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1. Introduction
In RAN#58 meeting, the SID on LTE Device to Device Proximity Services [1] was approved. For proximity discovery and direct communication, four cases were defined as follows:
	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety & public safety requirements
	Public safety only

	Direct Communication
	At least public safety requirements
	Public safety only


As the first step, the evaluation methodology and channel models for LTE D2D proximity services should be defined for feasibility study. Then different technologies for discovery and communication can be compared with appropriate performance metrics and performance targets. In this contribution, we suggest evaluation methodology and channel models for D2D evaluation.
2. Discussion
2.1. Evaluation scenarios and channel model
The feasibility and use scenarios of proximity services had been studied in 3GPP TSG SA with output of TR [2]. Based on the use cases in general and public safety scenarios, outdoor/indoor scenarios and concurrent cellular UEs should be considered during study. For the purpose of physical layer simulation and D2D performance evaluation, the following evaluation scenarios should be considered for proximity services.
· Scenario 1: Isolated indoor scenario
Indoor scenario is an important scenario for proximity services, e.g. media/data sharing, game or M2M etc. The BS and serving UEs are all assumed to be placed within a building. There can be high density of D2D proximity UEs within a building since people are closer to each other. The outdoor/indoor interference signal can also be attenuated by walls. Hence, D2D transmission is expected to provide significant gain in this scenario. For evaluation of this scenario, ITU indoor hotspot (InH) deployment and the corresponding channel models [3] for previous LTE evaluation can be reused. There is one problem that there is no UE-UE propagation link with current InH deployment.. For that, the channel model in [4] from ITU is suggested to be a reference.
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Figure 1 ITU indoor deployment for scenario 1
· Scenario 2: Homogeneous macro/micro network
In this scenario, typical homogeneous network with BS outside buildings is assumed. The homogeneous deployments and 3GPP/ITU channel model in [3] for LTE evaluation can be reused. For outdoor UE- UE link, the outdoor propagation model in [5] is suggested. Furthermore, two enhanced deployments can also be included in this scenario.
·   Scenario 2-1: Homogeneous network with indoor-outdoor D2D UEs. Besides the above typical assumption, proximity services between one UE within a building and the other UE outside the building should also be evaluated at least for public safety. In this deployment, interference management is important since larger transmit power is needed to maintain D2D link. New UE -UE channel model should be further discussed if ITU propagation model is uniformly employed.

·   Scenario 2-2: Homogeneous network with indoor D2D UEs. D2D pairs can also be placed within a building with the BS and cellular UEs outside the building. In this deployment, the D2D UEs and cellular UEs will receive less interference from each other and the total throughput can be further improved by D2D link. The UE -UE channel mode in Scenario 1 can be assumed for this type of D2D link.
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Figure 2 Homogeneous outdoor deployment for scenario 2
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Figure 3 Homogeneous outdoor-indoor/indoor deployments for scenario 2-1/2-2
· Scenario 3: Heterogeneous network
In heterogeneous network, it is straightforward to follow the ITU UMa/UMi channel model for LTE/CoMP evaluation [3][6]. However, the D2D scheduling and modeling is relatively difficult in this scenario. More interference will be introduced due to smaller distance between the D2D UEs and the transmission points (including RRH/pico) of cellular UEs than that in homogeneous network. In scenario of macro-pico, the paired D2D UEs is likely to belong to different cells, which may lead to more complex inter-cell interference evaluation and management. Hence, heterogeneous network is not recommended to be the essential scenario at the initial stage.
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Figure 4 Heterogeneous deployment for scenario 3
The above scenarios are summarized and compared in Table 1. Considering simplification and typicality, isolated indoor scenario and outdoor homogeneous network is proposed as the baseline scenarios for feasibility study. Homogeneous network with indoor-outdoor UE pairs and/or indoor UE pairs can be a complement. Heterogeneous network can be considered with lower priority.
Table 1 Comparison of different deployment scenarios for proximity service evaluation
	Deployment scenarios
	Channel model for BS-UE
	Channel model for UE-UE
	Priority

	Isolated indoor scenario
	ITU hotspot indoor deployment in [3]
	ITU–R P.1238-7
	High

	Homogeneous network
	Outdoor deployment
	Homogeneous network in [3]
	ITU–R P.1411-6
	High

	
	Outdoor-indoor deployment
	
	TBD
	Medium

	
	Indoor deployment
	
	ITU–R P.1238-7
	Medium

	Heterogeneous network
	Heterogeneous network in [3]
	The same as homogeneous network
	Low


Proposal 1: Isolated indoor scenario and homogeneous network can be the baseline scenarios for D2D evaluation.

Proposal 2: Table 1 can be the reference for evaluation of proximity discovery and communication.

Proposal 3: Additional UE-UE outdoor-indoor channel model for D2D link can be studied based on current ITU channel mode if necessary.
2.2. Performance metrics
For D2D proximity services, proximity discovery and communication have different functions: one for successful discovery and the other for efficient data communication. For discovery, the distance by which a UE can be successfully discovered is important. For communication, the throughput of different types of UEs should be an essential metric. The impact (e.g. throughput/SINR degradation) to cellular users due to introduction of D2D discovery/communication should also be evaluated for both cases. Therefore, different performance metrics should be defined for proximity discovery and proximity communication, for example as the following:
· Discovery: The efficient discovery range, which is defined as the maximum distance between D2D UEs that discovery is successful with a probability of at least, e.g., 95%.
· Discovery/Communication: Throughput/SINR degradation of cellular users due to D2D proximity services.
· Communication: The throughput of D2D UEs, cellular UEs (with/without D2D impact/interference) and the sum throughput with different communication distances.
Other performance metrics, e.g. power efficiency or UE complexity, can also be used as the evaluation metrics of D2D transmission in some scenarios. 

2.3. Evaluation methodology
For evaluation of proximity services, how to drop and pair D2D UEs with certain distance is a problem. Generally, two approaches can be considered as described below.
· Approach A: First drop all the users in the system uniformly or non-uniformly according to the scenario of interest. Then determine some UE pairs as D2D UE pairs according to predefined rules and the others are cellular UEs. The rules can include distance, interference case, channel quality, and throughput etc.
· Approach B: First drop the cellular users in the system according to scenario of interest. Then drop the D2D UE pairs in the system with certain distance range. For example, the distance of a D2D link can be uniformly distributed between [D_min, D_max]. 
For proximity discovery, a D2D UE may be discovered by nearby UEs with different distances. So approach A with only distance rule or approach B is appropriate for discovery evaluation. For proximity communication, different approaches can be adopted in different use cases. For example, when D2D transmission is directly evaluated, approach B is more convenient to control the distance between D2D UE pairs and the density/distribution of D2D UE pairs in the system. But for evaluation of network offloading or service continuity, the D2D UE pairs can be selected by eNB from multiple proximity UE pairs with approach A to maximize the sum throughput. 
Proposal 4: The presented performance metrics and simulation methodology can be considered for evaluation of proximity services.
3. Conclusion 

In this contribution, suggestions for evaluation scenarios and methodology of D2D proximity service are made. The ITU channel models, which were used widely for LTE/LTE-A evaluation, are proposed to be used as baseline for D2D evaluation scenarios. The performance metrics for proximity discovery/communication and evaluation methodology on dropping D2D UEs are also discussed.  The detailed proposals include

Proposal 1: Isolated indoor scenario and homogeneous network can be the baseline scenarios for D2D evaluation.

Proposal 2: Table 1 can be the reference for evaluation of proximity discovery and communication.

Proposal 3: Additional UE-UE outdoor-indoor channel model for D2D link can be studied based on current ITU channel mode if necessary.

Proposal 4: The presented performance metrics and simulation methodology can be considered for evaluation of proximity services.
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