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1 Introduction

 At 3GPPP TSG RAN Meeting#58, the SI for “Study on LTE Device to Device Proximity Services” was approved to evaluate the feasibility of enabling device-to-device Proximity Services (ProSe) capability in LTE [1]. The first step in the evaluation process is defined in [1] as,
“Define an evaluation methodology and channel models for LTE device-to-device proximity services, including scenarios to compare different technical options to realize proximal device discovery and communication, appropriate performance metrics, and performance targets (e.g. range, throughput, number of UEs supported)”

In this paper, we discuss practical D2D operation scenarios and channel modelling aspects, and provide proposals for modelling D2D communication channel.
2 Discussion
The emerging trend of high data rate local area access through cellular networks provided the motivation for enabling direct device-to-device (D2D) communication as an underlay to the IMT-Advanced cellular networks. In current cellular networks, when two user equipments (UEs) in close proximity communicate with each other, their data path goes through the operator network (eNBs and GWs). The idea of device to device communication is to allow direct communication between UEs in close proximity, there by offloading the data traffic of the operator network [2].
Direct communication between mobile devices is already supported by existing technologies such as WiFi Direct, Bluetooth and Zigbee. Among these technologies, WiFi Direct appears to be the competitive counterpart for D2D in LTE [3]. Thus, it is desired that D2D in LTE should be designed and specified such that this new technology could support similar and many more application scenarios as those of WiFi Direct with lesser complexity and overhead, and more flexibility. 
In the following subsections, we highlight operational scenarios of WiFi Direct and propose practical operation scenarios for LTE D2D to make it competitive. Then, we analyse channel characteristics and test environments for D2D communication and provide recommendations for modelling D2D communication channel.
2.1 WiFi Direct and its operation scenarios

WiFi Direct, also known as WiFi P2P, allows WiFi devices to connect to each other without the access to a traditional network. WiFi Direct devices are based on the WiFi Alliance Peer-to-Peer Specifications [4], and operate on IEEE 802.11. a, g and n WLAN standards in both 2.4GHz and 5GHz unlicensed bands. Thus, most WiFi Direct device operation can be narrowed down to indoor environments with ranges up to 200 meters. 

The basic WiFi P2P topology is described as 1:n where multiple clients are connected to one Group Owner forming a P2P Group. Each client in a P2P Group may be either a P2P client or a Legacy client as shown in Figure 1 [4].
[image: image1.emf]
Figure 1: P2P components and topology [4]
A P2P Device can operate concurrently with a WLAN (infrastructure network). Such a device is considered a P2P Concurrent Device. The concurrent operation requires a device to support multiple MAC entities as shown in Figure 2 [4].
[image: image2.emf]
Figure 2: P2P concurrent device [4]
Basic functionalities of a P2P device can be listed as:
· Supports both P2P Group Owner and client roles

· Negotiates P2P Group Owner or client roles

· Supports WiFi simple configuration (WSC) and P2P discovery mechanism

· May support WLAN and P2P concurrent operation.
2.2 Practical Operation Scenarios for LTE D2D

Since WiFi P2P can be considered as the major competitive technology for future LTE based D2D, it is desired to design D2D so that it can performs in similar and more operation scenarios as those of WiFi P2P. Thus, we propose three baseline topologies for LTE D2D communication as:
· Topology #1 – Single link topology as shown in Figure 3. In this topology, both LTE based D2D device#1 and LTE based D2D device#2 belong to either same operator or different operators.
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Figure 3: Topology #1 – Single link
· Topology #2 – Multiple links forming Ad-Hoc networks as shown in Figure 4. In this topology, the LTE based D2D device#1, LTE based D2D device#2 and LTE based D2D device#3 belong to either single operator or multi-operators
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Figure 4: Topology #2 – multiple links forming Ad-Hoc network
· Topology #3 – Concurrent D2D and cellular operation as shown in Figure 5. In this topology, both LTE based D2D device#1 and LTE based D2D device#2 belong to either same operator or different operators and the D2D communication link (i.e. D2D#1 - D2D#2 link) occur concurrently with the legacy LTE communication (i.e. D2D capable UE-D2D#2 – eNB link). This topology can be used to support LTE UE based relay scenario.
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Figure 5: Topology #3 – Concurrency
Proposal 1:  To adopt three baseline topologies for LTE D2D communication as:
· Topology#1- Single link (both D2D UEs belong to either same operator or different operators)

· Topology#2 – multiple links forming Ad-Hoc networks (D2D UEs  in the Ad-hoc network belong to same operator or multiple operators)

· Topology#3 - Concurrent D2D and cellular operation (to support LTE UE based relay scenario)

2.3 D2D Channel Modelling
As discussed so far, D2D communication is a direct communication between two D2D enabled UEs in close proximity. This creates differences between traditional cellular links and D2D communication link, and creates more challenges in D2D channel modelling. 

2.1.1 D2D channel characteristics

Major characteristics of D2D channel compared with the traditional cellular link can be described as below.

· Both transmitter and the receiver could be moving in D2D link, where as  only one of the transmitter or receiver is moving in a traditional cellular link,
Doppler shift is induced by the motion of both transmitter and the receiver, as well as by the moving objects that interfere with D2D link. Therefore, theses should be taken into account in defining Doppler spectrum.
· Both transmitter and the receiver have low elevation antennas in D2D link, whereas one of the transmitter or the receiver is located at higher grounds (above rooftops/ceiling/close to rooftops) in the traditional cellular link.

As a result, both transmitter and the receiver are likely to be surrounded by local scatters and the propagation condition is more likely to be NLOS with LOS in some cases.

2.1.2 D2D Channel Test Environments

LTE networks provide wide area coverage in both indoors and outdoors. Therefore, WiFi Direct like indoor operation becomes a subset of future LTE D2D operation scenarios. In addition, LTE D2D communication may occur in outdoor environments and outdoor-to-indoor/indoor-to-outdoor environments. Further, the D2D use cases and scenarios identified in [2] suggest that LTE D2D communication may occur between stationary or pedestrian D2D users in local proximity. 

Based on the above we propose to categorise D2D channel test environments in to three broad categories as below.

· Indoor test environment
Both LTE based D2D UEs are located in an indoor environment within offices, residences and/or hotspots. Either UEs could be stationary or pedestrian users. 
· Outdoor test environment 

Both LTE based D2D UEs are located in an outdoor environment. Either UEs could be stationary or pedestrians

· Indoor-to-outdoor/outdoor-to-indoor test environment
One LTE based D2D UE is located in an indoor environment and the other is located outside the building in close proximity to the indoor UE.
Proposal 2: To adopt three broad categories for LTE D2D channel test environment as:
· Indoor test environment

· Outdoor test environment 

· Indoor-to-outdoor/outdoor-to-indoor test environment
2.1.3 Proposed Modelling Approach
According to the discussion in section 2.1.1 and 2.1.2, the propagation channel between two D2D UEs is considered rich with scatters close to both transmitter and the receiver. This can be visualized as shown in Figure 6.
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Figure 6: D2D propagation channel with scatters near both transmitter and receiver
Received signal at the D2D receiver can arrive in multiple paths due to reflection and scattering occur at building super structures and local scatters. This multipath environment can be interpreted as: the reflections at building super structures may create clusters of multipath arrivals at the receiver and the local scatters may create rays within clusters. 
A similar interpretation has been used in [5] to derive a cluster based modeling approach for indoor multipath propagation and has been further elaborated in [6]. Furthermore, IEEE 802.11n task group has adopted a similar approach to derive TGn channel models for indoor WLAN networks [7]. In addition, WINNER II model has used somewhat similar approach as means to support 100 MHz bandwidth and to suppress frequency correlation [8][9].    
Since WiFi P2P is operated on IEEE 802.11n compliant WLANs, it is most likely that WiFi P2P is evaluated based on TGn channel models. Therefore, it would be desirable that LTE D2D channel models may align with other competitive technologies to make it competitive. 
Therefore, we propose to adopt cluster based channel modelling approach for D2D communication channel.
Proposal 3: To adopt cluster based channel modelling approach for D2D communication channel.
Cluster based channel modelling approach
This approach is based on the physical realisation that the rays arrive in clusters. This is based on the observations that the rays arrive in one or two large groups within a certain observation window, and the second sets of rays are attenuated in amplitude with the rays within each arrival group also decayed on average with time [5]. This type of propagation scenario is more likely in D2D communication channel due to local scatters around both transmitter and receiver.
In this approach, the cluster arrival times (arrival times of the first rays of the clusters) are modelled as a Poisson arrival process with some fixed rate 
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. Within each cluster, rays also arrive according to a Poisson process with a different fixed rate
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. Since each cluster may contain many rays 
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 [5].  Both cluster decaying pattern and ray decaying pattern are modelled by two separate exponential decaying patterns as described below.  

Let the gain of the kth ray of the lth cluster be denoted by 
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 and its phase by 
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. The impulse response of the channel can be given as
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where 
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 is the arrival time of the lth cluster and 
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is the arrival time of the kth ray measured from the beginning of the lth cluster. By definition, 
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[5]. The sum over l represents the clusters and the sum over k represents the arrival within each cluster. The 
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term represents a statistically independent random phase associated with each arrival with 
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 is uniform on 
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 is assumed to be a Rayleigh distributed random variable whose mean-square value is described by the double exponential decay as
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Where 
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 represents the average power of the first arrival of the first cluster,  
[image: image23.wmf]G

 is the cluster arrival decay time constant and 
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 is the ray arrival decay time constant. Figure 7 illustrates this phenomenon. 
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Figure 7: Illustration of exponential decay of mean cluster power and ray power with time
Further, the cluster arrival time 
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 and ray arrival time 
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are described by the independent inter-arrival exponential rate laws as [5]
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According to [6], spatial properties can be incorporated into this model by modelling the angle of arrival (AoA) using a cluster angle 
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 and a ray angle  
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. Then, the combined channel impulse response becomes
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The cluster statistics (distribution of 
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) are assumed to be independent of the ray statistics (distribution of 
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) while time and angle distributions (for clusters and rays) are also assumed to be independent. 

The angles are measured with respect to the angle of the first cluster 
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. For an indoor environment, it has been observed that the conditional distribution of 
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 and the distribution of the ray arrival angle is zero-mean Laplacian distribution with standard deviation 
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In practice, clusters may overlap with the adjacent clusters. Whether to consider overlapping clusters or disjoint clusters may depend on the propagation environment. For example, in [7], TGn channel models have been defined as overlapping clusters based on their channel measurements in indoor scenarios. 

We think that the LTE D2D channel in indoor test environment would typically behave similar to WLAN channels because indoor users are generally stationary/ less mobile. Therefore, we propose using TGn channel models [7] for initial evaluation of LTE D2D systems in indoor environments until further channel measurements for LTE D2D channels are available and are properly modelled.
Proposal 4: To use TGn channel models [7] for initial evaluation of LTE D2D systems in indoor environments until further channel measurements for LTE D2D channels are available and are properly modelled.
Key channel model parameters

According to the discussion in the previous section, the key parameters in the cluster based channel model can be listed as in Table 1. 
Table 1: Key model parameters in a cluster based channel model
	Model parameters
	Examples from modelled Indoor channels

	
	Medium size, two-story office building [5]
	Fourth floor of a campus building[6]

	Cluster arrival decay time constant 
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	60 ns
	34 ns

	Ray arrival decay time constant 
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	20 ns
	29 ns

	Inter-cluster arrival time 
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	300 ns
	17 ns

	Inter-ray arrival time 
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	5 ns
	5 ns

	Distribution for 
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	-
	Uniform distribution on 
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	Distribution for 
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 and its parameters
	-
	Laplacian distribution with zero-mean and standard deviation 
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The other parameters such as number of clusters, number of rays per cluster, total delay spread etc are dependent on the propagation environment as well as other channel modelling assumptions. For example in [7], delay profile characteristics are pre-determined for each model, therefore, estimation of  
[image: image50.wmf]G

, 
[image: image51.wmf]g

, 
[image: image52.wmf]L

/

1

, and 
[image: image53.wmf]l

/

1

are not considered. Further, the clusters are selected to be overlapped and the powers of overlapping taps are determined by extrapolating the visible taps of each cluster and keeping the total sum of overlapping taps corresponding to different clusters equal to the power of the original power delay profile. The ray AoA statistics within a cluster is taken as Laplacian, and the AoA and AoD statistics of each cluster are assumed to be uniformly distributed over all angles as proposed in [6]. In addition, the Doppler Effect due to user movements (1.2km/h), moving vehicles in the surrounding (40 km/h) and Fluorescent lights (Fundamental tone and two odd harmonics of twice the power line frequency) are incorporated in different models (Doppler effect due to moving vehicles is included in Model-F and that due to Fluorescent lights is included in Models D and E of [7]).  
3 Conclusion

In this contribution, we discussed practical operation scenarios for LTE D2D to make it competitive with WiFi P2P, proposed test environments for evaluation of D2D communication and provided recommendations for LTE D2D channel modelling as outline below.

Proposal 1:  To adopt three baseline topologies for LTE D2D communication as:
· Topology#1- Single link (both D2D UEs belong to either same operator or different operators)

· Topology#2 – multiple links forming Ad-Hoc networks (D2D UEs  in the Ad-hoc network belong to same operator or multiple operators)

· Topology#3 - Concurrent D2D and cellular operation (to support LTE UE based relay scenario)

Proposal 2: To adopt three broad categories for LTE D2D channel test environment as:
· Indoor test environment

· Outdoor test environment 

· Indoor-to-outdoor/outdoor-to-indoor test environment

Proposal 3: To adopt cluster based channel modelling approach for D2D communication channel.
Proposal 4: To use TGn channel models [7] for initial evaluation of LTE D2D systems in indoor environments until further channel measurements for LTE D2D channels are available and are properly modelled.
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