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1 Introduction
In RAN4#86bis NR UE performance requirements discussion was started and propagation channel models for UE demodulation requirements were discussed. In this paper we provide additional details on propagation channel models. 
2 Discussion
In the WF on NR UE performance requirements [1], the following was agreed for propagation channel models:
	· Propagation channel models for FR1 performance requirements
· Use simplified TR 38.901 TDL channel models
· FFS for power delay profiles
· FFS for Delay spread values
· FFS how to simplify the models
· FFS MIMO antenna correlation models 
· Propagation channel models for FR2 requirements
· FFS



2.1 Channel Models for FR1
The TDL channel models defined in TR 38.901 [2] are well suited for defining UE performance requirements in FR1 and have been agreed to be used for defining requirements in FR1. As captured in the WF [1] some key aspects are still FFS.
Power Delay Profile
The power delay profiles for TDL channel model defined in [2] are TDL-A/B/C for NLOS and TDL-D/E for LOS propagation conditions. The PDP defined have about 23 paths for NLOS models and 13 paths for LOS models. The TDL channel models could be simplified further to eliminate low power paths thus reducing the channel modelling complexity (which is beneficial for both TE and in terms of modelling complexity). 
Table 1: TDL N-LOS Models Power Delay Profile
	TDL-A Power Delay Profile
	Tap #
	Normalized delay
	Power in [dB]

	1
	0
	-13.4

	2
	0.3819
	0

	3
	0.4025
	-2.2

	4
	0.5868
	-4

	5
	0.461
	-6

	6
	0.5375
	-8.2

	7
	0.6708
	-9.9

	8
	0.575
	-10.5

	9
	0.7618
	-7.5

	10
	1.5375
	-15.9

	11
	1.8978
	-6.6

	12
	2.2242
	-16.7

	13
	2.1718
	-12.4

	14
	2.4942
	-15.2

	15
	2.5119
	-10.8

	16
	3.0582
	-11.3

	17
	4.081
	-12.7

	18
	4.4579
	-16.2

	19
	4.5695
	-18.3

	20
	4.7966
	-18.9

	21
	5.0066
	-16.6

	22
	5.3043
	-19.9

	23
	9.6586
	-29.7



	TDL-B Power Delay Profile
	Tap #
	Normalized delay
	Power in [dB]

	1
	0
	0

	2
	0.1072
	-2.2

	3
	0.2155
	-4

	4
	0.2095
	-3.2

	5
	0.287
	-9.8

	6
	0.2986
	-1.2

	7
	0.3752
	-3.4

	8
	0.5055
	-5.2

	9
	0.3681
	-7.6

	10
	0.3697
	-3

	11
	0.57
	-8.9

	12
	0.5283
	-9

	13
	1.1021
	-4.8

	14
	1.2756
	-5.7

	15
	1.5474
	-7.5

	16
	1.7842
	-1.9

	17
	2.0169
	-7.6

	18
	2.8294
	-12.2

	19
	3.0219
	-9.8

	20
	3.6187
	-11.4

	21
	4.1067
	-14.9

	22
	4.279
	-9.2

	23
	4.7834
	-11.3



	TDL-C Power Delay Profile
	Tap #
	Normalized delays
	Power in [dB]

	1
	0
	-4.4

	2
	0.2099
	-1.2

	3
	0.2219
	-3.5

	4
	0.2329
	-5.2

	5
	0.2176
	-2.5

	6
	0.6366
	0

	7
	0.6448
	-2.2

	8
	0.656
	-3.9

	9
	0.6584
	-7.4

	10
	0.7935
	-7.1

	11
	0.8213
	-10.7

	12
	0.9336
	-11.1

	13
	1.2285
	-5.1

	14
	1.3083
	-6.8

	15
	2.1704
	-8.7

	16
	2.7105
	-13.2

	17
	4.2589
	-13.9

	18
	4.6003
	-13.9

	19
	5.4902
	-15.8

	20
	5.6077
	-17.1

	21
	6.3065
	-16

	22
	6.6374
	-15.7

	23
	7.0427
	-21.6

	24
	8.6523
	-22.8






One approach is to keep the strongest paths that contribute to [X] % of total power. By choosing X = 95% as the criteria, the highlighted paths in Table 1 above are eliminated in the TDL N-LOS channel models. For TDL-A, the number of paths reduced from 23 to 14. 
[bookmark: _Ref513811847]Table 2: TDL LOS Models Power Delay Profile
	TDL-D Power Delay Profile
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-13.5
	Rayleigh

	2
	0.035
	-18.8
	Rayleigh

	3
	0.612
	-21
	Rayleigh

	4
	1.363
	-22.8
	Rayleigh

	5
	1.405
	-17.9
	Rayleigh

	6
	1.804
	-20.1
	Rayleigh

	7
	2.596
	-21.9
	Rayleigh

	8
	1.775
	-22.9
	Rayleigh

	9
	4.042
	-27.8
	Rayleigh

	10
	7.937
	-23.6
	Rayleigh

	11
	9.424
	-24.8
	Rayleigh

	12
	9.708
	-30
	Rayleigh

	13
	12.525
	-27.7
	Rayleigh



	TDL-E Power Delay Profile
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.03
	LOS path

	
	0
	-22.03
	Rayleigh

	2
	0.5133
	-15.8
	Rayleigh

	3
	0.544
	-18.1
	Rayleigh

	4
	0.563
	-19.8
	Rayleigh

	5
	0.544
	-22.9
	Rayleigh

	6
	0.7112
	-22.4
	Rayleigh

	7
	1.9092
	-18.6
	Rayleigh

	8
	1.9293
	-20.8
	Rayleigh

	9
	1.9589
	-22.6
	Rayleigh

	10
	2.6426
	-22.3
	Rayleigh

	11
	3.7136
	-25.6
	Rayleigh

	12
	5.4524
	-20.2
	Rayleigh

	13
	12.0034
	-29.8
	Rayleigh

	14
	20.6519
	-29.2
	Rayleigh






In Table 2 above the TDL LOS models are captured and the highlighted rows are eliminated by choosing the strongest paths that contribute to 95% of total power. The number of paths reduces from >10 to 4 or 5.
Proposal #1: For FR1, simplify TDL channel models by choosing strongest paths that contribute to [95]% of total power
With such simplification the normalized path delays need to be re-calibrated. In Table 3 and Table 4 below the updated PDP profiles for TDL NLOS and LOS channels are provided keeping the strongest paths that contribute to 95% of total power. 
[bookmark: _Ref513777722]

Table 3: Simplified Power Delay Profiles for TDL N-LOS Models
	Simplified TDL-A PDP
	Tap #
	Normalized delay
	Power in [dB]

	1
	0
	-13.4

	2
	0.4999
	0

	3
	0.5269
	-2.2

	4
	0.7681
	-4

	5
	0.6034
	-6

	6
	0.7036
	-8.2

	7
	0.8781
	-9.9

	8
	0.7527
	-10.5

	9
	0.9972
	-7.5

	10
	2.4842
	-6.6

	11
	2.8429
	-12.4

	12
	3.2881
	-10.8

	13
	4.0032
	-11.3

	14
	5.3420
	-12.7



	Simplified TDL-B PDP
	Tap #
	Normalized delay
	Power in [dB]

	1
	0
	0

	2
	0.1380
	-2.2

	3
	0.2774
	-4

	4
	0.2696
	-3.2

	5
	0.3843
	-1.2

	6
	0.4829
	-3.4

	7
	0.6506
	-5.2

	8
	0.4738
	-7.6

	9
	0.4758
	-3

	10
	0.7336
	-8.9

	11
	0.6800
	-9

	12
	1.4185
	-4.8

	13
	1.6418
	-5.7

	14
	1.9917
	-7.5

	15
	2.2964
	-1.9

	16
	2.5960
	-7.6

	17
	5.5075
	-9.2



	Simplified TDL-C PDP
	Tap #
	Normalized delays
	Power in [dB]

	1
	0
	-4.4

	2
	0.4974
	-1.2

	3
	0.5258
	-3.5

	4
	0.5519
	-5.2

	5
	0.5156
	-2.5

	6
	1.5085
	0

	7
	1.5279
	-2.2

	8
	1.5544
	-3.9

	9
	1.5601
	-7.4

	10
	1.8802
	-7.1

	11
	1.9461
	-10.7

	12
	2.2122
	-11.1

	13
	2.9110
	-5.1

	14
	3.1001
	-6.8

	15
	5.1429
	-8.7





 
[bookmark: _Ref514055195]Table 4: Simplified Power Delay Profiles for TDL LOS Models
	TDL-D Simplified PDP
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-13.5
	Rayleigh

	2
	0.2000
	-18.8
	Rayleigh

	3
	8.0297
	-17.9
	Rayleigh



	TDL-E Simplified PDP
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.03
	LOS path

	2
	2.1152
	-15.8
	Rayleigh

	3
	2.2417
	-18.1
	Rayleigh

	4
	2.3200
	-19.8
	Rayleigh

	5
	7.8673
	-18.6
	Rayleigh








Delay Spread Values
The TDL channel models are defined with a normalized path delays and a scale factor (DSdesired) is applied to the normalized values to achieve the configured RMS delay spread. Details are specified in section 7.7.3 in [2]. The LTE channel models EPA/EVA/ETU have a fixed delay spread representing propagation conditions with low, nominal and long delay spread respectively. For NR UE performance requirements the desired delay spread could be chosen appropriately to model different delay spread.
Table 5: Example scaling parameters for CDL and TDL models
	Model
	


	Very short delay spread
	10 ns

	Short delay spread
	30 ns

	Nominal delay spread
	100 ns

	Long delay spread
	300 ns

	Very long delay spread
	1000 ns


Proposal #2: For FR1 choose desired delay spread based on short / nominal / long delay spread condition for NR UE performance requirements
[bookmark: _GoBack]MIMO Correlation Modelling
Baseband testing with non-zero antenna correlation values are necessary to evaluate performance under practical conditions. The TDL channel models can be used with correlation matrices to simulate MIMO conditions.
In FR1 the correlation models defined in LTE in TS 36.101 shall be used as a starting point. The available values for antenna correlation are {0, 0.3, 0.7, 0.9} representing a range of low to high antenna correlation. The applicability of the correlation values for FR1 is FFS. The correlation values for frequency ranges considered in FR1 needs further study. For initial test definition we propose to prioritize defining requirements under low antenna correlation. 
Proposal #3: Prioritize defining test requirements under low antenna correlation. The medium and high antenna correlation coefficients are FFS for FR1


2.2 Channel Models for FR2
The TDL channels as defined in [2] are generated assuming isotropic antenna at Tx and Rx side and don’t capture the effect of Tx/Rx beamforming. In FR2 with Tx/Rx beamforming the channel model might incorrectly represent the actual propagation environment. With Tx/Rx beamforming the channel PDP is modified and the delay spread of the channel is smaller. 
In case of using Tx/Rx analog beamforming the PDP of the channel models will be modified and the delay spread will be reduced. In Figure 1 we illustrate the NLOS channel realizations before and after using Tx/Rx beamforming based on the best beam selection. As shown in the figures, the Tx/Rx beamforming changes the power delay profile of a NLOS channel model and in order to account for Tx/Rx beamforming, the channel profiles may need to be modified. 

	[image: ]

	[image: ]
Figure 1: PDP change with beamforming for NLOS channel



Observation #1: The PDP of NLOS channel has significantly changed with beam forming and best beam selection compared to no beamforming

In addition the delay spread of the channel is also reduced with beamforming as shown in Figure 2 below.

Figure 2: Delay Spread change with beamforming

Observation #2: The RMS delay spread has reduced from 100ns to 20ns with Tx/Rx beamforming and best beam selection
In order to capture the effect of Tx/Rx beamforming with TDL channel models and make it more suitable in FR2, we proposed the following options in [3]. 
Option 1: Use TDL LOS channel models with reduced delay spread in FR2 with beamforming
Option 2: Use TDL LOS/NLOS models with reduced maximum delay spread
Option 3: Re-define TDL channel models to take beamforming into account
Options 1, 2 don’t require re-generating the TDL channel model. With option 3, TDL channel needs to be regenerated.

In the NR testability SI the channel model for UE demodulation requirements was discussed and two options for methodology of generating TDL channel from CDL have been down selected [4]. 

	Options for channel modelling:
· Option 1: Use TDL channel models as described in 38.901 [2]
· Each tap is modeled based on the Jakes fading model
· Generation of TDLs from CDLs is not precluded based on the procedure described in TS 38.901
· Option 2: Generate TDL channel model based on the methodology below
· A methodology for deriving TDLs from CDLs is provided in 38.901, however, this process does not say how to derive the Doppler spread of each tap form the CDL
· This methodology also clarifies how the Doppler spread of each tap is derived on based on which parameters
· The doppler shift of each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, ZSA
TDL Generation Methodology for option 2:
· The CDL framework in 38.901 is used to derive the non-spatial TDLs used for FR2 demodulation requirements
· The TDL generation procedure will include spatial filtering using assumed gNB and UE antenna patterns
· gNB antenna model is FFS (one example is an 8x8 URA 0.5λ array with 22.75 dB directivity as described in [5])
· For UE this is FFS
· The Doppler spectrum for the TDL will be derived from the CDL and not assume a Jakes spectrum
· The doppler shift of each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, ZSA
· For each channel model for demodulation performance testing in FR2, following parameters need to be defined:
· Base CDL channel model defined in TR 38.901
· Delay Spread
· Angular Spread for AOA, AOD, ZOA and ZOD
· Mean Angle for AOA, AOD, ZOA and ZOD.
· Alternatively, Correlation between Tx antennas in case of more than one Tx antennas


Both options for channel modelling involve re-generating the TDL channel model from CDL. The methodology for generating TDL from CDL is described in section 7.7.4.2 of [2] and also in the Annex.
The following parameters are FFS for channel generation:
· Antenna array configuration at gNB and UE
· Antenna pattern at gNB and UE for spatial filtering
· Scaling of angles
· Base CDL channel model
Proposal#4: For generation of TDL from CDL the following parameters are FFS: Antenna array configuration, Antenna pattern, Scaling of angles, Base CDL channel model
The two options for channel model are fundamentally the same and differing mainly in how the Doppler is modelled. In Option 1 the Doppler for each tap is modelled based on Jakes spectrum. In Option 2 the Doppler shift for each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, ZSA. Same, time the exact methodology for Doppler shift modelling in Option 2 is still ambiguous and needs to be further clarified. 
Proposal#5: The methodology for Option 2 Doppler shift modelling based on spatial parameters is FFS and needs to be further clarified
Depending on the methodology chosen for channel modelling, the resulting Doppler spectrum of the channel might be different. The options should be evaluated on different criteria including the impact to UE performance. 
Observation #3: The Doppler spectrum of the channel might be different based on the methodology chosen for channel modelling
Proposal #6: The down selection of methodology to model Doppler shall consider impact to UE performance 
The TDL channel model simplification as described for FR1 in section 2.1 might be required in FR2 depending on the methodology chosen.
Proposal #7: It is FFS if channel model simplification by eliminating non-significant paths is required in FR2 after TDL channel re-generation
3 Conclusion
In this paper we have provided our views on propagation channel models for UE demodulation requirements in FR1 and FR2. 
For FR1 we have the following proposals:
Proposal #1: For FR1, simplify TDL channel models by choosing strongest paths that contribute to [95]% of total power
Proposal #2: For FR1 choose desired delay spread based on short / nominal / long delay spread condition for NR UE performance requirements
Proposal #3: Prioritize defining test requirements under low antenna correlation. The medium and high antenna correlation coefficients are FFS for FR1
For channel models for FR2 we have the following observations and proposals:
Observation #1: The PDP of NLOS channel has significantly changed with beam forming and best beam selection compared to no beamforming
Observation #2: The RMS delay spread has reduced from 100ns to 20ns with Tx/Rx beamforming and best beam selection
Observation #3: The Doppler spectrum of the channel might be different based on the methodology chosen for channel modelling

Proposal#4: For generation of TDL from CDL the following parameters are FFS: Antenna array configuration, Antenna pattern, Scaling of angles, Base CDL channel model
Proposal#5: The methodology for Option 2 Doppler shift modelling based on spatial parameters is FFS and needs to be further clarified
Proposal #6: The down selection of methodology to model Doppler shall consider impact to UE performance 
Proposal #7: It is FFS if channel model simplification by eliminating non-significant paths is required in FR2 after TDL channel re-generation
4 References
[1]. R4-1805549, “Way Forward on NR UE performance requirements”, Intel Corporation, Ericsson, Samsung, NTT DOCOMO, Qualcomm, LGE, Spirent
[2]. TR 38.901, Study on channel model for frequencies from 0.5 to 100 GHz
[3]. R4-1804167, “Propagation channel models for NR UE performance requirements”, Intel Corporation
[4]. [bookmark: _Ref513628330]R4-1805895, “WF on Channel model for Demodulation for FR2”, Qualcomm, Keysight Technologies, Spirent
[5]. R4-1711826, “Inclusion of BS antenna pattern and weights in NR UE OTA testing”, Huawei, HiSilicon, Spirent Communications, Keysight Technologies

Annex
The basic idea to generate a TDL model based on a filtered CDL model is shown in Figure A-1 below.

Figure A-1 The basic idea for filtering the CDL model to TDL model.
Generation procedure
1.	The following steps are needed to generate tapped delay line (TDL) models:Choose a CDL model (e.g. CDL-A). Note that the models may be scaled according to Subclause 7.7.5.1 prior to the filtering in order to represent different angular spreads.


2.	Choose spatial filters  and  defined in LCS



3.	Transform the spatial filter into GCS to obtain  and  such that the pointing direction  is centered within the filter. The pointing direction may be defined



a.	by the dominant path  with , where  denotes the CDL cluster power values
b.	Or an arbitrary direction

4.	Calculate TDL cluster power values  given the following equation
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