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1. Introduction

TR25.913 specifies a set of targets for the LTE radio access. A subset of these targets deals with the LTE uplink system performance, more specifically the LTE uplink system throughput and average/cell-edge user throughput. A large number of papers discussing and presenting results on different aspects of the LTE uplink system performance have been submitted to 3GPP RAN1. This paper summarizes the results of a subset of these papers and, based on this, provides text proposal to TR 25.912 section 13 on the fulfillment of the LTE targets on uplink spectrum efficiency.

2. Summary of contributions and discussion on target fulfillment

With regards to the uplink system-performance targets, references [1], [2], [3], [4], [5], [6], and [7] have primarily been considered. The reason for primarily focusing on these papers is that they directly include a comparison with the, in TR25.913, defined baseline concept in terms of which the LTE uplink system-performance targets are defined. It should be emphasized that several other papers have also been submitted to 3GPP that, although they do not provide a direct comparison with the defined baseline concept, still provide very valuable information on the expected overall LTE uplink system performance.

· In reference [1], simulation cases 1, 2, and 3 from TR25.814 are considered, together with one additional simulation case. Gains in terms of spectral efficiency in the range 2.1 times to 2.8 times the baseline configuration are identified (Table 2 in [1]). Similar gains in terms of average user throughput, i.e. in the order of 2.1 times to 2.8 times, are also identified (Table 3). Finally, gains in terms of cell-edge user throughput ranging from around 2 times to well beyond 3 times are identified. The conclusion in [1] is that the LTE targets in terms of uplink system performance can be fulfilled.

· In reference [2], a gain in cell/sector throughput of around 2.5 times the baseline configuration is identified (Table 2, BAR=2.5 MHz). The corresponding gain in cell-edge user throughput is estimated to approximately 2.8 times. It should be noted that the scenario used in this comparison does not fully coincide with any of the simulation cases of 25.814 but is based on a larger inter-site distance. Thus these evaluations provide additional “diversity” in the set of scenarios studied. The conclusion in [2] is that the LTE uplink meets the sector-throughput and cell-edge-throughput targets.

· In reference [3], only gains in terms of “average capacity” are presented. Gains in the order of 2.5 times (approximately 150%) the baseline configuration are identified for simulation cases 1, 2, and 3.

· In reference [4], simulation cases 1, 2, and 3 are also evaluated. Gains in terms of spectral efficiency in the order of 2 times (93% to 109%)  are identified (Table 7). Similar gains in terms of average user throughput, i.e. in the order of 2 times (95% to 112%) are also identified (Table 9b). Finally, gains in terms of cell-edge user throughput ranging from 2.9 times (187%) to 3.9 times (293 %) are identified (Table 9a). The conclusion in [4] is that the average and cell-edge user-throughput targets are met while the spectrum efficiency targets are almost met. 

· In reference [5], the targets of 2 times to 3 times gains are shown to be fulfilled for simulation case 1 and 3 (Figure 6, 7, 12, and 13).

· In reference [6], gains in terms of average capacity in the order of 2 times (97%) to 2.2 times (117%) are identified for simulation cases 1, 2, 3, and 4.

· Finally, in reference [7], gains in terms of average capacity in the order of 2.4 times (140%) to 2.7 times (169%) are identified for simulation case 1, 2, and 3.

Table 1 provides a summary of the gains identified above

	Reference
	Spectrum efficiency
	Average user throughput
	Cell-edge user throughput

	[1]
	2.1 - 2.8
	2.1 – 2.8
	2 – 3

	[2]
	2.5
	2.5
	2.8

	[3]
	2.5
	2.5
	-

	[4]
	(2
	(2
	2.9 – 3.9

	[5]
	> 2
(beyond 3 in some cases)
	> 2
(beyond 3 in some cases)
	> 2
(beyond 3 in some cases)

	[6]
	2 – 2.2
	-
	-

	[7]
	2.4 -2.7
	-
	-


Table 1 Uplink system-performance gains vs. baseline configuration

Based on this, we draw the conclusion that the gains in uplink spectrum efficiency relative to the specified baseline configuration are around 2 times to beyond 3 times.
Based on this, and comparing with the agreed targets of 2 times to 3 times gain in spectrum efficiency it seems to be relatively straightforward to conclude that the SC-FDMA-based LTE uplink concept developed within RAN1includes the technical components that are needed in order to fulfill the agreed uplink spectrum-efficiency targets. 

3. Text proposal for 25.912, section 13
The text below is proposed to be included in TR 25.912 section 13.

---  Begin text proposal ---

13.5 Spectrum efficiency

13.5.1 Fulfillment of uplink spectrum-efficiency target
According to TR25.913, the agreed target for the LTE radio-access concept in terms of uplink spectrum efficiency is 2-3 times gain vs. the baseline configuration defined in TR25.913. 
Multiple evaluations that directly evaluate the uplink system performance of the LTE concept vs. the baseline configuration have been carried out. The evaluations have been carried out by different sources/companies and for different scenarios, something that provides a certain degree of diversity in the evaluation results. In terms of spectrum efficiency, the results of these evaluations indicate gains vs. the baseline configuration ranging from around 2 times to above 3 times.

It should be pointed out that some proposed and considered LTE features, such as the possibility for a variable TTI for overhead/delay optimization and different schemes for interference mitigation, have not been included in all of the evaluations. Thus there is a potential for further LTE uplink performance enhancements. 

Based on this, one can conclude that the LTE SC-FDMA-based uplink as currently defined includes the features needed to fulfill the agreed targets on uplink spectrum efficiency.

--- End text proposal ---
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