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1	Introduction
In the RAN4#93 meeting, the agreement is achieved for L1-SINR measurement and reporting related RRM requirement [1]. In RAN4#98e meeting, many companies has submitted their simulation results [3] as well as analysis for L1-SINR measurement accuracy and finally reached a way forward [2] as below:
	WF on L1-SINR Measurement Accuracy

Issue 2-1-1: Additional FR2 margin for CMR+IMR L1-SINR measurement Scenario
Agreement:
· No additional margin for CMR+IMR L1-SINR measurement is introduced for FR2
· The requirements are defined under the following assumption
· CMR/IMR in the test come from the same direction
· CMR/IMR are scheduled in the same slot
· Note: capture the respective assumptions in the specification

Relative L1-SINR accuracy requirement from the simulation results
· Use the same methodology as absolutely accuracy, 99.9% interval of the simulation results to define relative L1-SINR accuracy.
· Companies can bring additional results in the next meeting and further discuss the final relative accuracy values.

Update the spec for L1-SINR measurement requirement 
· CR to update the TS 38.133 Annex B.2 for L1-SINR measurement requirement.
· Other necessary update or correction is not preclude.



In this contribution, we would like to discuss on the L1-SINR measurement accuracy issues based on OTA test and analysis.
2 Discussion
In RAN4#98e online GTW session, RAN4 discussed on the L1-SINR measurement requirement. Regarding to the FR2 L1-SINR measurement accuracy, some companies argued that the UE should guarantee the same beam pattern for CMR and IMR in L1-SINR measurements, in the condition which UE could be applied to the L1-SINR measurement accuracy requirement. In this paper, we could like to discuss the impact of UE beam pattern on L1-SINR measurement by the means of quantitative analysis.
In the #98e meeting, FR2 CMR+IMR L1-SINR accuracy requirements are defined under the following assumptions:
· CMR/IMR in the test come from the same direction
· CMR/IMR are scheduled in the same slot
These two restrictions come from the worries about inconsistent beam patterns for UE measuring CMR and IMR. Then in the RAN4#98, we added these two restrictions for safe. However, we did not have enough time during the meeting to prove whether the two conditions are needed and to what extent they affect the measurement accuracy. Here we could show our FR2 OTA testing results to clearly show the influence of the two restrictions.
First step is again to clarify the implication of the two restrictions:
· “CMR and IMR in the test comes from the same direction” is actually to secure the same antenna gain for UE receiving CMR and IMR. In this case no SINR accuracy error is raised due to different power gain for CMR and IMR.
· “CMR and IMR are scheduled in the same slot” is actually to secure the CMR and IMR received at the same time hence the same UE Rx beam radiation pattern for both RSs; and in other words, the same power gain for CMR and IMR.
Then it is clear that the two restrictions mean to make sure the same beam pattern, or antenna power gain, for both CMR and IMR when UE measuring them.

Observation 1: The reason why two assumptions are added for FR2 L1-SINR accuracy requirement is to secure no impact on UE L1-SINR measurement accuracy due to the difference of antenna power gain between CMR and IMR.

But on the other hand, we did not assess how much and to what extent the two restrictions affect the beam pattern (the power gain). Please note that when defining the requirement for accuracy, we have already reserve some margin for the accuracy requirement. Meanwhile, the granularity of accuracy is 0.5dB. If the test does not follow the two restrictions, will it cause the accuracy error larger than 0.5 dB? Very straightforwardly, if only very few accuracy error is caused when the restrictions is not followed, the requirement do not need to add the restrictions for the tests.

Observation 2: Due to time limitation, RAN4 did not assess how much the impact is on FR2 L1-SINR accuracy error if the two test restrictions are not followed. If the impact is trivial, they can hardly affect the accuracy requirement of L1-SINR measurement.

Here we could design a FR2 OTA test for evaluate how much the impact is if the two test restrictions are not followed. We setup a set of mmWave link, a transmitter and a receiver, in a common office environment. The signal is transmitted by the transmitter from two different angles, beam peak direction (BPD) and non-beam peak direction (Non-BPD) of Rx beam, on the carrier of 28GHz. 
The whole picture of the mmWave communication system is illustrated as below:
[image: ]
Fig. The radio link FR2 OTA test in common office environment
The analog beams at receiver is formed by a 1x4 antenna linear antenna panel, and in total 16 beams to cover the 180 degree in horizontal plane. The beam pattern is shown as below, uniformly cover a half of horizontal plane (beam 0 ~ 15). We select the beam 13 (peak direction is around 109 degree) as the Rx beam in the BPD and Non-BPD test.
[image: ]
Fig. Form 16 beams to cover 180 degree at Receiver by 1x4 antenna panel
In our OTA test we transmit a signal with 100MHz and 120kHz SCS. The reference signal is designed as SSB and its periodicity is 20ms. For each time OTA test, the whole procedure for transmitting is more than 1 minute. During the testing time, the transceivers is not allowed to move and the Tx and Rx beams remain unchanged.
Here we captured two set of testing data for 20 seconds here and plot them in figures for BPD case and Non-BPD case, respectively:
[image: ]
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Fig. OTA testing results: receiving RSRP from BPD and Non-BPD for 20s excerpt
From the testing results we could draw the conclusion that:
· If CMR and IMR are not from the same direction, the RSRP difference between different directions would be around several dBs (around 3dB here). Compared to the CMR/IMR in same direction case, the SINR accuracy error would also be 3dB (-47dB descend to -50dB), large enough to affect measurement accuracy.
· If two RSs (CMR and IMR) are not scheduled at same slot, the RSRP difference in different slots would be around at most ±0.1dB. Compared to the CMR/IMR in same slot case, the SINR accuracy error would also be at most ±0.2dB, which can be ignored considering ±0.5 granularity of accuracy requirement.

Observation 3: FR2 OTA test shows that even though CMR and IMR are not scheduled at the same slot, there is no impact on measurement accuracy requirement considering ±0.5 granularity of the requirement.

The testing results show that the mmWave devices is stable enough for L1-SINR measurement in different time slots and the fluctuation of measured RSRP is small enough so that the IMR and CMR do not need to be scheduled at the same slot in the test. 
Also please note that in the real NR device FR2 OTA test, the test is conducted in the dark chamber, where the channel of its link is simpler than our OTA test. Therefore the fluctuation of DUT measured RSRP is much less than the results in our OTA test, in which indoor scenario with a complex multi-path channel is tested.

Observation 4: For NR OTA test, the DUT is tested in dark chamber where the channel is simpler and the fluctuation of measured RSRP will be much less than presented OTA test where indoor scenario with a complex multi-path channel is tested.

We also need to consider the specification impact if the restriction “CMR/IMR in the test come from the same direction” is added. If it is applied to the test cases of L1-SINR measurement accuracy, the CSI-RS, CSI-IM and SSB configuration defined in the TS38.133 Annex A shall be revised accordingly, then it may have impacts on other test cases and RAN4 need more effort to check the influence on each involved test cases. So no need to apply this restriction.

Observation 5: No need to apply the restriction “CMR/IMR in the test come from the same direction” in order to keep the L1-SINR accuracy test cases simpler and clearer; other involved test cases would also benefit.

Considering all the observations above, we proposed that:
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Proposal 1: 
For the two FR2 exclusive conditions of L1-SINR accuracy requirement (TS38.133 section 10.1.28):
· Keep the condition “CMR and IMR in the test come from the same direction.”
· Remove the condition “CMR and IMR in the test are scheduled in the same slot.”

3 Conclusion
In this paper, we discussed the impact of UE beam pattern on L1-SINR measurement by the means of quantitative analysis and whether to apply the two restrictions in the L1-SINR test, with following observation and proposal:
Observation 1: The reason why two assumptions are added for FR2 L1-SINR accuracy requirement is to secure no impact on UE L1-SINR measurement accuracy due to the difference of antenna power gain between CMR and IMR.
Observation 2: Due to time limitation, RAN4 did not assess how much the impact is on FR2 L1-SINR accuracy error if the two test restrictions are not followed. If the impact is trivial, they can hardly affect the accuracy requirement of L1-SINR measurement.
Observation 3: FR2 OTA test shows that even though CMR and IMR are not scheduled at the same slot, there is no impact on measurement accuracy requirement considering ±0.5 granularity of the requirement.
Observation 4: For NR OTA test, the DUT is tested in dark chamber where the channel is simpler and the fluctuation of measured RSRP will be much less than presented OTA test where indoor scenario with a complex multi-path channel is tested.
Observation 5: No need to apply the restriction “CMR/IMR in the test come from the same direction” in order to keep the L1-SINR accuracy test cases simpler and clearer; other involved test cases would also benefit.
Proposal 1: 
For the two FR2 exclusive conditions of L1-SINR accuracy requirement (TS38.133 section 10.1.28):
· Keep the condition “CMR and IMR in the test come from the same direction.”
· Remove the condition “CMR and IMR in the test are scheduled in the same slot.”
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