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Background
In the Sep 2015 RAN meeting, the SID for above 6GHz channel modelling was approved in RP-151606.  As part of the study, email discussions took place between the Sep meeting and this Dec meeting.  This document summarizes the email discussions on this topic – thanks to everyone who contributed to the discussion ion the email reflector.
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Summary of Email Discussion

· For analysis of work outside of 3GPP, companies are encouraged to
1. Bring awareness of these works to the RAN plenary group, 

2. Provide brief high-level summary of these work, including functional analysis, features, strength areas, and ongoing follow-up activities. 

[Email Summary]  Thanks everyone for providing excellent information on work done outside of 3GPP.  The summary is largely based on Jim Miller’s (Interdigital) input, which captures the inputs from other companies well. Additional details about individual group’s work can be found in Appendix A.
Groups and projects with channel models: 

· METIS (Mobile and wireless communications Enablers for the Twenty-twenty Information Society) 

· MiWEBA (MIllimetre-Wave Evolution for Backhaul and Access)

· ITU-R M 

· COST2100

· IEEE 802.11

· NYU WIRELESS: interdisciplinary academic research center
· Fraunhofer HHI has developed the QuaDRiGa channel model, Matlab implementation is available at http://quadriga-channel-model.de
Groups and projects which intend to develop channel models

· 5G mmWave Channel Model Alliance: NIST initiated, North America based
· mmMagic (Millimetre-Wave Based Mobile Radio Access Network for Fifth Generation Integrated Communications): Europe based

· IMT-2020 5G promotion association: China based 

· ETSI industry specification group (ISG) on millimeter wave transmission (mWT)
METIS Channel Models: 

Identified 5G requirements (e.g., wide frequency range, high bandwidth, massive MIMO, 3-D and accurate polarization modelling)
Performed channel measurements at various bands between 2GHz and 60 GHz

Provided different channel model methodologies (map-based model, stochastic model or hybrid model). For stochastic model, the proposed channel is focused on outdoor square, Indoor cafeteria and indoor shopping mall scenarios.

MiWEBA Channel Models:
Addressed various challenges: Shadowing, spatial consistency, environment dynamics, spherical wave modelling, dual mobility Doppler model, ratio between diffuse and specular reflections, polarization 
Proposed Quasi-deterministic channel model
Performed channel measurements at 60 GHz
Focused on university campus, street canyon, hotel lobby, backhaul, and D2D scenarios. 

ITU-R M Channel Models: 

Addressed the propagation loss and atmospheric loss on mmW
Introduced enabling antenna array technology and semiconductor technology

Proposed deployment scenarios, focused on dense urban environment for high data rate service: indoor shopping mall, indoor enterprise, in home, urban hotspot in a square/street, mobility in city. 

COST2100 Channel Models: 

Geometry-based stochastic channel model that reproduce the stochastic properties of MIMO channels over time, frequency and space. It is a cluster-level model where the statistics of the large scale parameters are always guaranteed in each series of channel instances. 

NYU WIRELESS Channel Models:

Conducted many urban propagation measurements on 28/38/60/73 GHz bands for both outdoor and indoor channels, measurements are continuing. 
Proposed 3 areas for 5G mmWave channel modeling which are small modifications or extensions from 3GPP’s current below 6GHz channel models 

1) LOS/NLOS/blockage modeling (a squared exponential term); 2). Wideband power delay profiles (time clusters and spatial lobes for a simple extension to the existing 3GPP SSCM model); 3). Physics-based path loss model (using the existing 3GPP path loss equations, but simply replacing the “floating” optimization parameter with a deterministic 1 m “close-in” free space reference term in order to provide a standard and stable definition of “path loss exponent” across all different parties, scenarios, and frequencies). 

802.11 ad/ay Channel Models:

Conducted ray-tracing methodology on 60 GHz band indoor channels, including conference room, cubicle, living room scenarios
Intra cluster parameters were proposed in terms of ray excess delay and ray power distribution

Human blockage models were proposed in terms of blockage probability and blockage attenuation

5G mmWave Channel Model Alliance:

Will provide a venue to promote fundamental research into measurement, analysis, identification of physical parameters, and statistical representations of mmWave propagation channels. 
Divided into six collaborative working groups that include a Steering Committee; Modeling Methodology Group; Measurement Methodology Group; and groups that focus on defining and parameterizing Indoor, Outdoor, and Emerging Usage Scenarios. 

Sponsored by Communications Technology Research Laboratory within the NIST. 

mmMagic: 
Brings together major infrastructure vendors, major European operators, leading research institutes and universities, measurement equipment vendors and one SME. 

Will undertake extensive radio channel measurements in the 6-100 GHz range.

Will develop and validate advanced channel models that will be used for rigorous validation and feasibility analysis of the proposed concepts and system, as well as for usage in regulatory and standards fora. 

IMT-2020 5G promotion association
Jointly established by three ministries of China based on the original IMT-Advanced promotion group
Members including the main operators, vendors, universities and research institutes in China

The major platform to promote 5G technology research in China and to facilitate international communication and cooperation

ETSI ISG on mWT
Will facilitate the use of the V-band (57-66 GHz), the E-band (71-76 & 81-86 GHz) and, in the future, higher frequency bands (up to 300 GHz) for large volume backhaul and fronthaul applications to support mobile network implementation, wireless local loop and any other service benefitting from high speed wireless transmission.

QuaDRiGa (Fraunhofer HHI)

QuaDRiGa (QUAsi Deterministic RadIo channel GenerAtor) was developed at the Fraunhofer Heinrich Hertz Institute within the Wireless Communications and Networks Department to enable the modeling of MIMO radio channels for specific network configurations, such as indoor, satellite or heterogeneous configurations.

Besides being a fully-fledged 3D geometry-based stochastic channel model (well aligned with TR36.873), QuaDRiGa contains a collection of features created in SCM(e) and WINNER channel models along with novel  modeling approaches which provide features to enable quasi-deterministic multi-link tracking of users (receiver) movements in changing environments. QuaDRiGa supports Massive MIMO modeling enabled through a new multi-bounce scattering approach and spherical wave propagation. It will be continuously extended with features required by 5G and frequencies beyond 6 GHz. The QuaDRiGa model is supported by data from extensive channel measurement campaigns at 10 / 28 / 43 / 60 / 82 GHz performed by the same group.
· For channel modeling/measurement, companies are encouraged to provide views in these areas:
1.       Deployment scenarios

a.       List of deployment scenarios of interest, e.g. UMi (Open square, street canyon), UMa, Indoor,  O2O, O2I, etc.  Additional details such as TX/RX height and ISD.

b.      Views on potential prioritization of these scenarios
2.       Spectrum bands of interest for each company 

[email summary]
Consistent with the objective of the SID, most companies think the developed model should be applicable to  all frequency bands up to 100 GHz. 
On the deployment scenarios, UMi/UMa (with O2O and O2I) and Indoor were most frequently mentioned, and other scenarios such as backhaul, V2V/D2D were also mentioned in the discussion.   

In terms of prioritization, most companies believe UMi and Indoor cases should be prioritized.  It is also mentioned that UMa case for lower frequencies belonging to the >6GHz range could also be a good target for higher priority. 
Meanwhile, radio propagation undergoes more path loss and greater diffuse scattering at higher frequencies, and therefore scenarios with large ISD such as UMa should have lower priority for higher frequencies. 
Brief description of the key scenarios identified in the email discussion:

(1) UMi (Street canyon, open area) with O2O and O2I: This is similar to 3D-UMi scenario, where the eNBs are mounted below rooftop levels of surrounding buildings. UMi open area is intended to capture real-life scenarios such as a city or station square. The width of the typical open area is in the order of 50 to 100 m.

Example: [Tx height:10m, Rx height: 1.5-2.5 m,  ISD: 200m]
(2) UMa with O2O and O2I: This is similar to 3D-UMa scenario, where the eNBs are mounted above rooftop levels of surrounding buildings.

Example: [Tx height:25m, Rx height: 1.5-2.5 m,  ISD: 500m]
(3) Indoor: This scenario is intended to capture various typical indoor deployment scenarios, including office environments, and shopping malls. The typical office environment is comprised of open cubicle areas, walled offices, open areas, corridors etc. The eNBs are mounted at a height of 2-3 m either on the ceilings or walls. The shopping malls are often 1-5 stories high and may include an open area (or “atrium”) shared by several floors. The eNBs are mounted at a height of approximately 3 m on the walls or ceilings of the corridors and shops.

Example: [Tx height: 2-3m, Rx height: 1.5m, area:  500 square meters]
(4) Backhaul, including outdoor above roof top backhaul in urban area and street canyon scenario where small cell BSs are placed at lamp posts.
(5) D2D/V2V. Device-to-device access in open area, street canyon, and indoor scenarios.  V2V is a special case where the devices are mobile.
(6) Other scenarios such as Stadium (open-roof) and Gym (close-roof).
3.       Identification and analysis of modeling methodology, Stochastic model, Map-based model, etc
[Email Summary] 

A clear majority of companies stated their preference of starting from 3GPP 3D channel model (a Stochastic model), and add necessary features to account for the physics of higher frequency bands. In addition, most companies view ray tracing as a useful tool for generating parameters for the stochastic modelling, but not a way of direct channel modelling and integration in system simulation tools.

One company (Anite) prefers the map-based channel model developed originally in METIS project (EU FP7 project ICT-317669). The map-based model targets consistency across both frequency and space by utilizing known ray tracing principles and a trivial map or building layout. Propagation effects like; diffraction, reflection, scattering, and blocking, are modelled with well-established formulas.

Other approaches mentioned include Quasi-Deterministic model (MiWEBA), hybrid model, etc. According to MiWEBA, in the Q-D channel models, several strong propagation paths (D-rays) are determined deterministically based on the geometry of deployment and surrounding. Remaining diffuse scattered waves and reflections from occasional small and mobile objects, such as cars, are considered as random rays (R-rays) to be described as random clusters with specified statistical parameters extracted from experimental data or detailed ray tracing models. The number of D-rays depends on considered scenarios, and their power is calculated in accordance with standard formulas taking into account free space path losses, reflection coefficients, polarization properties, and UE mobility effects. Such Q-D channel model approach is appropriate for millimeter-wave bands, since strong D-rays dominate the performance of communication systems employing highly directional antennas.    
One company (Telecom Italia) suggested additional evaluation and investigation to take place before selection of modelling methodology in 3GPP RAN1.

The recommendation is to share these observations with RAN1, so RAN1 can use this as a starting point of discussion.  We should aim for a decision on modelling methodology in the first RAN1 meeting.  Meanwhile, companies are encouraged to share additional investigation and comparison results to facilitate the decision making process in RAN1.

4.       Identification and analysis of additional features necessary  for higher frequency, e.g. human blocking,  spatial consistency, etc

[Email Summary] 

The following features were mentioned by multiple companies and could be considered as essential for >6Hz:

· Foliage, atmosphere and rain attenuations as a function of frequency

· The blockage caused by the static objects and moving objects such as human body and vehicle: The blockage attenuation generally increases with frequency

· The spatial consistency which involves the evolutionary features and the correlation of channels between adjacent UEs or links on the large and small scale. This is useful for support of massive MIMO, mobility and beam tracking ( time consistency) 
· Support of large bandwidth (possibly up to 10% of carrier frequency)

· Support of 3D beamforming with large arrays
5.       Measurement capability map,  companies are encouraged to list capability and intention to contribute 

[Email Summary] 

The measurement capability as reported by each company is reported in the table below. In addition, prior measurement campaign information from several organizations were summarized in Appendix B.

	
	6 - 20 GHz
	20 - 30 GHz
	30  - 60 GHz
	>60 GHz 

	Urban macro
	CMCC
Nokia/Aalborg
	Nokia/Aalborg
	NYU
	 

	Urban micro
	Aalto University
CMCC

Ericsson

Intel/Fraunhofer HHI

Nokia/Aalborg

NTT DOCOMO

Orange
China Telecom/WICO
	AT&T

Aalto University
CMCC

Huawei

Intel/Fraunhofer HHI

Nokia/Aalborg

NTT DOCOMO

NYU

Qualcomm

Samsung

CATT

KT 

ETRI

ITRI/CCU

ZTE
	AT&T

Huawei
Intel/Fraunhofer HHI

NTT DOCOMO

Qualcomm

CATT

ETRI

ITRI/CCU

ZTE
	AT&T

Aalto University
Huawei

Intel/Fraunhofer HHI

NYU

	Indoor
	Aalto University
CMCC

Ericsson

Huawei

Intel/Fraunhofer HHI

Nokia/Aalborg

NTT DOCOMO

Orange
China Telecom/WICO
	AT&T

Alcatel-Lucent

Aalto University
BUPT

CMCC

Huawei

Intel/Fraunhofer HHI

Nokia/Aalborg

NTT DOCOMO

NYU

Qualcomm

Samsung

CATT
KT

ETRI

ITRI/CCU

ZTE
	AT&T

Ericsson
Huawei

Intel/Fraunhofer HHI

NTT DOCOMO

NYU

Qualcomm

CATT

ETRI

ITRI/CCU

ZTE
	AT&T

Aalto University
Huawei

Intel/Fraunhofer HHI

NYU

	O to I
	Ericsson
Huawei

Intel/Fraunhofer HHI

Nokia/Aalborg

NTT DOCOMO

Orange
	AT&T

Alcatel-Lucent

Ericsson
Huawei

Intel/Fraunhofer HHI

NTT DOCOMO

NYU

Samsung

KT
	AT&T

Ericsson
Huawei 

Intel/Fraunhofer HHI

NTT DOCOMO
	AT&T

Huawei 
Intel/Fraunhofer HHI
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Appendix A: Additional info on work outside of 3GPP
NYU WIRELESS (Prof. Ted Rappaport):

To date, we have accumulated about 0.5 Terabytes of channel measurement data at the frequencies of 28, 38.625, 60, and 72-73.5 GHz for Urban Microcell, Urban Microcell, and Indoor environments. We are continuing to work on mmWave channel measurements and channel modeling for our Industrial Affiliates.  

We believe that for link level and network level simulations above 6 GHz, statistical models (also called stochastic models, or empirical models) based on extensive field measurements would be preferable over map-based or ray-traced based models.  That is not to say that map-based models or ray-tracing are not useful – indeed they are very useful.  For the purposes of creating standard channel models, however, our experience is that measurement-based statistical models (e.g. empirically-based statistical models, with some basis in fundamental physics) would be the best approach for simulating link layer and network performance above 6 GHz, especially since many ray tracing tools may not yet be optimized or calibrated to mmWave frequencies because of the dearth of measurements to date.  Our view is that empirically-based statistical models should have some basis in fundamental physics that allow them to be accurate and stable for a wide range of frequencies, distances, and measurement sources, as well as intuitive and easy to use in practice for closed-form analysis by those outside of the propagation community (e.g. researchers in information theory, communication theory, etc.). 

 We believe that a statistical model for > 6 GHz can be made to be consistent with the current 3D 3GPP channel model for < 6 GHz, and our research indicates that some simple modifications and extensions may be needed to accurately and intuitively model the increased channel directionality and vast range of frequencies throughout the mmWave bands.  

 Some of our recent findings that may help develop 3GPP channel models above 6 GHz, as well as published omnidirectional path loss data for public use, may be found in the following peer-reviewed papers:

 Large-Scale Path Loss models in outdoor and indoor channels:
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=7109864
T. S. Rappaport, et. al., “Wideband Millimeter-Wave Propagation Measurements and Channel Models for Future Wireless Communication System Design,” IEEE Trans. Com., Vol. 63, no. 9, Sept. 2015, pp. 3029-3056.

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=7289335
G. MacCartney, et. al, “Indoor Office Wideband Millimeter-Wave Propagation Measurements and Channel Models at 28 GHz and 73 GHz for Ultra-Dense 5G Wireless Networks,” IEEE Access, Oct. 2015.
http://arxiv.org/abs/1511.07374
S. Sun, et. al., “Path Loss, Shadow Fading, and Line-Of-Sight Probability Models for 5G Urban Macro-Cellular Scenarios,” 2015 IEEE Global Communications Conf. Workshop, Dec. 2015, San Diego.

 LOS Probability and Blocking:
http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?arnumber=7070688
M. Samimi, et. al., “Probabilistic Omnidirectional Path Loss Models for Millimeter-Wave Outdoor Communications,” IEEE Wireless Communications Letters, Vol. 4, No. 4,  Aug. 2015, pp. 357-360.

http://arxiv.org/abs/1511.07374
S. Sun, et. al., “Path Loss, Shadow Fading, and Line-Of-Sight Probability Models for 5G Urban Macro-Cellular Scenarios,” 2015 IEEE Global Communications Conf. Workshop, Dec. 2015, San Diego.
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=7109864
T. S. Rappaport, et. al., “Wideband Millimeter-Wave Propagation Measurements and Channel Models for Future Wireless Communication System Design,” IEEE Trans. Com., Vol. 63, no. 9, Sept. 2015, pp. 3029-3056.
 Small-Scale Statistical Channel Impulse Response modeling

http://arxiv.org/abs/1510.03081
M. K. Samimi, T.S. Rappaport, “Statistical Channel Model with Multi-Frequency and Arbitrary Antenna Beamwidth for Millimeter-Wave Outdoor Communications,” 2015 IEEE Global Communications Conf. Workshop, Dec. 2015, San Diego.

http://arxiv.org/abs/1503.05619
M.K. Samimi, T.S. Rappaport, “3-D Statistical Channel Model for Millimeter-Wave Outdoor Mobile Broadband Communications,” 2015 IEEE Intl. Conf. on Communications (ICC), London, June 2015.
Open Source omnidirectional path loss data and procedures are available in the Appendices of these papers:

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=7181638
G. MacCartney, et. al., “Millimeter-Wave Omnidirectional Path Loss Data for Small Cell 5G Channel Modeling,” IEEE Access, Vol. 3, pp. 1573-1580, Sept. 2015.

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=7289335
G. MacCartney, et. al, “Indoor Office Wideband Millimeter-Wave Propagation Measurements and Channel Models at 28 GHz and 73 GHz for Ultra-Dense 5G Wireless Networks,” IEEE Access, Oct. 2015.
http://arxiv.org/abs/1511.07271
S. Sun, et. al. “Synthesizing Omnidirectional Antenna Patterns, Received Power and Path Loss from Directional Antennas for 5G Millimeter-Wave Communications,” 2015 IEEE Global Communications Conf., Dec. 2015, San Diego.

 The opinions expressed in this email are solely those of NYU WIRELESS, and do not necessarily reflect the opinions of any of the NYU WIRELESS Industrial Affiliate sponsors or the National Science Foundation.

MiWEBA (Kei Sakaguchi, Coordinator):

[1]     MiWEBA, Deliverable D5.1 “Channel modeling and characterization,” June 2014.
http://www.miweba.eu/wp-content/uploads/2014/07/MiWEBA_D5.1_v1.011.pdf
[2]     Maltsev, A. Pudeyev, I. Karls, I. Bolotin, G. Morozov , R.J. Weiler, M. Peter, W. Keusgen “Quasi-deterministic Approach to mmWave Channel Modeling in a Non-stationary Environment,” in Proc. IEEE GLOBECOM 2014, Austin, Texas, USA, Dec. 2014.

[3]     R.J. Weiler, M. Peter, W. Keusgen, A. Maltsev, I. Karls, A. Pudeyev, I. Bolotin, I. Siaud, A.M. Ulmer-Moll, “Quasi-Deterministic Millimeter-Wave Channel Models for Access and Backhaul in MiWEBA”, COST IC1004, Workshop on Radio Channel Models for Higher Frequency Bands, May 2015.

[4]     K. Sakaguchi, G.K. Tran, H. Shimodaira, S. nanba, T. Sakurai, K. Takinami, I. Siaud, E.C. Strinati, A. Capone, I. Karls, R. Arefi, T. Haustein, “Millimeter-wave evolution for 5G cellular networks,” IEICE Trans. Commun., vol.98, no.3, pp.388-402, Mar. 2015.

[5]     H. Shimodaira, G.K. Tran, K. Sakaguchi, K. Araki, “Investigation on Millimeter-wave Spectrum for 5G,” in Proc. IEEE CSCN2015, Tokyo Japan, Oct. 2015.    

Relevant Publications on >6GHz modelling (Fatima Karim, Orange):

Among the various publications on channel modeling for frequency bands above 6 GHz, many papers present measurement campaign and providing statistical analysis. Three of them are more dedicated to the channel modelling with an approach similar to the SCM 3GPP models. All of them are specified for a frequency equal to 28 GHZ.

-
Sooyoung Hur; Sangkyu Baek; ByungChul Kim; JeongHo Park; Molisch, A.F.; Haneda, K.; Peter, M., "28 GHz channel modeling using 3D ray-tracing in urban environments," in Antennas and Propagation (EuCAP), 2015 9th European Conference on , vol., no., pp.1-5, 13-17 April 2015

-
Sooyoung Hur; Yeon-Jea Cho; Taehwan Kim; JeongHo Park; Molisch, A.F.; Haneda, K.; Peter, M., "Wideband spatial channel model in an urban cellular environments at 28 GHz," in Antennas and Propagation (EuCAP), 2015 9th European Conference on , vol., no., pp.1-5, 13-17 April 2015

-
M. K. Samimi, T. S. Rappaport, ”3-D Statistical Channel Model for Millimeter-Wave Outdoor Mobile Broadband Communications”, accepted at the 2015 IEEE International Conference on Communications (ICC), 8-12 June, 2015.

Relevant  publications (Lars Thiele, HHI)

[1] MiWEBA, Deliverable D5.1 “Channel modeling and characterization,” June 2014.

[2] R.J. Weiler, M. Peter, W. Keusgen, A. Kortke, M. Wisotzki, “Millimeter-wave channel sounding of outdoor ground reflections,” in Proc. IEEE Radio Wireless Symposium, San Diego, CA, USA, Jan. 2015.

[3] M. Peter, R.J. Weiler, B. Göktepe, W. Keusgen, “Channel measurement and modeling for 5G urban microcellular scenarios,” COST IC1004, TD(15)13020, Valencia, Spain, May 2015.

[4] M. Peter, R.J. Weiler, T. Kühne, B. Göktepe, J. Serafimoska, W. Keusgen, “Millimeter-wave small-cell backhaul measurements and considerations on street-level deployment,” in Proc. IEEE Globecom, Workshop on Millimeter-wave Backhaul and Access: From Propagation to Prototyping, San Diego, CA, USA, Dec. 2015.

[5] mmMAGIC project website, https://5g-mmmagic.eu
[6] 3GPP TR 36.873, “Study on 3D channel model for LTE,” v12.2.0, June 2015.

[7] S. Jaeckel, L. Raschkowski, K. Börner, and L. Thiele, “QuaDRiGa: A 3-D multi-cell channel model with time evolution for enabling virtual field trials,” IEEE Trans. Antennas Propag., vol. 62, pp. 3242–3256, 2014. (see http://quadriga-channel-model.de)

[8] L. Raschkowski, P. Kyösti, and K. K. T. Jämsä, “ICT-317669-METIS/D1.4 METIS channel models,” Tech. Rep., 2015

P. Heino, J. Meiniläa, P. Kyösti et al., “CELTIC / CP5-026 D5.3: WINNER+ final channel models,” Tech. Rep., 2010. [Online]. Available: http://projects.celtic-initiative.org/winner+ 
Metis model information (Aki Hekkala):

The model is depicted also in RWS-150070. More detailed description of the model is in the document “METIS Channel Models”, Deliverable D1.4, March 2015, https://www.metis2020.com/documents/deliverables/

Table A‑1: Overview of measurement campaigns within METIS.
	Partner
	Frequency / bandwidth
	Environment
	Short description

	UOulu
	2.3 GHz / 100 MHz
	Outdoor V2V
	Antennas on the roofs of two cars. TX and RX move simultaneously

	
	2.3 GHz / 100 MHz
	UMi O2I
	TX and RX stationary, TX antenna heights: 5 m, 10 m and 15 m, RX on the different floors of a building

	
	2.3 GHz / 100 MHz
	UMi O2O
	TX stationary, RX stationary, TX antenna heights 5 m, 10 m, LOS/NLOS

	
	2.3 GHz / 100 MHz
	UMa O2I
	TX on the roof of a building, RX in the different floors of another building

	
	2.3 GHz / 100 MHz
	UMa O2O
	TX stationary, RX mobile, LOS/NLOS

	
	2.3 GHz / 100 MHz
	UMa O2O
	TX stationary, RX stationary, LOS/NLOS

	
	5.25 GHz / 200 MHz
	Outdoor V2V
	Antennas on the roofs of two cars. TX and RX move simultaneously

	
	5.25 GHz / 200 MHz
	UMi O2I
	TX and RX stationary, TX antenna heights: 5 m, 10 m and 15 m, RX in the different floors of a building

	
	5.25 GHz / 200 MHz
	UMi O2O
	TX stationary, RX stationary, TX antenna heights 5 m, 10 m, LOS/NLOS

	
	5.25 GHz / 200 MHz
	UMa O2O
	TX stationary, RX mobile, LOS/NLOS

	DOCOMO
	2.225 GHz / 50 MHz
	Outdoor UMi D2D
	TX stationary, RX mobile, TX antenna heights 1.5 m, 3 m, RX antenna height 1.5 m, LOS/NLOS

	
	26 GHz / 
< 10 Hz
	Outdoor UMi D2D
	TX stationary, RX mobile, TX antenna heights 1.5 m, 6 m, 10 m, RX antenna heights 1.5 m, 2.5 m, LOS/NLOS

	Ericsson
	58.68 GHz / 2 GHz
	Indoor/ office
	LOS and NLOS

	Aalto

	63 GHz / 4 GHz
	Indoor shopping mall
	LOS / OLOS, angular properties by rotation

	
	63 GHz / 4 GHz
	Indoor cafeteria
	LOS, (Point cloud)

	
	63 GHz / 4 GHz
	Outdoor dense urban
	LOS / OLOS (Point cloud)

	HHI
	60 GHz &
10 GHz / 250 MHz
	Outdoor
	LOS / NLOS
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Appendix B: Links to RAN plenary 5G workshop

RAN had a 5G Workshop following the Sept RAN Plenary and there was wealth of info presented; links are provided below:

1. Home: ftp://ftp.3gpp.org/workshop/2015-09-17_18_RAN_5G/ 

2. Documents: ftp://ftp.3gpp.org/workshop/2015-09-17_18_RAN_5G/Docs/ 
3. Report: ftp://ftp.3gpp.org/workshop/2015-09-17_18_RAN_5G/Report/RWS-150076.zip
5          Appendix C: Additional Measurement Campaign information
   Channel measurement campaigns from Fraunhofer / HHI
Table 2 Channel measurement campaigns from Fraunhofer /HHI
	Category
	Scenario/
Frequency
	Low range
	Middle range
	High range

	
	
	6-20GHz
	20-50GHz
	50-100GHz

	UMi
	Street canyon
	10GHz [10]

10.25GHz [3]
	28.5GHz [3]

41.5GHz [3]
	60GHz [2, 10]

82.5GHz [3]

	
	Open square
	 
	 
	60GHz [9, 10]

	Indoor
	Office
	10.25GHz [3]
	28.5GHz [3]

41.5GHz [3]
	82.5/100GHz [3]

 

	
	Shopping mall
	10.25GHz [3]
	28.5GHz [3]

41.5GHz [3]
	82.5/100GHz [3]

	
	Airport
	10.25GHz [3]
	28.5GHz [3]

41.5GHz [3]
	82.5/100GHz [3]

	
	Metro station
	10.25GHz [3]
	28.5GHz [3]

41.5GHz [3]
	82.5/100GHz [3]

	O2I
	O2I
	10.25GHz [3]

 
	28.5GHz [3]

41.5GHz [3]
	82.5GHz [3]

	Dense
	Stadium
	10.25GHz [3]
	28.5GHz [3]

41.5GHz [3]
	82.5/100GHz [3]

	Backhaul
	Street canyon
	 
	 
	60GHz [11]


 

Channel measurement campaigns conducted in MiWEBA
Table 2 Channel measurement campaigns conducted in MiWEBA
	Scenario
	BS/UE deployment
	Channel characterization
	Main results

	UMi
Open area
	University campus
h_UE = 1.5m (variable),
h_BS = 6.2m
	·   Channel impulse response
·   Height pattern (MS)
·   Frequency response vs. distance
·   Cross-polarization ratio (XPR)
	·   Highly directional antennas limit the number of strong paths (mostly LOS and ground reflection)
·   Highly directional antennas maintain polarization with XPR of less than -25dB

	UMi 
Street canyon
	Potsdamer Straße in Berlin
h_UE = 1.5m,
h_BS = 3.5m
,
	·   Channel impulse response
·   Path loss vs. distance
·   Channel variation of multi-path components (MPCs)
·   Human body blocking
	·   Different MPCs exhibits different path loss exponents and channel variation.
·   Human body blocking causes 10 to 15dB signal attenuation
·   Path loss exponent of 2.36 with distance dependent Rician fading

	UMi (ray tracing)
Street canyon
	Model of Potsdamer Straße
h_UE = 1.5m,
h_BS = 3.5m
,
	·   Channel impulse response vs. distance
·   Deterministic path (D-ray) extraction
 
	·   Strong LOS and reflecting MPCs can be identified by comparing measurement and ray tracing simulation.
·   Diffuse scattering by small objects that are difficult to be fully modelled by ray tracing
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