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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 3GPP RAN1#72, initial discussions on device-to-device (D2D) communication deployment scenario and evaluation methodology were carried out [2] and will be continued in RAN1#72bis. 

Based on the proximity services (ProSe) use cases defined in [3], we proposed [4] four evaluation scenarios for D2D evaluations in RAN1.  
In this contribution, we discuss performance metrics and evaluation methodology for D2D proximity services and provide proposals that align with the scenarios defined in [4]. 
2 Discussion
D2D communication technology consists of two major functionalities; Device discovery and direct communication. Both of these functionalities should be evaluated in different deployment scenarios in RAN1 evaluations. Thus, the D2D evaluation could be done under two domains, namely;

· Evaluation of device discovery

· Evaluation of direct communication.
In the following sections we provide proposals for performance metrics that should be used for each of above domains and discuss evaluation methodology that should be applied for both domains.
2.1 Performance metrics for D2D evaluation

Even though there may be many aspects to be evaluated in each domain, it is necessary to limit the number of performance metrics to simplify the evaluation process. Therefore, we consider following as major performance metrics for evaluation of D2D device discovery and direct communication functionalities.
2.1.1 Metrics for device discovery

Important aspects in device discovery functionality include the maximum distance over which a device can be successfully discovered, the efficiency of the discovery method and the power consumption. We think that these aspects could be evaluated using following metrics.
· Maximum discoverable range: this is defined as the maximum distance between D2D UEs that provides 95% of discovery success.
· Fraction of discovered devices within a given time period
· Discovery latency: this is the maximum time required to discover certain percentage of UEs 

· UE power consumption: this is defined as the average power required to complete the discovery procedure
2.1.2 Metrics for direct communication

Important aspects to be evaluated in the direct communication include the overall system capacity gained by allowing direct communication and the variation of the D2D channel capacity with the distance between D2D UEs. These aspects can be evaluated using following performance metrics.
· Overall cell spectral efficiency: When operated under network coverage, this is the total spectral efficiency of a given cell when both D2D and cellular UEs are present. This can be compared to the spectral efficiency of the cellular UE only case to evaluate the capacity gained through D2D communication. When direct communication is done without network coverage, this is the overall spectral efficiency of the scenario being considered.
· D2D user throughput Vs D2D UE separation distance: this can be used to evaluate the performance of the direct communication under different interference conditions and channel conditions.  
Proposal 1: We propose following performance metrics to be used to evaluate D2D device discovery functionality:
· Maximum discoverable range

· Fraction of discovered devices within a given time period

· Discovery latency

· UE power consumption.
Proposal 2: Following performance metrics are proposed for D2D direct communication functionality evaluation:

· Overall cell spectral efficiency
· D2D user throughput Vs D2D UE separation distance.
2.2 Evaluation methodology for D2D
Evaluation of D2D device discovery and direct communication require both link-level as well as system-level simulations. Link-level simulations are required to evaluate the link performance under different channel conditions, increased Doppler shifts, and to obtain SINR distributions required for system-level simulations. System-level simulations are required to evaluate the overall cell spectrum efficiency, UE power consumption, impact on the legacy network operation etc.  
In this section, we will define evaluation assumptions and parameters to evaluate device discovery and direct communication under the scenarios defined in [4]. Further we discuss the aspects that should be considered in system-level simulation of D2D communication channel.
2.2.1 Evaluation assumptions

Performance evaluation of different options for device discovery and direct communications requires a common understanding of the evaluation environment/configurations among all parties. In this section, we propose following assumptions and parameters to be used in evaluation of discovery and direct communication.
· Deployment Scenarios: Four scenarios defined in [4] should be considered for both discovery and direct communications. These scenarios are
· Scenario 1: In network coverage, high user density, outdoor scenario

· Scenario 2: In network coverage, high user density, indoor scenario

· Scenario 3: In network coverage, low user density, outdoor scenario

· Scenario 4: Out-of-coverage, high user density, outdoor scenario.

· Simulation Layout: It is proposed to adopt hexagonal cell layout with two-tiers for above Scenario 1-3. We think that 19 cell layout (with no FFR) is sufficient to simulate the interference scenarios and the proximity device operation between neighbouring cells. For Scenario 4, an area of 4km2  is considered and a single hexagonal cell is deployed within this area for public safety (PS) network coverage,  and disaster zones are deployed out of the cell coverage (as shown in Figure 6 of [4]). Same layouts are considered for both discovery and direct communications
· Scenario 1: Heterogeneous deployment (Macro + outdoor RRH/Hotzone) [5], hexagonal cell layout with 19 cells
· Scenario 2: Indoor RRH/Hotzone deployment [5], hexagonal cell layout with 19 cells
· Scenario 3: Homogeneous deployment with suburban macro cells [5], hexagonal cell layout with 19 cells
· Scenario 4: 4km2 area, suburban macro cell for PS network coverage, disaster zones are deployed out of the cell coverage within the area. 
· Network synchronisation: For in-network coverage scenarios (Scenario 1-3) synchronisation among eNBs and UEs is assumed for both discovery and direct communication evaluations. For scenario 4, since there is no central network controller, non-synchronised UEs are assumed in out-of-network coverage.
· System bandwidth: 5 MHz system bandwidth is assumed for all four scenarios for initial evaluation of device discovery and direct communication. 
· User Topology: Following user topologies as defined in [4] are assumed for direct communication.
· Scenario 1: Single-link topology
· Scenario 2: Single-link topology and multiple-links topology
· Scenario 3: Single-link topology and multiple-links topology

· Scenario 4: Multiple-links topology and concurrent  topology
· User density: For evaluation of device discovery, 100users/cell is considered for high user density, while 10users/cell is considered for low user density. In Scenario 4, about 10 users/km2 is considered. For evaluation of direct communication under network coverage, 60 cellular users/cell and 10 D2D UE pairs per cell for high user density, and 6 cellular users/cell and 2 D2D UE pairs/cell for low user density are considered. 
· User dropping:  Users are dropped uniformly in all four scenarios for the evaluation of device discovery. Following assumptions are made for user dropping for evaluation of direct communication. 

· Scenario 1: Uniform dropping of cellular UEs and D2D pairs
· Scenario 2: Uniform (for cellular UEs and D2D pairs) + clustered (for D2D groups) 
· Scenario 3: Uniform (for cellular UEs and D2D pairs) + clustered user dropping (for D2D groups)
· Scenario 4: clustered user dropping

· D2D Resource utilisation: Three resource utilisation options; namely, UL resources, DL resources and both UL and DL resources, are available for D2D communication when operated within network coverage. When D2D UEs share DL resources, cellular UEs receiving DL transmissions in the same band would be the victim receivers. Applying interference mitigation techniques is challenging in this scenario due to UEs being mobile and separated in the space. On the other hand, when D2D UEs share UL resources, eNB becomes the victim receiver. Since eNB can have the control of D2D transmission, interference coordination in this scenario is easier than in DL. In addition, UL resources are underutilised compared to DL resources, and sharing UL resources can create local communication opportunities due to pathloss and shadowing between D2D transmitter and eNB. Therefore, we propose to reuse UL resources for Scenario 1-3. For Scenario 4, PS network may have dedicated resources.
· UE antenna configuration: 1Tx-2Rx, 2Tx-2Rx and [4Tx-4Rx] configurations at the D2D UEs can be assumed for initial evaluations.
· Maximum UE Tx power: For each operating scenario, UE transmission power can be specified as:
· Scenario 1: 20 dBm

· Scenario 2: 20 dBm

· Scenario 3: 23 dBm

· Scenario 4: up to 31 dBm[7]
· Interference scenario: When D2D communication is done under network coverage, and UL resources are re-used, D2D UE-to-eNB interference should be considered. In addition, interference from D2D UE-to-D2D UE operating in neighbouring cells/ same resources within same cell should also be considered.
· eNB-to-UE channel model: channel model of eNB-to-UE can be selected according to the defined scenarios and their cell layouts. 
· Scenario 1: as defined in TR 36.814 [5]
· Scenario 2: as defined in TR 36.814 [5]
· Scenario 3: as defined in TR 36.814 [5]
· Scenario 4: N/A
· UE-to-UE channel model: Since UE-to-UE channel is considerably different compared to eNB-to-UE channel due to low elevated transmitter and receiver, and dual mobility, we think that the existing channel models cannot be directly applied to UE-to-UE channel. Either modification of existing models or definition of new models is required. Therefore, we think that this is for FFS.
· UE antenna height: UE antenna height of 1.5m is considered.
· Carrier frequency: Carrier frequencies for each scenario can be chosen as follows.
· Scenario 1: 2.0 GHz[5]
· Scenario 2: 3.4 GHz[5]
· Scenario 3: 800 MHz[5]
· Scenario 4: 700 MHz[8]
· UE mobility: D2D UE velocity for each scenario can be chosen as follows.
· Scenario 1: 3 km/h
· Scenario 2: 0 km/h, 3 km/h
· Scenario 3: 3 km/h, 120 km/h
· Scenario 4: 0 km/h, 3 km/h, 120 km/h
Table 1 summarizes the above discussed evaluation assumptions for device discovery and direct communication.
Proposal 3: To adopt evaluation assumptions shown in Table 1 for the evaluation of device discovery and direct communication.
2.2.2 System-level simulation
In system-level simulation, 3GPP SCM [6] can be applied to generate channel coefficients for legacy communication links (eNB-to-UE/UE-to-eNB). 3GPP SCM is defined for single-mobility environment considering the mobility of the UE only. In contrast, in D2D communication scenario, both transmitter and the receiver could be moving. In addition, both transmitter and the receiver are equipped with low height antennas, thus creating local scattering around both transmitter and receiver. Therefore, we emphasize that the current 3GPP SCM equation (defined in Section 5.4 of [6]) does not adequately take these aspects into account, and a new spatial model is required for generating channel coefficients for D2D communication channel. 
Observation 1: Current 3GPP SCM [6] is not adequate for D2D communication channel, and a new spatial model should be defined for generating channel coefficients for D2D communication channel.
Table 1: Evaluation assumptions for device discovery and direct communication

	Parameter
	Assumption for device discovery evaluation
	Assumption for direct communication evaluation

	Deployment scenarios
	Scenario 1: In network coverage, high user density, outdoor scenario

Scenario 2: In network coverage, high user density, indoor scenario

Scenario 3: In network coverage, low user density, outdoor scenario

Scenario 4: Out-of-coverage, high user density, outdoor scenario


	Simulation Layout
	Scenario 1: Heterogeneous deployment (Macro + outdoor RRH/Hotzone) [5], hexagonal cell layout with 19 cells
Scenario 2: Indoor RRH/Hotzone deployment [5], hexagonal cell layout with 19 cells
Scenario 3: Homogeneous deployment with suburban macro cells [5], hexagonal cell layout with 19 cells
Scenario 4: 4km2 area, suburban macro cell for PS network coverage, disaster zones are deployed out of the cell coverage within the area. 



	Network synchronisation
	Synchronised eNBs and UEs for Scenario 1-3

Non-synchronised UEs for scenario 4

	System bandwidth
	5 MHz for initial evaluation

	User topology
	N/A
	Scenario 1: Single-link 

Scenario 2: Single-link, multiple-links

Scenario 3: Single-link, multiple-links

Scenario 4: Multiple-links, concurrent 



	User density
	Scenario 1: 100 users/macro cell 

Scenario 2: 100 users/cell
Scenario 3: 10 users/macro cell

Scenario 4: 10 users/ km2

	Scenario 1: 60 cellular UEs/macro cell, 10 D2D UE pairs/ macro cell
Scenario 2: 50 cellular UEs/macro cell, 10 D2D UE pairs/ macro cell, two D2D groups with 5 UEs per group. 
Scenario 3: 6 cellular UEs/macro cell, 2 D2D UE pairs/ macro cell
Scenario 4: 10 D2D UEs/ km2 (may be D2D UE pairs or groups)


	User dropping
	Uniform user dropping for all scenario

	Scenario 1: Uniform dropping of cellular users and D2D pairs

Scenario 2: Uniform (for cellular UEs and D2D pairs + clustered (for D2D group) user dropping

Scenario 3: Uniform + clustered user dropping

Scenario 4: clustered user dropping



	Resource utilisation
	LTE UL resources for scenario 1-3

Dedicated resources for PS network in scenario 4

	UE antenna configuration
	1Tx-2Rx, 2Tx-2Rx and 4Tx-4Rx

	Maximum UE Tx power
	Scenario 1: 20 dBm

Scenario 2: 20 dBm

Scenario 3: 23 dBm

Scenario 4: up to 31 dBm[7]

	Interference scenario
	Scenario 1-3: D2D UE-to-eNB interference + D2D UE-to-D2D UE in neighbouring cells

Scenario 4: D2D UE-to-D2D UE in same resources

	eNB-to-UE channel model
	Scenario 1-3: as defined in TR 36.814 [5]
Scenario 4: N/A

	UE-to-UE channel model
	FFS

	UE antenna height
	1.5 m

	Carrier Frequency
	Scenario 1: 2.0 GHz[5]
Scenario 2: 3.4 GHz[5]
Scenario 3: 800 MHz[5]
Scenario 4: 700 MHz[8]


	UE mobility
	Scenario 1: 3 km/h

Scenario 2: 0 km/h, 3 km/h
Scenario 3: 3 km/h, 120 km/h
Scenario 4: 0 km/h, 3 km/h, 120 km/h


3 Conclusion

In this contribution, we proposed performance metrics and evaluation assumptions to be used for evaluation of device discovery and direct communication of D2D systems, and made observations on important aspects to be considered in system-level simulations. These proposals and observations are listed as follows.

Proposal 1: We propose following performance metrics to be used to evaluate D2D device discovery functionality:

· Maximum discoverable range

· Fraction of discovered devices within a given time period

· Discovery latency

· UE power consumption.
Proposal 2: Following performance metrics are proposed for D2D direct communication functionality evaluation:

· Overall cell spectral efficiency
· D2D user throughput Vs D2D UE separation distance.
Proposal 3: To adopt evaluation assumptions shown in Table 1 for the evaluation of device discovery and direct communication.
Observation 1: Current 3GPP SCM [6] is not adequate for D2D communication channel, and a new spatial model should be defined for generating channel coefficients for D2D communication channel.
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