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1   Background
In RAN#75, the new WI on New Radio Access Technology was approved [1]. According to the latest TU allocation [2], there are 2 TUs allocated in this meeting. In RAN4#86bis meeting, NR channel models for performance requirements were discussed and agreements were captured in [3] and [4] as
· 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
In this contribution, we further analyze NR channel models, especially for FR1 since for FR2 we can follow discussions in the NR testability WI.
2   Discussion

For NR FR1 channel models, we proposed to follow LTE methodologies in [5]. According to agreements in last meeting, simplified TR 38.901 TDL channel models were considered. However, there are still some FFS to be further discussed. We give analyses for these open issues in the following subsections.
Power delay profiles
For the PDP, there are some pre-defined models in TR 38.901, i.e. TDL-A/B/C/D/E. TDL-A, TDL-B and TDL-C are constructed to represent NLOS channels while TDL-D and TDL-E are constructed for LOS. For FR1, it is more practical to consider NLOS channels, which is the typical scenario for lower frequency range. The detailed relative powers for different taps of TDL-A, TDL-B and TDL-C are given in Figure 1. Note that relative powers in the figure are only statistical and each tap is random from Rayleigh fading distribution. 
From Figure 1we can be observed that TDL-A channel has less strong paths than TDL-B and TDL-C. TDL-C channel is more centralized and TDL-B has more strong paths. For RAN4 evaluations, we don’t need to evaluate too many scenarios. So we propose to consider only TDL-B and TDL-C.

Proposal 1: Select TDL-B and TDL-C for NR FR1 performance requirements.
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Figure 1: Relative power for different taps of TDL-A, TDL-B and TDL-C
Since PDPs in [4] are normalized. i.e. the rms delay spread is 1. We can scale delays to the desired value by:


[image: image4.wmf]desired

model

,

scaled

,

DS

×

=

n

n

t

t


Some example scaling parameters are also given in TR 38.901 as:
Table 1. Example scaling parameters
	Model
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	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


We can pick some for RAN4 evaluations. Considering the working load, we propose to consider only two combinations, i.e. 30ns and 300ns for 15kHz SCS. Since different SCS is selected for different delay spread, we propose to scale corresponding delay spread for different SCS.
Proposal 2: Select 30ns and 300ns as the scaling parameters for NR FR1 performance requirements with 15kHz SCS and scale accordingly for other SCS.
Doppler spread values
In LTE, Doppler spread value with 5Hz, 70Hz and 300Hz are assumed for most test cases. Corresponding UE velocities are around 3km/h, 40km/h and 160km/h at 2GHz. For NR FR1, commonly higher frequency band is used, so we propose to consider 10Hz, 100Hz and 500Hz for low, medium and high Doppler spread with 15kHz SCS. For other SCS, similar analyses as delay spread, Doppler spread should be scaled accordingly.
Propose 3: Define Doppler spread value of 10Hz, 100Hz and 500Hz for 15kHz SCS and scale according for other SCS.
How to simplify the models
For EPA, EVA and ETU, relative powers for different taps are plotted in Figure 2 for comparison. We can see that the tap number is 7 for EPA, 9 for EVA/ETU, while 23 for TDL-B and 24 for TDL-C. So the taps can be further reduced to simplify the model. Usually small power taps contribute little to the demodulation performance so we can simply remove these taps.
Propose 4: Remove small power taps to simplify TDL channels.
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Figure 2: Relative power for different taps of EPA, EVA and ETU
MIMO antenna correlation models
For LTE channel models, multi-path fading propagation conditions are defined for 1x1 channel and MIMO channel correlation matrices are defined for extensions to MIMO channels. For MIMO channel correlation matrices,  and  parameters are defined as shown in Table 2.
Table 2: The  and  parameters for ULA MIMO correlation matrices

	Correlation Model
	(
	(

	Low correlation
	0
	0

	Medium Correlation
	0.3
	0.9

	Medium Correlation A
	0.3
	0.3874

	Medium Correlation B
	0.3
	0.005154

	High Correlation
	0.9
	0.9


For NR FR1, the same methodology and parameters can be reused in the current stage. If more proper models are identified in the future, RAN4 can have further discussions like in LTE phase.

Propose 5: Reuse LTE methodology and parameters for MIMO correlation in the current stage.
3   Conclusion
In this contribution, we analyze channel models for NR FR1 performance requirements and propose that:
Proposal 1: Select TDL-B and TDL-C for NR FR1 performance requirements.
Proposal 2: Select 30ns and 300ns as the scaling parameters for NR FR1 performance requirements with 15kHz SCS and scale accordingly for other SCS.
Propose 3: Define Doppler spread value of 10Hz, 100Hz and 500Hz for 15kHz SCS and scale according for other SCS.
Propose 4: Remove small power taps to simplify TDL channels.
Propose 5: Reuse LTE methodology and parameters for MIMO correlation in the current stage.
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