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1. Introduction

This contribution addresses the evaluation methodology and channel model part of the SID on D2D [1]:

· 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). [RAN1]

This paper includes an overview of the aspects to be modeled in a new family of 3GPP channel models for D2D evaluations and for simulation scenarios definition.

2. Overview of parameters to be modeled for D2D channels

2.1. Path loss

3GPP Channel models (e.g., Home eNB (indoor) and Pico/RRH models (outdoors)) described in [2] provide a good starting point for path loss modeling for D2D applications. However, some fundamental aspects are missing and need enhancements based on both analytical modeling and validation by measurement campaigns. One of such aspects is the indoor-to-indoor propagation model, where a number of different cases may occur, including indoor-to-indoor through different buildings and inter-floor attenuation models [4]
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[image: image1]Some examples of propagation scenarios that may occur in modern Manhattan-style environments where inter-floor paths are reflected by neighbor buildings are shown in Figure 1.

Observations:
· Home eNB and Pico/RRH models in [2] provide a good starting point for D2D path loss modeling

· The models in [2] need to be enhanced with indoor-to-indoor and inter-floor propagation models

· Validation of proposed models by measurements is needed

2.2. Shadowing

The large impact of human shadowing on propagation properties has been pointed out in recent literature [3]. Unfortunately, such human interaction is not properly captured in existing 3GPP models, and even though it is relevant for all propagation scenarios it appears particularly relevant for D2D propagation scenarios where short range detection and communication is of primary importance. Additionally, LoS probabilities should accurately reflect the impact of body shadowing, especially for short ranges. It needs to be studied in RAN1 also how such body shadowing effects may be integrated with existing propagation models (e.g., if they may be modeled as additional stochastic terms to the attenuation terms, or if finer modeling is needed).

Observation:
· Human shadowing needs to be accurately modeled and validated, especially for short range

2.3. Delay Spread and Spatial properties

It appears intuitively possible to confirm existing 3GPP fast fading and spatial scattering models for D2D channel models, too. One aspect to be evaluated is whether new scenarios may arise, e.g., for indoor communication. One example would be corridor-communication where limited angular spread values would be experienced.


Observations:
· Fast fading and spatial scattering models from 3GPP may be considered for D2D channel models
· Possibly, some new indoor propagation scenarios may be identified and corresponding modeling may be revised

2.4. Literature review of D2D channel modeling

Where possible, it is preferable to exploit existing models from literature for enhancing 3GPP channel models and better capture D2D propagation properties. Even though IEEE/WiFi supports a direct communication mode, direct communication between handheld devices does not seem to be explicitly modeled in the channels typically employed during WiFi standardization.

A useful source of models that are suitable for D2D is COST 231 [6], where cellular models for outdoors, indoors, and outdoors-to-indoors propagation and inter-floor propagation are proposed. The problem with the inter-floor model is however that it is empirical and parameterized based on only few specific cases. It is very likely that this model provides non realistic characteristics for e.g. isolated high rise buildings and buildings with highly attenuating exterior walls. Moreover, propagation between UEs in an urban street environment is not accounted for. For this scenario the Berg recursive model is proposed [9].
Another source of channel models for D2D is the European funded project METIS [8], where D2D propagation models are currently being developed. However, the Metis deliverables might be available too late for reusing such results in RAN1, depending on the deadlines set by the RAN plenary.

A further observation is that the channel modeling work in 3GPP should be coordinated between, e.g., the Elevation beamforming WI and the Dynamic TDD WI, in order to provide compatible propagation models for similar settings.

Observations:
· COST 231 may be considered as a source of some modeling aspects for D2D, especially with respect to inter-floor propagation models

· The propagation models should be aligned between D2D and other new RAN1 WIs

3. Simulation scenarios

A number of reference scenarios should be identified for D2D. The reference scenarios should be few and as common as possible between NSPS and commercial D2D. In case of NSPS, the same scenarios should be considered for different levels of network coverage (including lack of network coverage), as well as for discovery and communication phases. For communication for NSPS applications, only a fraction of the discovered UEs are assumed to be interested in direct communication, according to the specified traffic models. The following example scenarios may be considered:
· Urban scenario
· Combination of Outdoor-to-Outdoor, Outdoor-to-Indoor, Indoor-to-Indoor (same floor) , Indoor-to-Indoor (different floor), Indoor-to-Indoor (different buildings) propagation models

· User distribution and ratio of indoor/outdoor UEs to be discussed and aligned with the Small Cells SI
· User density compatible with models in the Small cells SI

· For commercial and NSPS, consider overlaid network macro deployment

· For NSPS, partial coverage and lack of network coverage to be considered, too

· Suburban scenario

· Outdoor-to Outdoor communication propagation models

· Possibly, also Outdoor-to-Indoor and Indoor-to-Indoor with smaller probability

· Uniform user distribution

· User density according to [2]
· For commercial and NSPS, consider overlaid network macro deployment

· For NSPS, partial coverage and lack of network coverage to be considered, too

Regarding traffic models, some of the assumptions from the small cells SI may be reused. In general, non full traffic models from [2] are preferably considered.
Another aspect to be considered is robustness to jamming, for NSPS applications. It is possible to define a jamming scenario by optionally inserting malicious users for each of the considered scenarios.

For specific aspects of the SI, link level simulations may also be considered. Such aspects include, e.g., estimation/detection/demodulation performance of reference signals and control signals/channels introduced for D2D purposes.

It should also be discussed whether only “Public Safety UEs” (as defined in [7]) should be able to access NSPS networks and perform direct communication, or if “ProSE Enabled UEs” should also be able to access an NSPS network and perform discovery within an NSPS network (under network coverage). Scenarios with mixes of “Public Safety UEs”, “ProSE Enabled UEs” and conventional UEs may be accordingly produced, both for NSPS and commercial networks.
Observations:
· For D2D communication, urban and suburban scenarios are defined with specific channel and traffic models;

· Additional simulation aspects include robustness against jamming, link level issues, the distinction between “Public Safety UEs” and ProSe Enabled UEs” and evaluating scenarios with a mixture of such UEs.
4. Performance goals

Individual performance goals should be defined for the following cases:

· Discovery in a commercial network (possibly limited to ProSE enabled UEs only, depending on definition of UE classes)
· Discovery in a NSPS network (possibly limited to Public Safety UEs only, depending on definition of UE classes)

· Communication in a NSPS network (limited to Public Safety UEs)

· Communication with partial NSPS network coverage (limited to Public Safety UEs)

· Communication without network coverage (limited to Public Safety UEs)

We observe that no performance goal should be set for communication within a commercial network, as this falls out of the SID requirements [1].

For discovery, performance goals may be expressed in terms of discovery latency CDF, energy efficiency while keeping the impact of D2D discovery on the cellular network at a minimum level both in terms of caused interference and used cellular resources. Energy efficiency is of relatively less importance for the NSPS use case, especially when out of network coverage, where reliability of discovery should be the main performance driver. 
For communication, similar targets as for the Small Cells SI may be considered, in addition to energy efficiency. Especially for the NSPS use case, reliability of communication seems to have higher priority than spectral efficiency, peak rates and energy efficiency.
For Public Safety UEs without network coverage (or with partial NSPS network coverage) performance targets on synchronization accuracy, robustness and convergence time should be considered. Such performance goals should also be considered in case of topology variations.
A major area of performance assessment is the impact of D2D discovery and communications on cellular operations and possibly on legacy UEs. This should be assessed by system level simulations as well as analytical considerations (e.g., regarding the amount of resources possibly reserved to D2D operations).

Another area for discussion is how to benchmark a potential LTE D2D technology with existing technologies such as WiFi Direct. Considering the impracticality (if not infeasibility) of evaluating a competing technology in 3GPP, it is recommended to perform analytical comparisons of the competing technologies by use of analytical models. There should also be discussion regarding which performance metrics should be considered for the purpose of benchmarking an LTE D2D solution to other competing technologies. Overhead, spectral efficiency and energy efficiency appear as obvious candidates.
Observations:
· Discovery performance goals may differ for commercial and public safety applications
· Communication performance goals need to be set for the public safety use case only
· For public safety, performance goals with network coverage, with partial network coverage and without network coverage may differ

· Energy efficiency goals are relatively more important for the commercial use case, while reliability targets are to be privileged for public safety use cases

· System level simulations and analytical studies are needed to assess impact of D2D on cellular operations

· Competing technologies should be benchmarked by analytical studies

5. Conclusions

This contribution presents an overview of the channel models and simulation methodologies to be defined for the D2D SI in RAN1. The following is observed:
Observations:
· Home eNB and Pico/RRH models in [2] provide a good starting point for D2D path loss modeling

· The models in [2] need to be enhanced with indoor-to-indoor and inter-floor propagation models

· Validation of proposed models by measurements is needed

· Human shadowing needs to be accurately modeled and validated, especially for short range

· Fast fading and spatial scattering models from 3GPP may be considered for D2D channel models

· Possibly, some new indoor propagation scenarios may be identified and corresponding modeling may be revised

· COST 231 may be considered as a source of some modeling aspects for D2D, especially with respect to inter-floor propagation models

· The propagation models should be aligned between D2D and other new RAN1 WIs

· For D2D communication, urban and suburban scenarios are defined with specific channel and traffic models;

· Additional simulation aspects include robustness against jamming, link level issues, the distinction between “Public Safety UEs” and ProSe Enabled UEs” and evaluating scenarios with a mixture of such UEs.
· Discovery performance goals may differ for commercial and public safety applications

· Communication performance goals need to be set for the public safety use case only

· For public safety, performance goals with network coverage, with partial network coverage and without network coverage may differ

· Energy efficiency goals are relatively more important for the commercial use case, while reliability targets are to be privileged for public safety use cases

· System level simulations and analytical studies are needed to assess impact of D2D on cellular operations

· Competing technologies should be benchmarked by analytical studies
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Figure 1�. Propagation paths between floors reflected off adjacent buildings.








