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7.3.5 Study on channel model for frequency spectrum above 6 GHz
SID in RP-151606
Taking into account the summary of RAN reflector email discussions, companies are encouraged to submit contributions
R1-160587
Skeleton TR on >6GHz channel modeling
Samsung

Discussion: 
Decision: The document is agreed
R1-160588
Proposed study plan for >6GHz channel modelling
Samsung, Nokia
Discussion: 

ZTE: Several comments. It is not necessary to agree the modeling methodology in this RAN1#84. Additional features should be changed to new features. What is meant by external reports?
Samsung: It would be good to agree the methodology in this meeting in order to progress and finalize the SI on time. This tdoc is not for agreement but for information. 
Sharp: Where would the framework be discussed?
Huawei: We think this is a bit ambitious. We should emphasize the scenarios and requirements at first place. We don’t know what is meant by finish on time.

ZTE: All tasks are for stochastic methodology.

Samsung: Details can be provided later.

Decision: The document is noted
R1-161144
Offline discussion summary
Nokia, Samsung
Discussion: 

Decision: The document is noted
R1-161147
Consideration on channel modeling for >6GHz up to 100GHz frequencies
CATT, Fraunhofer HHI

Discussion: 

Decision: The document is not treated
7.3.5.1 Requirements and scenarios for   >6GHz channel modeling
Stabilize the requirements and scenarios list and prioritization
Requirements and scenarios

Following documents for approval are not treated. Proposals are copied below.
R1-160703
Requirements and Scenarios for >6GHz Channel Modeling
NTT DOCOMO, AT&T, CMCC, Ericsson, Huawei, HiSilicon, Intel, KT Corporation, Nokia, Qualcomm and Samsung

Proposal 1: The new channel model should meet the requirements listed in clause 2.

Proposal 2: Target deployment scenarios in this SI include UMi Street Canyon, UMi Open Square, UMa, Indoor Office and Indoor Shopping mall scenarios.
Discussion: 

Decision: The document is not treated
R1-161024
Views on requirements and scenarios for above 6GHz channel modelling
Mitsubishi Electric Co.

Proposal 1: High density cases should be taken into account in channel modelling. Channel correlation due to closely located users should be enabled by the channel model.
Proposal 2: In case frequency prioritization is preferred, frequencies per scenario should be decided after the outcome of the decision RAN Plenary, since there are uncertainties in the use of 30GHz for rural and 4GHz for indoor hotspot.
Discussion: 

Decision: The document is not treated
R1-161078
Requirements for >6GHz channel model studies
VODAFONE, Orange, Telecom Italia

Proposal 1: 
· The study should cover all the following deployment scenarios as a first priority: UMi (Open square, street canyon) O2O and O2I, Uma O2O and O2I, Indoor.

· The study of wireless backhaul and D2D/V2V shall be seen as second priority, but shall be studied within the SI. 

· Rural deployments may also be considered for study in the SI.

Proposal 2: Regarding O2I/O2O for both UMi and Uma in particular, we suggest that RAN1 investigation focus on assessing the feasibility and modelling the dependencies on the level of coverage that can be provided (indoor for O2I and outdoor for O2O from outdoor sites), and up to which frequency different levels of coverage can be considered as feasible. This shall include analysis of additional features necessary for providing additional coverage, including their likely practical gain.

Proposal 3: RAN1 study should evaluate channel characteristics for the range of bands from 6-86GHz) within the study item. 

Proposal 4: Regarding evaluation and prioritization between stochastic or map-based model, for each deployment scenario RAN1 should find a reasonable compromise between modeling accuracy and computation/implementation complexity. Such related evaluations should be part of the study. 

Proposal 5: Blocking from the various obstacles and penetration into buildings are key features to be included in the modeling. Human blocking is an important aspect to be studied, how it varies over time, how it impact antennas. Blocking from other potential obstacles should also be studied: from vegetation, urban objects, vehicles, and other relevant effects.
Discussion: 

Decision: The document is not treated
Scenarios

Following discussion documents with observations are not treated. 
R1-160376
Discussion on scenarios above 6GHz channel modeling
CATT

Typical cases such as open office and street canyon should be chosen as the most preferred deployment scenarios for channel modeling separately. 
Discussion: 

Decision: The document is not treated
R1-160656
Discussion on scenarios for channel modeling above 6GHz
LG Electronics

We suggest that, based on the listed scenarios of interest (i.e., dense urban, indoor hotspot, rural, urban macro, and others), RAN1 can stabilize the scenarios for channel modeling above 6GHz.
Discussion: 

Decision: The document is not treated
R1-160693
Channel statistics per deployment scenario
ZTE, Keysight Technologies

Observation 1: The ray-tracing method can be used to reliably reproduce the channel realizations and emulate measurement samples for the studies of high-frequency channel modeling.
Observation 2: A single set of stochastic parameters may not be able to cover different deployments in one single scenario classification, or to accurately model the channel statistics from every Tx location in the same deployment.  
Discussion: 

Decision: The document is not treated
R1-160801
Scenarios of channel modelling above 6GHz
 China Telecommunications

Scenarios of channel modelling above 6GHz are proposed, which include outdoor and indoor deployment. Outdoor deployment can further be classified as the urban microcell and wireless backhaul. While indoor deployment consists of open-roof scenario and closed-roof scenario.
Discussion: 

Decision: The document is not treated
R1-161099
Scenarios for > 6 GHz Channel Modeling
Motorola Mobility France S.A.S

The indoor hotspot scenario consists of two types of deployments that are amenable to use of a second layer at > 6 GHz, the indoor office space and the shopping mall. Urban canyon and outdoor squares are similarly two types of dense urban deployments. Due to higher data rate demand densities in the indoor office space and the urban canyon, these deployments, in our view, should have the highest priority for evaluation. 
Discussion: 

Decision: The document is not treated
Documents for approval.
R1-160295
Scenarios for 5G channel model
Huawei, HiSilicon

Proposal: Scenarios including urban macro, urban micro, indoor hotspot, venues, rural macro, etc., should be studied in the scope of 5G channel model.
Discussion: 

Decision: The document is not treated
R1-160500
Discussion on high frequency channel model scenarios
CMCC

Proposal 1: Indoor scenarios includes 3 sub-categories: 1)Isolated room, 2)indoor office and 3)large space indoor scenarios (e.g. shopping mall, stadium, airport and train stations), because their channel characteristics are vastly distinct.

Proposal 2: Outdoor UMi scenario includes two sub-scenarios: street canyon and open square. Light pole station at 3m high are used in UMI scenarios.
Proposal 3: The penetration loss for high frequency needs more investigations. Exact percent of indoor UE may be reduced compared with low frequency O2I scenarios for high frequency O2I scenario. 
Discussion: 

Decision: The document is not treated
R1-160661
Deployment Scenarios Discussion of O2I Environments
ITRI

Proposal 1: The penetration loss models should be carefully investigated to accommodate the complex complicated building materials.
Proposal 2: The UMi/UMa O2I scenario deployment is more suitable for lower frequency band (below 15 GHz).
Proposal 3: To deploy the UMi/UMa O2I scenario for higher frequency band (above 15 GHz), a wireless indoor relay is needed to provide an additional link budget.
Discussion: 

Decision: The document is not treated
R1-160833
Scenarios on above 6GHz channel modelling 
KT Corp.

Proposal: Prioritize the following three scenarios for above 6GHz channel modelling:

· UMi (Street canyon, open area)
· Scenarios such as Stadium (open-roof) and Gym (close-roof)
· Indoor hotspot
Discussion: 

Decision: The document is not treated
R1-160924
Diamond Shaped Cell Layouts for Above 6 GHz Channel Modeling
INTERDIGITAL COMMUNICATIONS

Proposal: The diamond shaped cell layout instead of hexagonal shaped is considered for the deployment scenarios with below rooftop base stations for above 6 GHz depolyement scenarios.

Discussion: 

Decision: The document is not treated
R1-160981
Discussion on mmWave Channel Modeling
ETRI

Proposal 1: For UMi with O2O deployment scenario, the height at lamp post level (approx. 4 m) should be also considered.
Proposal 2: For indoor hotspot deployment scenario, additional areas such as a railway station and an airport passenger terminal should be also considered.
Discussion: 

Decision: The document is not treated
R1-160712
Scenarios for >6GHz channel modeling
NTT DOCOMO

Proposal 1: Target deployment scenarios include UMi, UMa and indoor.

· UMi and indoor scenarios are prioritized, if necessary.

Proposal 2: Parameters in Table 1 is applied for UMi and UMa scenarios.

Proposal 3: Layout model should be simple, e.g., symmetric, for indoor scenario(s).

· Indoor hotspot environment in TR36.814 can be a starting point for office scenario.
Discussion: 

Vodafone: Proposal 1. What do you mean by prioritize?
DCM: It is not clear at this point. That could be FFS.

Vodafone: That could be removed then.

ZTE: Proposal 3. Layout only or also symmetric allocation of eNBs?

DCM:  Basically symmetric for everything.

ZTE: Why?

DCM: We could consider special cases separately.

Decision: The document is noted
R1-161228
WF on channel modeling scenarios
NTT DOCOMO, ALU, ASB, CATT, Ericsson, ETRI, Fraunhofer, Intel, InterDigital, KT, LGE, NEC, Mitsubishi, Nokia, NTT, Samsung, Sharp, Sony

Discussion: 

Decision: The document is not treated
R1-161145
WF on >6GHz Channel Modeling Scenarios
NTT DOCOMO, AT&T, ALU, ASB, CATT, Ericsson, ETRI, Fraunhofer, Huawei, HiSilicon, Intel, InterDigital, KT, LGE, NEC, Mitsubishi, Nokia, NTT, Qualcomm, Samsung, Sharp, Sony, Vodafone

Discussion: 

Decision: The document is agreed
R1-161146
WF on >6GHz Channel Modeling Scenarios for Calibration
NTT DOCOMO, Nokia Networks, Samsung
Discussion: 

CATT: Do you have a view on how many frequency bands to be included?
DCM: We need to work further with details and follow RAN TR.

ZTE: We could have a note saying up to companies to decide.

DCM: Purpose of calibration is to align implementation of different companies.

ZTE: Details on what stochastic mode needs is not clear.

Nokia: We need to define further details during the SI.
ZTE: We could add a note stating that.

ALU: How layouts are dependent on frequency? 
DCM: We need to identify the number of scenarios. Motivation of this WF is to kick off the discussion.

Samsung: We should not mix calibration with the channel model. Details to be discussed when model is finalized.

Interdigital: We still have questions on cell layout.

Ericson: We should agree the strategy on how to do the calibration. 

Huawei: Why do we need to discuss this now? What if we need to update scenarios later?
DCM: More parameters can still be added later.

Decision: The document is noted
Requirements
R1-160589
Discussion on requirements for >6GHz channel model
Samsung

Proposal 1: The new channel model should be an extension of 3D channel model [5].

Proposal 2: Additional features that should be modeled for the new channel model are at most:

· Foliage, atmosphere and rain attenuations

· Blockage

· Spatial/temporal consistency
· Large bandwidth support
· 3D beamforming support with large arrays

Proposal 3: The additional features should be regarded as add-on modules, which can be made active or inactive dependent upon simulation purpose(s).
Discussion: 

Decision: The document is not treated
R1-160823
5G Channel Model Requirements vs. Modelling Approaches
Keysight Technologies

Proposal: Analysis indicates that the stochastic channel modelling approach misses large part of the essential technical next generation radio technology requirements. The map-based modelling approach fulfils these requirements.
Discussion: 

Decision: The document is not treated
R1-160761
Requirements for 5G channel model
Huawei, HiSilicon

Proposal 1: The channel model should support frequency range of 0.5 GHz to 100 GHz.
Proposal 2: The support of up to several Giga-Hertz bandwidth should be studied. 
Proposal 3: The frequency dependent propagation effects should be studied.
Proposal 4: Spatial/time/frequency consistency should be studied.
Proposal 5: Blockage attenuation should be studied.
Proposal 6: The support of very large antenna arrays should be studied.
Proposal 7: The support for dual mobility should be studied.
Proposal 8: The support for low complexity and high accuracy should be studied.
Proposal 9: The support for unified modeling methodology framework applicable to total frequency range and total scenarios should be studied.
Discussion: 

Sharp: Proposal 1. There is dependency on cell size regarding frequency. Do you intend single model?
Huawei: Goal is to define single model with frequency dependent parameters.

Nokia: Most of the proposals say something should be studied. It is not a requirement.
Huawei: This is more for a SI. The final outcome is still not known yet.

Samsung: TR will include additional features. We should take a look requirements and features at the same time.

Decision: The document is noted
R1-161142
WF on channel modeling requirements
Huawei, HiSilicon, Ericsson, Keysight, CMCC, AT&T, Nokia, NTT DOCOMO, Samsung, CATR, Interdigital, Intel, ALU, China Unicom, ZTE
Discussion: 

Decision: The document is Agreed
R1-161354
WF on channel modeling requirements
Huawei, HiSilicon, Ericsson, Keysight, CMCC, AT&T, Intel, China Unicom, ZTE
Discussion: 

Sharp: How large is large array?
Huawei: Plenary has not specified exact size yet.

Qualcomm: Resolution is also dependent on frequency. Lower frequency can provide narrow beam. Directivity is less.
Huawei: That’s the reason we use degree instead of physical size.

Ericsson: We do have restriction on space. Higher frequency may be easier based on measurements.

Samsung: Size is depending on lambda. Further discussions may be needed.
ALU: We should discuss array itself separately. Antenna impulse response is the key part of channel model discussion.
Huawei: Intention is not to specify the antenna but the propagation model. We should have more accurate understanding on antenna size during the study.
ALU: We mean antenna array impulse response. Details need to be discussed in RAN1.
Qualcomm: Antenna is not part of the channel.

ALU: Different parameters are correlated.

Huawei: We mean that propagation channel should support large arrays.

ZTE: We are confused with ALU comments. There will be different parameters.

Decision: The document is noted
7.3.5.2 Channel modeling methodology for >6GHz

Goal to agree on modeling methodology (methodologies) for further study
Methodology considerations

Following discussion documents with observations are not treated. 

R1-160694
General considerations on channel modeling methodology
ZTE, Keysight Technologies

Observation 1: The conditions that keep accuracy of stochastic channel modelling on acceptable level in low frequencies prior to 5G no longer hold valid for 5G technologies in high frequencies.  

Observation 2: Across industrial standard bodies and organizations, the ray-tracing based methodologies (either deterministic or hybrid) gain more attentions and efforts under high frequencies than stochastic methodology.  

Discussion: 

Decision: The document is not treated
R1-160697
Impact of antenna radiation pattern to channel measurement
ZTE Corporation

Observation 1: The antenna pattern adopted in the current sounding systems makes a significant influence on the cleanness of measurement samples as well as the accuracy of overall modeling. The antenna pattern response should be decoupled from the channel measurement samples. 
Observation 2: The RT approach can be used to generate clean channel samples without any impact from specific measuring antenna hardware.

Discussion: 

Decision: The document is not treated
Following documents for approval. Proposals are copied below.
R1-160296
Gap analysis of existing 3GPP 3D channel model
Huawei, HiSilicon

Proposal: All the deficiencies will be taken into account when specifying the 3GPP 5G channel model.
Discussion: 

Decision: The document is noted
R1-160377
Considerations on methodology for above 6GHz channel modeling
CATT

Propose 1：The dynamic blocking should be considered especially for the case that LOS path is obstructed by moving people or objects at higher frequency bands. Considering the effectiveness and simplicity of the channel model, a static modeling or modeling as time varying K-factor may be appropriate.

Propose 2： For spatial domain parameters, MIMO based measurements provide better accuracy. 

Discussion: 

Decision: The document is not treated
R1-160397
Discussion on channel model for frequency spectrum above 6 GHz
NEC

Proposal 1: For the deployment scenarios, indoor and dense urban should have higher priority.
Proposal 2: The channel modelling for above 6GHz should support more scenarios and large range of frequency bands; Start the discussion based on the existing 3GPP 3D channel modelling procedure, and develop extensions to support high frequency bands.
Discussion: 

Decision: The document is not treated
R1-160657
Considerations on channel modeling above 6GHz
LG Electronics

Proposal: The stochastic channel modeling methodology should be considered as channel modeling methodology above 6GHz based on the existing 3GPP 3D channel modeling as a baseline, and additionally necessary features should be included to cover radio propagation characteristics across wider frequency up to 100GHz.
Discussion: 

Decision: The document is not treated
R1-160713
High Level View on Channel Modeling Methodology
NTT DOCOMO

Observation: Considering the consistency with the existing 3GPP 3D channel model, it is preferred to adopt GSCM as the baseline channel modeling methodology for above-6GHz channel model.
Proposal 1: GSCM is used as the baseline channel modeling methodology for above-6GHz channel model. Selected features, studied in other channel modeling methodologies, can be used to improve the modeling accuracy, given that the necessity of the extension is very well motivated.
Proposal 2: Development of above 6GHz channel model is based on the existing 3GPP 3D channel model. The consistency between above 6GHz and sub 6GHz channel models shall be maintained.
Proposal 3: Above 6GHz channel model work use the results in GLOBECOM 2015 white paper as a starting point.
Discussion: 

Decision: The document is not treated
R1-160760
Discussion on 5G channel model methodologies
Huawei, HiSilicon

Proposal 1: Different candidate methodologies shall be fairly evaluated by RAN1 based on technical grounds and their accuracy in representing actual channel measurements.  It is expected for example, that the new channel models will better represent the mmWave channels than the existing models.

Proposal 2: Table 1 of this contribution is taken as a starting point for the evaluation.

Proposal 3: The selected methodology shall include all the key requirements of 5G channel model including: wide frequency range, wide bandwidth, spatial and frequency consistency, dual mobility, 3D, blockage modeling, and large antenna array support.

Proposal 4: Further analysis on the map-based and hybrid models should be provided.

Proposal 5: Proposals for extensions of stochastic channel models should be provided.

Discussion: 

Sharp: It would be good to see the complexity analysis numbers.
Huawei: We have not analysed that far yet.

Decision: The document is noted
R1-160836
Channel modelling methodology on > 6GHz
KT Corp.

Proposal 1: The new channel model shall be based on the stochastic modeling methodology that is used for the 3D SCM of TR 36.873.

Proposal 2: Other channel modeling methodologies including map-based and hybrid modeling approach should be developed optionally.
Proposal 3: Considering limitation of developing time unit, additional features should be developed optionally.
Discussion: 

Decision: The document is not treated
Stochastic modeling

R1-160843
Channel modeling methodology
Ericsson, AT&T, CMCC, Huawei, HiSilicon, Intel, KT Corporation, Nokia, NTT DOCOMO, Qualcomm, Samsung

Proposal 1: The new channel model should be based on the stochastic modeling methodology that is used for the 3D spatial channel model of TR 36.873 [4].

Proposal 2: Additional features and modifications to the stochastic modeling methodology should be introduced only when needed to address additional 5G modeling requirements and scenarios that will be agreed upon within the present Study Item. .

Proposal 3: The behavior of the new channel model should be consistent with that of the 3D spatial channel model [4] for frequencies below 6 GHz, except where deviations are motivated by new 5G-related modeling requirements.

Discussion: 

Huawei: Before making the decision we should compare the methodologies.

ALU: Proposal 3. What do the consistence means here?

Ericsson: If you go back and redo the simulations you should have similar results.

ALU: Do you mean we have to check the system performance?

Ericsson: System simulations may be needed.

ZTE: Why do you think the stochastic way is the only option? We are not sure what is the definition of backwards compatibility?
Ericsson: Stochastic is not an only option but simple one. We should avoid the long implementation phase of modeling in simulators.
Decision: The document is noted
Map-based modeling

R1-160487
METIS Map-Based Model
Keysight Technologies

Proposal: Map–based model is taken as the baseline modelling methodology for the next generation radio.

Discussion:
Sharp: In terms of complexity are you able to say how to compare with legacy stochastic model? What is meant by accuracy?
Keysight: Nobody has done complexity analysis for the stochastic model so difficult to answer. RT method is known that we can calculate propagation paths depending on interactions. We have also validation analysis in our documents for this meeting.
Ericsson: We have concerns on the maturity of the map based solution.
ALU: What all will be implemented in model?
Keysight: It depends on approach taken.

ZTE: Complexity is not an issue compared to legacy models. Complexity is defined by the number of services. Map based solution is mature enough.
Huawei: Both methods are approximations with different approach. Hybrid approach tries to take the best parts of all. 
Qualcomm: How do you compare measurement results with RT results?
Keysight: We have another doc for the theory of graphs method discussing that.

Nokia: We have also similar concern than Ericsson. We don’t agree with the complexity argument.

Samsung: We have similar concern with ALU and Qualcomm. 
Huawei: We should look also document R1-160760.
Keysight: Idea is not to model the specific beam.

Samsung: How much gain van be achieved by additional complexity effort?

Decision: The document is noted
Hybrid modeling
R1-160825
Map–Based Hybrid Model Compared to Geometric-Based Stochastic Model
Keysight Technologies, CATR, ZTE
A case study of a map–based hybrid channel model scenario is presented and the channel model characteristics were compared to the state of the art GSCM channel model

Discussion: 

Decision: The document is not treated
R1-160695
About hybrid channel modelling
ZTE, Keysight Technologies

Proposal: To include the following hybrid method in RAN1's further study on high-freq channel modelling

· The dominant components are modelled by ray-tracing based deterministic method;

· The non-dominant components are modelled by stochastic method. 
Discussion: 

ALU: How to determine the dominant path for LOS?
ZTE: It is based on received power. Even current stochastic model uses ray tracing.
Decision: The document is noted
Chairman summary on proposed channel modeling methodology based on contributions. 
	Methodology
	Supporting companies
	# of supporting companies

	Stochastic model
	AT&T, Ericsson, CMCC, Huawei, HiSilicon, Intel, KT Corporation, LG Electronics, NEC, Nokia, NTT DOCOMO, Qualcomm, Samsung, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, Sharp, CATT, ETRI, Interdigital, NTT, Sony, Fraunhofer HHI, Fujitsu, Motorola Mobility, Softbank
	13 + 12 = 25

	Map-based model
	Keysight Technologies
	1

	Hybrid model
	ZTE, Keysight Technologies
	2


Additional supporting companies indicated online by red font.
Huawei: We can accept stochastic model only with mandatory extensions.
R1-161205
WF on Channel modeling methodology
Samsung, Ericsson, Nokia, Qualcomm, KT, LGE, ETRI, Fraunhofer HHI, Intel, Interdigital, NTT, NTT Docomo, CATT, NEC, AT&T

Discussion: 

Decision: The document is not treated
R1-161141
WF on Channel modeling methodology
Samsung, Ericsson, Nokia, Qualcomm, KT, LGE, ETRI, Fraunhofer HHI, Intel, Interdigital, NTT, NTT Docomo, CATT, NEC, AT&T, Sony, Fujitsu, Sharp, Mitsubishi, National Instrument, IITH, CEWiT, Motorola Mobility, Lenovo

Discussion: 

TIM: This compress a lot of issues for single method. How do you model e.g. the blockage? 

Samsung: We want to keep the legacy modeling aspects. Intention is not to have everything as stochastic.
Ericsson: We should start from stochastic modeling but additional features can be added on top of it.
Sharp: Blockage can be introduced also by stochastic manner.
Qualcomm: We have also input on how to model the blockage. 

ZTE: It is too early to jump to stochastic model. Accuracy with hybrid model would be better. We cannot agree all bullets in the same meeting.

KT: LTE is designed based on stochastic modeling and is suitable also for 5G.

Nokia: Stochastic model has been used for a long time. 
Samsung: 24 companies supporting this WF understands the issue. We could include also additional features.
Intel: Model seems to match very well with measurements so we are confident with calibration.
TIM: Now we define the model for higher frequencies so not that simple.
KT: Methodology is not related tightly with frequency.

Huawei: This is more a technical decision affecting the whole wireless industry in next >10 years. We need to take this seriously. Baseline with additional features to be agree later. We should be clear what the additional features are.
ZTE: We should see technical comparison.  

Samsung: Co-sourcing companies are technical companies. We have studied this.
Sharp: Questions to map-based model proponents. You need to expand arbitrary scenarios with the simulations.
Keysight: Similar what than LOS probability with current models.
Ericsson: This does not the end result of the model but the starting point. It is based on model used for many years in 3GPP and elsewhere.

ALU: It is not clear how you do calibrate map-based model?

Huawei: Proposal say the channel model is based, not starting point.
Ericsson: It is said it should be based on stochastic model with additions.

Huawei: Additions should be clarified clearly.

Samsung: Those are identified in other WF.

Softbank also support this WF.

ALU: Can this WF be taken as a working assumption?

Huawei: We still need to study both.

Nokia: It means we can start working based on this proposal.

ZTE: Our proposal is to study both.

ALU: Working assumption means majority view.

Huawei: Concerns were raised on additional features.
Decision: The document is revised in 1149
R1-161149
WF on Channel modeling methodology
Samsung
Supporting companies:

Ericsson, Nokia, Qualcomm, KT, LGE, ETRI, Fraunhofer HHI, Intel, Interdigital, NTT, NTT Docomo, CATT, NEC, AT&T, Sony, Fujitsu, Sharp, Mitsubishi, National Instrument, IITH, CEWiT, Motorola Mobility, Lenovo, Huawei, HiSilicon, ALU
Companies against: ZTE, Keysight Technologies
Discussion: 
ZTE: There is no evidence that model can fulfil requirements.

Telecom Italia: We could assume baseline stochastic + some additional based on map-based

Decision: The document is revised in 1150
R1-161150
WF on Channel modeling methodology
Samsung
Supporting companies:

Ericsson, Nokia, Qualcomm, KT, LGE, ETRI, Fraunhofer HHI, Intel, Interdigital, NTT, NTT Docomo, CATT, NEC, AT&T, Sony, Fujitsu, Sharp, Mitsubishi, National Instrument, IITH, CEWiT, Motorola Mobility, Lenovo, Huawei, HiSilicon, ALU, ZTE, Keysight Technologies
Discussion: 

Chair: The way forward is taken as a working assumption 
Decision: The document is noted
R1-161189
WF on Channel modeling methodology
ZTE, Keysight Techologies, …
Discussion: 

Chair: Contribution submitted late, just before the first session
Decision: The document is not treated
R1-161356
Way Forward on decision of channel modelling methodology
ZTE, China Telecom, CATR, Orange, Telecom Italia, Spirent, Keysight Technologies, Nubia Technology
Discussion: 

Ericsson: Do you mean we need to verify both methods by measurements by the next meeting. It is not feasible.
ALU: It is not easy to calibrate based on measurements.

DCM: Why do you include stochastic as one candidate in your proposal?
Keysight: We want to evaluate both methods with all data available at the moment. Baseline should be map-.based but additions can be either one.
Sharp: Proposal says the end result is the method has to be stochastic model.

Intel: Criterias are not spelled out very clearly. Stochastic model is closer.
Qualcomm: Could you explain maps further? You seems actually using many maps.
TIM: We cannot compare directly by e.g. KPI parameters. More analysis is needed.
Ericsson: White paper contains measurements globally. Same exercise would require different maps on different places.
CATT: How many maps need to be used in map based model?

ALU: Drawback with map-based solution is calibration.

Nokia: We could do this is we have unlimited time.
Ericsson: Only few companies have implemented map based model. It is a huge effort. It is too different and new method.
KT: We have similar concern.

Softbank: We should consider the timing of this SI. 
NTT: Extension in additions to stochastic could be discussed.

Decision: The document is noted
R1-161148
Way Forward on channel modelling methodology
Nokia Networks
Discussion: 

ZTE: If we agree the stochastic as a starting point is totally different than our proposal.
Samsung: Propose stochastic as starting point.

TIM: You propose single model + some additions?

ZTE: You ask us to build the house downwards.

Huawei: We need to see the package with all together.

Decision: The document is noted
Path Loss modeling
Discussion documents with observations 

R1-160803
On Channel Modeling Methodology for Frequency Spectrum above 6GHz
China Telecommunications

Observation: Under the condition of insufficient measurement data, Close-in Reference model is more robust and shall be adopted for large scale fading modeling, otherwise the Floating Intercept model is more reasonable.

Discussion: 

Decision: The document is not treated
R1-160696
Pathloss model and LOS-NLOS distribution
ZTE Corporation 
Observation 1: The existing pathloss models are not appropriate in modeling the NLOS condition in both indoor and outdoor scenarios. It is more reasonable to model the large-scale fading in the deterministic way. 
Observation 2: The propagation condition (LOS/NLOS) which is randomly generated under certain probability does not satisfy the spatial consistency between the adjacent sites/UEs and even results in overestimating of the LOS-NLOS transition probability in the case of UE movement.
Discussion: 

Decision: The document is not treated
Documents with proposals.
R1-160706
Path Loss Modeling for channel above 6Ghz
 Nokia Networks, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent

Proposal: Adopt CI path loss model for both LOS and NLOS conditions for at least the outdoor channels.

Discussion: 

Decision: The document is not treated
R1-160714
Discussion on pathloss and LOS probability modeling
NTT DOCOMO

Proposal 1: ABG model is used for NLOS pathloss modelling for UMi and UMa scenarios.

Proposal 2: CI model is used for LOS pathloss modelling for UMi and UMa scenarios.

Proposal 3: Single-slope models are used, unless clear necessity is acknowledged and enough measurement results are presented.

Proposal 4: For pathloss modelling, companies are encouraged to study necessity of break point distance for LOS environment and height dependency.

Proposal 5: Pathloss model below 6GHz is FFS.

Proposal 6: For UMi and UMa scenarios, reuse 3D LOS probability models, unless detailed scenario descriptions are modified.

Proposal 7: FFS on LOS probability models for indoor scenario.

Discussion: 

Chair: Document file has the wrong tdoc number. Zip is correct.

Decision: The document is not treated
7.3.5.3 Additional features for >6GHz channel model, e.g. Human blocking, spatial consistency, etc
Goal to agree on features necessary for higher frequency
Additional features

Following discussion documents with observations are not treated
R1-160378
Considerations on new features for above 6GHz channel modeling
CATT

We observe that there is significant attenuation of signal strength due to human blocking at 26GHz frequency. The impact of human blocking should be considered in the channel model for >6GHz frequency. Potential models of human blocking are discussed in companion contribution [3].
Discussion: 

Decision: The document is not treated
R1-160590
Discussion on additional features for >6GHz channel model
Samsung

Observation 1: Additional loss from foliage, atmosphere and rain attenuation can be modeled as an additional pathloss term.
Observation 2: Dynamic blockage and reflection can be modeled by introducing birth/death controls of clusters over time.

Observation 3: No additional features may be necessary for spatial/temporal consistency; and FFS if and how to model correlation of small scale parameters

Observation 4: Large channel bandwidths and large antenna arrays may be able to be supported if cluster path power generation method is modified a non-uniform one; and if the array manifold is changed. Further study seems to be necessary.
Discussion: 

Decision: The document is not treated
Documents for approval
R1-160305
New features for 5G channel model
Huawei, HiSilicon

Proposal 1: The channel model should cover the frequency range of 0.5 GHz to 100 GHz.
Proposal 2: The scalability of channel model in total frequency range [0.5 … 100 GHz] with a unified framework should be studied.
Proposal 3: The frequency dependent propagation effects should be studied. 
Proposal 4: The support for up to several Giga-Hertz bandwidth should be studied.
Proposal 5: Spatial consistency should be studied.
Proposal 6: Blockage attenuation should be studied.
Proposal 7: The support for very large antenna arrays should be studied.
Proposal 8: The support for dual mobility should be studied.
Discussion: 

Decision: The document is not treated
R1-160501
Discussion on additional features for high frequency channel model
CMCC

Proposal 1: Blockage model should be introduced to facilitate the evaluation of beam tracking and beam re-establishment in high frequency. The following points need to be discussed in the blockage model.
· How much loss should the blockage introduce?

· In what probabilities will the blockage happen?
· In which level should the blockage model be introduced, large scale or small scale?
Proposal 2: In indoor office scenarios, human body should be the main cause of blocking loss. In the UMi and other outdoor scenarios, vehicles, foliages and light poles should be also considered. Measurements are necessary to identify blockage loss, probability and time granularity.

Proposal 3: Spatial consistency should be introduced, to facilitate the evaluation of beam tracking and multi-user MIMO performance
· The change of angle of arrival and departure should be introduced to modeling UEs’ or the scatterers’ movements
· Strong correlations for near located UEs should be introduced.
Proposal 4: To model the spatial consistency, the change of angles of arrival and departure should be introduced. The angle of LoS path should point to transmitter. NLOS paths should be based on the assumption of scatter locations.
Discussion: 

Decision: The document is not treated
R1-160715
General View on Additional Features for >6GHz Channel Model
NTT DOCOMO

Proposal 1: A frequency dependent modeling of the blockage effect, caused by static objects and moving objects such as human body and vehicle is considered in above 6GHz channel model.
Proposal 2: Support of large bandwidth and large antenna array with realistic assumptions is considered in high frequency channel model.
Proposal 3: Modeling of spatial consistency is supported in new channel model. Impact to system level evaluation shall be carefully investigated.
Proposal 4: Blockage effect can be modeling by adding extra shadowing components with certain probability, given that such additional shadowing is not double counted in the conventional definition of path loss or shadowing.
Proposal 5: RAN1 shall carefully choose an appropriate model to characterize the spatial consistency, considering the tradeoff between modeling accuracy and implementation and computational complexity for system-level simulation.
Proposal 6: The attenuation models provide by ITU documents is a baseline, if modeling of foliage, atmosphere and rain attenuations is identified as necessary.
Discussion: 

Decision: The document is not treated
R1-160839
Additional features on >6GHz channel model
KT Corp.

Proposal: The following features should be reflected in above 6GHz channel modeling

· The foliage, atmosphere and rain attenuation
· Blockage

· Spatial properties for massive MIMO and 3D beamforming

· Support of large bandwidth

Discussion: 

Decision: The document is not treated
R1-160591
Joint contribution on additional features for >6GHz channel model
Samsung, AT&T, CMCC, Ericsson, Huawei, Intel, KT Corporation, Nokia, NTT DOCOMO, Qualcomm

Proposal 1: The following additional features should be reflected in the above 6 GHz channel model:

· 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

Discussion: 

Decision: The document is noted
R1-161143
WF on additional features for channel modeling of higher frequency    Nokia Networks, Samsung, Alcatel Lucent, Alcatel Lucent Shanghai Bell, ETRI, KT, NTT DOCOMO
Discussion: 

Qualcomm: UE to UE model is important.

Nokia: It was discussed offline but decided not to include due to concerns raised. That can be discussed in the future.
Huawei: Text as such is not acceptable but we are fine to look for compromise text. Discussion was not finished offline.
Nokia: This was discussed offline and comments were asked many times. Now Huawei say not acceptable. What is the point of offline discussions then?

Huawei: Wee raised the issue offline.

Sharp support the WF.

Decision: The document is noted
R1-161223
WF on additional features for channel modeling of higher frequency    Nokia Networks, …
Discussion: 

Decision: The document is withdrawn
Blockage modeling

Following discussion documents with observations are noted
R1-160658
Discussion on blockage modeling for channel modeling above 6GHz
LG Electronics

Observations
· For the blockage loss modeling, it needs to be considered that the blockage loss depends on the number of blockers on a propagation path and the distribution of the blockage loss would be determined by the number of blockers.

· It would be important to further investigate the impact of self-body blockage and to study its modeling carefully.
Discussion: 

Decision: The document is not treated
R1-161097
Human and hand blockage at MMW frequencies
Qualcomm Incorporated

· To model the effect of humans in intermediate distances, it is important to consider both the shadowing and reflective aspects of human body. 

· To capture the near field effects of hand blockage, one may introduce an angular blocking probability to model the blocked clusters due to the presence of the hand. Alternately, one may also consider specific subarrays to become inactive or unavailable due to blocking.

Discussion: 

Decision: The document is not treated
Documents for approval
R1-160845
Modeling of blocking
Ericsson, Keysight

In this contribution a simple and straight forward addition to any ray based channel model for blocking of significant paths is presented. It is clearly shown, using the METIS blocking model as an example, that simple accurate and 3D compliant blocking modeling may be easily be implemented as an add on component of the new 3GPP channel model.
Proposal: Use the described blocking model in this contribution for the new 3GPP channel model

Discussion: 

Decision: The document is not treated
R1-160923
Dynamic Blockage and Self Blockage for Above 6 GHz Channel Modeling
INTERDIGITAL COMMUNICATIONS

Proposal 1: In Step 6 of [8], define the probability that each generated cluster is dynamically blocked, and this probability depends on cluster delay and eNB height. Add an additional power attenuation on a cluster if it is dynamically blocked. 

Proposal 2: Self-blockage needs to be considered and modeled separately from an ordinary dynamic human blockage.

Discussion: 

Decision: The document is not treated
R1-160438
Blockage modeling in drop based model
Intel Corporation

Proposal 1: One channel blockage object is modelled as one blocker which has a ZoA and AoA span and the centre of the blocker is determined by its ZoA and AoA.

Proposal 2: The centre of the blocker are determined based on one spatial/temporal consistent uniformly distributed random variable.

Proposal 3: Additional shadowing is added on the channel paths whose AoA falls in the blocker’s blocking range.

Proposal 4: More than one blocker, e.g. 2, can be generated. 

Discussion: 

Huawei: Figure 3. Blockage is not typically very deep. It is very short in time in these figures. What were the statistic of average duration of blockage?

Intel: If we add fast fading we see much deeper fade. Parameters should be adjusted.

Sharp:  Is it realistic to assume purely random dropped obstacle model?

CATT: We have some measurement results. 
Interdigital: How large the additional shadowing could be?
Keysight: Results could be parametrised by measurements. Did you consider parameter distribution?
Decision: The document is noted
Spatial consistency

R1-160698
Considerations on spatial consistency
ZTE Corporation

Observation 1: The spatial consistency can impact so many aspects of 5G system evaluations that it should be considered as essential feature in channel modeling.      

Observation 2: Spatial consistency, which is highly location-specific, occurs to every dominant rays.  
Observation 3: The spatial consistency is broken in the current 3GPP 3D channel model framework.
Observation 4: With spatial consistency in the modeling, the large-scale characteristics of the channel are continuously distributed in the coverage area and the consistent shadow fading caused by same building is well observed.
Observation 5: With spatial consistency in the modeling, the UE moving in the multi-eNB environment has the received dominant rays from all surrounding eNBs smoothly evolved and the eNB transmitting the strongest received rays gradually changed.
Proposal: The spatial consistency should be considered the must-have feature, rather than optional one, in the high-frequency channel modeling study item.  

Discussion: 

Decision: The document is Revised in 1119
R1-161119
Considerations on spatial consistency
ZTE Corporation, Keysight Technologies
Observation 1: The spatial consistency can impact so many aspects of 5G system evaluations that it should be considered as essential feature in channel modeling.      

Observation 2: Spatial consistency, which is highly location-specific, occurs to every dominant rays.  
Observation 3: The spatial consistency is broken in the current 3GPP 3D channel model framework.
Observation 4: With spatial consistency in the modeling, the large-scale characteristics of the channel are continuously distributed in the coverage area and the consistent shadow fading caused by same building is well observed.
Observation 5: With spatial consistency in the modeling, the UE moving in the multi-eNB environment has the received dominant rays from all surrounding eNBs smoothly evolved and the eNB transmitting the strongest received rays gradually changed.
Proposal: The spatial consistency should be considered the must-have feature, rather than optional one, in the high-frequency channel modeling study item.  

Discussion: 

Intel: We agree consistency does not exist in today’s stochastic model but it can be added there.

Huawei: This shows important points. We need this also for stochastic model.
Decision: The document is noted
R1-161042
Discussion on spatial consistency in 5G channel model
Huawei, HiSilicon

Proposal: Spatial consistency should be studied in 5G channel model.
Discussion: 

Decision: The document is revised in 1122
R1-161122
Discussion on spatial consistency in 5G channel model
Huawei, HiSilicon

Observation 1: Spatial consistency of large scale parameters is important.
Observation 2: Spatial consistency of small scale parameters is important.
Observation 3: Spatial consistency is important for evaluation of very large arrays and distributed antennas.
Observation 4: Spatial consistency is important when comparing the different network topologies.
Observation 5: Spatial consistency is important for evaluation of MU-MIMO performance.
Observation 6: Spatially consistent channel model affects system performance.
Observation 7: Spatially consistent channel model means non-stationarity but dependency.

Proposal: Spatial consistency should be studied in 5G channel model.
Discussion: 

Decision: The document is not treated
R1-160437
Spatial consistency modeling in drop based model
Intel Corporation

Proposal 1-1: Introduce spatial consistency to the channel cluster specific random variables in the 3GPP 3D channel model [3]. The channel cluster specific random variables include:

a) Cluster specific random delay in step 5.

b) Cluster specific shadowing in step 6.

c) Cluster specific offset for AoD/AoA/ZoD/ZoA in step 7.

Proposal 1-2: Generate below channel cluster specific random variables to be drop based:

a) Cluster specific sign for AoD/AoA/ZoD/ZoA in step 7.

Proposal 2: Introduce spatial consistency to the LOS/NLOS and indoor/outdoor random variables in the 3GPP 3D channel model [3]. LOS/NLOS state and indoor/outdoor state are determined by comparing the spatial consistent random variable with a distance dependent LOS probability or indoor probability.

Proposal 3: Introduce soft LOS/NLOS state and soft indoor/outdoor state to describe the transition regions between LOS/NLOS and indoor/outdoor. The soft LOS/NLOS state and soft indoor/outdoor state can be generated by filtering the binary LOS/NLOS and indoor/outdoor states over space.

Proposal 4: Make the indoor distance to be spatially consistent.

Proposal 5: Use soft LOS/NLOS and soft indoor/outdoor state to calculate the pathloss and fast fading channel.

Discussion: 

Decision: The document is not treated
R1-161190
WF on feature of spatial consistency
ZTE Corporation, Keysight Technologies

Discussion: 

Nokia: We have many concerns. Too much details. It is too early to decide.

Samsung: It is too early to discuss these details.
TIM: Question to Nokia: What you plan to put in the model?

Nokia: We need to extend the model eventually by discussing details later. We need to figure out first that feature is needed.
Decision: The document is noted
Hybrid model
R1-160826
Rays and Graphs
Aalborg University, Keysight Technologies, ZTE
Proposal: Consider adding the propagation graph to the map–based model to include the missing “diffuse” tail of the impulse response.
Discussion: 

Decision: The document is not treated
UE rotational motion
R1-160925
UE Rotational Motion Support for Above 6 GHz Channel Modeling
INTERDIGITAL COMMUNICATIONS

Proposal: UE rotational motion should be taken into account in the above 6 GHz channel modeling.

Discussion: 

Decision: The document is not treated
Wideband array modeling
R1-160707
Wideband Array Modeling for Frequency Spectrum above 6 GHz
Nokia Networks, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent

Proposal: Adopt the wideband array modeling extension as an option for potential use in future studies.
Discussion: 

Decision: The document is not treated
R1-161043
On the support for large antenna array in existing 3GPP 3D channel model
Huawei, HiSilicon

Deficiency 1: The existing 3GPP 3D does not support spherical waves.

Deficiency 2: The existing 3GPP 3D channel model has limited angular resolution.

Deficiency 3: The existing 3GPP 3D channel model provides inconsistent spatial correlation in 3D sphere.

Deficiency 4: The existing 3GPP 3D channel model does not support extremely large arrays.

Proposal: All the deficiencies will be taken into account when specifying the 3GPP 5G channel model.

Discussion: 

Decision: The document is not treated
7.3.5.4 Others

Views on work planning, measurement reports, modeling reports, etc
Chairman: Meeting host need to know soon how many delegates are going to participate in March AdHoc. Currently 46 delegates registered in 3GPP calendar. Please register as soon as possible. 

Show of hands indicates 46 delegates.

Chairman: Specific RAN1 channel model reflector will be created for future discussions. Delegates are encouraged to register when details are announced in RAN1 reflector.

Cettina de Cesare room can be used for offline discussions on Tue evening and Wed between lunch and afternoon coffee break (FD-MIMO will use the room after that on Thu).

White paper
R1-160704
White Paper on Channel Modelling for Bands up to 100 GHz
NTT DOCOMO, AT&T, CMCC, Ericsson, Huawei, HiSilicon, Intel, KT Corporation, Nokia, Qualcomm and Samsung

Proposal: Companies are encouraged to read and consider a channel modeling white paper presented in GLOBDCOM 2015 [5].
Discussion: 

Decision: The document is noted
R1-160922
Views on White Paper "5G Channel Model for Bands Up to 100 GHz"
INTERDIGITAL COMMUNICATIONS

Comment 1: We agree to treat indoor scenario as a separate scenario. Whether or not further separate various environments under indoor scenario is to be discussed.
Comment 2: For UMi/UMa scenarios, the existing LOS probability [9] can be applied. For the indoor scenario, the proposed LOS probability can be applied, in case it is shown to fit other indoor environments (e.g., indoor shopping mall).

Comment 3: CI model could be used for LOS path loss. For NLOS path loss, whether to use CI/CIF model or to use ABG model relies on their performance evaluation.

Comment 4: The building penetration loss model needs to cover as many factors (building materials, carrier frequency, grazing incidence) as possible. 

Comment 5: The existing dynamic blockage modeling metholodgies need to be examined to see if they can be applied. 

Comment 6: Most parameters in the fast fading model can be applied, while some parameters need to be further examined, added or corrected.

Discussion: 

Decision: The document is not treated
Following contributions includes valuable information and measurement results but were not treated due to lack of time. 
Measurement results of indoor scenario
R1-160379
Indoor channel measurement results at 26 GHz
CATT

R1-160709
Indoor Measurement Campaign and Results at High Frequency
Nokia Networks, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent

R1-160717
Measurement results for office environment
NTT DOCOMO

R1-161098
Concurrent Indoor propagation measurements at 2.9, 28 and 60 GHz bands
Qualcomm Incorporated

Measurement results of UMi scenario
R1-160592
mmWave channel measurement results on UMi street-canyon and open-square
Samsung
R1-160662
38GHz Measurement Results of UMi Scenario
ITRI

R1-160716
Measurement results for UMi scenario
NTT DOCOMO

R1-160840
Initial measurement results on 28GHz
KT Corp.

R1-160846
Street Microcell Channel Measurements at 2.44, 14.8 and 58.68 GHz
Ericsson

R1-160848
Blocking loss measurements
Ericsson

Measurement results of UMa scenario
R1-160708
UMa Measurement and Ray Tracing Results for the Study on Channel Model for Frequency Spectrum above 6 GHz
Nokia Networks, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
R1-160847
Path loss measurements for Macrocell at 28 GHz
Ericsson

Map-based model
R1-160824
An Implementation Based on Map–Based Model
Keysight Technologies, Aalborg University
Chairman target on Way Forward

Goal in RAN1#84 is to reach agreement / way forward in following areas (bold ones as higher priority):
· Channel modeling methodology
· Scenarios for >6GHz channel model
· Requirements for >6GHz channel model
· List of additional features
· Pathloss and LOS probability modeling
· Blockage modeling
· Spatial consistency modeling
· Wideband array modeling
Way forwards after first round of discussions: 

	Tdoc number
	Title of the document
	Responsible company to lead offline discussions

	R1-161141
	WF on channel modeling methodology
	Samsung

	R1-161189
	WF on channel modeling methodology
	ZTE

	R1-161228
	WF on channel modeling scenarios
	NTT DOCOMO

	R1-161142
	WF on channel modeling requirements
	Huawei

	R1-161143
	WF on additional features for channel modeling of higher frequency    
	Nokia Networks

	R1-161190
	WF on feature of spatial consistency
	ZTE


Agreements:
	Tdoc number
	Title of the document
	Decision

	R1-160587
	Skeleton TR on >6GHz channel modeling

	Agreed

	R1-161145
	WF on >6GHz Channel Modeling Scenarios
	Agreed

	R1-161142
	WF on channel modeling requirements
	Agreed

	R1-161150
	WF on channel modeling methodology
	Working assumption


