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1. Introduction

The side conditions, including Es/Iot and minimum Io for RRM measurement in FR2 has been open for quite some time. After discussions in RAN4#90, the main open issues are 

· Whether the side condition are defined at UE baseband or reference point

· Whether side conditions are defined for both Rx beam peak direction and spherical coverage direction

· How to define Es/Iot and the exact value

· How to define minimum Io 

In this paper we will provide our views on how to define side conditions for RRM measurement in FR2.
2. Discussion
The first question to discuss is whether the side conditions are defined at the UE baseband or reference point. For FR1, the side conditions are defined at the UE baseband, or more precisely at the antenna connector. In the test, the testing signals can be set according to the side conditions, e.g. the Es/Iot is set to -6dB in accuracy test, and then are conducted to the UE antenna connectors. 

For FR2, the test is OTA and there is no antenna connector available for conductive tests. What can be controlled in the test is the conditions at the reference point. In this sense, it is more meaningful to define the side conditions at the reference point. The conditions should be derived based on certain assumptions of UE Rx antenna gain as well as the baseband conditions under which the requirements are defined. They can be then directly used for the test design.

In addition, Rx beam sweeping is a new function in FR2 RRM measurement, and the test purpose also includes verifying UE doing correct Rx beam sweeping for measurement. If the side conditions are defined at the baseband, a UE not doing correct Rx beam sweeping may also pass the test because the testing setup anyway needs to ensure the enough side conditions are met at the baseband.
Proposal 1: The side conditions for RRM measurement in FR2 are defined at the reference point.
The next question is in which directions the side conditions should be defined. For FR1 this is not an issue as the Rx antenna system is not considered in the side condition or in the test. For FR2, however, again due to the OTA method, the AoA should be considered. 

It cannot be assumed that UE in FR2 can meet the measurement requirements in any AoA even the Es/Iot and minimum Io conditions are fulfilled. Instead, in the RF session, EIS spherical coverage requirements are defined, and UE is only required to meet the sensitivity requirements over a subset of directions over the full sphere. 

For RRM, UE may use a different codebook than for RF sensitivity. RAN4 did not define spherical coverage requirements for RRM beam, but in [1] it is agreed that the RRM test will use 2 types of AoAs

· Rx beam peak direction

· Any single direction which is covered by 50% percentile EIS spherical coverage of the UE
We think the conclusion should be re-used for defining the side conditions for RRM measurement, i.e. UE is required to meet the measurement requirements only when the measured signals are coming in the direction covered by 50% percentile EIS spherical coverage of the UE. There is no point to define the side conditions beyond these directions, as they cannot be tested and even UE can do the correct measurement for that direction, there is no guarantee on the data performance.

Since the minimum input level for fine beam is separately defined for Rx beam peak direction and spherical coverage direction, in RAN4#90, there was a discussion whether side conditions are defined for both Rx beam peak direction and spherical coverage direction, or only the spherical coverage direction. Our view at RAN4#90 was that side conditions are only defined for spherical coverage directions since the side condition is defined for requirements but not for test cases (in real world it will be a rare case the signals towards which RRM measurement is performed come from the Rx beam peak direction), but some companies commented that this will limit the signal range in the test case design and make some test impossible. For this reason, we can accept the proposal to define separate side condition for both Rx beam direction and spherical coverage direction.
Proposal 2: The side conditions for RRM measurement in FR2 are defined over the Rx beam peak direction and the directions covered by X-% percentile EIS spherical coverage of the UE.
On Es/Iot, there were some discussions in RAN4#90 whether Es/Iot as side condition is needed or not. In our view, UE is not supposed to meet the measurement requirements in any (low) SNR even the minimum Io condition is met. Also, defining Es/Iot side condition does not impact the minimum Io condition, which is derived under the assumption of no external noise. Therefore, Es/Iot should be defined as side condition.

One issue in defining Es/Iot side condition at the reference point is the Rx beam assumption, since the current definition of Es and Iot are at the baseband, thus cannot be directly re-used. In RAN4#90, some companies proposed [2] that the concept of EISINR could be used, which is the SINR observed with an ideal RF and baseband receiver if the beamforming antenna system were replaced by a hypothetical isotropic antenna. In our view, this is a reasonable way to define a generic side condition.
However, such definition of Es/Iot cannot be directly used in the test, as in the test UE is actually using Rx beamforming and the noise is coming from the same direction as wanted signals. Therefore, a note should be added to clarify that in the test cases the Es/Iot and related parameters may need to be adjusted to ensure Es/Iot at UE baseband is above those defined as side conditions. For this purpose, in the Testability discussion, it is agreed to have a minimum level of external noise which is 6dB higher than the thermal noise, in order to keep the difference between the Es/Noc at the baseband and the reference point less than 1dB. 

Proposal 3: Es/Iot at the reference point is defined as equivalent isotropic Es/Iot. A note should be added to clarify that in the test cases the Es/Iot and related parameters may need to be adjusted to ensure Es/Iot at UE baseband is above the side conditions.
On minimum Io, it should be derived such that the ratio between the signal level at the UE baseband and the thermal noise is above the baseband Es/Noc for the measurement requirements. Therefore, the values are highly dependent on the Rx antenna gain. 

In order to avoid further calibration on the antenna gain, one way is to re-use the EIS and spherical coverage requirements for the fine beam codebook (used for sensitivity) and the agreed assumptions on the rough beam codebook (for RRM measurement) from the Testability discussion. 

Specifically, the minimum Io for a certain band and certain power class can be derived with following steps:

1) Get the EIS or spherical coverage requirements from 38.101-2 and covert it to the SSB SCS

2) Lower the value by 5dB (to account for the different SINR working point between sensitivity requirements and measurement requirements)

3) Increase the value by Y or Z dB depending on the direction (to account for the different Rx beam gain between fine beam and rough beam).

As an example, with above steps, and assuming Z is 8dB, the minimum Io for band n260 and power class 3, for which the spherical coverage requirement is -73.1dBm/50MHz (Table 7.3.4.3-1), is -96dBm/120kHz.

Proposal 4: Minimum Io is defined with the following steps

1) Get the EIS spherical coverage requirements from 38.101-2 and covert it to the SSB SCS

2) Lower the value by 5dB

3) Increase the value by Y or Z dB depending on the direction 
3. Conclusions

In this paper we provided our views on how to define side condition for FR2 RRM requirements.
Proposal 1: The side conditions for RRM measurement in FR2 are defined at the reference point.
Proposal 2: The side conditions for RRM measurement in FR2 are defined over the Rx beam peak direction and the directions covered by X-% percentile EIS spherical coverage of the UE.
Proposal 3: Es/Iot at the reference point is defined as equivalent isotropic Es/Iot. A note should be added to clarify that in the test cases the Es/Iot and related parameters may need to be adjusted to ensure Es/Iot at UE baseband is above the side conditions.
Proposal 4: Minimum Io is defined with the following steps

1) Get the EIS spherical coverage requirements from 38.101-2 and covert it to the SSB SCS

2) Lower the value by 5dB

3) Increase the value by Y or Z dB depending on the direction
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