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1. Introduction

This paper is a resubmission of R1-062305 which was submitted in last Tallinn meeting with some changed simulation assumptions.

There are distributed and localized transmissions for the EUTRA uplink [1]. Distributed SC-FDMA is considered in order to gain frequency diversity. Localized SC-FDMA is for user-diversity via scheduling. Generally, when any scheduling effect is not considered, distributed SC-FDMA has better performance than localized SC-FDMA due to frequency diversity, particularly in ideal case with perfect channel estimation. But, there are several aspects that influence performance of localized and distributed SC-FDMA such as the effect of channel estimation and frequency/timing offset estimation. Especially, it was pointed out by many companies that channel estimation in localized transmission performs better than in distributed transmission since pilot allocation in frequency domain can be closer together in localized transmission than in distributed transmission. Anyhow, the gap in channel estimation performance between localized transmission and distributed transmission can be reduced by using appropriate channel estimation methods.
Several contributions have been submitted to RAN1 meetings on this subject, comparing the performances of localized SC-FDMA and distributed SC-FDMA [2][3][4]. Even though they have not been treated due to lack of time, common findings from those contributions can be summarized as follows;

(1) Distributed SC-FDMA shows better performance than localized SC-FDMA at 1% BLER point for initial transmission

(2) However, localized SC-FDMA performs comparably to or slightly better than distributed SC-FDMA even without frequency domain scheduling if HARQ retransmissions are considered.
(3) If hopping is applied on top of localized SC-FDMA transmission, additional throughput gain could be achieved.

From the above findings, localized SC-FDMA has been suggested as basic transmission scheme for data traffic when HARQ is considered even when frequency domain scheduling cannot be used.

The purpose of this contribution is to check whether there are any changes due to the introduction of new numerologies and to reaffirm the above reasoning with new numerologies agreed upon during the last RAN1 meeting in Tallinn. Some link level simulations have been performed again with new numerologies. From the simulation results, it can be reaffirmed and concluded that localized SC-FDMA seems to be more appropriate choice for data traffic when HARQ is considered. 

2. Link level performances

The link level performances were obtained considering various amounts of resource blocks with ideal and real channel estimation. In case of localized FDMA, frequency hopping is also considered where frequency hopping pattern is selected randomly every subpacket. Uplink channel dependent scheduling is not considered in this simulation. All the uplink simulation assumptions conform to the configurations in the Table 9.1.1.1 in TR 25.814[1]. During the last RAN1 meeting in Tallinn, the TTI length and minimum resource block size were changed. The TTI length was changed from 0.5ms to 1.0ms. The minimum resource block size was also changed from 25 subcarriers to 12 subcarriers in a 0.5ms subframe. In this contribution, we applied new TTI length and minimum resource block size. Table 1 describes basic simulation parameters used in this contribution.
Table 1. Simulation parameters

	Parameters
	Value

	Number of simulation
	80,000 TTIs

	Bandwidth
	5MHz

	Modulation & Channel coding
	QPSK (Turbo R=1/3), 16QAM (Turbo R=1/2) for intial Tx

	User traffic allocation
	Distributed SC-FDMA: Distributed evenly over the whole BW in every data block
Localized SC-FDMA: Localized in same BW region in every data block

	Amount of resource used in data 
	24 (4 RBs),  72 (12 RBs) subcarriers over 12 long blocks

	TB Size
	24 subcarriers: 192 (QPSK), 576 (16QAM)
72 subcarriers: 576 (QPSK), 1728 (16QAM)

	Channel model
	Pedestrian B

	UE speed (km/h)
	3km/h

	Pilot channel allocation
	FDM

Distributed SC-FDMA: every 12th, 4th subcarrier according to amount of data resources, in 4 short blocks
Localized SC-FDMA: every subcarrier within data transmission bandwidth, in 4 short blocks

	Channel estimation
	Freq. domain: FFT based interpolation
Time domain: Averaging 4 short blocks in a subframe

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)

	HARQ method
	Chase combining

	Maximum number of HARQ retransmissions
	4

	HARQ transmission interval
	6 TTIs


In figure 1 ~ 4, the BLER on the first transmission and throughput performance results are shown. In the BLER results, distributed SC-FDMA shows better performance than localized SC-FDMA at 1% BLER point in all the case. However, in the throughput results, localized SC-FDMA shows better performance than distributed SC-FDMA in most cases. It can be inferred from the link level curves since localized SC-FDMA provides comparable or better performances than distributed SC-FDMA for the BLER above 10%, which is the point of interest in case of HARQ. That’s the reason why localized SC-FDMA shows better performance than SC-FDMA in terms of throughput results. Also, it can be seen from the throughput results that localized SC-FDMA with hopping can obtain additional throughput gain compared to the case without hopping. Therefore, localized SC-FDMA with hopping may be used instead of distributed SC-FDMA in the case channel dependent scheduling cannot be used. 
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(a) BLER (first transmission)                                                    (b) Throughput
Figure 1. Resource block size = 24 subcarriers (360 kHz in L-FDMA), QPSK, R=1/3
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(a) BLER (first transmission)                                                    (b) Throughput

Figure 2. Resource block size = 24 subcarriers (360 kHz in L-FDMA), 16QAM, R=1/2
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(a) BLER (first transmission)                                                    (b) Throughput

 Figure 3. Resource block size = 72 subcarriers (1080 kHz in L-FDMA), QPSK, R=1/3
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(a) BLER (first transmission)                                                    (b) Throughput

Figure 4. Resource block size = 72 subcarriers (1080 kHz in L-FDMA), 16QAM, R=1/2
4. Conclusions

In this contribution, we showed uplink performance results for localized and distributed SC-FDMA, considering HARQ transmission. According to the simulation results, localized SC-FDMA provided better throughput performance than distributed SC-FDMA even though distributed SC-FDMA showed some gain in 1% BLER on the first transmission. Since we will certainly have HARQ functionality for uplink data traffic, localized SC-FDMA seems to be more appropriate choice for data traffic with HARQ. Therefore, we suggest employing localized SC-FDMA as a basic uplink data transmission scheme.
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