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1. Introduction
Proximity services require fundamentally new modes of physical layer operation in LTE.  Consequently, relevant scenarios and corresponding channel models for device to device transmission are needed in order to evaluate physical layer performance.  We discuss and make recommendations on some basic aspects of scenarios and channel models for the case where UEs are all under network coverage.
2. Discussion
2.1. Range of UE Speeds and Scenarios
Even if we consider only proximity discovery, it seems difficult at this stage to substantially reduce the range of speeds we need to consider due to the myriad of potential applications.  While proximity discovery for indoor UEs can clearly focus on low UE speeds, if proximity discovery is used to augment location estimates in outdoor scenarios, the UE could be at moderate vehicular speeds for on the order of minutes (assuming hundreds of meters of range for proximity signals) while still in range of a given UE.  When device to device communication is considered, e.g. for high transmit power public safety applications, high vehicular speeds could be of interest.
Since proximity services could be useful indoor and outdoor, and at a variety of speeds, they seem to be compatible with any of the deployment scenarios listed in 36.814 [1].  However, we may wish to prioritize scenarios in order to design physical layer features to support proximity services.  Since the main aspects of the models are the UE to UE communications, homogenous network setups seem to be a reasonable starting point for evaluations.
Recommendation:
· The deployment scenarios of 36.814 can be used in studies for proximity services under network coverage.

· When not under network coverage, scenarios may be prioritized or down-selected, e.g. as public safety requirements solidify.

· A limited number of evaluation scenarios should be prioritized.

· One homogeneous indoor and one homogenous outdoor network could be a starting point.

2.2. Device to Device Channel Model
The main difference in the assumptions for proximity services and the assumptions used to generate the channel models in 36.814 is the antenna height.  In device to device communication, the transmitter and receiver are typically both at low heights, whereas normal cellular communication has eNBs placed significantly higher than the UE.  This lower eNB antenna height can have a significant impact on the channel model parameters when it tends to be below obstructions that block paths to the UE, particularly for the non line of sight case.  Since path loss and shadowing are likely to be the most dominant factors affecting system performance, they should be modeled well for device to device radio links.  Since the eNB tends to be placed well within the clutter in the indoor models in 36.814, the path loss and shadowing models may be reasonable at least as a starting point. However, the outdoor models assume base station antenna heights that are significantly higher than the UE and so their validity for use in device-to-device propagation modeling must be scrutinized.  
While the measurements used to generate the Winner+ project models [4] (which are consistent with models used in 36.814) generally had base station heights well above the UE, they might be used as a possible starting point to update the outdoor channel models.  Path loss models are provided for Urban Micro, Urban Macro, and Suburban Macro scenarios as a function of antenna height.
In order to check these models, we can consider the path loss slope for the non line of sight case.    Published results from device-to-device measurement campaigns is somewhat limited, but at least one set of measured results [6] seems to support extending the applicable range of the outdoor models in 36.814 to transmit heights less than 10 meters.  Based on the equation developed from their empirical findings, the path loss slope for device-to-device measurements at frequencies of 420, 935, and 2020 MHz would be approximately 42.4 dB/decade for measurements performed in urban and suburban environments, assuming a 1.5 meter base station height.  If we use a similar base station antenna height of 1.5m for the outdoor models of 36.814, the path loss slope may be calculated for the Urban Micro, Urban Macro, and Suburban Macro scenarios as a function of antenna height to be 44.9-6.55*log10(1.5) = 43.7 dB / decade, which is a difference of only 1.3 dB/decade. 

Still, some caution is warranted in assuming that more severe environments are not encountered.  Measurements at 900 MHz in [2] demonstrated path loss slopes of 36, 49, and 51  dB/decade depending on building height and degree of urbanization, while the estimated path loss slope in [3], based on 3D ray-tracing, is about 58-59 dB/decade.  

RAN1 outdoor system simulations have typically used simple hexagonal cell, single slope, models.  However, more elaborate outdoor models, such as the Manhattan layouts, might be worth further study given the relatively shorter ranges in proximity services.  
The shadowing standard deviation is not a function of antenna height in the Winner models.  Based on this observation, we could assume that this behavior is reasonable even at lower heights than were measured in the supporting studies.  Therefore, a starting point could be to use the standard deviations given in the Winner+ models and/or 36.814.
The spatio-temporal channel impulse response characteristics could also vary with antenna height.  However, these characteristics do not vary with height in existing models such as Winner’s. Therefore, as a starting point, we may wish to use the models of 36.814 to determine spatio-temporal impulse response related parameters.
The femto cell layouts are one of the most dense deployment scenarios in 36.814.  Since it seems likely that proximity services should also function in dense indoor scenarios, it is worth examining proximity services’ performance in these scenarios.  There are two types of indoor models in 36.814: those that model indoor walls and simplified models that don’t.  In [5], we find that the two models may produce significantly different levels of interference power, and so suggest some further study of which model should be used.
Recommendations:
· For outdoor propagation, the device to device channel model is updated from the UE to eNB model of 36.814 to include higher values of path loss.  

· As a starting point, the device to device model is the same as the eNB to UE channel model, except that path loss is calculated with the Winner+ models.  

· Because this path loss may be a lower bound, better values for the path loss should be further studied.

· Other modifications or more elaborate models, e.g. enhancements to spatio-temporal channel impulse response aspects or non-hexagonal layouts, can be further studied. 

· Indoor propagation may be modeled using the channel models of 36.814 as a starting point

· Whether explicit indoor wall modeling or simplified models are used should be further studied and decided.
3. Conclusion
Given the variety of potential use cases for proximity discovery and communication, the deployment scenarios of 36.814 seem a reasonable starting point for proximity services.   Furthermore, the channel models in 36.814 seem reasonably close to what is needed for device to device transmission.  Therefore, we propose:
· The deployment scenarios of 36.814 can be used in studies for proximity services under network coverage.
· A limited number of evaluation scenarios should be prioritized.

· One homogeneous indoor and one homogenous outdoor network could be a starting point.

· Indoor propagation may be modeled using the channel models of 36.814 as a starting point

· Whether explicit indoor wall modeling or simplified models are used should be further studied and decided.

· For outdoor propagation, the device to device channel model is updated from the UE to eNB model of 36.814 to include higher values of path loss.  
· As a starting point, the device to device model is the same as the eNB to UE channel model, except that path loss is calculated with the Winner+ models.  
· Because this path loss may be a lower bound, better values for the path loss should be further studied.
· Other modifications or more elaborate models, e.g. enhancements to fast fading related aspects or using non-hexagonal layouts, can be further studied. 
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