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Introduction
The radio propagation channel is an important part of the overall model that characterizes performance when carrying out link level, protocol level or system level simulations.
This is of special importance when considering the new deployment scenarios of devices considered in the cellular IoT study started in GERAN, see [5], where a new radio interface is considered, that should be optimized for these deployments.
This document collects some information to be considered in the modelling of the radio propagation channel taps with regards to the Doppler behavior of the channel in a stationary scenario.
Background
The baseline radio propagation channel model used for GSM/EDGE performance requirements, and in simulations, is the ‘Typical Urban’ (TU) model. This model stems from the COST Action 207 work and was defined long before the GSM networks were actually deployed in practice.
Other models used to complement the TU model in the GSM/EDGE performance specification and used in simulations for GSM/EDGE include Rural Area (RA), Hilly Terrain (HT), Typical Indoor (TI), and the EQ channel.
The channel models are explained by their name except for the EQ channel that is defined to stress the equalizer by a rather extreme channel and is only used for requirements on nominal error rate in the GSM specifications, see [1].
In Figure 1 the power delay profiles of each channel is shown with the average relative power truncated at -10 dB to provide a more readable figure. It can be noted that, the models in [1] are defined down to -20 dB in average relative power. The models are discrete in time with each tap represented by a circle marker (‘o’), the taps being connected by a linear line to provide an easier understanding of the dependency between channel tap power and channel tap delay (except for the HT channel where the two group of delay taps are kept separated).
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[bookmark: _Ref394306890]Figure 1. Radio propagation channels defined for GSM/EDGE in [1] (truncated at -10 dB in relative power).
The Doppler spectrum for each tap is described by the classical Jakes’ spectrum (denoted as CLASS in [1]), characterized by omni-directional scatterers impinging on a moving receiver. There is however one exception, which is for the first tap of the RA which follows a Rician Doppler spectrum having a direct path component (K factor  5).
Doppler spectrum for stationary transmitters and receivers
The classical Doppler spectrum derived by Jakes assumes a moving receiver with no moving reflectors/scatterers, and a sufficiently large number of incoming reflections at different angles of arrival.
However, in the cellular IoT study a large amount of the devices are expected to be stationary, with either stationary or moving reflectors/scatterers. Hence, Jakes model might no longer be a good representation.
In [2] a stochastic model for time varying channels in a fixed wireless communication system is proposed. The model contains a parameter ‘a’ that defines the number of paths that are static (no movement from neither reflecting objects, nor transmitter/receiver).
A realistic value of ‘a’ according to the authors is 0.9 (90% of the reflecting objects are stationary) which is shown in Figure 2.
It can be seen that the spectrum characteristics of the proposed model greatly differ from the classical Jakes spectrum.
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[bookmark: _Ref394315226]Figure 2. Doppler spectrum based on Jakes’ model and the proposed model in [2].
This model matches for example quite well some measurements of indoor channels where different numbers of persons are moving around the base (‘B’) or portable antenna (‘P’), e.g. 2B 0P (implying that 2 persons are moving around the base and no person is moving around the portable antenna), in the measurement setup, see [3], and see Figure 3.
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[bookmark: _Ref394316254]Figure 3. Doppler spectrum from [3].
Other measurement campaigns see [1] and [7], also verify these findings in that the shape of the Doppler spectrum is rather pointy instead of having a bell shaped profile. An alternative model for simulation of the stationary channel is also proposed in [1].
[image: ]
Figure 4. Doppler spectrum from [1].
Discussion
Some collection of measurements and models from the literature has been provided. It is clear that the Doppler spread in channels with stationary transmitters and receivers is expected to differ significantly from the classical Doppler model typically used. The impact on performance from the different models and/or their complexity to implement in existing simulators, have not been considered. 
It should be noted that only the modeling of the Doppler spread, and not scenario specific parameters, such as what maximum Doppler spread(s) should be used for stationary devices, has been collected.
Conclusions
Some initial consideration on the applicable Doppler spectrum for stationary devices has  been made. Further consideration on impact on performance and modeling complexity is needed before determining on a way forward for the channel modeling in the cellular IoT study.
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