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1
Introduction
A study item of LTE Device to Device Proximity Services (ProSe) was approved in RAN #58 [1]. The main objective of the feasibility study is to evaluate LTE ProSe 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


The study consists of two main functions – ProSe UE discovery and direct communication – in two different deployment scenarios – whether the devices are within or out of network coverage (only public safety) – and aims initially to identify sufficient means to evaluate these features in LTE system. Thus, it was agreed in RAN #58 that the study will begin at RAN1 #72 by defining an evaluation methodology and by identifying necessary channel models for ProSe with the scenarios to be considered. In this contribution we discuss the need of necessary evaluation methodology along with the scenarios and channel models for this feasibility study.

2
Discussion
While the ProSe direct communication function should at least address the public safety requirements and use cases at this stage, the ProSe UE discovery is required to address them both, public and non-public safety. ProSe UE discovery and direct communication could be deployed on a dedicated carrier or on a common carrier deployed by the E-UTRAN. The former is a viable option in public safety [2], but the latter is envisioned to be typical in both public and non-public safety. Hence, in our view, at least for ProSe UE discovery, but also preferred for direct communication, the study should initially focus on the common frequency carrier case, while allowing with the identifiied  technical solutions to be extended to dedicated frequency carrier case. This is to curb possible impacts on existing LTE system by building the functionality into it from the beginning; unify the design of ProSe UE discovery and direct communication for public safety and non-public safety as much as possible; and as the common frequency carrier case could be considered to be more challenging from the interference environment point of view for ProSe enabled UEs.
Proposal #1: The feasibility study for ProSe UE discovery and direct communication should initially concentrate on the common frequency carrier case.

2.1
Scenarios

A set of different scenarios can be identified to be belonging to this study item and in general, the non-public safety scenarios can be thought of as a subset of the public safety scenarios. Additionally, the public safety only scenarios include basically the out of network coverage scenarios, where some or all of the ProSe enabled UEs are out of E-UTRAN coverage. Generally, the network deployment scenarios should include both outdoor (3GPP Macro case(s), outdoor Pico etc.) and indoor (small cell deployments, e.g., femto) scenarios. TR 36.814 provides a good baseline for scenarios common for both public and non-public safety, but is lacking the out of network coverage scenarios which needs to be identified. Depending on the use case, the feasibility of ProSe UE discovery and direct communication might be different in each scenario. Furthermore, this also depends on whether a dedicated or a common frequency carrier is used for ProSe UE discovery and direct communication. Again, in our view each scenario should initially be studied focusing on the common frequency carrier case.
When considering the common frequency carrier case, several options for multiplexing the ProSe UE discovery and direct communication resources among E-UTRAN DL/UL resources can be identified. These include for instance, whether the resources are separated in time, frequency and/or space domain; whether to use UL and/or DL carriers; common resources among neighbouring cells; etc. In our view, ProSe discovery and direct communication functions should both support variable bandwidth (with for example PRB granularity). Moreover, the multiplexing schemes should take into account the overlying E-UTRAN operation, e.g., by not inhibiting legacy HARQ operation, downlink and uplink control channel transmissions, etc.
Proposal #2: Both indoor and outdoor scenarios should be considered for ProSe UE discovery and direct communication in this feasibility study.

Proposal #3: RAN1 should identify options and related simulation assumptions for out of network coverage scenarios.

Proposal #4: RAN1 should study and identify feasible schemes to multiplex ProSe UE discovery and direct communication resources among E-UTRAN UL/DL resources.
2.2
Channel models

As mentioned, TR 36.814 provides a good starting point for the simulation assumptions and should be used as a baseline in the scenarios to be approved [3]. However, since TR 36.814 describes only channel models between eNB and UE, additional the channel models for links between UEs need to be defined. In Table 1 we list some potential models that can be used for RAN1 studies, where the exact formulas for the models can be found from the cited references.
Table 1. Path loss models and shadowing parameters for links between UEs.

	Parameters
	Assumption

	
	Outdoor scenarios
	Indoor scenarios

	Distance-dependent path loss between UEs
	Model proposed in [4] for outdoor UE – outdoor UE path loss can be used (preferred).


	Reuse the HeNB-to-UE models as in [3] for indoor UE – indoor UE path loss.

For indoor UE – outdoor UE path loss, the HeNB-to-UE model could be reused [3].

	
	
	

	Shadowing standard deviation
	Outdoor UE-to-outdoor UE:

12dB


	Indoor UE-to-indoor UE:

8dB


Regarding the outdoor UE – outdoor UE distance dependent path loss model, the model proposed in [5] is used in eIMTA studies. However, that model assumes UE – UE link switches from LOS to NLOS at exactly the 50m distance boundary. Given low frequency bands carriers [2] are usually used for public safety to obtain longer ranges, we prefer using the model in [4], instead.

Proposal #5: RAN1 should discuss and agree on the channel models for links between UEs and consider the above table to be used as a baseline in this feasibility study.

2.3 
Methodologies
At least the following information should be obtained during the first phase of this feasibility study.

· DL and UL IoT curves at the ProSe UE receiver to see the interference dynamics in each approved scenario.

· ProSe UE discovery (( E-UTRA DL/UL interference characteristics with different UE discovery resource multiplexing schemes in the network based on the agreed simulation assumption and scenarios.
· ProSe direct communication (( E-UTRA DL/UL interference characteristics with different direct communication resource multiplexing schemes in the network based on the agreed simulation assumption and scenarios.

The feasibility study should identify the most relevant scenarios and resource multiplexing schemes in the common frequency carrier case for assessing the gains by applying ProSe UE discovery and direct communication functions. Additionally, it should identify sufficient means for evaluating ProSe UE discovery and direct communication functions in out of network coverage scenarios.
3
Conclusions

In this contribution we have discussed the simulation scenarios/assumptions along with some relevant methodologies to be obtained in the first phase of LTE Device to Device Proximity Services feasibility study. We had the following proposals.
Proposal #1: The feasibility study for ProSe UE discovery and direct communication should initially concentrate on the common frequency carrier case.

Proposal #2: Both indoor and outdoor scenarios should be considered for studying feasibility of ProSe UE discovery and direct communication.

Proposal #3: RAN1 should identify options and related simulation assumptions for out of network coverage scenarios.

Proposal #4: RAN1 should study and identify feasible schemes to multiplex ProSe UE discovery and direct communication resources among E-UTRAN UL/DL resources.

Proposal #5: RAN1 should discuss and agree on the channel models for links between UEs using Table 1 as a baseline in this feasibility study.
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