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1. Introduction

In RAN1#55, multiple contributions proposed to support non-contiguous resource block (RB) assignment within a component carrier, in addition to the Rel.8 DFTS-OFDM, i.e. OFDMA for the LTE-Advanced uplink ‎[1] -‎[5] .

In the discussion in RAN1#55, although several companies show the gain of non-contiguous allocation, it was pointed out the necessity of evaluation with a SRS modeling. In this paper, we evaluate the system throughput performance by system level simulations with taking into account the SINR estimation error of the SRS, signaling overhead of SRS, DM-RS, PUCCH and PDCCH. 
2. System performance evaluation
2.1. Simulation configuration
We evaluate the sector throughput and the cell-edge user throughput of DFTS-OFDM and OFDM in case of ISD=500m (case1) as non-power limited condition and ISD=1732m (case3) as power limited condition.
The simulation condition used in our evaluation is shown in Table 2 in Appendix. Note that the difference of Cubic Metric (CM) and the control channels (DM-RS, SRS, PUCCH) overhead shown in Table 2 are also taken into account in the simulation.
The maximum transmission power of DFTS-OFDM and OFDM are set as 24.0dBm and 21.2dBm, respectively, where the difference of the transmission power corresponds to the difference of CM between DFTS-OFDM and OFDM in case of QPSK modulation.
The control channel overhead in total is 24% as shown in Table 2 in Appendix. Therefore, we calculate the throughput performance using 76% of the system resource. 
For case 3 evaluation, we also evaluate the hybrid RB allocation based on the pathloss level of each UEs, namely, either of DFTS-OFDM or OFDMA is selected per UE. This is a natural operation scenario for the system with non-contiguous RB assignment.
In addition, we further take into account the SINR estimation error of the SRS and the PDCCH restriction for the scheduling as follows:

Modeling of the SINR estimation error (sounding error) 
· The SINR estimation error is evaluated by the link level simulation. The parameters used in the link level evaluation are shown in Table 3 in Appendix. Note that the SINR is measured by averaging 4RBs. In addition, we model the transmission power transient time as shown in Figure 4 in Appendix.  Figure 1 shows the PDF (Probability Distribution Function) of the SINR estimation error of SRS for various SINR values of received signal. The mean and variance in the SINR estimation error from the actual SINR are summarized in Table 1. 
· In the system level evaluation, the SINR estimation error is added to the actual SINR as Gaussian noise with the mean and variance shown in Table 1. From the Figure 1, the PDF of the SINR estimation error can be approximated by Gaussian distribution.  The SRS transmission bandwidth is changed according to each UE’s path-loss including shadowing in order to allow SRS transmission in the power limited condition. For UEs with transmission power limited condition, narrower SRS bandwidth is used, while for UEs with non power limited condition wider SRS bandwidth is used.
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Figure 1 PDF of the SINR estimation error from the actual SINR value
Table 1 The mean and variance in the SINR estimation error
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Modeling of the PDDCH signaling overhead
· DCI format 1 type assignment is assumed as the signaling method for the RB allocation. The amount of the signaling for the uplink non-contiguous RB transmission schemes is 25bits and the scheduler assigns RBs to a UE by 4RB unit (i.e. RB allocation type 0 in Rel.8 DL) in case of OFDM. Meanwhile, in case of DFTS-OFDM, DCI format 0 type assignment is used for the uplink resource block assignment, that is 13bits are assumed for the uplink contiguous resource allocation. The scheduler assigns RBs to a UE by 1RB unit. Therefore, the total size of PDCCH for UL grant is 43 bits for DFTS-OFDM and 55 bits for OFDM.
· The number of allocated UEs within a sub-frame is limited because of possible restriction of PDCCH resource. The number of maximum allocated UEs in DFTS-OFDM is 10 based on the analysis in ‎[10] and that in OFDM is 8. So the amount of the resource consumed by PDCCH is same between OFDM and DFTS-OFDM. 
2.2. Simulation Results

Figure 2 shows the sector throughput and the cell-edge user throughput (5% point of CDF) in case 1 as the non-power limited condition.

From the results, we observed the followings;
· The sector throughput is improved around 14% by introducing the non-contiguous transmission even if the SINR estimation error of SRS is considered.
· The cell-edge throughput is improved around 15% by introducing the non-contiguous transmission. The influence by the high CM property is negligible under non-power limited condition.
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(a) Sector throughput                                              (b) Cell-edge user throughput
Figure 2 Throughput comparison of non-power limited condition (case1).
Figure 3 shows the sector throughput and the cell-edge user throughput (5% point of CDF) in case 3 as the power limited condition.
From the results, we observed the followings;
· The sector throughput is improved around 30% by introducing the non-continuous RB allocation even if the SINR estimation error of SRS is considered.
· In case of the hybrid transmission, there is no cell-edge user throughput performance degradation. This is because the hybrid transmission can prevent the performance degradation for cell edge UEs by employing DFTS-OFDM in power limited condition. In addition, the efficient RB usage of the non-contiguous RB allocation to the cell-center UEs creates the room for better contiguous RB allocation to the cell edge UEs. Therefore, the cell-edge user throughput is actually improved.
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(a) Sector throughput                                              (b) Cell-edge user throughput
Figure 3 Throughput comparison of power limited condition (Case3)

3. Conclusion

In this paper, we evaluated the sector throughput and the cell-edge user throughput for non-contiguous RB allocation with realistic SRS assumptions. 
The results show that the non-continuous RB allocation improves the sector throughput performance by 14-30% because of more flexible PUSCH assignment. Moreover, applying the hybrid transmission scheme can improve the cell-edge user throughput, and also improve the sector throughput even under the transmission power limited condition. The non-contiguous RB allocation by the clustered DFTS-OFDM can also provide the improvement in both sector and cell-edge user throughput but the improvement by OFDM was better although we didn't show the result here.
Therefore, we propose 
· To introduce the non-contiguous RB allocation for LTE-Advanced uplink as OFDM.
· The OFDM should be applied not only for the case of uplink spatial multiplexing but also in case of non spatial multiplexing.
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Appendix: Simulation parameters
Table 2 and Table 3 give the system level simulation parameters and the link level simulation parameters assumed in the section 2, respectively. 
· The system bandwidth is 20MHz with the occupied transmission bandwidth of 100RBs.
· The resource block (RB) allocation for DFTS-OFDM is restricted to a continuous RB assignment and that for Clustered DFTS-OFDM and OFDM is allowed non-contiguous RB assignment (i.e. no limitation of the number of fragmented RBs to be allocated). 

· The PF scheduler tries to fulfill remaining un-used-resource to the assigned UEs by the similar method in ‎[13] . 
· For Case 3 (ISD=1732) evaluation, i.e. under the transmission power limited condition, we use contiguous / non-contiguous hybrid schemes, which is the hybrid of DFTS-OFDM and OFDM.
In the hybrid schemes, eNB controls the maximum number of clusters based on power head room of a UE.  DFTS-OFDM is applied, i.e. the number of clusters is set to one, for the UEs under low power headroom in order to prevent the coverage reduction. 
· The power control is implemented according to the formula specified in ‎[12] . The optional closed-loop adjustments are not considered, thus the power is set as: 
P = min{Pmax, P0 + 10 · log10M + α · L}       (1)

where Pmax is the maximum UE transmit power, P0 is a cell-specific parameter, M is the number of RBs allocated to the UE, α is a cell-specific path-loss compensation factor and L is the path-loss measured at the UE.
· Figure 4 shows the power transition of PUSCH and SRS used in the evaluation. According to ‎[9] , SRS signal distortion due to transient time is not an issue, but interference from PUSCH to SRS cause the SINR estimation error of SRS. The power off level is defined as -50dBm and the transient period must be less than 20usec. In case of transmission power 20dBm takes full 20usec transition period, the interference power from PUSCH decreases by 3.5dB/usec. We assume the PSD (Power Spectral Density) of PUSCH is 15dB higher than that of SRS.
Table 2 System level simulation assumption 
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Table 3 Link level simulation assumption
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Figure 4 Transmission power transient time used in the simulation
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