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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 
To support non-contiguous resource allocation for uplink, two resource allocation schemes are mainly proposed in [1]-[4]. One is Rel-8 type 0 RB allocations scheme, which is based on a bitmap indicating the allocated RBGs, and allows full scheduling flexibility of non-contiguous resource allocation with RBG granularity [1]. The other is 2 cluster RB allocation scheme, which is based on 2 cluster spans indicating two non-contiguous clusters with RBG granularity [2]-[4]. The 2 cluster RB allocation scheme can reduce the signalling overhead due to restrict the number of clusters and location. However, there is concern that the scheduling flexibility decreases and sufficient performance gain of non-contiguous resource allocation couldn’t be obtained due to these restrictions.
In this paper, we evaluate the relation between the maximum number of clusters and the throughput performance of the non-contiguous resource allocation by system level simulation. The result indicates 3 clusters are necessary to obtain reasonable gain.
2 System performance evaluation
2.1 Simulation configuration
We evaluate the average sector throughput and the cell-edge user throughput of non-contiguous resource allocation in case of ISD=500m (case1). The simulation conditions used in our evaluation are shown in Table 3 in Appendix A.
To evaluate the relation between the maximum number of clusters and the throughput performance, we restrict the maximum number of clusters within 1 to 4.  
The maximum transmission power of 1 cluster, 2 clusters and 3 or more clusters are set as 23dBm, 22dBm and 21dBm, respectively, where the difference of the transmission power corresponds to the difference of CM values of Clustered DFTS-OFDM as shown in [8].

System setting conditions are as follows.
· The number of  UEs per sector: 5, 10, 20
· System BW: 10MHz (RBG = 3 RBs),  20MHz (RBG = 4 RBs) 
· Antenna configuration: 1x2, 1x4 (SIMO), 2x2, 2x4 (MIMO) 
2.2 Simulation results

Table 1 and Table 2 show the average sector throughput in case of SIMO and MIMO, respectively. 
The label of “n clusters” denotes restriction of the maximum number of clusters n and the label of “no limit” denotes no restriction of the number of clusters. Moreover, the colored conditions indicate that throughput difference between “2 clusters” and “no limit” is more than 5%.
From the results, we observed the followings; 
If the maximum number of clusters is 2, in case of 20MHz, the performance gain by non-contiguous resource allocation is limited when the number of UEs per sector is 10 or less.  Also, in case of 10MHz, the performance gain by non-contiguous resource allocation is limited when the number of UEs per sector is 5 or less. In these conditions, the further performance gain of around 5% can be obtained by using 3 clusters.
When the system bandwidth is large, the number of RBGs that can be assigned to a UE increases. So, the number of clusters in 20MHz is required more than that in 10MHz. And, when the number of UEs per sector is small, the multi-user diversity gain of the contiguous resource allocation is further limited. So, to increase the number of clusters is required in a few UEs per sector.
In addition, in case of bursty traffic model, more gain of non-contiguous allocation would be expected because the result of bursty traffic can be considered to be similar result of decreasing the number of UEs per sector in full buffer traffic model.
By increasing the number of antennas, the non-contiguous resource allocation gain is reduced because the frequency selectivity of channel is reduced. However, the support of non-contiguous resource allocation with 2 clusters is not sufficient to obtain all throughput gain even in case of 1x4 or 2x4 antenna configurations.
Figure 1 shows the CDF of the user throughput in case of 20MHz and 1x2 SIMO. 
The user throughput is improved 16-20% by introducing the non-contiguous resource allocations with 3 clusters and the user throughput is improved 4-8% compared with 2 clusters when the number of UEs per cell is 5UEs. 
Therefore, at least 3 clusters should be possible in order to obtain the sufficient performance gain by non-contiguous resource allocation in both cases of SIMO and MIMO.
Table 1 Average sector throughput versus the maximum number of clusters (SIMO)
[image: image1.emf]1 cluster 2 clusters 3 clusters 4 clusters no limit 2 clusters 3 clusters 4 clusters no limit

5 0.79 0.86 0.90 0.91 0.91 9% 14% 15% 16%

10 0.87 0.97 0.99 0.99 0.99 11% 13% 14% 14%

20 0.89 1.00 1.01 1.01 1.01 12% 13% 13% 13%

5 1.09 1.17 1.21 1.23 1.23 7% 11% 12% 12%

10 1.19 1.30 1.32 1.32 1.32 9% 11% 11% 11%

20 1.21 1.32 1.33 1.33 1.33 10% 11% 11% 10%

5 0.73 0.80 0.85 0.88 0.90 10% 17% 20% 23%

10 0.79 0.90 0.95 0.96 0.97 14% 20% 21% 22%

20 0.88 0.97 0.99 0.99 0.99 11% 13% 13% 12%

5 1.02 1.10 1.16 1.19 1.21 8% 14% 17% 19%

10 1.10 1.22 1.28 1.29 1.30 11% 16% 17% 18%

20 1.20 1.30 1.32 1.32 1.31 8% 10% 10% 10%
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Table 2 Average sector throughput versus the maximum number of clusters (MIMO)
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5 0.94 1.01 1.05 1.06 1.07 8% 12% 13% 14%

10 1.01 1.12 1.14 1.14 1.14 10% 12% 12% 12%

20 1.03 1.15 1.16 1.16 1.16 11% 12% 12% 12%

5 1.27 1.36 1.40 1.41 1.41 7% 10% 10% 11%

10 1.36 1.47 1.49 1.49 1.49 8% 9% 9% 9%

20 1.36 1.49 1.50 1.49 1.49 9% 10% 10% 10%

5 0.87 0.94 1.00 1.03 1.05 9% 15% 18% 21%

10 0.94 1.05 1.10 1.11 1.12 12% 17% 19% 19%

20 1.02 1.11 1.14 1.14 1.13 9% 12% 12% 11%

5 1.19 1.28 1.33 1.36 1.39 8% 12% 15% 17%

10 1.28 1.40 1.46 1.47 1.47 10% 14% 15% 15%

20 1.36 1.46 1.49 1.49 1.48 7% 9% 9% 9%

System

BW [MHz]

Antenna

config.

Number

of UEs

 per sector

Average sector Tput [bps/Hz/cell] Tput gain compared with 1 cluster[%]

10

2 x 2

2 x 4

20

2 x 2

2 x 4


[image: image3.emf]0 1 2 3 4 5 6 7 8

0

0.2

0.4

0.6

0.8

1

User throughput [Mbps]

CDF

Case1, 1x2, 20MHz

 

 

Max.1cluster, 5UEs

Max.1cluster, 10UEs

Max.1cluster, 20UEs

Max.2clusters, 5UEs

Max.2clusters, 10UEs

Max.2clusters, 20UEs

Max.3clusters, 5UEs

Max.3clusters, 10UEs

Max.3clusters, 20UEs

5UEs 

10UEs

20UEs

+18%

+20%

+16%

+4%

+8%

+6%


Figure 1 the CDF of the user throughput (20MHz, 1x2 SIMO)
3 Conclusion
In this paper, we studied the relation between the maximum number of clusters and the throughput performance of the non-contiguous resource allocation by system level simulation. From the results, at least 3 clusters are required in order to obtain the sufficient performance gain by non-contiguous resource allocation.
Therefore, we propose to support the non-contiguous resource allocations with 3 or more clusters by e.g., Rel-8 type 0 allocation scheme or more efficient one. 
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Appendix A
Table 3 gives the system level simulation parameters used in our evaluation.

Rel-8 type 0 RB allocations scheme is assumed as the signalling method for the uplink non-contiguous assignment. Meanwhile, Rel-8 type 2 RB allocations scheme is assumed as the signalling method for the uplink contiguous assignment.

As described in [1], in case of 20MHz, the total size of PDCCH for UL grant is assumed 53 bits for the non-contiguous allocation and 44 bits for the contiguous allocation. In case of 10MHz, the total size of PDCCH for UL grant is assumed 45 bits for the non-contiguous allocation and 43 bits for the contiguous allocation. 

The number of allocated UEs within a sub-frame is limited because of possible restriction of PDCCH resource. Assuming the same amount of the PDCCH resource is available between the contiguous and the non-contiguous RB allocation, in case of 20MHz, the maximum number of allocated UEs in case of the contiguous allocation is 10 based on the analysis in [7] and hence that in case of the non-contiguous allocation is 8. In case of 10MHz, the number of maximum allocated UEs in case of the contiguous allocation is 6 and that in case of the contiguous allocation is also 6. 
Table 3  System level simulation conditions.

	Parameter
	Value

	System bandwidth
	10 MHz (50RBs) , 20MHz (100RBs)

	Carrier frequency
	2.0 GHz

	Multiple access scheme
	DFTS-OFDM :Contiguous allocation                            ( The maximum number of clusters = 1

Clustered DFTS-OFDM :Non-contiguous allocation     ( The maximum number of clusters = 2,3,4, no limit

	Signalling method for the RB allocation
	Contiguous resource allocation:                                     ( scheduler assigns RBs to a UE by 1RB granularity.
Non-contiguous resource allocation:                              ( scheduler assigns RBs to a UE by RBG granularity. RBG size is 3RB for 10MHz, or  4RB for 20MHz.

	Inter-site distance(ISD)
	500m for 3GPP Case 1

	Maximum transmission power at UE
	Contiguous resource allocation :  ( 23.0 dBm
Non-contiguous resource allocation:                              ( 22.0dBm (2 cluster),  21.0dBm (> 2cluster)

	Number of UEs per sector
	5, 10, 20UEs

	Number of the max. allocated UEs per sub-frame
	Sytem BW = 10MHz:                                                     ( 6 UEs (Contiguous), 6 UEs (Non-contiguous)
Sytem BW = 20MHz:                                                     ( 10 UEs (Contiguous), 8 UEs (Non-contiguous)

	Tx / Rx Antenna configuration 

	1Tx / 2Rx (SIMO), 1Tx / 4Rx  (SIMO), 
2Tx / 2Rx (MIMO), 2Tx / 4Rx  (MIMO)

C)  Correlated: co-polarized:

0.5 wavelengths between antennas
3D antenna pattern[9]

	UE mobility
	3 km/h

	Channel model
	SCM  [TR25.996]

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

	Sub-frame length
	1 msec

	Transmit power control (TPC)
	P = min{Pmax, P0 + 10·log10·M + α · L}  
where 
Pmax : the maximum UE transmit power,
P0 : a cell-specific parameter,
M : the number of RBs allocated to the UE,
α : a cell-specific path-loss compensation factor,
L : the path-loss measured at the UE.

	[α, P0] for TPC
	[0.8, -90dBm]

	Hybrid ARQ
	Incremental redundancy

	Max. retransmissions
	3

	Scheduling algorithm
	Proportional fairness

	Target BLER
	10% for 1st transmission

	Receiver type 
	MMSE

	Frequency domain equalization
	MMSE

	Traffic model
	Full buffer

	Channel estimation error
	Ideal (without impairment for demodulation)

	SRS
	Bandwidth
	48 RBs for 10MHz  (PUCCH overhead is 2RB)

96 RBs for 20MHz  (PUCCH overhead is 4RB)

	
	Estimation error
	Gaussian noise with N[0,1] is added to ideal SINR per RB

	
	Feedback period
	5ms

	
	Process delay
	6ms


Appendix B
Table 4 and Table 5 show the cell-edge (5%CDF) user throughput in case of SIMO and MIMO, respectively. 

From the results, we observed the followings.
In each case, there is little performance difference of the cell-edge user throughput when the maximum number of clusters is 2 or more clusters. The cell-edge user throughput decreases as increasing of the number of UEs per sector because opportunities assigned a resource by a scheduler decrease.

Table 4 Cell-edge user throughput (5% CDF) versus the maximum number of clusters (SIMO)

[image: image4.emf]1 cluster 2 clusters 3 clusters 4 clusters no limit 2 clusters 3 clusters 4 clusters no limit

5 0.041 0.047 0.046 0.047 0.048 15% 12% 15% 17%

10 0.022 0.025 0.025 0.025 0.025 14% 14% 14% 14%

20 0.012 0.014 0.014 0.014 0.013 17% 17% 17% 8%

5 0.069 0.076 0.077 0.074 0.076 10% 12% 7% 10%

10 0.036 0.041 0.041 0.041 0.041 14% 14% 14% 14%

20 0.019 0.022 0.022 0.022 0.022 16% 16% 16% 16%

5 0.014 0.016 0.016 0.016 0.016 14% 14% 14% 14%

10 0.008 0.009 0.009 0.010 0.009 13% 13% 25% 13%

20 0.006 0.007 0.007 0.007 0.007 17% 17% 17% 17%

5 0.030 0.031 0.031 0.031 0.031 3% 3% 3% 3%

10 0.018 0.020 0.020 0.020 0.020 11% 11% 11% 11%

20 0.012 0.013 0.013 0.013 0.013 8% 8% 8% 8%
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Table 5 Cell-edge user throughput (5% CDF) versus the maximum number of clusters (MIMO)

[image: image5.emf]1 cluster 2 clusters 3 clusters 4 clusters no limit 2 clusters 3 clusters 4 clusters no limit

5 0.058 0.062 0.063 0.063 0.064 7% 9% 9% 10%

10 0.029 0.033 0.033 0.033 0.033 14% 14% 14% 14%

20 0.015 0.017 0.018 0.018 0.017 13% 20% 20% 13%

5 0.090 0.096 0.097 0.094 0.096 7% 8% 4% 7%

10 0.046 0.051 0.050 0.050 0.050 11% 9% 9% 9%

20 0.024 0.027 0.027 0.027 0.026 13% 13% 13% 8%

5 0.023 0.024 0.024 0.024 0.024 4% 4% 4% 4%

10 0.013 0.015 0.014 0.014 0.015 15% 8% 8% 15%

20 0.009 0.009 0.010 0.009 0.009 0% 11% 0% 0%

5 0.042 0.042 0.042 0.042 0.043 0% 0% 0% 2%

10 0.025 0.027 0.026 0.027 0.026 8% 4% 8% 4%

20 0.015 0.016 0.016 0.016 0.016 7% 7% 7% 7%
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Appendix C
Table 6 shows the resource utilization of the PUSCH allocation bandwidth.

Even in the case of the contiguous allocation, the resource utilization is 93% or more. The improvement of the resource utilization is around 2-4% by non-contiguous allocation. So, the throughput improvement by non-contiguous allocation shown in Table 2 is mainly due to frequency scheduling gain.
Table 6 Resource utilization (SIMO)

 [image: image6.emf]1 cluster 2 clusters 3 clusters 4 clusters no limit

5 96.3% 98.5% 99.3% 99.4% 99.4%

10 97.0% 99.3% 99.2% 99.1% 99.1%

20 95.6% 98.6% 98.3% 98.0% 97.8%

5 97.4% 99.1% 99.7% 99.8% 99.8%

10 98.1% 99.7% 99.7% 99.7% 99.6%

20 97.1% 99.5% 99.5% 99.3% 99.2%

5 93.8% 96.2% 97.5% 98.2% 98.3%

10 93.8% 97.5% 97.9% 97.5% 97.3%

20 93.9% 96.9% 96.2% 95.6% 94.9%

5 94.9% 97.4% 98.4% 98.9% 99.3%

10 96.1% 98.8% 99.1% 98.9% 98.8%

20 96.4% 98.4% 98.2% 98.0% 97.7%

10

1 x 2

1 x 4

20

1 x 2

1 x 4

System

BW [MHz]

Antenna

config.

Number

of UEs

 per sector

Resource utilization [%]


[image: image7.png]

























































PAGE  
3GPP
2/7

