.0		0.0008		x1.0				21

				E-UTRA 1x2		0.62		x2.0		0.06		x2.0		0.028		x3.2		5.2		24				E-UTRA 1x2		0.63		x2.4		0.06		x2.4		0.0021		x2.6		3.5		24

				E-UTRA 1x4		0.89		x2.9		0.09		x2.9		0.044		x5.0		5.5		24				E-UTRA 1x4		0.89		x3.4		0.09		x3.4		0.0045		x5.6		2.7		24

				E-UTRA 1x2 MU-MIMO		0.64		x2.0		0.06		x2.0		0.028		x3.2		5.3		24				E-UTRA 1x2 MU-MIMO		0.63		x2.4		0.06		x2.4		0.0021		x2.6		5.5		24

		NEC		UTRA baseline		0.46		x1.0		0.05		x1.0		0.002		x1.0		<0		21				UTRA baseline		0.48		x1.0		0.05		x1.0		0.0058		x1.0		<0		21

				E-UTRA 1x2		0.96		x2.1		0.10		x2.1		0.004		x2.3		14.0		24				E-UTRA 1x2		0.72		x1.5		0.07		x1.5		0.0058		x1.0		<0		24

		Nortel		UTRA baseline																				UTRA baseline

				E-UTRA 1x2		0.71				0.07				0.014				10.2		24				E-UTRA 1x2		0.50				0.05				0.0003				4.3		24

				E-UTRA 1x2 MU-MIMO		0.73				0.07				0.014				11.3		24				E-UTRA 1x2 MU-MIMO		0.62				0.06				0.0003				7.0		24

				E-UTRA 2x2 SM		0.68				0.07				0.014						24

		Nokia-Siemens-Networks/Nokia		UTRA baseline		0.33		x1.0		0.03		x1.0								21				UTRA baseline		0.29		x1.0		0.03		x1.0								21

				E-UTRA 1x2		0.73		x2.2		0.07		x2.2		0.014				17.0		24				E-UTRA 1x2		0.72		x2.5		0.07		x2.5		0.0032				7.0		24

		Qualcomm		UTRA baseline		0.31		x1.0		0.03		x1.0		0.022		x1.0		5.2		24				UTRA baseline		0.35		x1.0		0.03		x1.0		0.0005		x1.0		5.1		24

				UTRA baseline2		0.39				0.04				0.003				5.1		24																				24

				E-UTRA 1x2		0.62		x2.0		0.06		x2.0		0.026		x1.2		4.8		24				E-UTRA 1x2		0.60		x1.7		0.06		x1.7		0.0052		x9.6		4.4		24

				E-UTRA 1x2		0.76		x2.5		0.08		x2.5		0.025		x1.1		7.5		24																				24

				E-UTRA 1x2 MU-MIMO		0.66		x2.1		0.07		x2.1		0.027		x1.2		5.0		24				E-UTRA 1x2 MU-MIMO		0.61		x1.8		0.06		x1.8		0.0046		x8.5		4.4		24

				E-UTRA 1x2 MU-MIMO		0.77		x2.5		0.08		x2.5		0.026		x1.2		7.5		24																				24

		Samsung		UTRA baseline		0.34		x1.0		0.03		x1.0		0.008		x1.0				24				UTRA baseline		0.37		x1.0		0.04		x1.0		0.0032		x1.0				24

				E-UTRA 1x2		0.87		x2.5		0.09		x2.5		0.022		x2.9		5.7		24				E-UTRA 1x2		0.77		x2.1		0.08		x2.1		0.0078		x2.4		5.5		24

		Texas Instruments		UTRA baseline		0.33		x1.0		0.03		x1.0		0.004		x1.0				21				UTRA baseline		0.28		x1.0		0.03		x1.0		0.0010		x1.0				21

				E-UTRA 1x2 Intra-cell PC		0.72		x2.2		0.07		x2.2		0.025		x6.3		4.6		24				E-UTRA 1x2 Intra-cell PC		0.60		x2.1		0.06		x2.1		0.0040		x4.0		4.3		24

				Case 1		Spectrum Efficiency				Mean User Throughput				Cell-Edge User Throughput										Case 3		Spectrum Efficiency				Mean User Throughput				Cell-Edge User Throughput

						[bps/Hz/cell]		x UTRA		[bps/Hz/user]		x UTRA		[bps/Hz/user]		x UTRA										[bps/Hz/cell]		x UTRA		[bps/Hz/user]		x UTRA		[bps/Hz/user]		x UTRA

		Summary		UTRA baseline		0.332		x1.0		0.033		x1.0		0.009		x1.0								UTRA baseline		0.316		x1.0		0.032		x1.0		0.0023		x1.0

				E-UTRA 1x2		0.735		x2.2		0.073		x2.2		0.024		x2.5								E-UTRA 1x2		0.681		x2.2		0.068		x2.2		0.0044		x2.0

				E-UTRA 1x2 MU-MIMO		0.675		x2.0		0.067		x2.0		0.023		x2.4								E-UTRA 1x2 MU-MIMO		0.622		x2.0		0.062		x2.0		0.0023		x1.0

				E-UTRA 1x4		1.103		x3.3		0.110		x3.3		0.052		x5.5								E-UTRA 1x4		1.038		x3.3		0.104		x3.3		0.0094		x4.2

				E-UTRA 2x2 SU-MIMO		0.776		x2.3		0.078		x2.3		0.010		x1.1

		Confidence assessment

		Standard Deviations				0.06				0.01				0.01												0.09				0.01				0.00

						0.09				0.01				0.01												0.11				0.01				0.00

						0.05				0.00				0.01												0.01				0.00				0.00

						0.30				0.03				0.01												0.21				0.02				0.01

						0.14				0.01				0.01

		Std/Mean				0.18				0.18				0.71												0.27				0.27				0.88

						0.13				0.13				0.31												0.16				0.16				0.56

						0.07				0.07				0.34												0.02				0.02				0.93

						0.27				0.27				0.23												0.21				0.21				0.73

						0.17				0.17				0.57

		Frame Structure 2

		CATT		UTRA baseline																				UTRA baseline

				E-UTRA 1x2		0.89				0.09				0.038										E-UTRA 1x2		0.69				0.07				0.015



erafura:
20 users, user throughputs scaled up x2 to model 10 users

Nokia(AG):
20 users, user throughputs scaled up x2 to model 10 users



Graphs

				Case 1								Case 3

				UTRA				EUTRA 1x2				UTRA				EUTRA 1x2

				Spectrum Efficiency		Cell-Edge		Spectrum Efficiency		Cell-Edge		Spectrum Efficiency		Cell-Edge		Spectrum Efficiency		Cell-Edge

		Alcatel-Lucent		0.28		0.0110		0.74		0.0305		0.28		0.00300		0.68		0.0065

		Ericsson		0.29		0.0114		0.87		0.0344		0.22		0.00140		0.81		0.0052

		Huawei						0.73		0.0203						0.81		0.0057

		InterDigital						0.68		0.0060

		Motorola		0.31		0.0087		0.62		0.0276		0.26		0.00080		0.63		0.0021

		NEC		0.46		0.0015		0.96		0.0035		0.48		0.00580		0.72		0.0058

		Nortel						0.71		0.0140						0.50		0.0003

		NSN/Nokia		0.33				0.73		0.0141		0.29		0.00000		0.72		0.0032

		Qualcomm		0.31		0.0220		0.62		0.0260		0.35		0.00054		0.60		0.0052

		Qualcomm 2		0.39		0.0026		0.76		0.0250

		Samsung		0.34		0.0076		0.87		0.0224		0.37		0.00321		0.77		0.0078

		Texas Instruments		0.33		0.0040		0.72		0.0250		0.28		0.00100		0.60		0.0040
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