[bookmark: Title][bookmark: DocumentFor][bookmark: page1]3GPP TSG-RAN WG4 Meeting #111                                                     R4-2407799 
Fokuoka, Japan, May 20 –24, 2024

Source:		Nokia
Title:	FR1 dynamic MIMO OTA test methodology
Agenda item:		10.4.2.3
Document for:	Discussion
1. Introduction
In this contribution we discuss the dynamic channel model generation and validation methodology based on the WF from RAN4 110-bis meeting [1]. In this paper, we’d like to share our views of using CDL-models to represent the dynamic channels as listed below: 

	Issue 4-1-1: Framework for dynamic Channel model generation 
Way forward:
· Consider the following proposals for further study of framework for dynamic channel model generation, whether any of the aspect is agreeable depends on further discussions and analysis 
· Proposal 1: dynamic channel model should consist of number of segments with fixed channel models available in 3GPP. 
· the number of segments in a dynamic channel should be in the range of [8] to [12].
· parameters would need to be interpolated between segments to ensure continuity of dynamic channels
· Pathloss variation in a dynamic model should account for achievable chamber dynamic range
· A dynamic channel should balance between high and low throughput segments by using lengths of corresponding segments
· Proposal 2: RAN4 should not reopen the basic channel modeling discussions in TR 38.901 to general new CDL models. Using CDL models defined in TR 38.827 as starting point to generate the dynamic channel model.
· Proposal 3: RAN4 to consider the following aspects regarding the dynamic OTA modelling. 
· How to create a drive route, DoT (Direction of Travel), velocity, AoA, etc, parameters
· How to define the midway points on the drive route
· How to interpolate channel parameters for continuous channel modelling
· Whether/how to change UE orientation, such as via switching the probes and/or UE positioner
· Other aspects are not precluded
· Proposal 4: RAN4 should define dynamic channel models which emulate typical real-world scenarios with time-varying multi-path propagation conditions, based on CDL channel models defined in TR 38.901 and TR 38.827.  The following general principles should be considered: 
· The performance of “good” and “bad” UEs can be effectively differentiated under the dynamic channel models.
· The test time should be kept within an acceptable level.




2. Discussion 
2.1 Similarity of a dynamic channel in a span of time duration
For a dynamic channel scenario while UE is moving, it can be illustrated as a car is traveling from one spot to another spot in the map. The channel impulse responses along time  can be written as the below equation: 

where  is the delay, and  is the angle of arrival. 
In each time slice , the channel impulse response consists of a few delayed impulse responses and the equation can be simplified as 


For a measurement of a channel during a few seconds, all channel impulse response can be illustrated as Figure 1 [2]. Given the similarity of the channel impulse responses in different time slice , those can be considered as one type of channel impulse response, and the dynamic channel in such time span can be simplified and represented by one typical channel impulse response.  
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[bookmark: _Ref166140879]Figure 1 channel impulse responses in a time span
Observation 1: for a timespan of dynamic channel, if the channel impulse responses in different time slices are similar, then it can be represented by one typical channel impulse response.
2.2 Simplify a dynamic channel into a few typical channel impulse responses
For the real channel measurement from Keysight [3], the pass loss measured based on a route (in a map), it shows that there are different channel situations due to the environment/surrounding of the route in different locations are changing, as well as if there is a blocker between Tx and Rx (NLOS). It is possible to differentiate some typical channel sections where the pass losses are similar, as circled in Figure 2.
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[bookmark: _Ref166140913]Figure 2 : Narrowband normalized channel gain of UMa route, with distance dependent path loss removed and LOS/NLOS gain variation included [3].
The dynamic channel based on a route, i.e. a time span, can be sectioned based on the similarity of the channel environment/surrounding between Tx and Rx. For each of the section, a typical channel impulse response can be used to represent such section of the dynamic channel. Therefore, a dynamic channel can be simplified to a few typical channel impulse responses.    
Observation 2: a dynamic channel based on a route can be sectioned due to the similarity of the channel environment/surrounding between Tx and Rx. Each of the dynamic channel section can be simplified to one typical channel impulse response.
Proposal 1: Simplify a dynamic channel into a few typical channel impulse responses due to the similarity of the channel environment/surrounding between Tx and Rx in certain time span.
2.3 Represent a dynamic channel scenario by a few CDL models
Currently, the CDL-models are used to facilitate the simulations and tests for different channel scenarios. If the typical channel impulse responses of a dynamic channel can be converted into a few CDL models, then a dynamic channel scenario can be represented by a few fixed-value-delay-bin CDL-models. 
From OTA test point of view, if the dynamic channel can be represented by a few typical CDL models, then, the test procedure of a dynamic UE can be the same as before, and the only extra effort is measuring a few times based on the number of typical CDL-model for such dynamic scenario.
Observation 3: A few typical channel impulse responses can be converted into a few fixed-value CDL-models.  Then, a dynamic channel scenario can be represented by a few CDL-models.
Observation 4: if a dynamic channel scenario can be represented by a few typical CDL-models, the current OTA test procedure can be reused, and the extra test effort is measuring the performance of a UE a few times based on the number of CDL-models.
Proposal 2: represent a dynamic channel scenario by a few (typical) CDl-models. The current OTA test procedure can be reused, and the extra test effort is measuring the performance of a UE a few times based on the number of CDL-models.
3. Conclusions
In this contribution, we make the following observations and conclusions:
Observation 1: for a timespan of dynamic channel, if the channel impulse responses in different time slices are similar, then it can be represented by one typical channel impulse response.
Observation 2: a dynamic channel based on a route can be sectioned due to the similarity of the channel environment/surrounding between Tx and Rx. Each of the dynamic channel section can be simplified to one typical channel impulse response.
Proposal 1: Simplify a dynamic channel into a few typical channel impulse responses due to the similarity of the channel environment/surrounding between Tx and Rx in certain time span.
Observation 3: A few typical channel impulse responses can be converted into a few fixed-value CDL-models.  Then, a dynamic channel scenario can be represented by a few CDL-models.
Observation 4: if a dynamic channel scenario can be represented by a few typical CDL-models, the current OTA test procedure can be reused, and the extra test effort is measuring the performance of a UE a few times based on the number of CDL-models.
Proposal 2: represent a dynamic channel scenario by a few (typical) CDl-models. The current OTA test procedure can be reused, and the extra test effort is measuring the performance of a UE a few times based on the number of CDL-models.
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