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1 Introduction

During RAN1#73 [1], D2D channel modelling aspects were thoroughly discussed. One of the major discussion points was the incorporation of dual-mobility into current 3GPP channel models. The discussion was mainly focussed on modifying current 3GPP SCM [2] for system level simulations. Two major proposals in this aspect were highlighted, and were discussed on the RAN1 e-mail reflector to come up with the following agreement [3].  
· Alt 1: Proposal in R1-132803 [4] - modification to 3GPP SCM to include dual-mobility only 

( Accepted as current working assumption with a uniform AoA spread of 104 degrees
( Further study on the details of the model should be undertaken

· Alt 2: Proposal in R1-132341[5] - modification to 3GPP SCM to include dual-mobility and dual-scattering. Further simplification of the model for lesser complexity

( Further study should be undertaken to verify the model

In this contribution, we analyse the applicability of the models proposed in R1-132803 [4] and R1-132341 [5] for accurate D2D channel modelling by mainly using examples from the academic literature.
2 Discussion
As pointed out in previous discussions [5][6], dual-mobility and low antennas antenna elevation at both transmitter and receiver are the two major distinctions of D2D channel environment compared with the traditional cellular link. 

· Dual-mobility causes different Doppler characteristics for D2D channel than the traditional cellular channel. Therefore, link level simulations and system level simulations should be carried out taking into account the changes in Doppler conditions.

· Low elevated antennas at the UE and the surrounding objects create a local scattering environment around the UE. In traditional cellular links, eNB (located in the higher elevated grounds, possibly higher than the surrounding objects) sees a scatterer distribution in a limited angular region, far away from the eNB while the UE sees a local scattering environment around it. In contrast, D2D link consists of two UEs at both ends which results in local scattering at both ends.  This creates different small-scale fading characteristics in D2D channel than traditional cellular links.  
Accordingly, we observe the need for considering both dual-mobility and dual-scattering effects when defining channel models for D2D. 
Observation 1: Both dual-mobility and dual-scattering effects should be considered when defining channel models for D2D.

In the following sections we discuss the characteristics and the validity of proposed alternatives for updating current 3GPP SCM for D2D. 

2.1 Alt 1: Proposal in R1-132803 [4]
Alt 1 proposes a simple modification that incorporates dual-mobility into current 3GPP SCM. The modified SCM is described by
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Equation 1
Where,
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Equation 2
2.1.1 Model characteristic analysis
· This model consists of 
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clusters of scatterers, each can be considered as a resolvable path.  Within a resolvable path (cluster), there are 
[image: image4.wmf]M

 sub-paths which can be regarded as un-resolvable rays. Each of these rays has a particular AoA and AoD value. According to the parameter generation process in [2], AoAs and AoDs per sub-path are generated independently, however, are associated with each other to achieve 
[image: image5.wmf]M

independent sub-paths. This association inherently creates a joint AoA and AoD distribution in the sub-path level. In fact, this is acceptable to traditional cellular links, where signals transmitted by the eNB are scattered locally only around the UE receiver (single bounce scattering). In contrast to the traditional cellular link, D2D communication channels are expected go through two local scattering environments (at the transmitter and the receiver) due to low elevated antennas at both ends. Thus, the applicability of this model for such a scenario is quite uncertain. 
· According to Equation 1, signal amplitudes per path are Rayleigh distributed. It has been experimentally validated that the peer-to-peer channels have a mixed Ricean, Rayleigh and double-Rayleigh distribution (described by a second order scattering fading distribution (SOSF)) with dominating double-Rayleigh characteristics in the rich scattering environments and dual-mobility scenario (See the Review in Annex 1). Further, the performance of different modulation schemes and transmission schemes has been found to be worst for double-Rayleigh fading amplitudes than for Rayleigh fading amplitudes [11]
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[12]. Therefore, this model will be too optimistic for actual fading characteristics of dual-mobility and dual-scattering scenario.
Observation 2: The model in Alt 1 will be too optimistic for actual fading characteristics of dual-mobility and dual-scattering scenario.
2.2 Alt 2: Proposal in R1-132341 [5]
The model proposed in Alt 2 not only considers dual-mobility, but also dual-scattering at transmitter and receiver. The proposed SCM in Alt 2 is
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Equation 3
Where

·  
[image: image7.wmf])

(

,

,

AoD

l

n

Tx

G

q

 is the transmitter antenna gain of each array element

· 
[image: image8.wmf])

(

,

,

AoA

m

n

Rx

G

q

 is the receiver antenna gain of each array element.
· 
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T

d

represents the spacing between transmitter antenna element 
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and the reference transmitter antenna element
· 
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 represents the spacing between receiver antenna element  
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 and the reference receiver antenna element
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 is the  number of scatterers per Tx-cluster,
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is the number of scatterers per Rx-cluster,
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path,
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 is the velocity of the transmitter,
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is the velocity of the receiver,
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 is the direction of the transmitter motion w.r.t. the transmitter broadside,
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 is the wave length.
The proposal in [5] further simplifies the model in Equation 3 to obtain a simplified SCM as 
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Equation 4
2.2.1 Model characteristic analysis
· The model in Equation 3 considers all combinations of sub-paths between the transmitter scatterers and receiver scatterers. Further, no specific association of AoAs to AoDs is needed in the sub-path level allowing full spatial separability of the channel. Therefore, it is a more generalised model than the one in Alt 1. In fact, the model in Alt 1 includes only a subset of paths (only 
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cases) included in the model in Equation 3. 
· Similar to Equation 1, Equation 3 also gives Rayleigh distributed fading amplitude statistics because it also considers independent sub-paths from transmitter scatterers to the receiver scatterers. On the other hand, the model in Equation 4 exhibits double-Rayleigh distributed amplitude statistics. According to the experimental results outlined in Annex 1, peer-to-peer channels or mobile-to-mobile channels exhibit a second order scattering fading distribution (SOSF) with dominating double-Rayleigh characteristics in rich scattering environments and dual-mobility scenarios. It has also been shown that the performance of double-Rayleigh channels is worse than that of Rayleigh channels [11]
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[12]. Further, double-Rayleigh distributed fading amplitudes have been considered in the literature for performance evaluation of dual-mobility links in cooperative communication systems and vehicle-to-vehicle communication systems [11]-[15]. Therefore, we think that the model proposed in Equation 4 is more applicable for D2D communication channel to avoid optimistic system design. 
Observation 3: The simplified model in Alt 2 (above Equation 4) will be more applicable for D2D communication channel to avoid optimistic system design.
3 Conclusion

In this contribution, we analysed the proposed alternatives for modifying 3GPP SCM for D2D channel modelling. Experimental and simulation results were outlined from the academic literature to analyse the validity of each proposal. Accordingly, following observations were made.

Observation 1: Both dual-mobility and dual-scattering effects should be considered when defining channel models for D2D.
Observation 2: The model in Alt 1 will be too optimistic for actual fading characteristics of dual-mobility and dual-scattering scenario.
Observation 3: The simplified model in Alt 2 (above Equation 4) will be more applicable for D2D communication channel to avoid optimistic system design.
Based on these observations, we emphasise that the simplified model in Alt 2 (above Equation 4) should be considered as the spatial channel model for D2D evaluations. 
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5 Annex 1- Experimental Results Review
5.1 Effect of moving transmitter and receiver

· In [7], a computer-based propagation prediction tool (using Ray tracing) has been used to find out the effects of moving transmitter and the receiver on the fading amplitude in an urban microcellular environment. Here, the terrain is assumed to be flat with transmitting and receiving antenna heights below the rooftop level. Transmitter antenna is moved within a circle of 1m radius and the receiver antenna is randomly chosen within 10mx10m square (NLOS condition).  The results show that the received signal has characteristics of two cascaded Rayleigh processes for the varying transmitting antenna locations.
· In [9], measurements have been taken in an indoor-to-indoor channel setup in Stanford (using WiFi) with dual mobility. The transmitters and the receivers are randomly moved within a 2m radius at a speed of 0.3 m/s (~1km/h). It has been found that when both UEs are moving temporal fading amplitudes can be well modelled by a single distribution consisting of a weighted combination of Ricean and double-Rayleigh distribution. Further, the authors have found that the double-Rayleigh fading component is significantly stronger when both transmitter and receiver are moving as opposed to only one of them moving. This implies that the popular Rayleigh fading assumption, which is believed to be pessimistic, might, in fact, be too optimistic for the actual fading in double-mobile scenarios.
· In [10], indoor peer-to-peer radio channel measurements have been conducted in Belgium to evaluate the links between mobile nodes operating at 3.8 GHz. Accordingly, the fading amplitudes follow a second order scattering fading distribution (SOSF) distribution with a high probability of occurrence for pure double-Rayleigh fading for dual-mobility scenario. 
5.2 Effects of multiple-scattering environments

· In [8], distribution of fading amplitudes in multiple scattering environments is described. A forest is considered as a multiple scattering environment for measurements at 1800 MHz for a mobile-to-mobile link. Group of trees near the antennas is assumed to form the effective set of scatterers around the antenna. Results show that at close distances, the scattering environments tend to overlap and the single Rayleigh distribution dominates. For large distances (~300 m) the two scattering groups separate and the Double-Rayleigh distribution dominates even if there are trees in the intervening area. 
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Figure 1: Measurements (+) in a forest at two different distances compared with multiple Rayleigh model (-). Single Rayleigh shown for reference [8]
_1431863155.unknown

_1435041050.unknown

_1435041087.unknown

_1435041100.unknown

_1435041078.unknown

_1435041041.unknown

_1431871510.unknown

_1431863058.unknown

_1431863082.unknown

_1428732844.unknown

_1431852086.unknown

_1428738481.unknown

_1428732843.unknown

