3GPP TSG RAN WG1 Meeting #55
R1-084225
Prague, Czech Republic, November 10- 14, 2008

Source:
Panasonic
Title:
Comparison between Clustered DFT-s-OFDM and OFDM for supporting non-contiguous RB allocation within a component carrier
Agenda Item:
11.2
Document for:
Discussion and Decision
1. Introduction

In RAN#54bis, non-contiguous transmission schemes within a component carrier were discussed in LTE-Advanced uplink ‎[1] -‎[10] . We also confirmed that the sector throughput and the cell-edge user throughput can be improved by introducing non-contiguous RB allocation and transmission schemes in addition to Rel.8 SC-FDMA even for non-MIMO transmission in both interference limited condition and power limited condition in ‎[12] . 

As the multiple access scheme allowing non-contiguous RB transmission, Clustered DFT-s-OFDM and OFDM seem candidates ‎[1] -‎[10] . In this paper, we compare these uplink multiple access schemes, especially for within a component carrier (i.e. ≤ 20MHz bandwidth) from the view point of Cubic Metric property, BLER performance, System performance and complexity.
2. Candidates of non-contiguous RB transmission schemes
As the non-contiguous RB transmission schemes within a component carrier, the following two schemes have been proposed and discussed so far, 
· Clustered DFT-spread-OFDM (DFT-s-OFDM)

· OFDM.
Clustered DFT-s-OFDM
A transmitter structure for Clustered DFT-s-OFDM is shown in Figure 1. In this scheme, spectrum elements after DFT precoding are divided into two or more parts, called as cluster, and each cluster is mapped to the subcarriers corresponding to assigned resource blocks.
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Figure 1  Clustered DFT-s-OFDM
OFDM 
A transmitter structure for OFDM is shown in Figure 2. Basically OFDM can be carried out by skipping DFT precoding. PUSCH symbols to be transmitted are directly mapped to the subcarriers corresponding allocated resource blocks.
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Figure 2  OFDM.
3. Discussion

In this section, we discuss and compare the pros and cons of OFDM and Clustered DFT-s-OFDM in the view point of the Cubic Metric, BLER performance, System performance and complexity in order to discuss which scheme is better to introduce for LTE-Advanced uplink.
3.1. Cubic metric

As already discussed and described in the several contributions ‎[3] 

 REF _Ref213576571 \r \h 
‎[5] ‎[9] 

 REF _Ref213578236 \r \h 
‎[10] , Clustered DFT-s-OFDM always shows lower CM values than that of OFDM, irrespective of the number of clusters. We also confirm the CM property of Clustered DFT-s-OFDM and OFDM as shown in Figure 3.(a) and (b) shows the CM values of the two schemes in case of non-MIMO and 2x2 MIMO transmissions, respectively.  The horizontal axis shows the number of clusters of both Clustered DFT-s-OFDM and OFDM. In MIMO case, precoding matrix for spatial multiplexing for 2 antenna ports in TS36.211 ‎[11] are used, and codebook indices are randomly selected among 1 and 2 for rank 2 respectively. The other parameters are shown in Table 1 .
Table 1 Simulation assumptions of CM evaluation

	Parameters
	Values

	# of RBs of each cluster
	randomly changed sub-frame by sub-frame among 2, 4 and 6RBs

	# of clusters
	1 to 8

	Modulation scheme
	QPSK

	Frequency gap between clusters
	randomly changed sub-frame by sub-frame among 2, 4 and 6RBs


From the simulation results in Figure 3, we confirmed the following points.

· The CM values of Clustered DFT-s-OFDM are smaller than that of OFDM regardless of the number of clusters for both non-MIMO and MIMO. The difference of CM values is at most 2.0 dB (in case of 2 clusters).
· In Clustered DFT-s-OFDM, the CM value is increased as the number of clusters increases.
· In case of MIMO transmission, the difference of CM values between them is much smaller compared to non-MIMO transmission. 
Table 2 Difference of CM values between Clustered DFT-s-OFDM and OFDM.
	# of clusters
	1
	2
	3
	4
	5
	6
	7
	8

	CM difference
(non-MIMO)
	2.8dB
	1.9dB
	1.5dB
	1.3dB
	1.1dB
	1.0dB
	0.9dB
	0.9dB

	CM difference
(MIMO,RANK=2)
	1.4dB
	1.0dB
	0.8dB
	0.7dB
	0.6dB
	0.5dB
	0.5dB
	0.5dB
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                    (a) non-MIMO (QPSK)                        (b) MIMO with precoding matrix (QPSK)
Figure 3  CM performance (QPSK)
3.2. BLER Performance
In this section, we evaluate the BLER performance of Clustered DFT-s-OFDMA and OFDM in non-MIMO transmission and 2x2MIMO transmission by link level simulator.

Table 3 in Appendix 1 gives the simulation assumptions used in the evaluations. At the UE transmitter, information bits are channel-encoded using a turbo code with the coding rate of R=1/2 or 3/4, and data modulated using QPSK, 16QAM and 64QAM. At the eNB receiver, in non-MIMO case, MMSE and MRC is employed for DFT-s-OFDM and OFDM, respectively. In 2x2MIMO case, SIC and full-MLD is employed for DFT-s-OFDM and OFDM, respectively, where the SIC receiver reduce the interference by using the hard symbol replica which is formed by re-encoding the decoded information bits based on CRC error detection results. The performance of DFT-s-OFDM with MLD is not evaluated because of its impractically high complexity. Ideal channel estimation is assumed in the evaluation.

Figure 4 shows the BLER performance comparisons between DFT-s-OFDM and OFDM. Figure 4(a) shows the BLER performance in case of 1-by-2 non-MIMO. Figure 4(b) shows the BLER performance in case of 2-by-2 MIMO spatial multiplexing with different signal detection schemes. The horizontal axis indicates the instantaneous received SNR of each sub-frame in consideration of the link adaptation.
From these results, we observed the following points 
· In non-MIMO case, the difference of the BLER performance between two schemes is small when QPSK data modulation. The BLER performance of DFT-s-OFDM is slightly degraded due to the multipath interference when 16QAM and 64QAM is used. 
· In MIMO case, the difference between two schemes is large, especially on higher order modulation and higher coding rate. The BLER performance using DFT-s-OFDM with SIC receiver is degraded by 2-3dB at 10% BLER point compare to OFDM with MLD receiver.
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(a) SIMO (1x2)                                                  (b) MIMO (2x2)
Figure 4  BLER performance

3.3. System Performance
We evaluate the sector and cell-edge throughput performance of Clustered DFT-s-OFDM and OFDM in case of non-MIMO by the system level simulator. 
Table 4 gives the parameters assumed in the evaluation. The parameters are the same as ones which are shown in ‎[12] . To evaluate the relation between the number of clusters and throughput performance, we restrict the maximum number of clusters from 2 to 8 in the evaluations of Clustered DFT-s-OFDM.  

Figure 5 (a) and (b) show the evaluation results of the sector throughput and the cell-edge user throughput in case of Case1 (ISD=500m) as a non-power limited condition. 

From the results, we observed the following: 
· Assuming the maximum number of cluster is 8, the sector and cell-edge throughput performance of OFDM are similar to that of Clustered DFT-s-OFDM.

· The cell-edge throughput performance of OFDM and Clustered DFT-s-OFDM is improved compared to SC-FDMA. The influence of high CM property can be negligible under non-power limited condition such as Case1.
· The number of clusters can be restricted to 3 or 4. Restricting the number of clusters around 3 or 4, reduction of the amount of signaling for assignment RB would be possible.
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(a) Sector throughput                                               (b) Cell-edge throughput

Figure 5  System level throughput performance (Case1, non-MIMO)
Figure 6 (a) and (b) show the evaluation results of the sector throughput and the cell-edge user throughput in case of Case3 (ISD=1732m) as a power limited condition.
In the evaluation of power limited condition (Case3), we evaluate the performance of contiguous / non-contiguous hybrid schemes under power limited condition (case 3) as more realistic operation. The hybrid schemes are following two cases in the evaluation. 

· Hybrid of Rel.8 SC-FDMA and Clustered DFT-s-OFDM
· Hybrid of Rel.8 SC-FDMA and OFDM

In both hybrid schemes, eNB controls the maximum number of clusters based on the power headroom of each UE. The maximum transmission power of the UEs is set based on the CM values corresponding to the number of clusters shown in Figure 3. SC-FDMA is applied, i.e. the number of clusters is set to one, for the UEs under low power headroom in order to prevent performance degradation of coverage. As seen from Figure 6, by using hybrid multiple access schemes, the sector throughput gain is observed without degrading the cell edge throughput thanks to the low CM values of DFT-s-OFDM.
From the results, we give the consideration as follows.  
· Assuming the maximum number of cluster is 8, the throughput performance of OFDM is similar to Clustered DFT-s-OFDM for both Non-power limited condition and power limited condition. Even if power limited condition, hybrid transmission of SC-FDMA and OFDM is similar throughput performance as that of SC-FDMA/ Clustered DFT-s-OFDM. 
· Since the CM value of clustered DFT-s-OFDM is smaller than that of OFDM, clustered DFT-s-OFDM can have the larger maximum transmission power than OFDM. However, the sector throughput improvement is small because the number of UEs which can utilize the benefit of the lower CM property is limited as explained in section 3.1.
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(a) Sector throughput                                               (b) Cell-edge throughput

Figure 6  System level throughput performance (Case3, non-MIMO)
3.4. Complexity
In this section, we discuss the complexity of the advanced receiver for Uplink MIMO.

The advanced receiver for Clustered DFT-s-OFDM would be introduced to SIC type, because it is difficult to be implemented path canceller for SC-FDMA. On the other hand, the advanced receiver for OFDM would be introduced to MLD type, because it is more feasible and MLD signal detection is more advantageous than MMSE or SIC for reducing the required received SNR‎[6] . 

4. Conclusion
In this paper, we compared the uplink access schemes allowing non-contiguous RB transmission, i.e. Clustered DFT-s-OFDM and OFDM, for within a component carrier (i.e. ≤ 20MHz bandwidth) from the view point of Cubic Metric property, Link level performance, System level performance and complexity.
From the comparison

· Although Clustered DFT-s-OFDM has been expected to improve the throughput gain due to the lower CM value than that of OFDM, we see the only very limited gain by the system level evaluation results in case of non-MIMO transmission, 

· Because Rel.8 SC-FMDA, which provide the least CM value, is usually applied for UEs under the transmit power limited condition, OFDM can be applied for the UEs with enough power head room instead of Clustered DFT-s-OFDM.

· OFDM always provide the better link level performance irrespective of non-MIMO or MIMO transmission. In addition, large gain by introducing OFDM with MLD can be expected in case of MIMO transmission (2x2 or 4x4).

Therefore, OFDM seems the most promising candidate for introducing non-contiguous RB transmission scheme within a component carrier.
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Appendix1: Simulation conditions (LLS)
Table 3 Link level simulation assumptions
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Carrier frequency 2GHz

Transmission BW 5MHz

Sub-frame duration 1ms

Number of sub-frame per frame 10

Sub-carrier spacing 15kHz

Sampling frequency 7.68MHz

FFT size 512

Number of occupied sub-carriers 72(6RB)

CP 4.7μsec

Number of OFDM symbols per sub-frame 14

Number of Packet per sub-frame 1

Modulation and Codig rate QPSKR=1/2 or 3/4, 16QAMR=1/2 or 3/4

Channel environments TU 6Path, TU 12Path 30km/h

Channel estimation Ideal

Antenna configuration

non-MIMO : Tx:1, Rx:2

MIMO        : Tx2, Rx2

Reciever

non-MIMO

⇒

MMSE (DFT-s-OFDM), MRC (OFDM)

MIMO

⇒

SIC (DFT-s-OFDM), MLD (OFDM)


Appendix2: Simulation conditions (SLS)

Table 4 System level simulation assumptions
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Uplink multiple access SC-FDMA

Clustered DFT-s-OFDM

OFDM

PUSCH resource allocation only continuous allocation (SC-FDMA)

allow for non-continuous allocation (Clustered DFT-s-OFDM, OFDM)

System BW 20MHz  (100RBs)

Maximum transmission power of UE Non Hybrid

　

24.0dBm (SC-FDMA)

　

21.8dBm (Clustered DFT-s-OFDM)

　

21.2dBm (OFDM)

Hybrid Cluster/SC

　

24.0dBm (Cluster#=1, SC-FDMA)

　

23.0dBm (Cluster#=2, Clustered DFT-s-OFDM)

　

22.0dBm (Cluster#=3- ,Clustered DFT-s-OFDM)

Hybrid OFDM/SC

　

24.0dBm (Cluster#=1, SC-FDMA)

　

21.2dBm (Cluster#=2- ,OFDM)

Number of UEs per sector 10UEs/sector

Number of max. allocated UEs per a sub-

frame

10UEs (SC-FDMA)

8UEs   (Clustered DFT-s-OFDM, OFDM)

Inter-site distance (ISD) 500m (Case1), 1732m (Case3)

System BW 20MHz

Antenna configuration 1x2

UE speed 3km/hr

Channel model TU 6path

Cellular Layout Hexagonal grid, 19 cell sites, 3 sectors per site

Carrier Frequency / Bandwidth 2 GHz

Sub-frame duration 1.0ms

Target-IoT 10[dB]

HARQ Incremental redundancy

ACK/NACK delay 8sub-frame

Maximum retransmissions 4

Scheduler Proportional Fair

Target PER 10%
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