3GPP TSG-RAN1#72bis
              R1-131144
Chicago, IL, USA, 15th  April – 19th  April, 2013
Source: 
ITRI
Title: 
Discussion on methods of UE placement for D2D proximity services
Agenda Item:
7.2.7
Document for:
Discussion
1
Introduction

Proximity services provided by D2D communications consists of two features, proximity discovery and direct communication [1]. According to the discussion of RAN1#72 meeting in Malta [2], it is encouraged to provide D2D deployment scenarios reflecting the recommendation of SA1 and other WGs in current stage. Therefore, to evaluate accurately the performance of proximity services, locations of UEs shall be carefully investigated so that the distribution of UEs can better fit the scenarios suggested by SA1.
In this contribution, we discuss two kinds of UE placement scenarios, which are homogeneous Poisson point process and cluster point process. Different methods of UE placement may represent various possible scenarios. We propose that the UE placement methods shall be discussed carefully to make the performance evaluation more realistically.
2
Two Methods of UE Placement
To evaluate the proximity services (ProSe), location of UEs shall be considered carefully. If the UE placement can’t capture the characteristics of the suggested scenarios [1], the following performance evaluation of D2D proximity services may be meaningless. The importance of dropping UEs in simulation has been aroused in RAN1 #72 meeting [3]. Since the distribution of UEs is critical, we investigated two kinds of UE placement methods, which are homogeneous Poisson point process and cluster point process, in the following content.
2.2 UE Placement with Homogeneous Poisson Point Process
Without knowing the exact number of UEs and the map size, homogeneous Poisson point process (PPP) [3], a basic tool of spatial point process theory, deploys UEs based on the UE density (number of UEs per unit area). Poisson point process possesses a good property that only UE density of a scenario is required to locate UEs. 
Approach to distribute UEs which follow homogeneous Poisson point process 
1. The number of UEs in area i ([image: image2.png]


) is generated by Poisson distribution according to the following equation.
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 is the UE density (number of UEs per unit area)
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 is the number of UEs in area i [image: image10.png](4;)



, which follows Poisson distribution with mean [image: image12.png]
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 are disjoint areas. Therefore, number of UEs in disjoint areas ([image: image16.png]N,,N,, N, ...



) are independent.
2. In each area ([image: image18.png]


), UEs are uniform distributed.
UE density shown in this contribution is calculated by total number of UEs in the map divide by the area of whole map, 500 x 500 m2.
	UE deployment in a 500x500 m2 map
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	Fig. 1 UE density = 0.001 UEs/[image: image22.png]



	Fig. 2 UE density = 0.003 UEs/[image: image24.png]





High UE density may be applied to dense area, such as MRT stations and department stores. Low UE density may be applied to sparse area. To extend the property of homogenous Poisson point process, it is possible to build a map with different UE densities without knowing the exact number of UEs.
As shown in Fig.1 and Fig.2, we simulate 2 cases of UE placement, in which the UE density is different, 0.001 UEs/[image: image26.png]


 and 0.003 UEs/[image: image28.png]


 separately. Based on the current simulation setting in LTE, ISD = 500m, 60 UEs per sector and 3 sector per cell are often used [6]. This setting results the UE density roughly equal to 0.001 UEs/[image: image30.png]


. In the future, amount of data, traffic and devices number are expected to increase [5]. We approximately simulate another case with UE density three times (0.003 UEs/[image: image32.png]


) than currently often used setting (0.001 UEs/[image: image34.png]


). 
In sum, if we place UEs based on homogeneous Poisson point process, only the UE density (number of UEs per unit area) shall be known in advance.
2.3 UE Placement with Cluster Point Process
Another proposed UE placement method is the cluster point process, which can capture the “cluster” feature of UE distribution. The “cluster” feature can be applied to Public Safety case, such as fire fighting, and general case, such as a crowded and popular store broadcasting its discount information. 
There are different methods to realize cluster point process. In this contribution, we apply Matérn point process [4] as an example.
Approach to distribute UEs which follow Matérn point process 
1. The simulation can be classified into two parts. The first part is to generate the parent UEs, which we consider as cluster heads. The second part is to generate the offspring of each parent UE.
2. We deploy the parent UEs based on the homogeneous Poisson point process with parent UE density[image: image36.png]


.
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 is the parent UE density (number of parent UEs per unit area)
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 is the number of parent UEs in area i [image: image44.png](4;)



, which follows Poisson distribution with mean [image: image46.png]T
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 are disjoint areas. Therefore, number of parent UEs in disjoint areas ([image: image50.png]Ni Ny N3 ,,,




) are independent.
In each area ([image: image52.png]


), parent UEs are uniform distributed.
3. [image: image54.png]'y .c



, the number of offspring for each parent UE follows Poisson distribution with mean [image: image56.png]



[image: image57.png]



4. Offspring for each parent UE is uniformly distributed in a disc with radius [image: image59.png]


centred on their parent UE.
To compare with homogeneous Poisson point process, we also simulate two cases of UE density, 0.001 UEs/[image: image61.png]


 (Fig. 3 and Fig. 4) and 0.003 UEs/[image: image63.png]


 (Fig. 5 and Fig. 6).  Even with the same UE density (e.g. Fig.1, Fig.3 and Fig.4 are with UE density 0.001 UEs/[image: image65.png]


, Fig.2, Fig.5 and Fig. 6 are with UE density 0.003 UEs/[image: image67.png]


), the way UEs are deployed can be quite different.
Matérn point process is a flexible tool to place UEs. [image: image69.png]


 controls the number of clusters, [image: image71.png]


 indicates the number of UEs in a cluster and r adjusts the range of a cluster. From Fig. 3 and Fig. 4, we can learn how [image: image73.png]


 influences the UE deployment.
In short, cluster Point process displays the clustering behaviour of UEs. Density of Cluster head UEs, density of children UEs for each cluster head, and cluster range of each cluster head UE shall be provided in advance.
	UE deployment in a 500x500 m2 map

	UE density = 0.001 UEs/[image: image75.png]
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-3 Conclusion.
‘We discuss 2 different UE placement approaches for performance evaluation of D2D proximity services. Homogeneous
Poisson point process and cluster point process can characterize different features of UE locations. At this start point to
do methodology scenarios and performance evaluation for D2D ProSe, choosing a more suitable UE deployment
approach to better characterize those recommended scenarios [1], such as Public Safety and general cases, is very
fundamental but important..
Proposal 1: To simulate the performance of D2D ProSe more realistically, it is essential and crucial to find
approaches to locate UEs, which can reflect the recommended UE scenarios [1].-
Proposal 2: We discuss two possible methods to locate UEs, homogeneous Poisson point process and cluster point
process. Each of them possesses different properties.. v
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	r = 40 m
	r = 80 m

	UE density = 0.003 UEs/[image: image91.png]
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3
Conclusion

We discuss 2 different UE placement approaches for performance evaluation of D2D proximity services. Homogeneous Poisson point process and cluster point process can characterize different features of UE locations. At this start point to do methodology scenarios and performance evaluation for D2D ProSe, choosing a more suitable UE deployment approach to better characterize those recommended scenarios [1], such as Public Safety and general cases, is very fundamental but important.
Proposal 1: To simulate the performance of D2D ProSe more realistically, it is essential and crucial to find approaches to locate UEs, which can reflect the recommended UE scenarios [1].
Proposal 2: We discuss two possible methods to locate UEs, homogeneous Poisson point process and cluster point process. Each of them possesses different properties.
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