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1 Introduction
In the agreed WF from last meeting [1], unfinished objectives in the SID are captured. Companies are encouraged to provide analysis results or measurement results of MIMO OTA test and the final decision of environmental condition for FR1 will be decided in this meeting. In the approved WF [2]:
· Previous agreements on environmental condition for FR1 

· Continue the discussion on the open issues for UE noise-limited and SNR controlled environmental condition until Nov RAN4 meeting.

· Select one of metrics above by the Nov RAN4 meeting 

· SI outcome will recommend the selected metric for test cases metric in the WI phase

This contribution provides our latest measurement results to analyze TRMS, MARSS and TIS for making the final decision on FR1 environmental condition.
2 Comparison of TRMS vs MARSS
This contribution provides measurement results for MIMO OTA and TIS in order to determine: 
· Which environmental condition (i.e. TRMS vs MARSS) can be used in order to identify performance differences between devices
· The impact of different channel model on UE MIMO OTA throughput performance

· Whether MIMO OTA performance of devices show similar tendency with TIS
Therefore, RAN4 could select the proper environmental condition for NR FR1 MIMO OTA. Test in this paper is performed based on the 3GPP LTE MIMO OTA spec TR37.977 [3] and CTIA MIMO OTA Test Plan [4]. Considering the “white box” test approach for LTE MIMO OTA at high frequency band with >1GHz, for making good consistent on testing procedure, Band 5 (881.5MHz) with >30cm test zone size is selected, all the smartphones are fully covered within the test zone, and UE physical center is placed in the center of the test zone. 
10 commercial smartphones in Chinese market have been randomly selected and MIMO OTA measurement have been performed on Band 5 in CAICT Multi-probe Anechoic Chamber with 3GPP and CTIA test methods. All the devices are measured with both UMi and UMa channel model for comprehensive analysis.
In Fig.1, TRMS results shows a difference of ~5dB among devices at all the outage points (i.e. TP@95%, TP@90% and TP@70%). We can conclude that, different throughput outage shows nearly the same performance difference with TRMS approach. 

Observation 1: Different throughput outage of TP@95%, TP@90% and TP@70% shows nearly the same performance difference with TRMS approach.
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Figure 1. MIMO OTA measurement results of Band 5 with 3GPP test method, i.e. UE noise-limited condition
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Figure 2. MIMO OTA measurement results of Band 5 with 3GPP test method and UMa channel model

Limited by the testing time, only 7 of the 10 smartphones are tested with altenative channel models (i.e. UMa for TRMS and UMi for MARSS) in this paper. When reverting channel model from UMi to UMa, there is no significant impact of the “relative” UE performance, as shown in Fig. 2. The main difference between TRMS UMi vs TRMS UMa is the fix offset of MIMO OTA performance on all the devices.
Observation 2: Under TRMS condition, different channel model present nearly the same UE performance trends. UMa always presents worse MIMO OTA performance with around ~5 dB performance degradation.
Proposal 1: If TRMS is adopted for NR FR1 MIMO OTA, selecting only one outage point of TP@ 70% is sufficient to identify the UE performance. TP@95% should also be considered as another criteria for checking whether the UE can pass 11 of total 12 rotations. 
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Figure 3. MIMO OTA measurement results of Band 5 with CTIA test method
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Figure 4. MIMO OTA measurement results of Band 5 with CTIA test method and UMi channel model

In Fig. 3, the maximum UE performance variation is 5.2dB under TP@95% point with CTIA test method (MARSS with UMa), this is similar to the results in Fig. 1 at 95%. However, key different is shown when comparing Fig. 1 and Fig. 3, device 8 is the Best UE in TRMS environmental condition but rank 7 at MARSS with UMa, same story, device 2 is the best UE in MARSS environmental condition but rank 4 at TRMS with UMi. Therefore, we can conclude that the environmental condition will lead to different MIMO OTA performance, the good or bad UE ranking will also be changed in sequence. 

Observation 3: The environmental condition (TRMS or MARSS) will lead to different MIMO OTA performance, the good or bad UE ranking will also be changed in sequence.
In addition, the maximum variation of TP@70% in Fig 3 is 3.5dB, which is much smaller than the maximum offset at TP@95%. We can conclude that, under MARSS condition, different outage point with [x%] throughput will present different variation value among UEs.
Observation 4: Different from observation 1, under MARSS condition, maximum UE performance variation under throughput outage of TP@95%, TP@90% and TP@70% is different, the deviation of UE performance under outage of TP@70% is much smaller than that under TP@95%. 

Proposal 2: If MARSS is adopted for NR FR1 MIMO OTA, both outage point of TP@ 70% and TP@ 95% shall be defined. 

Let’s continue analysis on MARSS results, in Fig. 4, the maximum performance variation is ~0.6 dB under both TP@95% and TP@70%, which is much smaller than the offset of UMa channel model. Therefore, we can say that the MARSS condition just present very limited UE performance difference under UMi channel mode. 

Observation 5: Under MARSS condition, different channel model present very different trends of UE performance. UMi channel model shows very small UE performance variation, obviously, UE performance and ranking are highly depends on the channel model selected for testing.
Proposal 3: MARSS performance is highly depends on the channel models. If MARSS is adopted for NR FR1 MIMO OTA, proper channel model shall be carefully selected for NR MIMO OTA to differentiate UE performance. 

3 Comparison of MIMO vs TIS
In this part, we analyze the performance of MIMO and TIS for each UE. The contribution [4] summarized the characteristic of different environmental conditions for FR1 MIMO OTA, here we provide TRMS measurement results vs TIS on band 5. In the previous meeting, some companies raise the concerns that TRMS is very close to TIS performance, because that antenna efficiency is playing as the dominate role in TRMS. In order to determine whether MIMO OTA performance of devices show similar tendency with TIS, the comparison is shown in Fig.5 and Fig.6.
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Figure 5. Measurement results of TRMS vs TIS on Band 5 with UMi channel model

[image: image6.png]MIMO Power (dBm/15 KHz)

-84.00

-85.00

-86.00

-87.00

-88.00

-89.00

-90.00

-91.00

-92.00

De

TRMS vs TIS, B5, UMa

-91.00
-92.00
-92.00
-54.00
-95.00
-96.00
-97.00
-98.00

plo D5 D4 D7 D5 D9

—TRMS(TP 95%) W TRMS(TP 90%) mmmm TRMS(TP 70%) ~=——=TIS

IS Power (dBm)




Figure 6. Measurement results of TRMS vs TIS on Band 5 with Uma channel model
As shown in figure 5 and figure 6, we can see that there is no clear correlation between TRMS and TIS. 
Observation 6: There is no clear correlation between TRMS and TIS for each UE. 
Furthermore, we compare the MARSS and TIS performance of each UE, as shown in Fig. 7 and Fig. 8. We can also see that there is no clear correlation between MARSS and TIS.
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Figure 7. Measurement results of MARSS vs TIS on Band 5 with UMa channel model
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Figure 8. Measurement results of MARSS vs TIS on Band 5 with UMi channel model

4 Conclusion
This contribution analyse the performance of TRMS, MARSS and TIS. Key conclusions and proposals are:

Observation 1: Different throughput outage of TP@95%, TP@90% and TP@70% shows nearly the same performance difference with TRMS approach.
Observation 2: Under TRMS condition, different channel model present nearly the same UE performance trends. UMa always presents worse MIMO OTA performance with around ~5 dB performance degradation.
Observation 3: The environmental condition (TRMS or MARSS) will lead to different MIMO OTA performance, the good or bad UE ranking will also be changed in sequence.
Observation 4: Different from observation 1, under MARSS condition, maximum UE performance variation under throughput outage of TP@95%, TP@90% and TP@70% is different, the deviation of UE performance under outage of TP@70% is much smaller than that under TP@95%. 

Observation 5: Under MARSS condition, different channel model present very different trends of UE performance. UMi channel model shows very small UE performance variation, obviously, UE performance and ranking are highly depends on the channel model selected for testing.
Observation 6: There is no clear correlation between TRMS and TIS for each UE. 
Proposal 1: If TRMS is adopted for NR FR1 MIMO OTA, selecting only one outage point of TP@ 70% is sufficient to identify the UE performance. TP@95% should also be considered as another criteria for checking whether the UE can pass 11 of total 12 rotations. 
Proposal 2: If MARSS is adopted for NR FR1 MIMO OTA, both outage point of TP@ 70% and TP@ 95% shall be defined. 

Proposal 3: MARSS performance is highly depends on the channel models. If MARSS is adopted for NR FR1 MIMO OTA, proper channel model shall be carefully selected for NR MIMO OTA to differentiate UE performance. 
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