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1. Introduction

For Rel-10 component carriers (CC), RAN1 has agreed to add the following on top of Rel-8 operation.

· Control-data decoupling (simultaneous PUCCH and PUSCH transmission) supported in addition to TDM-type multiplexing 
· Non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)

RAN4 has started evaluating the implications of these additions on the following core radio requirements [1].
· E-UTRA spectrum mask and unwanted emission 

· co-existence between E-UTRA and other services

· in-band emissions (EVM)

· self-interference

· regulatory requirements 
RAN4 concluded that the required maximum power back-off should be applied to meet spectrum mask requirements [1].

In this contribution, the throughput gain by non-contiguous data transmission under such conditions is confirmed by system-level simulation.

We evaluate the throughput gain by non-contiguous data transmission with 5dB of required maximum power back-off assuming the general spectrum mask requirement. In addition, we evaluate the throughput gain with 10dB of required maximum power back-off assuming the tight spectrum mask requirement [2]. Furthermore, the throughput gain with 3dB of the required maximum power back-off is also given, which is a reduced value of required maximum power back-off by the scheduling restriction for the general spectrum mask requirement.
2. Discussion
2.1 Requirement of maximum power back-off from RAN4

In LS from RAN4 [1], certain clustered DFT-S-OFDM transmissions will not meet core radio requirements without a reduction of the maximum transmit power. The required maximum power back-off is in the range 4-6 dB, with two RBs allocated at two ends of the transmission bandwidth being the worst case [7]. The required maximum power back-off could be up to 10 dB when spectrum mask is tighter than general mask [2]. RAN4 asked RAN1 whether the impact of the required maximum power back-off has been accounted for in the assessment of the resulting UL spectral efficiency [1]. In RAN1 evaluation, the impact of the CM-based required maximum power back-off on the UL spectrum efficiency is considered [3-6]. However, the impact of the required maximum power back-off to meet spectrum mask on the UL spectrum efficiency is not considered.
Since the required maximum power back-off to meet the general mask requirement is in the range 4-6 dB, we evaluate UL spectrum efficiency with 5dB of required maximum power back-off in section 3. In addition, we give the performance with 10dB of required maximum power back-off for the tight spectrum mask requirement [2].
2.2 Reduction of required maximum power back-off with the scheduling restriction
The contribution [7] shows the effect of the following scheduling restriction on the required maximum power back-off assuming the general spectrum mask requirement.
· Restriction of the minimum cluster size

When the minimum cluster size is increased from 2RBs to 6RBs, the required maximum power back-off can be effectively reduced from 5.4dB to 3.2dB.
· Restriction of the number of clusters 

By increasing the number of clusters from 2 to 3, the required maximum power back-off can also be successfully reduced from 5.4dB to 2.8 - 3.2dB.
· Restriction of allocated RB
If the RB allocation at two edges of the transmission bandwidth is avoided, the required maximum power back-off becomes smaller than 5.4dB. 
In section 3, we show our preliminary evaluation of the performance assuming 3dB of required maximum power back-off without scheduling restriction on resource allocation, which is to confirm the upper limit of throughput gain with reduced required maximum power back-off.
3. Simulation result

In this section, we assume the required maximum power back-off (BO) value, as described in Table 1. The UL spectrum efficiency is evaluated when the UEs with non-contiguous data transmission have 3dB, 5dB and 10dB required maximum power back-off (BO_x=3, 5, 10dB), respectively. The UL spectrum efficiency assuming the CM-based required maximum power back-off (BO_CM) is also given as a comparison. The other detailed simulation assumption is attached in Annex. According to [3], we found that clustered DFT-S-OFDM with Cmax=4 can achieve most gain of non-contiguous data transmission, where we use Cmax to indicate the maximum number of clusters. Therefore, in the following, we evaluate the impact of different back-off on the performance of SC-FDMA with Cmax=1 and clustered DFT-S-OFDM with Cmax=2, 3, 4, respectively.
Table 1. Required maximum power back-off value

	Number of clusters
	BO_CM [dB]
	BO_xdB for spectrum mask [dB]

	
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM
	64QAM

	1
	0.21
	1.13
	1.13
	0.21
	1.13
	1.13

	2
	1.18
	1.76
	1.76
	x= 3, 5, or 10

	3
	1.51
	1.98
	1.98
	

	4
	1.84
	2.21
	2.21
	


3.1 Performance of BW=10MHz

We firstly compare the gain on both average cell throughput and cell-edge user throughput by using clustered DFT-S-OFDM with Cmax=2, 3, 4 against SC-FDMA with Cmax=1 (contiguous data transmission) when BW=10MHz. We can see from Figure 1 that under BO_5dB, the performance gain of clustered DFT-S-OFDM with Cmax>1 is only 0.8~1.4% smaller than that of BO_CM. Compared with SC-FDMA, clustered DFT-S-OFDM with Cmax>1 can still improve the average cell throughput around 7~8% and the cell-edge user throughput around 5~6% under BO_5dB.

The degradation is getting worse for larger required maximum power back-off. We found that on the gain on the average cell throughput (cell-edge user throughput) is 2.1~3.4% (3.6~4.6%) decreased assuming BO_10dB. According to our result, even under BO_10dB, clustered DFT-S-OFDM with Cmax>1 can improve the average cell throughput around 5.5~5.7% against SC-FDMA. But the gain on cell-edge user throughput is marginal.
If the required maximum power back-off is reduced from 5dB to 3dB by using some scheduling restriction (mentioned in Sect. 2), the average cell throughput and cell-edge user throughput can be improved. Although we don’t consider the scheduling restriction in our preliminary simulation yet, the performance can be regarded as a reference for indicating the performance improvement by using required maximum power back-off equal to 3dB. The loss on the average cell throughput gain and cell-edge user throughput gain is only 0.3~0.5% compared to BO_CM. The impact of scheduling restriction on the spectrum efficiency needs further investigation.
For better understanding the non-contiguous data transmission with different required maximum power back-off, we use clustered DFT-S-OFDM with Cmax=4 as an example for the following analysis.
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(a) Average cell throughput
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(b) Cell-edge user throughput

Fig. 1 Gain of clustered DFT-S-FDMA with different Cmax against SC-FDMA when BW=10MHz
Figure 2 gives the distribution of allocated cluster number for clustered DFT-S-OFDM when BW=10MHz, where Cmax=4 is allowed. From Figure 2(a), we can see that 52.4% UEs are allocated more than 1 cluster in the case of BO_CM. Under BO_5dB, there are 51% UEs with more than 1 cluster. When the required maximum power back-off increases, the percentage of UE with non-contiguous spectrum will decrease. Under BO_10dB, there are only 43% UEs with more than 1 cluster. Among 5% UEs (UE with Geometry<=-1.8dB), we found from Figure 2(b) that the percentage of UEs with non-contiguous spectrum is decreased from 43% to 27% if the required back-off is increased from 5dB to 10dB. In cased of BO_3dB, the percentage of UEs with non-contiguous data transmission is very close to that of BO_CM.
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(a) All UEs


(b) 5% UEs (UE with Geometry<=-1.8dB)
Fig. 2 PDF of allocated cluster number for each UE for clustered DFT-S-OFDM with Cmax=4 when BW=10MHz
Table 2. Performance of SC-FDMA and clustered DFT-S-OFDM with Cmax=4 when BW=10MHz

	BW=10MHz
	SC-FDMA
	Clustered DFT-S-OFDM (Cmax=4)

	
	BO_CM
	BO_CM
	BO_3dB
	BO_5dB
	BO_10dB

	RBG
	1RB
	3RBs
	3RBs
	3RBs
	3RB

	Average cell throughput (bps/Hz/cell)
	1.236 (+0%)
	1.348 (+9.1%)
	1.346 (+8.9%)
	1.331 (+7.7%)
	1.307 (+5.7%)

	Cell-edge user throughput (bps/Hz/cell)
	0.0643 (+0%)
	0.0691 (+7.5%)
	0.0689 (+7.2%)
	0.0683 (+6.3%)
	0.0662 (+2.9%)


Table 2 compares the average cell throughput and cell-edge user throughput of SC-FDMA and clustered DFT-S-OFDM with Cmax=4 when BW=10MHz. Assuming BO_5dB, clustered DFT-S-OFDM can still make use of scheduling flexibility to improve average cell throughput 7.7% and cell-edge user throughput 6.3%. Even under BO_10dB, the gain on average cell throughput against SC-FDMA is 5.7%, although the gain on the cell-edge user throughput is marginal. To further improve the throughput gain, the reduction of required maximum power back-off by scheduling restriction will be beneficial. On average cell throughput (cell edge user throughput), 8.9% (7.2%) gain over SC-FDMA are achievable for BW=10Hz assuming BO_3dB. However, we did not take into account the scheduling restriction in resource allocation in the preliminary evaluation. With considering restriction in resource allocation, the throughput gain will be reduced. Further study is required on the necessity of scheduling restriction.
3.2 Performance of BW=20MHz

Similar to BW=10MHz, we firstly compare the gain on both average cell throughput and cell-edge user throughput by using clustered DFT-S-OFDM with Cmax=2, 3, 4 against SC-FDMA with Cmax=1 (contiguous data transmission) when BW=20MHz. We can see from Figure 3 that under BO_5dB, the performance gain of clustered DFT-S-OFDM with Cmax>1 is 1.4~4% smaller than that of BO_CM. But, clustered DFT-S-OFDM with Cmax>1 can still achieves 10.6~14.5% higher average cell throughput and 4.8~5.2% higher cell-edge user throughput, compared with SC-FDMA. 

Similar with BW=10MHz, the degradation is getting larger for larger required maximum power back-off. We found that the gain on average cell throughput gain is decreased 4~8.5% under BO_10dB, compared with the gain of BO_CM. The remained gain on average cell throughput of clustered DFT-S-OFDM with Cmax>1 is 7.9~10.1%; while the cell-edge user throughput is not improved. 

If the required maximum power back-off is reduced from 5dB to 3dB by using some scheduling restriction (mentioned in Sect. 2), the average cell throughput and cell-edge user throughput can be improved. Although we don’t consider the scheduling restriction yet, the performance can be regarded as a reference for indicating the performance improvement by using rBO_3dB. The loss on the average cell throughput gain and cell-edge user throughput gain is only 0.4~1.7% compared to that of BO_CM. Further investigation on the performance impact of scheduling restriction is needed.

Larger Cmax shows larger improvement. Clustered DFT-S-OFDM with Cmax=4 provides close to 15% gain on average cell throughput improvement and 5% gain on cell-edge user throughput. In the following, we take the clustered DFT-S-OFDM with Cmax=4 as an example for analysis over BW=20MHz.
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Fig. 3 Gain of clustered DFT-S-FDMA with different Cmax against SC-FDMA when BW=20MHz
Figure 4 gives the distribution of allocated cluster number for clustered DFT-S-OFDM when BW=20MHz, where Cmax=4 is allowed. From Figure 2(a), we can see that 75% UEs are allocated more than 1 cluster in the case of BO_CM. Under BO_5dB, there are still 72% UEs with more than 1 cluster. When the required maximum power back-off increases, the percentage of UE with non-contiguous spectrum will decrease. Under BO_10dB, there are only 59% UEs with non-contiguous spectrum. As for 5% UEs (UE with geometry<=-1.8dB), we can see from Figure 4(b) that the percentage of UEs with non-contiguous data transmission is decreased from 54% to 32% assuming BO_10dB instead of BO_5dB. In cased of BO_3dB, the percentage of UEs with non-contiguous data transmission is very close to that of BO_CM.
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   (b) 5% UEs (UE with geometry<=-1.8dB)
Fig. 3 PDF of cluster number when BW=20MHz
Table 3. Performance of SC-FDMA and clustered DFT-S-OFDM with Cmax=4 when BW=20MHz
	BW=20MHz
	SC-FDMA
	Clustered DFT-S-OFDM (Cmax=4)

	
	BO_CM
	BO_CM
	BO_3dB
	BO_5dB
	BO_10dB

	RBG
	1RB
	4RBs
	4RBs
	4RBs
	4RB

	Average cell throughput (bps/Hz/cell)
	1.148 
(+0%)
	1.362 (+18.6%)
	1.342 (+16.9%)
	1.314 (+14.5%)
	1.264 (+10.1%)

	Cell-edge user throughput (bps/Hz/cell)
	0.0522 (+0%)
	0.0572 (+9.6%)
	0.0577 (+10.4%)
	0.0550 (+5.2%)
	0.0505 
(-3.3%)


Table 3 compares the average cell throughput and cell-edge user throughput of SC-FDMA and clustered DFT-S-OFDM with Cmax=4 when BW=20MHz. In the presence of BO_5dB, clustered DFT-S-OFDM can still make use of scheduling flexibility to improve average cell throughput 14.5% and cell-edge user throughput 5.2%. Even under BO_10dB, the gain on average cell throughput against SC-FDMA is 10%. On the cell-edge user throughput, the gain over SC-FDMA is not improved. Similar to BW=10MHz, to further improve the throughput gain over BW=20MHz, the reduction of required maximum power back-off by scheduling restriction will be beneficial. On average cell throughput (cell edge user throughput), 16.9% (10.4%) gain over SC-FDMA are achievable for BW=20Hz under BO_3dB. As mentioned in Sect. 3.1, we do not take into account the scheduling restriction in resource allocation in the preliminary evaluation. With considering restriction in resource allocation, the throughput gain will be reduced. Further study is required on the necessity of scheduling restriction.
4. Conclusion
In this contribution, we have evaluated the throughput gain by non-contiguous data transmission with required maximum power back-off assuming the spectrum mask requirements. According to our simulation results, it has been confirmed that non-contiguous data transmission is beneficial even assuming the following conditions.
· With 5dB of required maximum power back-off
(Assuming general spectrum mask requirement) 
On the average cell throughput (cell edge user throughput), 7.7%(6.3%) and 14.5%(5.2%) gain over SC-FDMA are achieved for BW=10 and 20MHz, respectively.
· With 10dB of required maximum power back-off
(Assuming tight spectrum mask requirement) 
On the average cell throughput, 5.7% and 10.1% gain over SC-FDMA are obtained for BW=10 and 20MHz, respectively. On the cell edge user throughput, the gain over SC-FDMA is marginal. 
To further improve the throughput gain, the reduction of required maximum power back-off by scheduling restriction will be beneficial.
· With 3dB of required maximum power back-off
(Assuming general spectrum mask requirement under the scheduling restriction
The throughput gain can be improved to some extent compared to the case of 5dB without taking into account the scheduling restriction in resource allocation. Considering the scheduling restriction, the throughput gain will be reduced. Therefore, further study is required on the necessity of scheduling restriction.
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Annex: simulation assumption
Table A1 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
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