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1 Introduction
In RAN4#86, the WF on propagation channel models for demodulation was approved [1] and the following were agreed:
	Agreement#1: Define demodulation requirements with TDL channel models
· The detailed TDL definition is FFS
· Channel models defined for FR2 in 38.901 could be a starting point
· How the models can be emulated in the tests is FFS
· Generation of TDLs from CDLs is not precluded
Agreement#2: Further study the modifications necessary to channel models to capture effect of beamforming and antenna pattern 
Agreement#3: Further study the modifications necessary to simplify TDL channel models 



In this paper we present our views on further modifications to TR38.901 [2] TDL channel models. 
2 Discussion
Effect of Tx/Rx Beamforming
The TDL channel models defined in [2] were generated from CDL channel models assuming isotropic antennas at Tx and Rx side as shown in figure below:

Figure 1: The basic idea for filtering the CDL model to TDL model
The UE demodulation performance requirements will not include the effects of Tx/Rx beamforming. Therefore, “isotropic” TDL channel models that don’t capture the effect of Tx/Rx beamforming may incorrectly represent the actual propagation environment.
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 2 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. 
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Figure 2: 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 3 below.
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[bookmark: _Ref510615524]Figure 3: 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
The PDP of NLOS channel with beamforming, is somewhat similar to that of a LOS channel without beamforming and smaller delay spread scaling as shown in Figure 4 below. Using LOS channel model with smaller delay spread is a possible option to use existing channel models without further modification. 
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[bookmark: _Ref510615382]Figure 4: PDP of LOS channel model without beamforming

The TDL channel models as defined in [2] are not suitable to be used to define UE demodulation requirements with beamforming. We recommend the following options to make the channel models more suitable:
Option 1: Use TDL LOS channel models with reduced delay spread 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

Proposal#1: Further study the options proposed to make 38.901 TDL channel models more suitable with beamforming. 
Option 1: Use TDL LOS channel models with reduced delay spread 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. 

TDL Channel Model Simplification
The TDL channel models (TDL-A/B/C) are defined with 23 paths. 
[bookmark: _Ref506529878]Table 1: PDP of TDL-A
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0.0000
	-13.4
	Rayleigh

	2
	0.3819
	0
	Rayleigh

	3
	0.4025
	-2.2
	Rayleigh

	4
	0.5868
	-4
	Rayleigh

	5
	0.4610
	-6
	Rayleigh

	6
	0.5375
	-8.2
	Rayleigh

	7
	0.6708
	-9.9
	Rayleigh

	8
	0.5750
	-10.5
	Rayleigh

	9
	0.7618
	-7.5
	Rayleigh

	10
	1.5375
	-15.9
	Rayleigh

	11
	1.8978
	-6.6
	Rayleigh

	12
	2.2242
	-16.7
	Rayleigh

	13
	2.1718
	-12.4
	Rayleigh

	14
	2.4942
	-15.2
	Rayleigh

	15
	2.5119
	-10.8
	Rayleigh

	16
	3.0582
	-11.3
	Rayleigh

	17
	4.0810
	-12.7
	Rayleigh

	18
	4.4579
	-16.2
	Rayleigh

	19
	4.5695
	-18.3
	Rayleigh

	20
	4.7966
	-18.9
	Rayleigh

	21
	5.0066
	-16.6
	Rayleigh

	22
	5.3043
	-19.9
	Rayleigh

	23
	9.6586
	-29.7
	Rayleigh



The PDP of TDL-A is captured in Table 1. The highlighted rows show paths with average power < -15dB. Eliminating paths with low power could simplify the channel model, reducing the number of paths from 23 to 14 in this particular case. 
Another option to simplify channel model would be to retain paths that contribute to X% to total power. In case of TDL-A channel model above, the highlighted paths would be eliminated if we choose to keep strongest paths contributing to 95% of total power. 
Options for TDL channel model simplification:
Option 1: Eliminate taps with power < X dB
Option 2: Keep strongest paths that contribute to [95] % of total power
While eliminating the low power paths might simplify the channel model significantly, normalized path delays need to be re-calculated in order to achieve the same desired delay spread properties.
Proposal#2: Simplify TDL channel models by eliminating low power paths and re-calculate normalized path delays.
Option 1: Eliminate taps with power < X dB; 
Option 2: Keep strongest paths that contribute to [95] % of total power

3 Conclusions
In this paper we have provided views on TDLC channel model modifications to define UE demodulation and 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
Proposal#1: Further study the options proposed to make 38.901 TDL channel models more suitable with beamforming. 
Option 1: Use TDL LOS channel models with reduced delay spread 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. 
Proposal#2: Simplify TDL channel models by eliminating low power paths and re-calculate normalized path delays.
Option 1: Eliminate taps with power <X dB; 	
Option 2: Keep paths that contribute to [95] % of total power
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