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1  Introduction

This contribution summarizes several contributions [1] – [4] to this meeting about channel models for demod/RRM. Progress on channel models is essential in order that a decision can be taken on the RRM baseline test method. In addition, it wil be necessary to also make decision on the demodulation baseline by September 2017.

2  Comparison of mmWave channel models 
Comparison of mmWave channel models and measurements with TS 38.901 [1]
This Tdoc compares the major mmWave channel models from 3GPP [2], NYU, mmMAGIC and METIS. Significant similarities were found between these models which were using an omni-directional Tx antenna assumption. However, there were significant differences in some parameters, particularly in the number of clusters, number of MPC per cluster and the delay spread.
Angular and Temporal Statistics for mmWave frequencies based on ray tracing in Bristol [3]

This analysis is based on new ray tracing (RT) results from the University of Bristol. Two examples of Umi are analysed, a city square with movement and a 100 multi-cell dense urban case. Being a simulation it was possible to analyse for no antenna assumption (omni-directional) for direct comparison to [2] as well las further analysis using both Tx and Rx antenna assumptions. The findings in [3] were:

· Delay spread, K factor and Angle of Departure (AoD) are similar to [1] in both 500 m route and dense urban microcell scenarios.

· Standard deviation of all simulation parameters is much higher than [1] for both route and microcell scenarios as well as Tx heights of 5 m and 10 m. Similar results are shown in [3], where the standard deviation of angular spread in both azimuth and elevation is significantly higher than the one proposed in [1].
· Comparing Tx heights of 5 m and 10 m in the 500 m route scenario, only elevation AoA spread increases slightly as Tx height increases. The other parameters are almost the same.
· The number of multipath components (MPCs) in the simulation is substantially less than in [1]. Over all simulations (275000 links for the 500 m route and 20000 links for the dense urban microcells), the maximum number of MPCs observed was no more than 18. This is due to the sparse nature of the ray tracing, which under predicts the scattering paths when compared to the measured profiles. 

· Comparing the AoA spread at azimuth and elevation planes, the simulation results indicate approximately half the spread in [1] for both dense urban microcell and 500 m route scenarios.

· Comparing the results (CDFs of Delay spread, K factor and number of MPC) for thresholds of 25 dB and 50 dB below the strongest ray, it was observed that the results are slightly different for LoS scenario but for NLoS scenario there is no difference.
· Regarding NLos spatial consistency: Simulation results indicate that NLoS ray parameters should be updated more frequently than LoS parameters (i.e. 6 meters intervals, whereas [1] proposes 12 meters)

· Regarding NLos spatial consistency: The LoS state lasts on average 200 meters, which is 4 times longer than the update distance proposed in [1].

· Rel measurement results indicate a similar behaviour to ray tracing simulations, where beam-forming was applied to the Tx end of the measurement link. Measurement results contrast with [1] proposals with respect to both number of clusters and number of rays within the cluster.
· When beamforming is applied, all spreads (delay, AoD azimuth, AoA elevation and azimuth) and the number of MPCs are significantly reduced whereas K factor is increasing as expected.
· When rays are superimposed from 4 BSs, all spreads (delay, AoD azimuth, AoA elevation and azimuth) and the number of MPCs are increasing whereas K factor is decreasing.

Review of outdoor channel model measurements at Durham University [4]
To augment the channel models and the RT results [4] provided real channel sounding measurements in a variety of above and below rooftop suburban scenarios using directional antennas. The conclusion was:

These directional channel measurements taken in urban/suburban environments indicate that the channel is very sparse containing typically two and at most three angles at which significant power was measured. For the analysis of the MPC for any given angle indicated typically two or three components with a delay spread of up to 200 ns with rms delay spread extending to more than 70 ns. In addition, co-polar reception was significantly higher than cross-polar waves indicating the possibility of using cross polarised antennas for diversity transmission.
Analysis of angular spread for indoor and outdoor measurements at University of Bristol [5]

A further et of directional measurements were provided by the University of Bristol in [5]. These also confirmed the sparse nature of the mmWave channel in terms of clusters and MPC per cluster. Conclusion were:
· According to the analysis of the measurements in LoS points, there is no more than 3 cluster. In the best case, the difference in power between the cluster with the strongest MPC and the others is at least 7 dB. In most positions the difference is higher than 10 dB.

· Ground reflection is observed in LoS, in some cases the difference between LoS and ground reflection is less than 10 dB, however this is exceptional.

· The observed clusters do not show high angular dispersion. LoS is strongly dominant in the whole LoS region.

· NLoS is a region with more sparsity, but the power is 30 dB smaller than the strongest MPC in the measurement campaign, so the MPC are not meaningful to establish a reliable communication even though there is sparsity in the angular domain.
3  Conclusions
It is apparent from [1], [3], [4] and [5] that there are significant differences in key channel model parameters between alternative channel models from NYU, mmMAGIC and METIS, ray tracing from University of Bristol and measurements from Durham University and University of Bristol. Although it is not the intent at this time to define precise channel model drops for demod and RRM requirements, the differences in potential parameters between [2] and other sources will have a significant impact on the complexity of demodulation and RRM baseline test methods. The much more sparse channel models suggested by [1], [3], [4] and [5] wil be easier to emulate than the much richer models proposed in [2].
In order to preogress the development of chanel models fo demodulation and RRM requirements it is prosed to send an LS [6] to RAN WG1 to request clarification for RAN WG4 on the source of the different proposals in [2] prior to decision being taken on baseline test methods.
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