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1．Introduction

We have proposed discontinuous resource allocation for the bandwidth within 20MHz [1], [2]. Some companies also shared similar view in [3]-[5]. Compared with continuous resource allocation, we showed in [1], [2] that discontinuous resource allocation is effective to improve average sector throughput and keep similar cell-edge user throughput for LTE-Advanced uplink within bandwidth of 20MHz (a carrier component).
In this contribution, we confirm the gain of discontinuous resource allocation assuming the simulation conditions aligned with [6] as well as taking into account scheduling resolution. 
2．Advantage of discontinuous resource allocation 
Discontinuous resource allocation can achieve higher multi-user diversity gain than continuous resource allocation. The reason is as follows. Fig. 1 shows channel-dependent scheduling in a frequency-selective channel. The continuous resource allocation is shown in the left, where continuous resource blocks (RBs) with high channel quality would be allocated. 
 As shown in the right of Fig. 1, discontinuous resource allocation can allocate additional RBs with high channel quality when such RBs exist in discrete manner. Although the CM of discontinuous resource allocation is higher than continuous one, discontinuous resource allocation is not applied for power-limited UEs anyway in our proposal.
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Fig. 1 Frequency channel-dependent scheduling

3．System-level simulation
According to our preliminary evaluation results [1], [2], discontinuous resource allocation (MC-FDMA and OFDM) can achieve higher multi-user diversity than continuous resource allocation (SC-FDMA) and therefore improve average sector throughput in a bandwidth within 20MHz (a carrier component). 
In following simulation, we confirm the gain of discontinuous resource allocation assuming the simulation conditions aligned with [6] as well as taking into account scheduling resolution. The simulation assumptions are listed in Table.1.
Table 1 Simulation Assumptions
	Cell Layout
	Hexagonal grid, 19 sites, 3 cells per site

	UE distribution
	10 UEs uniformly distributed per cell

	Traffic type
	Full buffer transmission

	Bandwidth(BW)@Carrier freq.
	10MHz or 20MHz @ 2GHz

	Inter-site distance
	Case 1: 500m

	RB number (RB size)
	42 RBs (92RBs) for BW=10MHz (20MHz) with180 kHz/RB 

	PUCCH overhead
	8 RBs

	SRS bandwidth
	Full PUSCH bandwidth (distributed FDMA with repetition factor = 2 )

	Max UE number for scheduling
	10 UEs per cell

	Scheduling criterion
	Channel-dependent scheduling based on proportional fairness

	Scheduling resolution
	2 RBs (4 RBs) for BW=10MHz (20MHz)

	Penetration loss
	20 dB

	UE power class
	23 dBm

	HARQ
	Synchronous Chase Combing with 8 processes

	Power Control (PC)
	Slow PC, SINRtarget=3 dB

	Antennas
	1 x 2

	Fading channel
	6-ray Typical Urban

	Vehicle speed
	3.0 km/h

	Channel estimation
	Channel estimation error based on model [7]

	SRS estimation
	Lognormal i.i.d. estimation error with Zero mean and 1dB standard deviation [7], [8]


Firstly, we find the optimal SRS transmission period taking into account the trade off between SRS overhead and SRS measurement accuracy. The throughput performances when the SRS transmission period is 1, 5, 10 and 15ms are plotted in Fig. 2. We can see that SRS transmission period of 5 ms is optimum to achieve the tradeoff between SRS overhead and SRS measurement accuracy in terms of average sector throughput and cell-edge user throughput.  In the following, we assume 5ms for SRS transmission period in the following simulation.
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 (a) Average sector throughput                               (b) Cell-edge user throughput
Fig. 2 Optimization of SRS transmission period
  Next, we evaluate the throughput gain of discontinuous resource allocation considering impact of scheduling resolution. Referring to the scheduling resolution in LTE downlink, we assume the scheduling resolution equal to 2 RB for 10MHz and 4RB for 20MHz, respectively. Figure 3 compares the average sector throughput and cell-edge user throughput of different access schemes for 10MHz and 20MHz in 3GPP Case 1 [6], respectively. From the results, we can see that even with large scheduling resolution, discontinuous resource allocation (MC-FDMA or OFDM) can still improve average sector throughout as well as cell-edge user throughput compared with that of continuous resource allocation (SC-FDMA). The gain of average sector throughput and cell-edge user throughput is more than 19% (34%) and 14% (10%), respectively, for bandwidth of 10MHz (20MHz).

   [image: image4.wmf]0

0.2

0.4

0.6

0.8

1

1.2

1.4

2RBs @10MHz

4RBs @20MHz

Resource allocation resolution

Average sector throughput (bps/Hz/cell)     

a

SC-FDMA

MC-FDMA

OFDM

Case 1: 500m

+45%

+34%

+29%

+19%

   [image: image5.wmf]0

0.02

0.04

0.06

0.08

0.1

2RBs @10MHz

4RBs @20MHz

Resource allocation resolution

Cell-edge user throughput (bps/Hz/user)      

a

SC-FDMA

MC-FDMA

OFDM

Case 1: 500m

+22%

+14%

+21%

+10%


 (a) Average sector throughput 
                  (b) Cell-edge user throughput

Fig. 3 Throughput performance in Case 1 when BW=10MHz and BW=20MHz.

4. Conclusion
We confirmed the throughput gain of discontinuous resource allocation within 20MHz assuming the simulation conditions aligned with [6] as well as taking into account scheduling resolution. The gain of average sector throughput and cell-edge user throughput is respectively more than 19% (34%) and 14% (10%) for bandwidth of 10MHz (20MHz). Therefore, we propose to introduce the discontinuous resource allocation within 20MHz for LTE-Advanced uplink.
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Appendix 
Figure A1 compares the average sector throughput performance for 10MHz in 3GPP Case3 [6], respectively. When SINRtarget=3dB, there are more than 30% UEs are power-limited. In such a power-limited case, discontinuous resource allocation (MC-FDMA and SC+OFDM, which is the adaptive selection of SC-FDMA and OFDM) is also effective to improve the average sector throughput and keep the similar cell-edge user throughput compared with continuous resource allocation for the bandwidth within 20MHz (a carrier component).
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Fig. A1 Throughput performance in Case 3 when BW=10MHz
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