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Introduction
This contribution provides an overview of the dynamic MIMO OTA status in CTIA and is a continuation of [1] with suggestions for the dynamic MIMO OTA methodology for 3GPP.
Discussion of RAN4#110bis Topics
In RAN#103, a new WID [2] was approved which suggests the study of a new and more realistic FR1 MIMO OTA methodology
	In Rel-17, NR MIMO OTA WI specified the test methodology for FR1 and corresponding requirements were defined for bands n41 and n78. As we move to Rel-18, the NR MIMO OTA WI enhancement aims to specify requirements for more FR1 bands, specifically n1, n5, and n28 with the test methodology defined in Rel-17.
However, the current test methodology only considers stationary test scenarios, limiting its ability to verify UE MIMO performance under static channel models. For static MIMO OTA testing, factors such as UE orientation, MCS (Modulation and Coding Scheme), and Angle of Arrival (AoA) remain fixed. Consequently, the existing FR1 MIMO OTA test system cannot adequately verify UE performance in realistic environments. Therefore, it is essential to study dynamic channel models and develop corresponding channel validation solution in Rel-19 to create more realistic FR1 MIMO OTA test scenarios.


The following objectives were identified for this ‘FR1 dynamic MIMO OTA methodology’
	· Study and develop FR1 dynamic MIMO OTA test methodology with the following aspects
· Reusing Rel-17 16-probes FR1 MPAC system layout
· Study and define dynamic channel model parameters. CDL channel models defined in TR 38.901 and TR 38.827 should be considered as the starting point
· Specify channel model validation procedures and pass/fail limits
· Decide environmental conditions
· Noise-limited environmental condition is the baseline
· Study and define appropriate performance metric under dynamic channel model 
· Develop the preliminary Measurement Uncertainty (MU) assessment for the test system (RAN5)



In RAN4#110bis, a number of contributions were submitted to express views on this topic. Not many agreements were made but various alignment could be observed. In the following, we present our views on the topics covered in RAN4#110bis.
Framework for dynamic Channel model generation
This topic received a large amount of feedback from companies, summarized as follows in the WF [3]
	· 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.


These proposals are all aligned with the simplified virtual drive test approach that was adopted in CTIA to speed up the development of the CTIA MIMO OTA test plan for NR FR1. Instead of recording a drive test route from a live network, a virtual test route with multiple waypoints was defined, where each waypoint has specific geometry dependent 3GPP LOS or NLOS CDL channel model parameters [4] and UE velocity and antenna orientation. The concept of parameter interpolation between waypoints was defined to enable truly dynamic time continuous channel characteristics based on the UE movement along the virtual route. This concept is further illustrated in Figure 1 that shows the UMa route which is defined over eleven way points; each is assigned a different 3GPP CDL channel model, together with orientations and direction of travel of the UE, as shown in Figure 2. An UMi route was defined in CTIA as well but deferred to a later release of the test plan. The UMa route is traversed in ~120s and thus corresponds to a relatively fast test time per DUT orientation/rotation.
[bookmark: _Ref165200444]Observation 1: CTIA completed the definition of an FR1 MIMO OTA test plan based on a simplified virtual drive test approach with dynamic channel models (based solely on 3GPP CDL models) to introduce more realism. 
[bookmark: _Ref165200450]Proposal 1: 3GPP to adopt the UMa and/or the UMi route waypoint parameterization and dynamic channel modelling concept from CTIA.
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[bookmark: _Ref165200297]Figure 1: Emulated UMa Route
[image: ]
[bookmark: _Ref165200308]Figure 2: Channel Model Parameters for UMa Route

Alignment of dynamic channel model and validation procedure in different SDOs
This topic was summarized as follows in the WF [3]
	Way forward:
· RAN4 should consider the progress on dynamic channel model in other SDOs. FFS whether RAN4 will develop full-aligned or partial-aligned channel model and validation procedure with other SDO.


As commented in our contribution on this topic in RAN4#110bis [1], it is highly desirable to harmonize the FR1 dynamic MIMO OTA methodologies in industry to avoid the fragmentation experienced with LTE MIMO and the differences in test configurations selected by 3GPP [4], [5] and CTIA [6]. It is desirable not to rehash the concerns proponents for one test plan have with the other test plan [7][8] and to keep an open mind. 
CTIA has been developing an FR1 MIMO OTA test plan with dynamic channel models and link adaptation for two years. The channel models have been aligned offline between Keysight and Spirent, the two most prominent channel emulator suppliers in industry. Alignment results have been presented in CTIA MIMO OTA Sub-working Group (MOSG). ETS-Lindgren has actively integrated the channel model validation procedures and progressed nicely. The key aspects left in CTIA are the definition of Measurement Uncertainties (MUs) and validation exercises across various Channel Emulator and call box vendors. 
[bookmark: _Ref165200445]Observation 2: CTIA has been developing a dynamic MIMO OTA test plan for about two years and is close to completion.
[bookmark: _Ref162536438]Proposal 2: Harmonize the FR1 dynamic MIMO OTA methodologies developed in different SDOs (CTIA and 3GPP) as much as possible

Dynamic Link Adaption
This topic was summarized as follows in the WF [3]
	Way forward:
· RAN4 consider introducing dynamic link adaptation schemes as a starting point for further study, e.g., variable MCS/rank/MIMO precoding by the BS emulator/gNB. 
· RAN4 should discuss how to ensure the consistency of different test equipment/test system on Scheduling Algorithm. 


The CTIA test plan incorporated dynamic link adaptation, i.e., variable MCS by the BS emulator/gNB, to test the adaptivity of the DUT and to provide a much better measure of the overall link performance. The beamforming for the PDSCH transmission is realized by the PMI-feedback based MIMO precoding by the BS emulator when the test case is configured with a dynamic link adaptation for rank and MIMO precoding. The link adaptation concept introduces more real-world conditions as fixed MCS conditions are found in lab testing but not in the field. Currently, neither GCF nor PTCRB have added data throughput test cases in 3GPP TS 37.901-5 in their databases, i.e., no validation is performed with VRMC. While there is some risk that different call boxes could implement VRMC/scheduling differently, we believe that risk is small/manageable and that system integrators could readily validate this aspect. 
[bookmark: _Ref165200446]Observation 3: The link adaptation concept introduces more real-world conditions as fixed MCS conditions are found in lab testing but not in the field
[bookmark: _Ref165200447]Observation 4: While data throughput test cases with VRMC have not been validated, the risk of inconsistencies seems small/manageable.
We therefore believe that the benefits of dynamic link adaptation outweigh the risks and that dynamic link adaptation should be an integral part of the 3GPP dynamic MIMO OTA concept. 
[bookmark: _Ref165200451]Proposal 3: Include the dynamic link adaptation concept in the 3GPP dynamic MIMO OTA test plan. 

Environmental condition
This topic was summarized as follows in the WF [1]
	Way forward:
· Follow WID, RAN4 use noise-limited environmental condition as baseline. Further comparison of different environmental condition can be contribution driven.


As discussed in [1], CTIA considered both the UE Noise-Limited and the SIR-based approach and eventually selected the SIR-based approach for their test plan. 
[bookmark: _Ref165200448]Observation 5: CTIA selected the SIR-based environment in their test plan. 
Measurements presented in [1] clearly demonstrated that the SIR-based environment can differentiate between good and bad DUT performance in dynamic MIMO OTA conditions (dynamic channel model and link adaptation). Keysight would like to acknowledge China Telecommunication Technology Laboratory (CTTL), CAICT for the measurement campaign performed in their laboratory.
[bookmark: _Ref165200449]Observation 6: Measurements clearly demonstrated that the SIR-based environment can differentiate between good and bad DUT performance in dynamic MIMO OTA conditions (dynamic channel model and link adaptation). 
While we acknowledge the general preference of some proponents of the UE Noise-Limited environment and the decision to consider this environment the baseline, we would like to highlight some very important differences between both approaches. 
SIR-Based Environment
In order to limit minimum noise level (for the SIR validation) to a level of ~-35dB which can be supported in MIMO OTA systems, the distance dependent path loss was removed from the dynamic channel model (signal and interference curves). NLOS/LOS dependent gain variation can be modelled based on the dynamic Ricean K-factor. Namely, the difference between LOS/NLOS condition is in the existence of LOS path. The LOS path has shortest propagation delay and highest gain, among multi paths. If average channel gains of NLOS/LOS conditions are normalized out, i.e., made equal, then NLOS would always provide better channel for MIMO communications. NLOS provides richer multi paths and more spatial degrees of freedom, but in real environment this comes with the cost of increased propagation loss of, e.g., 9 dB. The extra attenuation of NLOS condition follows from the absence of the highest gain LOS path. The mentioned dB value is exactly the Ricean K-factor parameter of the channel model. As the DUT performance is mainly dictated by the SIR profile of the model, we also propose to update the noise power profile such that the original SIR profile of the dynamic path-loss based signal + noise model is kept. 
The proposal regarding the path loss is as follows: The average gain of NLOS clusters is kept stable across the channel model route. The LOS path has dynamic gain due to dynamic K-factor. As the LOS path is added on top of NLOS clusters, the total gain of channel becomes dynamic as determined by the Ricean K-factor. 
The normalized channel gain or signal level profile is presented in Figure 3. For SIR-based testing, the signal and interference levels are scaled to a specific target level for a test case execution. The target level is the maximum feasible level of the OTA test system, which requires feedback from system integrators. The maximum 34 dB SIR level agreed in CTIA seemed reasonable and achievable [11].
[image: ]
[bookmark: _Ref162534014]Figure 3: Narrowband normalized channel gain of UMa route, with distance dependent path loss removed and LOS/NLOS gain variation included.
Directive interference is inserted with specific directions of arrival while the interference itself was selected to be noise (AWGN) initially and could be replaced by modulated signals at a later time. SIR can be controlled in emulation of dynamic radio channel and interferences as follows. The signal from a BS emulator is modulated by the fast-fading multi-path channel and slowly time-variant path loss model by a fading/channel emulator. The signal and the fast fading have a constant average level when observed over a short time window. The fading/channel emulator knows these average levels as well as the average power of the generated interference signal. The resulting SIR profile is illustrated in Figure 4. 
[image: ]
[bookmark: _Ref162449465][bookmark: _Ref146893604]Figure 4: SIR Profile for UMa Route
UE Noise-Limited Environment
In CTIA, discussions were held whether the dynamic path loss should be removed for UE-Noise limited testing. Keysight strongly advocated not to remove the dynamic path loss, i.e., both the distance dependent and the LOS/ NLOS condition dependent path loss variation. Especially the latter modification is highly unrealistic and may cause misleading performance results. In real propagation channels the LOS path always provides highest gain among multipaths. 
Based on our experience with our internal R&D system and supporting customers, the OTA system noise floor is typically above the UE noise floor, i.e., a true UE noise-limited environment might be rather unrealistic and not feasible. 
[bookmark: _Ref166052904]Observation 7: A UE noise-limited environment might be unrealistic as the OTA system noise floor is typically above the UE noise floor.
Further feedback from system integrators is requested to confirm the system noise floor levels.
[bookmark: _Ref166052907]Proposal 4: System integrators to confirm the system noise floor levels
The UE Noise-limited approach can be emulated using either of the following options:
· Option 1 (Full UMa Pathloss Model per TR 38.901): The signal power takes the full UMa path loss model into account, i.e., the path loss is modeled per Table 7.4.1-1 of [10]. The normalized signal power would therefore be modeled as illustrated in Figure 5.
· Option 2 (FSPL and K-factor path loss): The signal power only takes the FSPL and the K-factor based path loss, discussed earlier, into account. The normalized signal power would therefore be modeled as illustrated in Figure 6.
The following observations can be drawn from these options.
[bookmark: _Ref166052905]Observation 8: The signal power based on the full UMa path loss model, Figure 5,  has a very similar shape as the SIR curve of the SIR-based approach, Figure 4, and could result in similar results as the SIR-based approach
[bookmark: _Ref166052906]Observation 9: The signal power based on the FSPL & K-factor path loss model, Figure 6, has a very limited dynamic range and could thus result in very limited TP variations. 
We believe the Option 1 is the more suitable approach to consider for the UE Noise-limited environment as it follows the path loss model from [10], stresses the device the most, and would likely allow the best differentiation between good and bad performance. 
[bookmark: _Ref166052908]Proposal 5: Consider Option 1, i.e., the full path loss model from [10], for the UE Noise-limited environment even though the signal power resembles the SIR curve from the SIR-based environment.
 
[image: ]
[bookmark: _Ref165968632]Figure 5: Signal Power Profile for UE Noise-Limited Environment using UMa Route with UMa path loss from Table 7.4.1-1 of [10] (Option 1)

[image: ]
[bookmark: _Ref165969008]Figure 6: Signal Power Profile for UE Noise-Limited Environment using UMa Route with free space path loss added with a K-factor based loss (Option 2).

[bookmark: _Ref162536440][bookmark: _Ref163391362]We believe the decision of the test environment needs to be carefully assessed before jumping to conclusions that could lead to resets and delays at a later time. We therefore propose to perform a side-by-side comparison of both environmental conditions using a measurement campaign with select smartphone UEs. Keysight could support a lab volunteering for such inter-technique campaign with necessary scripts to compare the two environments and the ability to differentiate between good and bad MIMO OTA performance; such evaluation could include the TRS assessment in the same bands as well (if necessary). 
[bookmark: _Ref165200452]Proposal 6: Await the decision of the environmental test condition until after side-by-side measurement campaign using both UE noise-limited and SIR-based environmental conditions with select smartphone UEs.
UE performance metric for dynamic MIMO OTA testing
This topic was summarized as follows in the WF [1]
	Way forward:
Consider the following input as starting point for further discussion, whether any metric is selected depends on further discussions and analysis
· Proposal 1: 3GPP to adopt the same/similar performance metrics of TMT and CTMT. 
· Propsoal 2: Throughput CDF can be a good candidate for performance metric with either a fixed percentile or a combination of a number of percentiles. 
· Proposal 3: For dynamic MIMO OTA, the measured throughput under pre-defined power profile is as performance metric. 
· Proposal 4: The CDF of UE throughput could be considered as the starting point for performance metric of FR1 dynamic MIMO OTA testing. 


All proposals seem to be well aligned with our original proposal in [1] to adopt the throughput metrics Keysight introduced in CTIA, i.e., TMT and CTMT which are defined as follows: 
The total measured throughput (TMT) is the combination/concatenation of all measured TP values for each channel model 

while the CDF of the TMT (CTMT) is used to extract three metrics, i.e., the 10%, 50%, and 90%, as illustrated in Figure 7



The CTMTs shall be recorded every 200 ms and reported separately for each device orientations and position/rotation. Whether to combine the three metrics into one or to keep all three is FFS. 
[image: ]
[bookmark: _Ref162534244]Figure 7: Illustration of the CTMT Performance Metrics
[bookmark: _Ref162536441]Proposal 7: 3GPP to adopt the same performance metrics of TMT and CTMT for 10%, 50% and 90%; whether to combine these three metrics into one or keep all three is FFS. 
Misc Topics
The remainder of this contribution provides an overview of other topics discussed and agreed in CTIA.
Validation and verification of test environments and test conditions 
The channel model validation procedures and pass/fail limits have been completed in CTIA already, i.e., with the following validation measurements performed with either time domain or frequency domain sweeps:
· Path Loss (PL)
· Power Delay Profile (PDP)
· Doppler/Temporal correlation (TCF)
· Spatial Correlation (SCF)
· Cross-polarization (XPO)
· Signal to interference power ratio (SIR)
The channel model is verified within time segments of the route, e.g., as illustrated in Figure 8. 
[image: ]
[bookmark: _Ref162453459][bookmark: _Toc106954891]Figure 8: Theoretical normalized path loss (without fast fading) for the UMa model.
Here, two categories of channel segments are defined:
· quasi time invariant: segments with the same CDL model throughout the segment where only the initial delay changes during the segment but excess delays remain unchanged
· time variant: segments with different CDL model on preceding and subsequent way points where both the initial delay and excess delays are time variant during the segment
ETS-Lindgren is currently in the process of validating the channel models and confirming the route and channel model parameters including the pass/fail limits. 
[bookmark: _Ref162536442]Proposal 8: 3GPP to adopt the similar channel model validation procedures as CTIA. 
Interference Modelling/Mapping
The AoA of interference signal is modelled dynamically due to UE motion and rotation along the route of the dynamic channel model. Various interference mappings to OTA probe directions were considered, e.g., from a single probe with the emulated channel model switching from one way point to another, as illustrated in Figure 9 (left). The time variant AoA of the interference source is shown with the white curve in the figure. An alternate option is to radiate the interference signal through a single probe, but to choose the probe continuously based on the time variant AoA of the interference source as observed in the UE coordinate system as illustrated in Figure 9 (centre). An alternate option for a two-probe interference approach, is shown in Figure 9 (right) by mapping onto two probes to perform a simple angular interpolation of interference direction. In CTIA, the more accurate approach with the two-probe interference technique, Figure 9 (right), was selected. 
[image: A group of images of different shapes

Description automatically generated with medium confidence]
[bookmark: _Ref162509653]Figure 9: Time variant PAS of intra-site interferer as observed by the DUT. Three emulation options are A: discontinuous with one probe (left), B: continuous with one probe (centre), and C: continuous with two probes (right). White line denotes the interferer AoA in the coordinate system of UE.
[bookmark: _Ref162536443]Proposal 9: 3GPP to adopt the continuous, two-probe interference technique. 
Device Orientations&Rotations
To assess the MIMO OTA performance for representative device orientations and orientations, four device orientations were selected, i.e., DMP, DML (both left and right tilt), and DMSU [14] as illustrated in Figure 10.
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[bookmark: _Ref162504033]Figure 10: Test Conditions: FS DMP (top left), FS DML-left tilt (top right), FS DML-right tilt (bottom left), FS DMSU (bottom right)

Four rotations, i.e., 0°, 90°, 180°, 270°, of the device (per orientation) within the test volume account for determining a statistical typical performance of the device in the specified spatial channel. Those 4 rotations are illustrated in Figure 11 for the DMP orientation.
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[bookmark: _Ref162449578][bookmark: _Ref146899379]Figure 11: Four Rotations for the DMP Orientation: 0°, 90°, 180°, 270°

[bookmark: _Ref162536445]Proposal 10: 3GPP to adopt the four device orientations DMP, DML (both left and right tilt), and DMSU and four rotations (0°, 90°, 180°, 270°) per orientation.
Conclusions
The following observations and conclusions were made in this contribution.
Observation 1: CTIA completed the definition of an FR1 MIMO OTA test plan based on a simplified virtual drive test approach with dynamic channel models (based solely on 3GPP CDL models) to introduce more realism.
Observation 2: CTIA has been developing a dynamic MIMO OTA test plan for about two years and is close to completion.
Observation 3: The link adaptation concept introduces more real-world conditions as fixed MCS conditions are found in lab testing but not in the field
Observation 4: While data throughput test cases with VRMC have not been validated, the risk of inconsistencies seems small/manageable.
Observation 5: CTIA selected the SIR-based environment in their test plan.
Observation 6: Measurements clearly demonstrated that the SIR-based environment can differentiate between good and bad DUT performance in dynamic MIMO OTA conditions (dynamic channel model and link adaptation).
Observation 7: A UE noise-limited environment might be unrealistic as the OTA system noise floor is typically above the UE noise floor.
Observation 8: The signal power based on the full UMa path loss model, Figure 5,  has a very similar shape as the SIR curve of the SIR-based approach, Figure 4, and could result in similar results as the SIR-based approach
Observation 9: The signal power based on the FSPL & K-factor path loss model, Figure 6, has a very limited dynamic range and could thus result in very limited TP variations.
Proposal 1: 3GPP to adopt the UMa and/or the UMi route waypoint parameterization and dynamic channel modelling concept from CTIA.
Proposal 2: Harmonize the FR1 dynamic MIMO OTA methodologies developed in different SDOs (CTIA and 3GPP) as much as possible
Proposal 3: Include the dynamic link adaptation concept in the 3GPP dynamic MIMO OTA test plan.
Proposal 4: System integrators to confirm the system noise floor levels
Proposal 5: Consider Option 1, i.e., the full path loss model from [10], for the UE Noise-limited environment even though the signal power resembles the SIR curve from the SIR-based environment.
Proposal 6: Await the decision of the environmental test condition until after side-by-side measurement campaign using both UE noise-limited and SIR-based environmental conditions with select smartphone UEs.
Proposal 7: 3GPP to adopt the same performance metrics of TMT and CTMT for 10%, 50% and 90%; whether to combine these three metrics into one or keep all three is FFS.
Proposal 8: 3GPP to adopt the similar channel model validation procedures as CTIA.
Proposal 9: 3GPP to adopt the continuous, two-probe interference technique.
Proposal 10: 3GPP to adopt the four device orientations DMP, DML (both left and right tilt), and DMSU and four rotations (0°, 90°, 180°, 270°) per orientation.
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