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1 Introduction

At the RAN#58 plenary meeting it was agreed to start work on evaluation methodology for device-to-device studies to be conducted by the RAN1 WG [1]. According to the D2D study item description document [2], one of the tasks relevant to the work of RAN1 WG has been listed 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).
At the RAN1 #72 meeting it was agreed as working assumption to define general and public safety specific scenarios listed below [3]:
· General scenarios for in NW coverage

· Applicable for both public safety and non-public safety

· One additional public safety specific scenario for out of NW coverage and partial NW coverage cases
Further, it was suggested that:

· Encourage companies to the next meeting 
· to propose very few deployment scenarios, requirements, and performance metrics reflecting recommendation from SA1 and other WGs
· to try to provide a possibility to reuse existing 3GPP deployment scenarios
In this document, we focus on the evaluation methodology for studies on D2D data communication while our views on deployment scenarios, channel modeling, and evaluation methodology for studies on D2D discovery are provided in the companion contributions [4], [5], and [6] respectively.
2 D2D Data Communication Evaluation Methodology

2.1 D2D Communication Requirements
For commercial/social applications, the D2D data communication is mainly unicast oriented. In general, commercial/social applications may be considered and optimized for diverse types of traffic (instant messaging, file sharing, etc.). From system perspective, the D2D communication may be used to achieve different system objectives (cell throughput/spatial reuse maximization, energy efficient communication within proximity range, system efficiency improvement for small packet transmission within the proximity ranges, guaranteeing SINR quality of D2D links, etc.).
For public safety communication, the D2D communication requirements may be completely different. For instance, public safety applications may require support of unicast/multicast/broadcast/relaying communication, etc. The enabling of group communication and push-to-talk applications may be one of the potential requirements for public safety. Due to emergency of public safety situations, the reliability and long D2D communication range may play more critical role than spectral efficiency, high data rate of D2D link or system overhead. The ProSe technical report defines many use cases and functional requirements for D2D data communication that need further discussion with regard to technical requirements and prioritization for RAN1 studies.
Proposal 1:
· Further discuss and clarify technical requirements for D2D data communication to support public safety use cases.

· Prioritize a few use cases from ProSe TR for further evaluation of D2D communication in application to public safety needs. The analysis/study of unicast and multicast public safety operation may be proposed as initial starting point.
2.2 Modeling of D2D Communication Links
It is natural to assume that D2D discovery procedure may trigger the D2D traffic at the devices. This fact has implication on the D2D evaluation methodology for communication on D2D direct links. First of all, discovery assumes large density of dropped UEs. To simplify analysis it is reasonable to assume that only a part of dropped UEs has D2D traffic and that those UEs are combined into UE pairs (or UE groups in a more general case). For the sake of simplification, the dropping of D2D UE pairs may be considered instead. However, in the latter case, it is important to discuss the distribution of the distance between UEs in a D2D pair. This distribution depends on multiple factors: discovery protocol, stochastic channel propagation models, protocol to decide whether D2D or cellular mode should be used to transmit data, etc. Based on the observations above, two general approaches for modeling of D2D data communication may be considered:

Approach 1: Discovery based D2D pairing/grouping
In this approach an explicit discovery procedure is used to create links for direct D2D communication. The approach consists of the following steps:

· Step 1: Perform D2D discovery procedure to get the list of possible D2D links/pairs;

· Step 2: Make random selection of UEs that have traffic on D2D links (D2D sources);
· Step 3: For each D2D source randomly select destination nodes from the discovery list (random pairing or grouping);
· Step 4: Select D2D traffic transmission mode: cellular or direct mode;
· Step 5: Perform transmission of the D2D traffic.
The advantage of this procedure is that multiple D2D use cases may be covered and evaluated. For instance, such a model does not exclude different link types (disjoint, unicast with common TX or RX node, unicast chains, multicast, etc.). It is also fair in terms of evaluation methodology aspects. On the other hand, it has higher complexity in terms of modeling, analysis and control of simulation parameters. In addition, unless specific use case is considered the probability of simultaneously having traffic from one UE to multiple UEs or from multiple UEs to single UE is low and thus disjoint D2D links may be a valid assumption for initial analysis of commercial and public safety scenarios.
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Figure 1. Possible Combinations of Direct Links
Proposal 2:
· Focus on the analysis of disjoint links for direct D2D communication at least for commercial studies. 
Approach 2: Direct drop of D2D pairs/groups
Alternative approach that can be considered is the direct drop of D2D user pairs (or groups) over deployment area. This is the simplified model, that aims to emulate pairing (grouping) procedure of the discovery based approach for creation of D2D direct links (see step 3 of Approach 1). Assuming realistic distribution of the distance between D2D UEs in pairs it may be considered as simplified alternative for analysis of the efficiency of D2D communication.
Proposal 3:
· For creation of D2D links, consider to use simplified approach based on direct dropping of user pairs (user groups).
· Continue discussion on distribution of the distance between D2D UEs in one pair, assuming that simplified approach is agreeable. The distribution of distance may be discussed once the channel models are agreed by RAN1 WG.
2.3 Data Transmission Scenarios
One of the D2D study item scopes is to examine impact on existing operator services and operator resources. The impact on operator services as well as benefits of D2D data operation can be evaluated assuming both cellular only UEs and D2D UEs. The D2D UEs may select either direct mode or cellular mode for data transmission. Two scenarios should be evaluated to analyze the impact of cellular traffic on direct D2D traffic and vice versa.
Scenario 1: Cellular only transmissions (Reference). The reference scenario should be the case when the whole D2D traffic goes over cellular infrastructure (UE1 => UL => eNodeB => DL => UE2). In this case D2D traffic consumes spectrum resources used by UEs with cellular traffic. The both DL and UL resources are allocated for D2D traffic.
Scenario 2: Cellular and D2D transmissions. This scenario should assume that D2D traffic may be transmitted over direct links or cellular infrastructure (through eNB). Cellular resources used for D2D transmission may be shared with cellular only UEs or dedicated resources without interference from cellular UEs may be assumed.
The total amount and proportion of D2D and cellular traffic should be fixed and identical for comparative analysis of both scenarios. The full buffer and non-full buffer traffic models defined in [7] may be used for analysis. Initial studies should focus on full buffer scenarios.
2.4 Evaluation Assumptions
The main evaluation assumptions for D2D data communication studies are provided in Table 1. The remaining details on modeling parameters should follow the standard 3GPP assumptions defined in TR 36.814 and should be further discussed. 
Table 1. Evaluation Assumptions for D2D Direct Communication Studies.
	Parameter
	Within network coverage
	Outside (and partial) network coverage

	Deployment
	D2D ProSe Scenario 1: Homogeneous network with outdoor UEs
	D2D ProSe Scenario 3: Public safety specific scenario

	
	· Hexagonal macro-cellular deployment (two-tiers, ISD = 500m, wrap around is on)

· For public safety specific use cases within network coverage, the following may be additionally considered:
· One incident area (Several incident areas may be used to reduce the amount of simulation trials. The amount of incident areas should be much less than the amount of Macro cells (e.g. 5 incident areas)).
· Incident area radius of 80m
	· One incident area

· Incident area radius is 80m

· One building

· Building size is 120x50m
· Center of incident area is co-located with the building

· For modeling of partial network coverage scenario, it is recommended to reuse the above with the assumption that at least one public safety device is within network coverage. Exact number of such public safety devices within network coverage to be provided by companies.



	
	D2D ProSe Scenario 2: Heterogeneous network, similar as defined in small cell Scenario 2b (sparse) with mix of outdoor and indoor UEs
	

	
	· Hexagonal macro-cellular deployment (two-tiers, ISD = 500m, wrap around is on).

· Two buildings per macro cell

· Building size is 120x50 m
· For public safety specific use cases within network coverage, the following may be additionally considered:
· One incident area (Several incident areas may be used to reduce the amount of simulation trials. The amount of incident areas should be less than the amount of Macro cells (e.g. 5 incident areas)).
· Incident area radius of 80m
· Center of incident area co-located with center of building
	

	User drop
	· D2D UEs:
· Homogeneous: Uniform drop of UE pairs over deployment area

· HetNet: percent of UEs dropped within the hotzone buildings and throughout the macro geographical area (including hotzones) is FFS.
Cellular UEs:
· Homogeneous: Uniform drop of cellular UEs

· HetNet: percent of UEs dropped within the hotzone buildings and throughout the macro geographical area (including hotzones) is FFS.
· For public safety use cases within network coverage, the following may be additionally considered:

· D2D UEs: Uniform drop of UE pairs (groups) 
	D2D UEs: Uniform drop of UE pairs (groups) 


	User density
	· D2D UEs:
· Homogeneous: Number of pairs per Macro cell sector area: variable parameter (e.g. 1, 5, 10, 20, 40 per cell). For the sake of simulation time, for the case of large number of pairs per cell, single-tier evaluations (with 7 macro-sites) may be considered.
· HetNet: Number of pairs per Macro cell sector: variable parameter (e.g. 1, 5, 10, 20, 40 per cell). For the sake of simulation time, for the case of large number of pairs per cell, single-tier evaluations (with 7 macro-sites) may be considered. 
Parameters of D2D distance distribution is FFS (may be decided once channel models agreed). As initial point the uniform UE-UE distance distribution can be proposed.
· Cellular UEs:
· Homogeneous: 10 UEs per Macro-cell sector
· HetNet: 30 UEs per Macro-cell sector
· For public safety specific use cases within network coverage, the following may be additionally considered:

· Number of public safety D2D UEs per incident area: FFS
	Number of public safety D2D UEs per incident area: FFS

	Channel modeling
	eNB-UE: Models defined in TR 36.814 (Sections A.2.1.1.2 and A2.1.1.5) are reused.

UE-UE: See Appendix A of [6] for a summary on proposed UE-UE channel modeling and the companion contribution [5] for more details.

System level: Initial studies may be focused on large scale analysis. Final evaluations consider small scale channel modeling effects.
Link level: Small scale fading based on EPA-5Hz and ETU-30Hz

	UE mobility
	Low mobility scenario. UE speed = 3km/h

	Synchronization
	All UEs are synchronized
	FFS in RAN1 WG

	Traffic
	Full buffer, FTP
	FTP, VoIP

	Carrier Frequency
	2GHz
	700MHz


2.5 Performance Metrics

All system and link level performance metrics valid for typical cellular transmission can be reused for the case of LTE system operation with D2D direct communication. The performance characteristics should be analyzed separately for direct and cellular links. For fair comparison, the D2D traffic routed over cellular infrastructure should be accounted in both uplink and downlink transmission direction to estimate impact on cellular UEs.
3 Conclusions

In this contribution we have presented our views on evaluation methodology for D2D data communication. The main aspects that should be taken into account for D2D is the increased number of users for analysis of discovery and direct communication. In addition, from system design perspective it is important to consider scenarios with outdoor and indoor users. For data communication analysis, we propose to use simplified approach with direct dropping of D2D pairs or groups for modeling direct links and further discuss the reasonable distribution of the distances between D2D UEs, which in general case may be an output metric of the data communication analysis. In summary, we have the following list of proposals:
Proposal 1:
· Further discuss and clarify technical requirements for D2D data communication for public safety use cases.

· Prioritize a few use cases from ProSe TR for further evaluation of D2D communication in application to public safety needs. The analysis/study of unicast and multicast public safety operation may be proposed as initial starting point.
Proposal 2:
· 
Focus on the analysis of disjoint links for direct D2D communication.
Proposal 3:
· For creation of D2D links, consider to use simplified approach based on direct dropping of user pairs (user groups).
· Continue discussion on distribution of the distance between D2D UEs in one pair, assuming that simplified approach is agreeable. The distribution of distance may be discussed once the channel models are agreed by RAN1 WG.
Proposal 4:
· Use assumptions/parameters proposed in Table 1 for D2D data communication studies.
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