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1
Introduction
In the last RAN4 meeting, the mapping of channel models for FR1 MIMO OTA test cases was discussed [1] [2], three options were identified for final conclusion [3]: 
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This paper discusses the Channel models mapping for FR1 MIMO OTA requirement.

2
Discussion

2.1  Review of the FR1 MIMO OTA channel models
From the beginning of the Rel-16 MIMO OTA test method SI, the channel models were discussed and defined based on the example CDL channel models and modelling procedure in TR38.901 [4]. The decision of mapping target scenarios to different MIMO condition (4x4 or 2x2) was made by the general idea during RAN4#89 MIMO OTA ad-hoc, that “Urban Macro always has large coverage area then the power at the cell edge would not be so high, so 2x2 MIMO working condition may be a typical case; in contrast, the Urban Micro is close to the BS, high MIMO layer (4x4) with high DL power would make more sense.” [5][6]. 
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However, the decision of mapping UMa and UMi scenarios for 2x2 or 4x4 FR1 MIMO OTA was made without detailed evaluation of the suitability of the MIMO performance for a given test scenario. 
Observation 1: Decision on Mapping FR1 UMa and UMi scenarios to 2x2 and 4x4 MIMO OTA test cases, respectively, was not made by technical evaluation of the suitability of the MIMO layer vs given scenario. 
After making decision of the scenarios, the target scaling parameters (i.e. rms DS target, AS scaling, angle rotation) of each scenario were defined, and then the new channel models for NR MIMO OTA testing were generated based on the scaling procedure in TR 38.901 with the agreed target scaling parameters [7-10].

Table 7.2-1 in TR38.827. Target delay spread values.

	Frequency
	Scenario
	DSdesired

	FR1
	UMi
	100 ns

	FR1
	UMa
	365 ns

	FR2
	UMi
	60 ns

	FR2
	InO
	30 ns


5 new channel models for UMi scenario (UMi CDL-A to E) and 5 new channel models for UMa scenario (UMa CDL-A to E) were generated and captured in the TR 38.827 for FR1 MIMO OTA testing. In addition, to reduce the simulation workload, CDL-A and CDL-C were selected for simulation analysis to study the spatial correlation error and MPAC system layout. 
Observation 2: Among the new channel models, CDL-A and CDL-C were initially selected for simulation to define FR1 system layout, due to the consideration of simulation workload.     

After finalizing the channel models, down-selection of channel model for defining the final MIMO OTA requirements was discussed and concluded [11]:
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However, the down-selection was not decided by the simulation analysis of channel model [12]. A good analysis paper was shared to discuss the issue of previous agreements on the FR1 channel model down-selection [13].
Then the problem is how to identify which channel model is suitable to specify final MIMO OTA performance. During LTE MIMO OTA time, large number of measurements had been done before concluding that SCME UMi is the choice to reflect the “good or bad” UE under noise limited condition, and SCME UMa is better to present the performance different under SINR condition. 
Observation 3: During LTE MIMO OTA performance activity, large number of measurements with real commercial UEs had been done before making the final decision of channel model for requirements.     

Hence, more measurements would be an essential way to ensure that the selected channel model can suitablelly reflect “good or bad” UE. But, the risk is that the burden of making decision by large amount of measurements in RAN4 would be huge, which would also potentially delay the progress of WI. Therefore, simulation of UE performance with different channel models would be helpful for the group to make decision without long-term real measurements. 

Proposal 1: RAN4 should do more simulation analysis and some confirmatory measurements to select the final channel model for FR1 MIMO OTA requirement.     
2.2 Channel model’s simulation for FR1 MIMO OTA 
In this paper, we perform some initial simulations of channel model vs Throughput to identify a proper selection of channel models for MIMO OTA requirement.   
The simulation parameters:

· Channel models: UMi CDL-A, UMi CDL-C, UMa CDL-A, UMi CDL-C in TR38.827；
· Frequency: 3.5 GHz;
· BS parameters:
	Parameter description
	Symbol
	Parameter value

	
	
	FR1 >2.5GHz

	Antenna panels in vertical dimension
	Mg
	1

	Antenna panels in horizontal dimension
	Ng
	1

	Elements per panel in vertical dimension
	Me
	8

	Elements per panel in horizontal dimension
	Ne
	8

	Number of polarizations per panel
	P
	2

	Element spacing in horizontal dimension (()
	dH
	0.5

	Element spacing in vertical dimension (()
	dV
	0.5


· Codebook: A code book of 60 fixed beams is constructed to a grid of five elevation angles from –20( to +20( with 10( steps and 12 azimuth angles from –80( to +80( with ~15( steps
· UE pattern is assumed as: UE antenna response is assumed to be omnidirectional with 0 dBi gain.
· gNodeB emulator settings in Clause 8.2 of TR38.827;

The simulation results are shown in Figure 1 and Figure 2.
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Figure 1: 2x2 TDD throughput performance of different channel models

Given the real UE antenna pattern is not considered in this simulation, the performance is similar to conductive MIMO OTA testing. However, we believe the simulation results still provide valuable information to discuss the potential down-selection of channel models. 
If we set 95%TP as a check point, we can see that the CDL-C channel model is the first one to reach this throughput level in Figure 1. This is reasonable that the CDL-C model has multiple strong spatial clusters, and the two strongest BS beams based on the codebook are pointed towards different strong clusters with large angular separation in this model. Then the correlation between the BS beams is low enough to reach high throughput.

Observation 4: After BS pattern filtering effect, the CDL-C channel model with large angular separation is more suitable for FR1 MIMO OTA requirement.     

While, the angular separation of CDL-A channel model is much small, because the BS beamforming is applied to a strong cluster, which makes CDL-A channel similar to the characteristic of a Single Cluster channel model, thus the correlation between the two beams becomes high, it is obvious that the spatial characteristic is not suitable for high throughput. The above trend from the simulation results is also consistent with the observations in [14].
Observation 5: After BS pattern filtering effect, the CDL-A channel model has very limited angular separation is directional, which is not suitable for FR1 MIMO OTA requirement.     

Selection of a channel model with just limited spatial-separated clusters would be far from ideal for a multiprobe MIMO OTA test, especially for FR1 low frequency. Different from FR2, even after the BS beamforming filtering effect, the FR1 real-world multipath propagation environment still has very wide angular-separated clusters, but not single cluster condition, especially in a NLOS scenario. 
Therefore, the CDL-C model provides a better realization of a multipath propagation environment, which has wider distribution of power, it provides more degrees of freedom for the DUT to achieve Spatial Multiplexing Gain. 
2.3 Channel model implementation in FR1 MPAC system 
From the test system perspective, the simulated spatial correlation error of UMi CDL-A in the 16 probes MPAC system is larger than 30%, which indicates the real difference of the channel model implementation in the chamber could be even worse than 30%. CDL-C channel model is 10% better (~ 20%, still not small) 
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Figure 3 in [14]: Weighted RMS spatial correlation error as a function of number of probes for different channel models.
Observation 6: The weighted RMC spatial correlation error of UMi CDL-A channel model is very large.     

The FR2 3D-MPAC system layout (i.e. probes location) is optimized based on the characteristic of specific channel model (i.e. InO CDL-A and UMi CDL-C), then the PSP would not be guaranteed if new channel model is implemented. In contrast, FR1 MIMO OTA system was finally agreed as 16 uniformly-spaced probes ring, in general, new channel model with wide angular spread (e.g. CDL-C UMi) can be well supported easily.

Observation 7: For FR1 MPAC system with 16 uniformly-spaced probes, new channel model with wide angular spread (e.g. CDL-C UMi) can be well supported easily.     

Based on above justifications, it is therefore proposed to select CDL-C UMi for 4x4 and CDL-C UMa for 2x2. In addition, RAN4 should also consider a single channel model for both 2x2 and 4x4 FR1 MIMO OTA testing, then the UE’s performance under different MIMO layers with the same test condition can be presented and compared directly. 

Proposal 2: It is proposed to select CDL-C UMi with 4x4 and CDL-C UMa with 2x2 for FR1 MIMO OTA requirement. 
Proposal 3: In case RAN4 agrees that just a single channel model is required for FR1 MIMO OTA requirement, select the CDL-C UMi channel model for both 2x2 and 4x4. 
3 Conclusion

In this paper, we share our proposals on FR1 channel models. 
Observation 1: Decision on Mapping FR1 UMa and UMi scenarios to 2x2 and 4x4 MIMO OTA test cases, respectively, was not made by technical evaluation of the suitability of the MIMO layer vs given scenario. 

Observation 2: Among the new channel models, CDL-A and CDL-C were initially selected for simulation to define FR1 system layout, due to the consideration of simulation workload.     

Observation 3: During LTE MIMO OTA performance activity, large number of measurements with real commercial UEs had been done before making the final decision of channel model for requirements.     

Observation 4: After BS pattern filtering effect, the CDL-C channel model with large angular separation is more suitable for FR1 MIMO OTA requirement.     

Observation 5: After BS pattern filtering effect, the CDL-A channel model is directional with very limited angular separation, which is not suitable for FR1 MIMO OTA requirement.     

Observation 6: The weighted RMC spatial correlation error of UMi CDL-A channel model is very large.     

Observation 7: For FR1 MPAC system with 16 uniformly-spaced probes, new channel model with wide angular spread (e.g. CDL-C UMi) can be well supported easily.     

Proposal 1: RAN4 should do more simulation analysis and some confirmatory measurements to select the final channel model for FR1 MIMO OTA requirement.     
Proposal 2: It is proposed to select CDL-C UMi with 4x4 and CDL-C UMa with 2x2 for FR1 MIMO OTA requirement.
Proposal 3: In case RAN4 agrees that just a single channel model is required for FR1 MIMO OTA requirement, select the CDL-C UMi channel model for both 2x2 and 4x4. 
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For FR1 MIMO OTA performance requirements:


CDL-A UMi model is not suitable for 4x4 4-layer performance testing. Channel models mapping for NR MIMO OTA test need to be reconsidered. The group will confirm the conclusion in RAN4#98e based on below options


Option1: CDL-C UMa for 4x4 and CDL-A UMi for 2x2 (is agreed baseline)


Option2: CDL-C UMi for 4x4 and CDL-C UMa for 2x2


Option3: CDL-C UMi for 4x4 and CDL-A UMa for 2x2





Scenarios for NR MIMO OTA:


FR1 scenarios


For 2x2: Urban Macro


For 4x4: Urban Micro





Channel models for NR MIMO OTA:


Down-selection of channel model is agreed


FR1: UMi CDL-A, Uma CDL-C


FR2: InO CDL-A, UMi CDL-C











[image: image1]