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Introduction

The target of the E-UTRA Study Item phase is to define the baseline solutions of the E-UTRA in the Technical Report [1] and evaluate the system performance in such manifold measures that it can fairly be justified, whether the LTE requirements set in [2] are met by the LTE system [1]. 

The LTE physical layer, which is evaluated, is defined in [1]. The appendices of [1] further include the detailed descriptions of the scenario, the system models and the performance measures for the evaluation.

The requirements for E-UTRA are defined in [2]. Many of the requirements are actually set in terms of relative numbers compared to HSPA Release 6 specifications i.e. HSDPA studies in downlink [3] and HSUPA studies in uplink [4].

The proposals on documentation of the system concept evaluation were given in [5] and again by the RAN leaders meeting in [6]. The contribution [7] states that it is necessary to ensure that a sufficient amount of properly aligned evaluation results are produced to allow for making decisions on progressing to the work item phase. In order to have a meaningful set of evaluation results, a common baseline of the key L1 parameters are established, so that the results from different parties will not deviate too much and forming a common view of the expected benefits of the LTE is feasible.

The evaluation results are expected to be presented by several companies and summarized as Text Proposals to [8]. This contribution, thus, gives a brief summary of the performance results created for the LTE evaluation by Nokia. The outline includes the downlink performance and uplink performance sections, where the system results and a few control channel overhead calculations are shown relative to HSPA Release 6 reference.

Simulation Assumptions

The simulation assumptions are those agreed in [1] and listed again in Table A.2.1.1-1. For the traffic model, several assumptions are given in [1], but a simple full buffer packet model was applied in Nokia simulations instead. Another remark is that often Vehicular A channel model was used in the HSPA simulations and TU in the LTE simulations. These channel models have different frequency correlation properties and they may generate non-comparable measures of inter-symbol-interference and frequency diversity. In this paper, the Typical Urban channel, defined by the 3GPP in [11] was applied with appropriate bandwidth scaling. For the downlink system simulations, the EESM interface trained by the link simulations was applied in the sub-carrier resolution. For the uplink system simulations, the actual value link simulation interface (AVI) was exploited.
Table A.2.1.1-1 – UTRA and EUTRA simulation case minimum set.
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	1.25
	10
	3


Downlink performance

The downlink performance is dependent, in addition to the scenario, assumptions and parameters on the receiver algorithms. In the LTE evaluation by Nokia, a dual-antenna Interference Rejection Combining Receiver was used as proposed in [7]. The detailed description of the receiver is omitted, but it is expected to be known from the literature that such a receiver does exist and it may be designed by different means. The receiver algorithm is simply referred here as “2rx-IRC”.

As the E-UTRA system is targetted at serving packet traffic, the performance is dependent on the packet scheduling algorithms. In the LTE evaluation by Nokia, two types of schedulers were chosen to be analysed, namely a Round Robin scheduler and a Proportional Fair scheduler. The Round Robin scheduler type allocates downlink OFDM symbol resources in the frequency resolution of the Physical Resource Blocks (PRB) and in the time resolution of the sub-frames, so that each UE gets resource allocations in Round Robin order. The Proportionally Fair (PF) scheduler allocates downlink OFDM resources in frequency resolution of the Physical Resource Blocks (PRB) and in time resolution of the sub-frames, so that each UE gets resource allocations by the defined fairness criteria. Such criteria may be tuned e.g. to gain for the cell throughput or to balance the throughput experienced by the served UEs. Localized transmissions are prioritized and based primarily on Channel Dependent Scheduling (CDS) of Physical Resource Blocks (PRB) per UE. Even then, the coverage area over the full range of carrier-to-interference ratios has to be served. The scheduling algorithms are simply referred here as “RR” and “PF” respectively. As the PF seems to overperform, it will be emphasized in the results. The RR results are mainly presented for calibration purposes as proposed in [7].
Other techniques that may have an impact on the results include inter-cell interference coordination, as Fractional Frequency Reuse and static Soft Frequency Reuse (SFR) schemes, which are not yet present in the results. These schemes do not require any significant eNB signalling other than may be present for the initial access in the System Information.

The results are created in a multi-cell simulator, where statistics is collected from the center cells of an eNB, as complete probability distributions and respective cumulative probability density functions (cdf). Both the averaged throughput and the user throughput at 5% cdf were calculated from the statistics and scaled to the spectral efficiency values. The spectral efficiency and peak data rate values can also be calculated from the given distributions. These numbers are given in Table I for the reference and in Table II and III for LTE respectively.
For HSDPA, 30% of the transmit power resources and one channelization code were reserved for the control channel overhead. One user is allocated during one Transmission Time Interval and gets up to 15 channelization codes and 70% of the power resources allocated. There were in total 24 users per cell with infinite full-buffer traffic model, uniformly distributed over the coverage area. Neighbour cell interference was generated by full power load. In HSDPA simulations the Type 1 baseline receiver assumptions were used as defined in [2].
For LTE, two OFDM symbols were fully reserved for the reference symbols and control channel overhead. This is about 29% overhead in total. There were in total 48 users per cell with infinite, full-buffer traffic model, uniformly distributed over the coverage area. The scheduler implementation forced one user scheduled per PRB per sub-frame, meaning that 24 users are continuously served per sub-frame. The scheduling is based on ideal Channel Quality Indication report with a delay of 4 sub-frames (4 ms). The neighbour cell interference was generated by full power load. No specific optimisations were applied in any of the LTE algorithms, but the results show the basic performance.
Table I. HSDPA reference results with a Proportional Fair scheduler and Type 1 baseline receiver.
	HSDPA Release 6

	Simulation case

Proportional Fair scheduler
	Averaged throughput
[kb/s]
	User throughput at 5% cdf

[kb/s]
	Averaged Spectral efficiency

[b/s/Hz]
	Spectral efficiency at 5% cdf

[b/s/Hz]
	Notes



	1
	3,140
	1,170
	0.628
	0.235
	

	2
	2,230
	935
	0.446
	0.187
	

	3
	2,990
	865
	0.599
	0.173
	


Note; The requirement specification [2] states; when defining reference scenarios to determine whether the targets outlined are achieved, especially those for cell edge performance, it should be taken into account that these are based on the assumption of a C/I limited scenario. For C/N limited scenarios (e.g. deep indoor) the improvement expected over HSDPA/Enhanced Uplink Release 6 is not as substantial.
Table II. LTE evaluation results with a Round Robin scheduler and 2rx-IRC receiver.

	LTE system

	Simulation case

Round Robin scheduler
	Averaged throughput

[kb/s]
	User throughput at 5% cdf

[kb/s]
	Averaged Spectral efficiency

[b/s/Hz]
	Spectral efficiency at 5% cdf

[b/s/Hz]
	Notes



	1
	10,790
	2,130
	1.079
	0.213
	LTE calibration

	2
	8,500
	1,820
	0.850
	0.182
	LTE calibration

	3
	10,190
	1,660
	1.019
	0.166
	LTE calibration


Table III. LTE evaluation results with a Proportional Fair scheduler (in time and frequency domain) and 2rx-IRC receiver.

	LTE system

	Simulation case

Proprtional Fair scheduler
	Averaged throughput

[kb/s]
	User throughput at 5% cdf

[kb/s]
	Averaged Spectral efficiency

[b/s/Hz]
	Spectral efficiency at 5% cdf

[b/s/Hz]
	Notes



	1
	16,480
	5,050
	1.648 (2.62xHSDPA)
	0.505 (2.15xHSDPA)
	

	2
	10,060
	2,280
	1.006 (2.26xHSDPA)
	0.228 (1.22xHSDPA)
	

	3
	15,610
	4,060
	1.561 (2.61xHSDPA)
	0.406 (2.35xHSDPA)
	


Downlink performance in MIMO scenario

The Multiple Input Multiple Output (MIMO) technique is assumed for the LTE evaluation to provide the highest peak data rates. MIMO gains are expected to be available for the sufficiently high signal-to-interference ratios and where the channel rank is sufficiently high. For these reasons, the MIMO evaluation scenario is separately defined. The MIMO results are given in this contribution purely as a calculated value to show the theoretical peak data rate. It is assumed that MIMO reception is feasible up to 16QAM modulation, at least from two streams. The highest channel coding rate of 5/6 results peak data rate 40,000 kb/s.

Downlink Control Channel overhead

The Control Channel overhead is described and accounted for assuming at least 95% coverage reliability [7]. For this purpose, the 95% coverage probability is extracted in terms of the carrier-to-interference ratio, from the system simulation results for the link simulations. The observed carrier-to-interference ratio allows the geometry factor reach even highly negative ratios. In the link simulator, the signal channel is Typical Urban and the interference distribution is for the time being assumed Gaussian, thus the measure of signal-to-noise ratio is applied instead of carrier-to-interference ratio. The operation point for the control channel is expected to be at around 1% BLER and the required SNR is listed for a couple of examples with convolutional code in Table IV. Here, one third of the PRBs of the first OFDM symbol, excluding the reference symbols, is assumed for the common header of the allocations, which forms an a-priori known channel coding block. The second and further optionally following channel coding blocks are assumed to contain joint-coded signalling for several UEs. For the second channel coding block, the channel coding rate and size of the code block are variable. The control channel overhead and its impact to LTE throughput and coverage was analysed more thoroughly in [14]. In this analysis, transmit diversity technique by two antenna Space Frequency Block Code (SFBC) and dual antenna receiver are assumed.
Reaching the performance limit at 5% cdf point, the system is expected to be interference limited rather than noise limited. The proposed techniques for interference coordination, e.g. by frequency domain power restrictions, are assumed to reduce the interference in some of the PRBs relative to the observed interference in the PRBs of the uniform frequency reuse 1 scenario [9]. The channel coding performance curves as a function of signal-to-interference ratio are expected to show a shift, relative to the signal-to-Gaussian-noise ratio, to the negative axis. A further shift to the negative axis can be gained by applying a dual receiver antenna interference cancellation scheme, comparable to the dowlink shared channel “2rx-IRC”. 

Table IV: LTE evaluation results for the control channel performance.

	LTE control channel

	Channel coding type
	Code rate
	Antenna configuration
	Required SNR for 1% BLER [dB]
	g-factor distribution at c.d.f [%] , case 1
	g-factor distribution at c.d.f [%], case 3

	Convolutional
	½
	2tx SFBC, 2rx
	1.80
	42%
	50%

	Convolutional
	1/3
	2tx SFBC, 2rx
	-0.33
	29%
	37%

	Convolutional
	1/6
	2tx SFBC, 2rx
	-3.60
	8%
	14%

	Convolutional
	1/8
	2tx SFBC, 2rx
	-4.85
	4%
	8%


There exist several proposals for the control channel structures, but at least joint coding of signaling for several UEs looks efficient [14]. The control channel overhead depends largely on the number of signaling entries i.e. the number of UEs that need to be signalled in a single sub-frame. Namely, no matter what is the effective bit-encoding of the Transport Formats and other short fields, it seems that the UE identification (c-RNTI) consumes clearly the most of the bits. The actual length of the UE identification is not decided yet and thus it remains as a parameter. The requirement for serving 400 active state UEs, and reserving some space for handovers and new entrants, let’s us assume 9 to 10 bits for c-RNTI in the analysis. We should still not exclude any clever bit-encoding methods for the other bit-fields either, but that is for further study. Also, we are aware that any possible lengthening of the Transmission Time Interval (TTI) may reduce signaling overhead with the possible expense of efficiency, but longer TTIs are not taken into account yet. The initial calculations show that even in very extreme signal reception conditions, about two UE allocations can be signaled in downlink and two UE allocations in uplink, in the overhead of 1 OFDM symbol and about six UE allocations in downlink and six UE allocations in uplink, in the overhead of two OFDM symbols.
Uplink performance

The uplink performance is presented and discussed in [10,13] by Nokia, and summarized in Table V. Link adaptation including HARQ with Chase Combining was explicitly implemented in the simulator. The link-to-system mapping was done using the AVI interface. The AVI curves were simulated assuming a practical Frequency Domain Equalizer (FDE) receiver and realistic channel estimation algorithms. Time domain channel-dependent scheduling is based on proportional fairness is employed and the number of UEs per scheduling block is set to five. Each scheduled user utilizes 1/12 of the 10 MHz transmission bandwidth. The simulations were carried out with blind interference control, where the altogether 60  users are arranged into the 12 frequency bands according to the pathloss [12].
The results show that the average spectral efficiency of the LTE reverse link with the given assumptions is of the order of 0.8 bps/Hz/cell assuming PF scheduler and interference control. Furthermore, we can note that the usage of simple interference control scheme improves significantly both measures of 5% throughput and average cell throughput.  For the WCDMA reference, the values from [1] are used.
Table V. LTE evaluation results for the SC-FDMA uplink with a Proportional Fair scheduler and blind interference control.

	LTE system

	Simulation case
	Averaged spectral efficiency

[b/s/Hz]
	Spectral efficiency at 5% c.d.f

[b/s/Hz]
	Notes

	
	WCDMA reference
	SC-FDMA
	WCDMA reference
	SC-FDMA
	

	1
	0.33
	0.82  (2.48xWCDMA)
	
	0.21
	

	2
	0.32
	0.81  (2.53xWCDMA)
	
	0.35
	

	3
	0.26 to 0.32
	0.78                      (2.44 to 3 x WCDMA)
	0.026
	0.087  (3.35xWCDMA)
	


Note; The requirement specification [2] states; when defining reference scenarios to determine whether the targets outlined are achieved, especially those for cell edge performance, it should be taken into account that these are based on the assumption of a C/I limited scenario. For C/N limited scenarios (e.g. deep indoor) the improvement expected over HSDPA/Enhanced Uplink Release 6 is not as substantial.
Conclusions

The LTE evaluation was done by the system and link simulators according to a set of agreed scenarios. The averaged throughput, 5% throughput and spectral efficiency are reported from the distributions and the peak data rate value is calculated. Further, some aspects about the control channel overhead are discussed about. These numbers reflect the state of the LTE work in the Study Item and are available for discussion and decision by RAN1.
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