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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. Also we consider adaptive SRS transmission without frequency hopping [6] and SINR-based SRS transmission error [8] for performance comparison.

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].
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].
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 5dB and 10dB required maximum power back-off (BO_x, x=5 or 10dB), respectively. The UL spectrum efficiency assuming the CM-based required maximum power back-off (BO_CM) is also given as a comparison. To be mentioned is that we assume adaptive SRS transmission [6] and SINR-based SRS transmission error [8], where the SRS bandwidth is decided according to the power headroom of each UE and the frequency hopping is not applied. For the UE with large path loss, the limited SRS bandwidth will restrict the resource allocation. 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=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. Figure 1 compares the throughput performance of clustered DFT-S-OFDM with Cmax>1 with SC-FDMA under BO_CM, BO_5dB and BO_10dB, respectively. We can see that under BO_5dB, the performance gain of clustered DFT-S-OFDM with Cmax>1 is similar with that of BO_CM. Even BO_10dB results in only about 1% degradation. Since the employment of adaptive SRS transmission has reduced the probability of non-contiguous resource allocation for the UE with large path loss, the gain on cell-edge user throughput is marginal and the power back-off of non-contiguous transmission does not have large impact on power-limited UEs.

We take clustered DFT-S-OFDM with Cmax=4 as an example to show the impact of back-off in Table 2. Under BO_5dB, clustered DFT-S-OFDM with Cmax=4 can still improve the average cell throughput around 10.7% and the cell-edge user throughput around 3.4% against SC-FDMA., Even under BO_10dB, clustered DFT-S-OFDM with Cmax=4 can improve the average cell throughput (cell-edge user throughput) 9.7% (1.9%).
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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
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)

	
	Cmax=1
	BO_CM
	BO_5dB
	BO_10dB

	RBG
	1RB
	3RBs
	3RBs
	3RBs

	Average cell throughput (bps/Hz/cell)
	1.210 
(+0%)
	1.342 (+10.9%)
	1.339 (+10.7%)
	1.327 (+9.7%)

	Cell-edge user throughput (bps/Hz/cell)
	0.0387
(+0%)
	0.0400 (+3.4%)
	0.0400 (+3.4%)
	0.0395 (+1.9%)


3.2 Performance of BW=20MHz

Similar to BW=10MHz, we 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  when BW=20MHz. Figure 2 compares the throughput performance of clustered DFT-S-OFDM with Cmax>1 with SC-FDMA under BO_CM, BO_5dB and BO_10dB, respectively. We can see that under BO_5dB, the performance gain of clustered DFT-S-OFDM with Cmax>1 is very close to that of BO_CM. BO_10dB results in around 1.5% degradation on gain of average cell throughput; while the gain on cell-edge user throughput is also reduced 1.8~4.3%. The degradation is slightly higher than that of BW=10MHz but the effectiveness of non-contiguous transmission is still significant. 
The clustered DFT-S-OFDM with Cmax=4 with different back-off is compared as  an example in Table 3. Under BO_5dB, clustered DFT-S-OFDM with Cmax=4 can still improve the average cell throughput around 18.6% and the cell-edge user throughput around 9.9% against SC-FDMA. Even under BO_10dB, clustered DFT-S-OFDM with Cmax=4 can improve the average cell throughput (cell-edge user throughput) 18.0% (5.7%). The gain on cell-edge user throughput is not as large as that of average cell throughput. This is because the limited SRS transmission reduces the probability of non-contiguous resource allocation for the UE with large path loss.
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Fig. 3 Gain of clustered DFT-S-FDMA with different Cmax against SC-FDMA when BW=20MHz
Table 3. Performance of SC-FDMA and Clustered DFT-S-OFDM with Cmax=4 when BW=20MHz
	BW=10MHz
BO_CM
	SC-FDMA
	Clustered DFT-S-OFDM (Cmax=4)

	
	Cmax=1
	BO_CM
	BO_5dB
	BO_10dB

	RBG
	1RB
	4RBs
	4RBs
	4RBs

	Average cell throughput (bps/Hz/cell)
	1.124 
(+0%)
	1.338 (+19.0%)
	1.333 (+18.6%)
	1.326 (+18.0%)

	Cell-edge user throughput (bps/Hz/cell)
	0.0208
(+0%)
	0.02284

(+10.0%)
	0.02282

(+9.9%)
	0.0219

(+5.7%)


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. The adaptive SRS transmission [6] and SINR-based SRS transmission error [8] are taken into account in the performance evaluation. 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, 10.7% and 18.6% gain over SC-FDMA are achieved for BW=10 and 20MHz, respectively. The gain on cell-edge user throughput is marginal due to the limited SRS transmission for UE with large path loss.
· With 10dB of required maximum power back-off
(Assuming tight spectrum mask requirement) 
On the average cell throughput, 9.7% and 18.0% gain over SC-FDMA are obtained for BW=10 and 20MHz, respectively. On the cell edge user throughput, the gain over SC-FDMA is not as large as that of average cell throughput due to the limitation on the SRS transmission. 
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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
	1 RB for SC-FDMA; 3 RBs (4 RBs) at BW=10MHz (20MHz) for clustered DFT-S-OFDM

	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 transmission
	Adaptive SRS transmission according to power headroom [6]
48/24/12/4RBs for 10MHz  (PUCCH overhead is 2RB)
96/48/24/4RBs for 20MHz  (PUCCH overhead is 4RB)
Frequency hopping: off
SINR-dependent error [8]

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