3GPP TSG-RAN1#73
              R1-132259
Fukuoka, Japan, 20th  May – 24th  May, 2013
Source: 
ITRI
Title: 
Effect of Clustered and Non-clustered Dropping on UE Connectivity

Agenda Item:
6.2.7.1
Document for:
Discussion
1
Introduction

According to the conclusion of RAN1#72bis meeting in Chicago [1], prioritized layouts are agreed for both general scenario and public safety scenario. UE dropping methods are discussed in order to evaluate the performance of proximity service discovery and communication, which includes unicast, broadcast, groupcast and relay scenarios. The preliminary idea that different UE dropping methods should be applied for evaluation in different layouts has been basically reached a consensus.
In this contribution, we further discuss how importance the UE dropping method and related parameters are so that the evaluation result may be influenced. We provided “UE connectivity”, which means the number of discoverable D2D UEs based on the signal threshold (RSRP threshold), as a performance metric for D2D ProSe discovery. We further discuss the UE connectivity may be affected as a result of UE dropping method settings.
2
Simulation Setting: UE Connectivity and UE Dropping
In order to evaluate the performance of D2D ProSe, the D2D UEs should be first dropped in a map, which can best suit the scenarios such as  Public Safety and commercial situations suggested by SA1[2]. Based on the location of D2D UEs, proximity service discovery can then be performed. As a result, D2D UE dropping methods may have an influence on the correctness of D2D proximity service performance evaluation. We propose “UE connectivity” as a D2D discovery performance metric to evaluate D2D UE dropping methods.
2.1 UE Connectivity definition
We quantize the ability of a D2D UE to discover other D2D UEs as “UE connectivity”. Given the location of dropped D2D UEs, if the D2D UE can detect the received signal (RSRP) from other D2D UE, it means they can discover each other and they have connectivity in between. In our simulation, we set the received signal (RSRP) threshold as -95dB.
In our simulation, we consider an outdoor-to-outdoor case and apply a path loss only radio propagation model which can be referred to [3]. The pass loss model is based on ITU-1141-6 with p=50% suggested by [3]. Since the layouts agreed in RAN1#72bis meeting are all for urban cases, Lurban=2.3dB for dense urban area is applied in the simulation.
Pathloss (distance d is given in m, frequency f in MHz):
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 for suburban, urban and dense urban area respectively (We applied 2.3dB in the simulation)
w – transition width, m; w = 20 m

  LOS distance:
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We plot the CDF of the UE connectivity for a D2D UE, also known as the number of discoverable D2D UEs, in the respective simulation case. The statistics values such as median, mean and standard deviation are shown as well. From those statistics values, we have some observations about the relationships between the UE connectivity and the UE dropping methods, UE densities and the cluster ranges respectively.
2.2 UE dropping methods
We apply two UE dropping methods, non-clustered and clustered UE placement in our simulation. According to [4] proposed in RAN1#72bis meeting, we use Poisson point process (PPP) as an example for non-clustered case and cluster point process for the clustered case. The detail of how to drop UE via these two methods can be referred to [4]. With the locations of UEs, we can therefore evaluate the ProSe discovery based on a performance metric, UE connectivity.
3        Connectivity Evaluation 

3.1 Different UE dropping methods: Clustered and non-clustered scenarios
	UE density = 0.001 UE/m2
	UE density = 0.003 UE/m2
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Fig.1 UE dropping in a clustered scenario with radius 40 m
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Fig.2 UE dropping in a clustered scenario with radius 40 m
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Fig.3 UE dropping in a non-clustered scenario
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Fig.4 UE dropping in a non-clustered scenario
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Fig.5 UE Connectivity evaluation: UE dropped in clustered and non-clustered scenarios with UE density = 0.001UE/m2
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Fig.6 UE Connectivity evaluation: UE dropped in clustered and non-clustered scenarios with UE density = 0.003UE/m2


Observation 1: Due to the cluster property, compared to the non-clustered case, the UE connectivity for a D2D UE seems to be more diverse in the clustered scenario given the same UE density.

Observation 2: With the increase of UE density, the standard deviation of the UE connectivity for a D2D UE in non-clustered scenario is less than which in the clustered scenario. This can reflect the uniform property of D2D UE location in the non-clustered scenario so that the D2D UEs tends to have almost the same UE connectivity.

3.2 The clustered scenario: Different D2D UE densities
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Fig.6 UE dropping in a clustered scenario with density 0.001UEs/m2
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Fig.7 UE dropping in a clustered scenario with density 0.002UEs/m2
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Fig.8 UE dropping in a clustered scenario with density 0.003UEs/m2
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Fig.9 UE dropping in a clustered scenario with density 0.004UEs/m2
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Fig.10 UE Connectivity evaluation: UE dropped in a clustered scenario with density {0.001, 0.002, 0.003, 0.004}UEs/m2


Observation 3: With the increase of UE density, the mean and median of the UE connectivity for a D2D UE rise as well. It means a D2D UE may discover more D2D UEs when more D2D UEs are around. 

Observation 4: When D2D UEs density increases, the cluster property tends to be more obvious. Therefore, the standard deviation of the UE connectivity for a D2D UE will increase. It implies that a D2D UE is likely to discover more D2D UEs within the same cluster. But, since it is hard to discover D2D UEs in other clusters, the different number of UEs in different clusters may result in the increase of the UE connectivity standard deviation.
3.3 The clustered scenario: Different cluster ranges 

The UE density is 0.003UE/m2.
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Fig.11 UE dropping in a clustered scenario with radius 20 m
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Fig.12 UE dropping in a clustered scenario with radius 40 m
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Fig.13 UE dropping in a clustered scenario with radius 60 m
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Fig.14 UE dropping in a clustered scenario with radius 80 m
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Fig.15 UE Connectivity evaluation: UE dropped in clustered scenarios with radius {20,40,60,80} m


Observation 5: With the increase of cluster ranges, each cluster tends to be less dense, thereby causing the standard deviation of UE connectivity for a D2D UE to decrease.

Observation 6: When the cluster ranges increase, the median and mean of the UE connectivity for a D2D UE decrease. This may be resulted from the more sparse UE location distribution.
4
Conclusion

We provide the evaluation result showing the relationship between the UE connectivity for a D2D UE and UE dropping methods. The connectivity is defined as the number of discoverable D2D UEs according to the signal threshold rule. We have six observations and four proposals respectively.
Observation 1: Due to the cluster property, compared to the non-clustered case, the UE connectivity for a D2D UE seems to be more diverse in the clustered scenario given the same UE density.

Observation 2: With the increase of UE density, the standard deviation of the UE connectivity for a D2D UE in non-clustered scenario is less than which in the clustered scenario. This can reflect the uniform property of D2D UE location in the non-clustered scenario so that the D2D UEs tends to have almost the same UE connectivity.

Proposal 1: Since different UE dropping methods may cause the various UE connectivity values, more than one UE dropping methods should be provided.

Observation 3: With the increase of UE density, the mean and median of the UE connectivity for a D2D UE rise as well. It means a D2D UE may discover more D2D UEs when more D2D UEs are around. 

Observation 4: When D2D UEs density increases, the cluster property tends to be more obvious. Therefore, the standard deviation of the UE connectivity for a D2D UE will increase. It implies that a D2D UE is likely to discover more D2D UEs within the same cluster. But, since it is hard to discover D2D UEs in other clusters, the different number of UEs in different clusters may result in the increase of the UE connectivity standard deviation.

Proposal 2: Since the UE densities/UE number has an influence on the UE connectivity, more than one UE density/UE number value should be provided. The exact UE density/UE number values can be FFS. Here, the UE density or UE number can be referred to which UE dropping methods are applied.

Observation 5: With the increase of cluster ranges, each cluster tends to be less dense, thereby causing the standard deviation of UE connectivity for a D2D UE to decrease.

Observation 6: When the cluster ranges increase, the median and mean of the UE connectivity for a D2D UE decrease. This may be resulted from the more sparse UE location distribution.

Proposal 3: Since the cluster range has an influence on the UE connectivity in a cluster scenario, more than one cluster range value should be provided. The exact cluster range values can be FFS.

Proposal 4: Since UE connectivity affects the required resource and performance of ProSe discovery, evaluation methodology should consider various settings on clustered and non-clustered UE dropping scenarios.
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