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Channel model contributions

	R4-1809858
	Simplification of TDL channel models
	Intel Corporation

	R4-1809859
	Channel models for FR2 demodulation requirements
	Intel Corporation

	R4-1810158
	Demodulation performance impacts due to simplified propagation channel models
	Ericsson

	R4-1810159
	Simplified propagation channel models based on TDL-D/E
	Ericsson

	R4-1810194
	Views on channel models
	NTT DOCOMO, INC.

	R4-1810345
	Simplification of TDL Channel Models
	Qualcomm Europe Inc. (Spain)

	R4-1810865
	Channel Model simplification for FR2
	Rohde & Schwarz

	R4-1811178
	Discussion on NR FR1 channel model for UE demodulation performance and CSI requirements
	Huawei, HiSilicon

	R4-1811179
	Draft CR: FR1 channel model for UE demodulation and CSI performance requirements
	Huawei, HiSilicon

	R4-1811316
	On the selection of Option 1 vs. Option 2 for channel model definition
	Keysight Technologies UK Ltd

	R4-1811317
	LS to RAN1 on the applicability of TR 38.901 TDL channel models
	Keysight Technologies UK Ltd

	R4-1810339
	Doppler Spread for NR FR2 UE Performance Tests
	Qualcomm



Issue 1: Simplified method for TDL model (FR1)
Previous RAN4 agreements:
· Simplification methods
· Option 1: Choose strongest paths that contribute to [X%] of total power
· Option 1: X=90% for TDL-A; X=87% for TDL-C
· Option 2: X = 90% or 95% for TDL-A and TDL-C
· Option 2: Choose 9 paths for TDL-A and TDL-C using the frequency correlation method
· TDL-A: Tap#1-6, 9, 11, 15 defined in Table 7.7.2-1 of TR 38.901
· TDL-C: Tap#1-2, 4-8, 13-14 defined in Table 7.7.2-3 of TR 38.901
· Number of path: less than or equal to 12 is acceptable from test equipment point of view

Proposals from companies:
	Intel
	Proposal #1: Use simplification method of choosing strongest paths contributing to 90% of total power for TDL-A, TDL-C and 85% of total power for TDL-B.
(Taps provided)

	Ericsson
	Simulation results not available

	Qualcomm
	Choose N = [11] strongest paths for each channel model to simplify the TDL channel models in TR 38.901. After choosing the N strongest paths, compute the new RMS delay spread for the pruned channel model, normalize the normalized delay of each path with the computed RMS delay spread to ensure that each channel model after pruning has an RMS delay spread of 1.

	Huawei
	Option 2 with 9 taps (with taps provided up to 12 taps)




Way forward on channel models simplification for FR1
a) Simplification methods
a. Option 1: Choose strongest paths that contribute to [X%] of total power
b. Option 2: Choose N paths for TDL-A and TDL-C using the frequency correlation method
b) Use option 1 and option 2 to generate up to 12 taps after 5 ns quantization for following FR1 models
a. [bookmark: _GoBack]RMS delay spread TDL-A (30 ns)
b. RMS delay spread TDL-B (100 ns)
c. RMS delay spread TDL-C (300 ns)
c) Further study the frequency correlation characteristics of channel models for Option 1 and 2
· e.g. The most suitable model is selected based on the visual inspection of the quantized FCF. The lower the correlation the better, preferably below 0.6 in full frequency range up to 100 MHz
d) Make final model down-selection in RAN4 88bis



Issue 2: Channel model for FR2
Previous RAN4 agreement: 
· Option 1
· TDL PDPs can be generated from CDL taking into account Tx/Rx beamforming or existing PDPs in TE 38.901 could be reused 
· Each tap is modelled based on the Jakes Doppler fading model
· Option 2
· This option considers channel model methodology with non-Jakes spectrum. Multi-path fading propagation conditions between the gNB emulator and test chamber probe is modelled as Clustered Delay Line (CDL). 
· Detailed model description is provided in TR 38.810 and TR 38.901
· The model results in Non-Jakes Doppler spectrum
Working assumption: Channel Model Option 1 will be used for FR2.
Companies will provide the simulation results based on working assumption
Companies are requested to provide more input to confirm the working assumption in August meeting. And final confirmation of working assumption will be based on majority companies’ view.

Companies’ proposals:
	Intel
	Proposal #1: For FR2 UE demodulation and CSI requirements define the following channel model PDPs and delay spread as: 
· TDL-A; 5ns DS RMS 
· TDL-B; 10ns DS RMS
· TDL-C; 20ns DS RMS
Proposal #2: For UE demodulation and CSI reporting requirements in FR2 use Max Doppler as 45Hz, 130Hz and 350Hz respectively for low, medium and high speed respectively
Proposal #3: Confirm working assumption to use TDL based channel models to define UE demodulation and CSI requirements in FR2

	Ericsson
	The difference between TDL-A/B/C and TDL-D/E is the LOS path is included or not. Considering the radio propagation characteristics, RAN4 should also consider the channel models including LOS path for FR2. (taps provided)

	Keysight
	Proposal 1: Use channel model option 2 for FR1 and FR2
If Proposal 1 is not agreed at this time:
Proposal 2: Send the LS in [5] to RAN WG1 asking for clarification on the advice in TR 38.901 that TDL models using Jakes spectrum are not appropriate for MIMO scenarios 
Proposal 3: Study the difference from a UE perspective between the modified TDLs proposed in [3] with the channels generated using the CDL approach as received through a single probe. 

	QC
	Proposal 1: Use 100 Hz (~3Km/hr) and 300Hz (~10Km/hr) Doppler spreads for NR FR2 demodulation performance tests. 




Agreement: TDL models may not necessarily characterize the spatial FR2 propagation conditions for all scenarios.


Confirm Working assumption: Channel Model Option 1 will be used for FR2.

TDL Model
· TDL-A: 30 ns RMS delay spread 
· FFS if additional models are needed
· Option 1: TDL-C: {60-80} ns RMS delay spread 
· Option 2: TDL-D: [10-30] ns RMS delay spread 
· Other models are not precluded
Doppler spread
· Low speed: 75 Hz for simulation assumptions
· High speed: 300 Hz for simulation assumptions






Channel models of simulation alignment
· Model 1: TDL-A: 30 ns 75 Hz for CSI / PDCCH/ PDSCH/ PBCH 
· Model 2: TDL-A: 30 ns 300 Hz for PDCCH/ PDSCH / PBCH
· Note: use channel models without simplifications for simulation alignment in RAN4 88bis

Channel models simplification
· The maximum number of taps: [12]
· 5 ns quantization grid (200MHz sampling frequency)
· Follow same procedure as for FR1 to generate the final channel models

Issue 3: High speed train scenarios
Previous RAN4 agreements:    
· High speed train scenarios: 
· FFS maximum Doppler shift
· Need further discussion on the channel model
· FFS SCS and CP length for high speed performance requirements
Companies’ proposals:
	NTT DoCoMo
	Proposal 1: For FR1, performance test should cover UE mobility of up to 500 km/h to achieve same mobility requirement as LTE.

Proposal 2: For FR2, performance test should cover UE mobility of at least up to 120 km/h, accordingly.
Observation 1: In order to achieve similar test coverage for LTE, high-speed test should cover followings.
· TDL channel with high Doppler frequency
· HST scenario
· HST-SFN scenario



Agreement: Use HST model as described on section B3 TS36.101 for FR1 for initial simulation purposes (max Doppler shift specified in table)
· FFS introduction of new requirements
· This topic will be discussed in agenda for PDSCH demodulation and other related agendas in the next meeting.


