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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 D2D 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 LTE D2D ProSe with the scenarios to be considered which is now continued in the RAN1 #72-bis. 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. Using a dedicated carrier for D2D discovery and communication is a viable option in public safety, especially for the out of network coverage scenario as deployed currently in TETRA [2], and it should be clarified whether we can assume dedicated carrier for out of network coverage operation also in LTE. The common carrier case is envisioned to be more typical in both public and non-public safety. Hence, in our view at least for UE discovery, but also preferred for direct communication, the study should initially focus on the common frequency carrier case when UEs are within E-UTRAN coverage, while allowing with the identified  technical solutions to be extended to dedicated frequency carrier case at least for the public safety out of network coverage operation. This is to curb possible impacts on existing LTE system by building the functionality into it from the beginning; design initially the common features for public and non-public safety D2D whereof the public safety specific features (like relay operation) can be extended; 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 when UEs are within E-UTRAN coverage.

2.1
Scenarios

In the previous meeting [3], companies were encouraged to propose a few deployment scenarios to evaluate LTE ProSe and preferably by reusing the existing 3GPP deployment scenarios. Furthermore, a working assumption was made to define general scenarios applicable to both public and non-public safety use cases and to identify one additional public safety specific scenario with out of network coverage and partial network coverage. TR 36.814 provides a good baseline for the scenarios to be defined, but is lacking the details /assumptions specific to LTE D2D, especially for the out of/partial network coverage scenario for public safety which need to be identified. In general, the deployment scenarios should include both macro and small cell scenarios to model different interference environment and since, depending on the use case, the feasibility of UE discovery and direct communication might be different in the different scenarios, especially between public and non-public safety use cases which may have different assumptions. Moreover, feasibility also depends on whether a dedicated or a common frequency carrier is used and thus again in our view at least the general scenarios should initially be studied focusing on the common frequency carrier case.When considering the common frequency carrier case, several options for multiplexing the 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; the used modulation scheme (OFDM vs. SC-FDM); common resources among neighbouring cells; etc. This further increases the number of combinations to be investigated in this study and hence we propose to limit the amount of general deployment scenarios to two. In the following, we have presented the deployment scenarios that could be used for RAN1 studies.
Proposal #2: RAN1 should study and identify feasible schemes to multiplex UE discovery and direct communication resources among E-UTRAN UL/DL resources.

Proposal #3: Limit the amount of general deployment scenarios to two including one macro and one small cell scenario.

2.1.1
General deployment scenarios

Scenario #1: Homogeneous network with macro eNBs (Figure 1) 
· 3GPP Case 1
· Uniform UE distribution within a macro cell
· UEs include both macro UEs and ProSe enabled UEs (ProSe UE dropping model provided below)
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	Figure 1. Illustration of scenario #1.


Scenario #2: Small cell deployments
· 3GPP dual strip scenario without macro cells and macro UEs on the same carrier, i.e., UE dropping only to femto cells (Figure 2)
· Another option is to use one of the extended ITU models agreed for small cell studies (sparse or dense without macro cells)

· Random placing of UEs within X meters of the femto cell

· All UEs are located indoors

· UEs include both femto UEs and ProSe enabled UEs (ProSe UE dropping model provided below)
· Floor number could be limited, e.g., to 2, 4, or 6
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Figure 2. Illustration of scenario #2, 3GPP dual strip layout.

In both above scenarios, the following interference scenarios should be modelled:
· UE discovery (( macro/femto UE interference
· UE discovery (( macro/femto eNB interference
· Direct communication (( macro/femto UE interference
· Direct communication (( macro/femto eNB interference

2.1.2
Public safety specific scenarios

Scenario #3: Indoor UEs in macro only network (Figure 3)
· 3GPP Hetnet Case 5.1: Suburban deployment with a single dual strip block  without femto nodes
· One dual strip block per macro cell

· The number of floors may be limited to 2 for simplicity

· UE placing as if femto nodes would exist
· Both “femto” and macro UEs are included (all ProSe enabled UEs)
· Some of the UEs should be arranged in a coverage hole from macro node and other UEs are served by macro node
· This may require additional assumptions to the model (like penetration loss modelling)

· Different carrier frequency assumed for out of coverage UEs from macro operation 
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Figure 3. Illustration of scenario #3.
Proposal #4: RAN1 should agree on the general and public safety specific deployment scenarios and consider the above scenarios to be used as a baseline.

2.1.3
UE and ProSe UE dropping model for general scenarios
In public safety specific scenario, it may be assumed that all UEs are ProSe enabled and thus the UE dropping model according to the used scenario can be used. However, for general scenarios the assumption should be that both ProSe enabled UEs as well as UEs connected to the network exist (that are not ProSe enabled either). For that reason, the UE dropping as applied in the scenarios now need to be revised for D2D purposes.
UE discovery
For modelling UE discovery, any specific pair device is not needed and the UE dropping can be according to the used scenario. However, the UE discovery transmitters and receivers need to be deployed and thus we have the following proposal for UE discovery:

- For each drop, each UE is randomly selected to be a UE discovery transmitter or a receiver or a UE not participating to UE discovery

- Probabilities for each above option can be varied in the study (RAN1 should agree on the possible probability values)
- Total number of UEs (including cellular UEs and ProSe UEs) remains the same in each scenario as without UE discovery function

Direct communication

For modelling direct communication, certain amount of ProSe UEs needs to have a pair ProSe UE to communicate with. Thus we have the following proposal for UE dropping in direct communication:
- Number of D2D pairs per cell (e.g., macro cell) is set to be fixed, that is twice the amount of direct communicating ProSe enabled UEs as D2D pairs in the cell (RAN1 should agree on the possible amount of D2D pairs)

- Maximum radius between D2D ProSe UEs is given (RAN1 should agree on the possible maximum radius values between D2D pairs)

- Conventional cellular UEs and either of the ProSe UEs of the D2D pair are dropped according to the used scenario (e.g., randomly and uniformly in 3GPP Case 1) over the whole network layout
- Other D2D pair is thereafter dropped randomly and uniformly with a given maximum radius around its pairing ProSe UE

- Each formed D2D pair may then be forced to communicate via direct communication link or a mode selection between direct communication and network based communication path can apply before
- The total number of UEs (including cellular UEs and ProSe UEs) remains the same in each scenario as without direct communication function

Proposal #5: RAN1 should discuss and agree on the UE (cellular UE and ProSe UE) dropping model and consider the above model to be used as a baseline for initial studies.

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 [4]. However, since TR 36.814 describes only channel models between eNB and UE, additionally the channel models for links between UEs need to be defined. In Table 1 we list 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, shadowing parameters, and fast fading models for links between UEs.

	Parameters
	Assumption

	
	Scenario #1
	Scenario #2
	Scenario #3

	Distance-dependent path loss between UEs
	Model proposed in [5] for outdoor UE – outdoor UE path loss can be used.


	Reuse the HeNB-to-UE dual strip models in [4] for indoor UE – indoor UE path loss according to location of UEs.


	Reuse the HeNB-to-UE dual strip models in [4] for indoor UE – indoor/outdoor UE path loss according to location of UEs.

Model proposed in [5] for outdoor UE – outdoor UE path loss can be used.

	
	
	
	

	Shadowing standard deviation
	Outdoor UE-to-outdoor UE:

10dB


	Indoor UE-to-indoor UE:

4dB
	Outdoor UE-to-outdoor/indoor UE:

10dB
Indoor UE-to-indoor UE:

4dB

	Fast fading model
	Typical Urban
	Typical Urban / no fast fading modelling
	Typical Urban


In our view, for indoor UE – indoor/outdoor UE links the HeNB-to-UE models may be adopted as used also in the eIMTA studies. Regarding the outdoor UE – outdoor UE distance dependent path loss model, the model proposed in [6] 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 [5], instead. Typical Urban (TU) fast fading model could be used as baseline for each scenario.
Proposal #6: 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 
Evaluation metrics
The following information should be obtained during the first phase of this feasibility study.

- DL and UL interference curves at the ProSe UE receiver to see the interference dynamics in each approved scenario.
- ProSe UE discovery (( E-UTRA DL/UL interference characteristics and SINR distributions with different UE discovery resource multiplexing schemes in the network based D2D on the agreed simulation assumption and scenarios.
- ProSe direct communication (( E-UTRA DL/UL interference characteristics and SINR distributions with different direct communication resource multiplexing schemes in the network based D2D on the agreed simulation assumption and scenarios.

2.3.1
Performance metrics for UE discovery

New performance metrics need to be identified for UE discovery in this study and the following could be used for initial studies:

- Achievable range with 50% and 95% probability in each scenario

- Amount of discoverable UEs in a time instant

- Average time to discover a UE which is within radio range

- Induced performance loss, e.g., in terms of throughput to network operation

2.3.2
Performance metrics for direct communications
For evaluating performance of direct communications feature, the metrics used for conventional UE-eNB links can mainly be used. These could include, e.g., the following:

- Packet throughput, defined as the packet size over the packet transmission time, including the packet waiting time in the buffer
- Cell average packet throughput, defined as the mean of average packet throughput from all UEs (including both cellular and D2D UEs)
- Transmission power distributions

- D2D RLF statistics (subject to defining the RLF criterion for D2D)

In general, all results with D2D direct communications enabled should be compared to conventional case without D2D feature enabled.
Proposal #7: RAN1 should discuss and agree on the performance metrics for LTE D2D UE discovery and direct communication features and study initially the proposed interference characteristics.

3
Conclusions

In this contribution we have discussed the simulation scenarios/assumptions along with relevant evaluation/performance metrics 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: RAN1 should study and identify feasible schemes to multiplex UE discovery and direct communication resources among E-UTRAN UL/DL resources.

Proposal #3: Limit the amount of general deployment scenarios to two including one outdoor and one indoor scenario.

Proposal #4: RAN1 should agree on the general and public safety specific deployment scenarios and consider the above scenarios to be used as a baseline.

Proposal #5: RAN1 should discuss and agree on the UE (cellular UE and ProSe UE) dropping model and consider the above model to be used as a baseline for initial studies.

Proposal #6: 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.

Proposal #7: RAN1 should discuss and agree on the performance metrics for LTE D2D UE discovery and direct communication features and study initially the proposed interference characteristics.
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