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1. Introduction
In RAN1#55bis, it was concluded that uplink non-contiguous resource assignment within a component carrier would be supported for LTE-A:

· Non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)

· FFS: Resource allocation based on Rel-8 DL schemes (allocation type 0 and/or 1)

· FFS: At most one new DCI format for non-MIMO 
The non-contiguous resource allocation can achieve multiuser diversity gain and improve average sector throughput as well as cell-edge user throughput within one component carrier (CC) [1][2]. As the maximum number of clusters for non-contiguous resource allocation becomes larger, it allows larger scheduling flexibility and the throughput gain increases gradually and becomes saturated. In [3], we have discussed the relationship between DCI format design and the maximum number of clusters. In this tdoc, we evaluate throughput gain of non-contiguous resource allocation by limiting different maximum number of clusters and considering the scheduling resolution (i.e., RB group granularity [2]).

2. System performance evaluation
We evaluate the average sector throughput and the cell-edge user throughput by using non-contiguous resource allocation for Case 1 with inter-site distance of 500m. The simulation conditions used in our evaluation are shown in Table 1. For LTE uplink, SC-FDMA uses RBG=1RB for flexible contiguous allocation with allowable PDCCH overhead. However, if RBG=1RB is used for uplink clustered DFT-S-OFDM (Cmax>1), the overhead of PDCCH is getting larger. For LTE downlink, RBG=3RBs (4RBs) is used for OFDM when BW=10MHz (20MHz) to achieve the tradeoff between performance and overhead. Therefore, we assume RBG=3RBs and RBG=4RBs for uplink clustered DFT-S-OFDM with non-contiguous resource allocation for BW=10MHz and BW=20MHz, respectively.
Table 1 Simulation assumption

	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 with 3D antenna

	RB number (RB size)
	48 RBs (96RBs) for BW=10MHz (20MHz) 

	PUCCH overhead
	4% for BW=10MHz and BW=20MHz

	SRS bandwidth
	48RBs (96RBs) for BW=10MHz (20MHz)
(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
	3 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)
	Fractional PC with alpha=0.8, Po=-90dBm

	Antennas
	1 x 2

	Fading channel
	6-ray Typical Urban

	Vehicle speed
	3.0 km/h

	Channel estimation
	Ideal channel estimation

	SRS estimation
	Lognormal i.i.d. estimation error with Zero mean and 1dB standard deviation

SRS feedback period: 5msec; SRS process delay: 4msec

	Backoff from Pmax
	dependent on MCS and number of non-contiguous clusters (details in Appendix)


Table 2 (a) and (b) show the average sector throughput and cell-edge user throughput in case of SIMO for BW=10MHz and BW=20MHz, respectively. The resource block (RB) utilization is also given as a reference. In Table 2, we use Cmax to indicate the maximum number of clusters.
Table 2 Average sector throughput and Cell-edge user throughput 
(a) BW=10MHz
	Clustered DFT-S-OFDM
	Cmax=1
	Cmax=2
	Cmax=3
	Cmax=4
	Cmax=8

	RBG
	1RB 
	3RBs
	3RBs
	3RBs
	3RBs

	Average sector throughput (bps/Hz/cell)
	1.236

(+0%)
	1.330
(+7.6%)
	1.347

(+9.0%)
	1.348

(+9.1%)
	1.349

(+9.1%)

	Cell-edge user throughput (bps/Hz/user)
	0.0643

(+0%)
	0.0683

(+6.2%)
	0.0690

(+7.3%)
	0.0691

(+7.4%)
	0.0693

(+7.7%)

	RB Utilization
	98.21%
	99.70%
	99.90%
	99.94%
	99.95%


(b) BW=20MHz

	Clustered DFT-S-OFDM
	Cmax=1
	Cmax=2
	Cmax=3
	Cmax=4
	Cmax=8

	RBG
	1RB 
	4RBs
	4RBs
	4RBs
	4RBs

	Average sector throughput (bps/Hz/cell)
	1.148

(+0%)
	1.286

(+12.0%)
	1.344

(+17.1%)
	1.362

(+18.6%)
	1.368

(+19.2%)

	Cell-edge user throughput (bps/Hz/user)
	0.0522

(+0%)
	0.0554

(+6.1%)
	0.0564

(+8.0%)
	0.0572

(+9.5%)
	0.0580

(+11.0%)

	RB Utilization
	92.03%
	99.30%
	99.80%
	99.90%
	99.96%


From Table 1(a), we can see that both average sector throughput and cell-edge user throughput become saturated when Cmax is equal to 3 when BW=10MHz. Compare to Cmax=1 (SC-FDMA), average sector throughput and cell-edge user throughput can be improved by 9.0% and 7.3%, respectively. Cmax=2 has less gain. Therefore, Cmax=3 is enough to support flexible non-contiguous resource allocation for BW=10MHz.
In case of BW=20MHz at Table 1(b), even when Cmax=8, there is slight improvement over Cmax=4. Therefore, at least Cmax=4 is needed. Clustered DFT-S-OFDM with Cmax=4 can improve the average sector throughput by 18.6% and cell-edge user throughput by 9.5%, against SC-FDMA (Cmax=1). If Cmax is limited as Cmax=2, only 12% average sector throughput gain and 6% cell-edge user throughput gain can be obtained. The loss of Cmax=2 is obvious. Therefore, Cmax should be larger than 2, i.e., 3 or 4 to support the scheduling flexibility and achieve sufficient gain on average sector throughput as well as cell-edge user throughput.
3. Conclusion
In this tdoc, we evaluate throughput gain by assuming different maximum number of clusters for non-contiguous resource allocation within one CC. The result indicates that the maximum number of clusters should be larger than 2, i.e., 3 or 4, which allows the scheduling flexibility to achieve sufficient gain on average sector throughput as well as cell-edge user throughput.
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Appendix: Power backoff from maximum transmit power
The power backoff from the maximum transmit power is dependent on the cubic metric (CM). The CM gradually increases for higher MCS or larger number of clusters. We set the backoff value according to the following table:
Table A. Backoff value from the maximum transmit power

	Cluster number
	QPSK
	16QAM
	64QAM

	1
	 0.21
	1.13
	1.31

	2
	1.18
	1.76
	1.87

	3
	1.51
	1.98
	2.10

	4
	1.84
	2.21
	2.28

	5
	1.91
	2.29
	2.35

	6
	2.13
	2.40
	2.46

	7
	2.20
	2.44
	2.54

	8
	2.23
	2.53
	2.56
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