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1. Introduction
The D2D study item [1] was approved at the RAN#58 plenary meeting and is led by RAN1 WG. According to the study item description document [2]
, the RAN1 WG is tasked to:

· 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 RAN1#72, the working group agreed on the following working assumption:

· Define general and public safety specific scenarios
· 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

With this contribution we studied some popular channel models [3]
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[7][8] and proposed a set of suitable channel models and simulation scenarios following the above working assumption.

2. Discussion and analysis
2.1. UE-to-UE channel model
It is reasonable to assume that a D2D link has both terminals located at low height (1.5m) above floor level.  The low height often causes the propagation path less likely to be LOS, and is often associated with larger pathloss. It also experiences a much richer scattering environment than a typical eNB. We discuss different perspectives of the D2D channel below. 

2.1.1. Pathloss
Four separate cases need to be considered: outdoor-to-outdoor, outdoor-to-indoor, and indoor-to-indoor with the UEs in the same or different buildings. 
Outdoor-to-outdoor:
A suitable model for outdoor-to-outdoor case is the propagation model for the channel between UEs located both below the roof-top height in ITU-R P1411 Section 4.3: Propagation between terminals located below roof-top height at UHF [2]. This applies up to distance of 3000m in urban environment and is sufficient for the D2D study item. 
Indoor-to-outdoor or outdoor-to-indoor:

Due to channel reciprocity, the same model applies to outdoor-to-indoor  as well as indoor-to-outdoor channel. The most appropriate pathloss model is the indoor-to-outdoor model (A2) of WINNER 2 channel model [4]. It is assumed the BS height (in the D2D case UE height) is 2-2.5m above the floor level and is close to the UE antenna height. It also accounts for the outdoor-to-indoor penetration loss, indoor penetration loss, and the angle of incidence. It applies to the case the outdoor UE is on the ground and the indoor UE is at floor 1-3. The case the indoor UE is at floor level above 3 needs further study.
Indoor-to-indoor (same building):

When both UEs are in the same building, two separate subcases need to be considered. The first subcase is both UEs are located on the same floor (such as in a conference room), and the second subcase is the UEs are located on different floors such as in an apartment or an office building). For the case we found two indoor hotspot models: WINNER 2 indoor hotspot model B3 [4] and ITU indoor hotspot model [3]. Between the two models, the IMT-A InH model is closer to the D2D channel because of its lower antenna height than the WINNER 2 model B3.  However, it still assumes the eNB antenna at 3~6m, which is taller than the typical UE height of 1.5m. It is necessary to make adjustment to the InH path loss model to account for the reduced antenna height and the consequent reduced LOS probability. 
When the UEs are located at different floors of the same building, floor loss needs to be incorporated. The most suitable model is WINNER 2 model A1 for indoor office [4]. It includes both LOS and NLOS cases as well as the floor loss. 

Indoor-to-Indoor (different buildings):

When the UEs are located in two different buildings, additional penetration loss of 20dB can be added to the indoor-to-outdoor case above to account for the two exterior walls. 
Our proposal of the pathloss models for these different cases are summarized in following table. 
Table 1. Proposed UE-to-UE pathloss models.
	UE-to-UE channel type
	Pathloss model

	Outdoor-to-outdoor
	ITU-R P1411 (Section 4.3: Propagation between terminals located below roof-top height at UHF)

	Indoor-to-outdoor
	WINNER2 A2 (indoor to outdoor) at least when the indoor UE is at floor 1-3.

	Indoor-to-indoor (same building)
	Same floor: ITU InH model with antenna height adjustment
Different floor: WINNER2 A1

	Indoor-to-indoor (different building)
	Indoor-to-outdoor model with additional 20dB  penetration loss


Proposal 1: Adopt the pathloss model in Table 1.

2.1.2. Shadow fading
With both UEs 1.5m above the floor, the D2D channel is likely to exhibit more shadow fading than the traditional cellular channel. This is partially due to additional shadowing by the human body and other objects (usually 3~5dB), and partially due to the reduced antenna height. The detailed modeling of additional shadow fading is subject to further study. 
Proposal 2: Further study the shadow fading of D2D link.
In order to study the case of D2D multicast to support push-to-talk functions (group communications) for public safety usage, it is necessary to consider the spatial correlation between UEs. The correlation of the channels from one TX UE to multiple RX UEs can be modeled as an exponential function of the distance between the RX UEs. The correlation distance of WINNER 2 model in different cases can be used. For the case one UE is indoor and another UE is outdoor, they are likely to face very different scattering environments and we can assume there is no correlation between them. For different D2D links not sharing any common nodes, no spatial correlation can be assumed. 
Proposal 3: Use WINNER 2 model for the spatial channel correlation between two indoor or two outdoor UEs. When two indoor UEs are not in the same building, or when one UE is indoor and another UE is outdoor, assume no channel correlation. 

2.1.3. AoA/AoD distribution
For the D2D channel, both sides are located in rich scattering environments, and the AoD and AoA should follow the same distribution. We found no field measurement data of the distribution of AoD or AoA for UE-to-UE links. The AoA of cellular DL reflects the rich scattering environments of the UE. As an interim measure, we propose to use the same statistics for the AoD.
Proposal 4: Apply the same statistics to the AoA and AoD distributions following the AoD statistics of WINNER 2 model.

2.1.4. Antenna configurations and transmission power
Both the TX antenna and the RX antennas at UE are omnidirectional antennas with 0dBi gains. The number of RX antenna should be 2. The number of TX antenna should be at least 1, with 1 as the base line case and 2 as the optional case for studying the potential benefit of TX beamforming and spatial multiplexing in the D2D environment. 
Proposal 5: Assume 2 RX antennas at the UE. Assume 1 TX antenna as baseline and 2 TX antennas optional at the UE.

It is reasonable to use different transmission power when UEs operate within and without the network coverage. Inside the network coverage, public safety and non-public safety UEs can operate with reduced transmission power in order to limit the interference to the cellular mode operation. Outside the network coverage, public safety UEs may need to user higher transmission power in order to reach the desired degree of connectivity or a remote destination UE. Theoretically it is also possible to configure different maximal transmission power for D2D discovery and D2D direct communication. At this stage, we feel the benefit of this fine differentiation is unclear. Therefore we propose to limit the maximal UE transmission power to 20dBm within network coverage. Higher transmission power is probably necessary for the partial and no network coverage case. Further study is needed. 
Proposal 6: Use 20dBm as the maximal UE transmission power within network coverage. Further study the maximal UE transmission power for the case of partial and out of network coverage.

2.2. Deployment scenarios

Following the working agreement of RAN1#72 meeting, we propose one general scenario applicable to both the public-safety and the non-public-safety case within network coverage, and one scenario with partial or no network coverage applicable only to the public-safety use case. We propose to reuse the ITU channel model adopted by Rel.11 for the eNB-to-UE channels. UMa, UMi, InH and RMa channels can be applied depending on the scenarios. The Heterogeneous Network scenario has been widely used in several study items and work items, including eICIC, FeICIC, CoMP, eIMTA and small cell. Generating the D2D scenarios based on existing HetNet seems a natural choice. It consumes less effort to calibrate the large scale channel model, geometry and baseline simulation results if we try to reuse the previous simulation assumptions.
2.2.1. General scenario with network coverage

The general scenario applies to both public safety and non-public safety UEs. We can reuse the HetNet model as the network architecture for the case of D2D within network coverage. Without loss of generality, we can randomly select a subset of UEs out of all the UEs to perform D2D function as well cellular function. The ratio between indoor and outdoor UEs, UEs in the same or different floors or buildings need to be further defined. In a public safety scene, such as a fire fight or emergency scene, most of the D2D UEs will be stationary or semi-stationary. They can be modeled as low mobility users with maximal UE speed of 3km/h, both for indoor and outdoor UEs. General UE density can be 10,000/km2, while the proportion of D2D UEs among all the UEs can be defined. Because within the network coverage, D2D UEs can always use the cellular mode as a fallback, there is no need to directly reach another UE too far away. We propose to limit the maximal D2D discovery and communication  range to 100m. 
Proposal 7: Use the HetNet network model for the network infrastructure for the general scenario for both discovery and communication with full network coverage. Limit the maximal D2D range to 100m for the general scenario.
2.2.2. Scenario of partial or no network coverage (public-safety only)

Part or all of the infrastructures in the general scenarios can be shut down to generate the scenario of partial or no network coverage. This mimics the case when a natural disaster hits an area and part or all of the infrastructures are knocked out. The fraction of eNBs to be shut down can be varied to simulate different degrees of network coverage. Geometry-based system simulation can be used to evaluate the ratio of in-network and out-of network coverage D2D UEs as a function of the number of active eNBs in order to generate a set of useful scenarios. All eNBs can be shut down to generate the case of no network coverage. Because this scenario is for public safety only, we can assume all the UEs are D2D UEs performing public safety duties. The density of UE should be less than the general scenario. A typical value for public safety UE density is 500/km2. It is possible that public safety UEs may have maximal transmission power higher than regular UEs. Considering the typical emergency scenario in an urban area, we propose to limit the maximal discovery and communication range for public safety usage to 500m.

Proposal 8: Generate the public safety use scenario with partial or no network coverage by selectively turning off some or all of the eNBs from the general scenarios. Limit the maximal discovery and communication range for public safety usage with partial or no network coverage to 500m.

Conclusion
In this contribution, we share our views on channel model used for LTE D2D ProSe study. Our opinions are summarized as follows:
Proposal 1: Adopt the pathloss model in the following table.
	UE-to-UE channel type
	Pathloss model

	Outdoor-to-outdoor
	ITU-R P1411 (Section 4.3: Propagation between terminals located below roof-top height at UHF)

	Indoor-to-outdoor
	WINNER2 A2 (indoor to outdoor) at least when the indoor UE is at floor 1-3.

	Indoor-to-indoor (same building)
	Same floor: ITU InH model with antenna height adjustment

Different floor: WINNER2 A1

	Indoor-to-indoor (different building)
	Indoor-to-outdoor model with additional 20dB  penetration loss


Proposal 2: Study the shadow fading of D2D link.
Proposal 3: Use WINNER 2 model for the spatial channel correlation between two indoor or two outdoor UEs. When two indoor UEs are not in the same building,  or when one UE is indoor and another UE is outdoor, assume no channel correlation. 
Proposal 4: Apply the same statistics to the AoA and AoD distributions following the AoD statistics of WINNER 2 model.

Proposal 5: Assume 2 RX antennas at the UE. Assume 1 TX antenna as baseline and 2 TX antennas optional at the UE.

Proposal 6: Use 20dBm as the maximal UE transmission power within network coverage. Further study the maximal UE transmission power for the case of partial and out of network coverage.

Proposal 7: Use the HetNet network model for the network infrastructure for the general scenario for both discovery and communication with full network coverage. Limit the maximal D2D range to 100m for the general scenario.

Proposal 8: Generate the public safety use scenario with partial or no network coverage by selectively turning off some or all of the eNBs from the general scenarios. Limit the maximal discovery and communication range for public safety usage with partial or no network coverage to 500m.
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