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1. Introduction

In RAN1#53bis, several contributions on the uplink multiple access for LTE-Advanced were submitted and discussed ‎[3] 

 REF _Ref206131447 \r \h 
‎[4] 

 REF _Ref206229620 \r \h 
‎[5] .

. Consequently, the following was agreed ‎[1] .

· Extended BW (>20MHz)

· For DL: consider carrier aggregation in our further work

· For UL: continue discussion on support of additional UL schemes (additional to DFT-S-OFDM a.k.a SC-FDMA), e.g. N x DFT-S-OFDM, DFT-S-OFDM

· For UL: continue discussion whether to introduce OFDM as complement to DFT-S-OFDM
In this paper, we obtain some preliminary evaluation results for the non-contiguous resource block (RB) allocation in bandwidth smaller than 20MHz for simulation case 1 (i.e. ISD=500m).
2. Discussion
The multiple access schemes allowing non-contiguous RB allocation and transmission, i.e. OFDM and Clustered SC-FDMA, have the following two properties compared to contiguous transmission scheme, i.e. Rel.8 SC-FDMA, as discussed in ‎[2]

 REF _Ref206131027 \r \h 
‎[4] :
· Flexible RB assignment for PUSCH transmission
Non-contiguous RB transmission allows allocating fragmented frequency resources to a single UE.  Therefore, a throughput performance improvement is expected because of a more flexible frequency resource allocation compared to SC-FDMA. 
· Higher Cubic Metric (CM) 
As discussed in ‎[4], the CM of the non-contiguous RB transmission schemes is higher than that of SC-FDMA.  However, if it is applied for the UEs under non-transmission power limited condition (i.e. interference limited environment), the performance loss due to the high CM characteristic of the non-contiguous RB transmission may become negligible.
In order to check if the above properties provide any benefit or not, in the following section we provide preliminary results by system level evaluations on:.
· Cell throughput performance: to confirm whether non-contiguous RB transmission can improve the cell throughput

· CDF of the transmission power spectrum density among UEs: to estimate the applicability of non-contiguous RB transmission to the UEs within a cell.
2.1. Cell throughput performance evaluation
We evaluate the cell throughput performance of SC-FDMA and OFDMA in case of ISD=500m (case 1) for a 20MHz system bandwidth. The Simulation assumptions are given in Table A in the Annex.  Figure 1 shows the average cell throughput and the resource utilization, defined as the average ratio of the number of assigned RBs to total number of available RBs (i.e. 100RBs).
From these results, we observe that the cell throughput performance improvement is around 8 to 30% compared to SC-FDMA. However, we are aware that further considerations and evaluations is necessary.
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(a) Resource utilization                                             (b) Cell throughput 
Figure 1  Cell throughput performance and resource utilization (Case 1;ISD=500m).
2.2. Distribution of transmission power
Figure 3 shows the CDF of the transmission power per RB of the UEs in case of SC-FDMA for 30 UEs per cell. In order to transmit the PUSCH with a 100RB bandwidth without a transmission power limitation, the transmission power per RB should be less than 1.3dBm (in case of PMAX =21.3dBm, 21.3dBm is equivalent to 24dBm of SC-FDMA with CM difference).  Therefore, we estimate that a non-contiguous RB transmission can be applied for more than 90% of the UEs in the assumed environment. 
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Figure 3  the CDF of the transmission power per RB of UEs (SC-FDMA, ISD=500m) 

3. Conclusion
We obtained some preliminary UL system level evaluation results with and without non-contiguous RB allocations for the case of ISD=500m (Caes1). We observe the following:
· Cell throughput performance: Around 8 to 30% of the cell throughput performance improvement compared to SC-FDMA may be expected by introducing the non-contiguous transmission.
· Transmission power distribution: More than 90% of UEs would be able to transmit 100RB PUSCH using OFDM under non-power limited condition. 

We are planning to have further consideration and more realistic evaluations e.g. with taking into account the signaling overhead of PDCCH, etc.
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Annex:  Simulation assumptions
Table A. Simulation assumption for system level simulation
[image: image3.emf]Parameter Assumption

Uplink multiple access SC-FDMA

OFDMA

Maximum transmission power of UE SC-FDMA : 24.0dBm

OFDMA    : 21.3dBm

--> 2.7dB is the difference of the CM value between SC-

FDMA and OFDM in case of QPSK modulation

PUSCH resource assignment SC-FDMA is restricted to a continuous RB assignment

OFDMA is allowed full flexible resource assignment (i.e. no

limitation of the number of fragmented RB to be allocated)

System BW 20MHz

Inter-site distance (ISD) 500m (Case1)

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%

Subband size(minimum assignment unit) 1RB
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