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13.4.1
Fulfilment of uplink user-throughput targets
According to [4], the agreed target for the LTE radio-access concept in terms of average and cell-edge user throughput are 2-3 times gain compared to the baseline configuration.

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 average user throughput, the results indicate gains vs. the baseline configuration also ranging from around 2 times to above 3 times.

· In terms of cell-edge user throughput, the results indicate gains vs. the baseline configuration ranging from around 2 times to, in some cases, well 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 fulfil the agreed targets on uplink user throughput.
13.4.2
Fulfilment of downlink user-throughput targets
According to [4], the agreed targets for the LTE radio-access concept in terms of average and cell-edge user throughput are 3-4 times gain and 2-3 times gain vs. the baseline configuration defined in [4], respectively.

Multiple evaluations that directly evaluate the downlink 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. 

Evaluations have been carried out both assuming that MIMO is used in case of LTE evaluation(s) and that MIMO is not used in case of the LTE evaluation(s). As expected, including MIMO in the evaluations provide higher LTE system performance. It should be pointed out that including MIMO for LTE is inline with the agreed assumptions in [4].

-
All evaluations indicate that the LTE concept fulfils the agreed target for cell-edge throughput, assuming a lower-speed (3 km/h) scenario.

-
In terms of average user throughput, the evaluation indicate that the LTE concept fulfils or is very close (within 10%) to the agreed target. 

Based on these evaluations one cannot directly conclude that the LTE concept fulfils the LTE downlink user-throughput targets. However, these evaluations do not include all the features that are suggested to be part of the LTE radio-access concept, most notably different schemes for more advanced interference mitigation (e.g. interference coordination and/or cancellation) and variable TTI for overhead/delay optimization. Adding the potential gains of this to the above summarized gains would indicate that the LTE downlink radio-access concept can fulfil the agreed user-throughput targets.

More information can be found in clause 8 of [2].
13.4.2.1 Fulfilment of downlink user-throughput targets by enhancement techniques
Multiple evaluations that directly evaluate the gains of downlink system performance of the LTE concept with enhancement techniques have been carried out. Specifically, the enhancement techniques are longer TTI, static interference coordination, interference cancellation adaptive antenna schemes and semi-static interference coordination. 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. Each technique can improve both average user throughput and 5%-tile user throughput performance by at least 10%.
Without performing simulations including, at same time, all these techniques, it is somewhat difficult to conclude on exact cumulative gain figures for all the techniques. However it is likely that with these techniques included in LTE specification and implementation, at least 3.5x gain in sector spectral efficiency together with at least 3x gain in 5%-tile user throughput can be achieved.  There is the potential, considering some of the simulation results, that even higher gains could be achieved. 
Note that these gains can be achieved simultaneously with corresponding gains in spectral efficiency (system throughput), see Section13.5.2.1.
More information can be found in clause 8 of [2].
13.4.2.1.1
Performance Enhancement by Additional Transmit Antennas: 4 Transmit Antennas
Multiple evaluations that directly evaluate the gains of downlink system performance of the LTE concept with additional TX and RX antennas (up to four antennas) 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.
· Additional gain of 4x2 antenna vs. 2x2 antenna LTE is more than 10%.
· Additional gain of 4x4 antenna vs. 2x2 antenna LTE is more than 60%
Based on these evaluations, one can draw the conclusion that additional antennas can improve both average and 5%-tile downlink user throughput significantly

More information can be found in clause 8 of [2].
13.5
Spectrum efficiency

13.5.1
Fulfilment of uplink spectrum-efficiency target

According to [4], 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 [4]. 

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.

The system performance for VoIP traffic has also been evaluated, and VoIP capacity of more than 3 times vs. the baseline configuration defined in [4] has been observed.
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 defined in clause 7.2 of this TR includes the features needed to fulfil the agreed targets on uplink spectrum efficiency.
13.5.2
Fulfilment of downlink spectrum-efficiency target
According to [4], the agreed target for the LTE radio-access concept in terms of downlink spectrum efficiency is 3-4 times gain vs. the baseline configuration defined in [4]. 

Multiple evaluations that directly evaluate the downlink 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. 

Evaluations have been carried out both assuming that MIMO is used for the case of LTE and that MIMO is not used for the case of LTE. It should be pointed out that the use of MIMO for LTE is inline with the agreed assumptions in [4].

Assuming MIMO most evaluations indicate that the LTE concept fulfils or are within approximately 10% of the agreed spectrum-efficiency target, assuming a lower-speed (3 km/h) scenario.

At higher UE speed (30 km/h), the performance gains are somewhat reduced which is also inline with the mobility requirement of [4], Clause 7.3.
The system performance for VoIP traffic has also been evaluated, and VoIP capacity of more than 3 times vs. the baseline configuration defined in [4] has been observed.
Based on these evaluations one cannot directly conclude that the LTE concept fulfils the LTE downlink spectrum-efficiency target. However, these evaluations do not include all the features that are suggested to be part of the LTE radio-access concept, most notably different schemes for more advanced interference mitigation (e.g. interference coordination and/or cancellation) and variable TTI for overhead/delay optimization. Adding the potential gains of this to the above summarized gains would indicate that the LTE downlink radio-access concept can fulfil the agreed spectrum-efficiency targets. 

More information can be found in clause 10 of [2].
13.5.2.1 Fulfilment of downlink spectrum-efficiency targets by enhancement techniques
Multiple evaluations that directly evaluate the gains of downlink system performance of the LTE concept with enhancement techniques have been carried out. Specifically, the enhancement techniques are longer TTI, static interference coordination, interference cancellation adaptive antenna scheme and semi-static interference coordination 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. Each technique can improve the spectrum efficiency by at least 10% or more
Without performing simulations including, at the same time, all these techniques it is somewhat difficult to conclude on exact cumulative gain figures for all the techniques. However it is likely that with these techniques included in LTE specification and implementation at least 3.5x gain in sector spectral efficiency can be achieved.  There is the potential, considering some of the simulation results, that even higher gains could be achieved. 
Note that these gains can be achieved simultaneously with corresponding gains in user throughput, see Section13.4.2.1.
More information can be found in clause 8 of [2].
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