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1. Introduction

In RAN1#54bis, several contributions proposed to introduce uplink non-contiguous resource block (RB) allocation and transmission schemes, i.e. Clustered DFT-S-OFDM or OFDM , in addition to the Rel.8 SC-FDMA for the LTE-Advanced uplink ‎[1] -‎[9] .
In this paper, we evaluate the sector throughput and the cell-edge user throughput to show the gain of the non-contiguous RB allocation and transmission schemes compared to Rel.8 SC-FDMA uplink.
2. Discussion
The uplink multiple access schemes allowing non-contiguous RB transmission, i.e. Clustered DFT-S-OFDM and OFDM, have the following two properties compared to Rel.8 SC-FDMA, as discussed in ‎[3] ‎[4] ‎[13] .
· Flexible RB assignment for PUSCH transmission

Introduction of non-contiguous RB transmission scheme allows a single UE to allocate fragmented frequency resource blocks. Therefore, throughput performance improvement is expected because Clustered DFT-S-OFDM and OFDM can bring out the gain of frequency channel dependent scheduling due to more flexible RB assignment compared to Rel.8 SC-FDMA. 
In addition, the possible solutions of the UE emission control issue as discussed in ‎[10] 

 REF _Ref212351336 \r \h 
 \* MERGEFORMAT ‎[11] might divide frequency resources for PUSCH transmission into two or three non-contiguous frequency region because of placing PUCCH at the middle of the uplink system operating band. By supporting Clustered DFT-S-OFDM or OFDM, the fragmented frequency resource can be assigned to a single UE, and then the efficiency of the resource utilization for PUSCH transmission can be retained. 
· Higher Cubic Metric (CM) 

The CM of the non-contiguous RB transmission schemes is higher than that of Rel.8 SC-FDMA. This means the coverage of the non-contiguous RB transmission schemes is somewhat smaller than that of Rel.8 SC-FDMA. Meanwhile, Rel.8 SC-FDMA is still supported for LTE-Advanced. Therefore, Rel.8 SC-FDMA can still be applied for the cell-edge UEs under transmission power limited condition, in order to keep the coverage. If under non-power limited condition, i.e. interference limited environment, the performance loss due to the high CM characteristic of the non-contiguous RB transmission schemes would be negligible ‎[13] .
In the following sections we compare the sector throughput and the cell-edge user throughput among Rel.8 SC-FDMA, Clustered DFT-S-OFDM and OFDM, using system level evaluation under both of a non-power limited condition (Case1) and a power limited condition (Case3). 
2.1. Simulation configuration
We evaluate the sector throughput and cell-edge user throughput of Rel.8 SC-FDMA, Clustered DFT-S-OFDM and OFDM in case of ISD=500m (case1) and ISD=1732m (case3). 
The parameters used in the evaluation are shown in Table 1 in Annex 1. Note that the CM difference is also taken into account in the simulation.
In addition, we further take into account the following conditions:
· DCI format 1 type assignment is assumed as the signaling method for RB allocation, that is, the amount of signaling for the uplink non-contiguous RB transmission schemes is 25bits, and the scheduler assigns RBs to a UE by 4RB unit in case of Clustered DFT-S-OFDM and OFDM. Meanwhile, in case of Rel.8 SC-FDMA, DCI format 0 type assignment is used for uplink resource block assignment, that is 13bits are assumed for the uplink contiguous resource allocation, and the scheduler assigns RBs to a UE by 1RB unit. 
· The possible number of allocated UEs within a sub-frame is limited in consideration of PDCCH resource. The number of maximum allocated UEs of SC-FDMA is set to 10UEs based on the analysis in ‎[12] , and that of Clustered DFT-S-OFDM and OFDM is set to 8UEs, which corresponds to the number of UEs when PDCCH resource is consumed for SC-FDMA.
· For Case 3 (ISD=1732) evaluation, i.e. under the transmission power limited condition, we use contiguous / non-contiguous hybrid schemes as follows; 

· Hybrid of Rel.8 SC-FDMA and Clustered DFT-S-OFDM
· Hybrid of Rel.8 SC-FDMA and OFDM
In both the hybrid schemes, eNB controls the maximum number of clusters based on power head room of a UE.  SC-FDMA is applied, i.e. the number of clusters is set to one, for the UEs under low power headroom in order to prevent performance degradation of coverage. In the simulation, the maximum transmission power of each number of clusters is set based on the CM performance of Table1 in Annex1. 

2.2. Simulation Results

Figure1 shows the throughput results of non-power limited condition (Case1).
From the results, we observed the followings;
· Around 25% of sector throughput performance improvement compared to SC-FDMA is obtained by introducing the non-contiguous transmission owing to more flexible PUSCH assignment.
· Around 25% of cell-edge throughput performance improvement compared to SC-FDMA is obtained by introducing the non-contiguous transmission. The influence of high CM property is negligible under non-power limited condition such as Case1.
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(a) Sector throughput                                              (b) Cell-edge user throughput
Figure 1 Non-power limited condition (Case1)
Figure2 show the throughput results of the power limited condition (Case3).

From the results, we observed the followings;
· Around 30% of sector throughput performance improvement compared to SC-FDMA is obtained by introducing the non-continuous transmission owing to more flexible PUSCH assignment. 
· In case of only non-contiguous transmission, the cell-edge user throughput performance deteriorates compared to SC-FDMA .The performance deterioration is caused by the maximum transmission power limitation for high CM. However, there is no cell-edge user throughput performance deterioration when the hybrid transmission is employed. This is because the hybrid transmission can prevent cell-edge throughput performance degradation by employing SC-FDMA in case of low power headroom. On the contrary, the efficient usage of non-contiguous RB allocation by cell center UE creates the room for better contiguous RB allocation to cell edge UE. Therefore, cell edge user throughput is actually improved.
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(a) Sector throughput                                              (b) Cell-edge user throughput
Figure 2 Power limited condition (Case3)
3. Conclusion
In this paper, we evaluated sector throughput and cell-edge user throughput to show the gain of non-contiguous RB allocation and transmission schemes compared to Rel.8 SC-FDMA uplink.
The system level evaluation results shows that non-continuous RB transmission schemes such as Clustered DFT-S-OFDM and OFDM improves sector throughput performance by 25-30% compared to Rel.8 SC-FDMA due to more flexible PUSCH assignment. Moreover, applying hybrid transmission schemes can improve cell-edge user throughput, and improve sector throughput performance even under power limited condition.
Therefore, non-contiguous RB transmission schemes, i.e. Clustered DFT-S-OFDM or OFDM, should be supported not only for the case of uplink spatial multiplexing but also in any case within a component carrier.
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Appendix1: Simulation parameters
Table 1 gives the simulation parameters assumed in the section 2. 
· The system bandwidth is set to 20MHz with the occupied transmission bandwidth of 100RBs.
· The resource block (RB) allocation of Rel.8 SC-FDMA is restricted to a continuous RB assignment and that of Clustered DFT-S-OFDM and OFDM is allowed a non-contiguous RB assignment (i.e. no limitation of the number of fragmented RB to be allocated). 
· The maximum transmission power of SC-FDMA, Clustered DFT-S-OFDM and OFDM are set as 24.0dBm, 21.8dBm and 21.2dBm, respectively, where the difference of the transmission power corresponds to the difference of CM values among SC-FDMA, Clustered DFT-S-OFDM and OFDM in case of QPSK modulation. The CM value of QPSK shows Figure3 in Annex2. 

· The PF scheduler tries to fulfill remaining un-used-resource to the assigned UEs. Therefore, the resource utilization achieves almost 100%. 
Table 1 Simulation parameters
 [image: image5.emf]Parameter Assumption

Uplink multiple access SC-FDMA

Clustered DFT-s-OFDM

OFDM

PUSCH resource allocation only continuous allocation (SC-FDMA)

allow for non-continuous allocation (Clustered DFT-s-OFDM, OFDM)

System BW 20MHz  (100RBs)

Maximum transmission power of UE Non Hybrid

　

24.0dBm (SC-FDMA)

　

21.8dBm (Clustered DFT-s-OFDM)

　

21.2dBm (OFDM)

Hybrid Cluster/SC

　

24.0dBm (Cluster#=1, SC-FDMA)

　

23.0dBm (Cluster#=2, Clustered DFT-s-OFDM)

　

22.0dBm (Cluster#=3- ,Clustered DFT-s-OFDM)

Hybrid OFDM/SC

　

24.0dBm (Cluster#=1, SC-FDMA)

　

21.2dBm (Cluster#=2- ,OFDM)

Number of UEs per sector 10UEs/sector

Number of max. allocated UEs per a sub-

frame

10UEs (SC-FDMA)

8UEs   (Clustered DFT-s-OFDM, OFDM)

Inter-site distance (ISD) 500m (Case1), 1732m (Case3)

System BW 20MHz

Antenna configuration 1x2

UE speed 3km/hr

Channel model TU 6path

Cellular Layout Hexagonal grid, 19 cell sites, 3 sectors per site

Carrier Frequency / Bandwidth 2 GHz

Sub-frame duration 1.0ms

Target-IoT 10[dB]

HARQ Incremental redundancy

ACK/NACK delay 8sub-frame

Maximum retransmissions 4

Scheduler Proportional Fair

Target PER 10%


Appendix2: CM performance
We evaluate the distribution of the CM values of Clustered DFT-S-OFDM and OFDM depending on the number of clusters in case of non-MIMO. Table 2 gives the parameters assumed in the evaluation.

From the simulation results in Figure 3, we observed the following points.

· The CM property of Clustered DFT-S-OFDM is smaller than that of OFDM.

· In Clustered DFT-S-OFDM, the larger the number of clusters is, the higher the CM value is, and the difference of the CM value is small between schemes in case the number of clusters is large. 
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Figure 3 CM performance

Table 2 Simulation assumptions of CM evaluation
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Modulation QPSK

the number of RBs per cluster randomly changed sub-frame by sub-frame among 2, 4 and 6RBs

Frequency gap between clusters randomly changed sub-frame by sub-frame among 2, 4 and 6RBs
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