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Introduction
In the RAN2 #97bis meeting, we discussed several aspects of RRM measurements including cell quality derivation, measurement configuration, and reporting [1][2]. Similar to the principle of s-Measure in LTE, we agreed that the UE is not required to measure the quality of neighbor cells if the serving cell is strong enough. This agreement was captured as follows.

	Agreements:
1. CSI-RS configured for RRM purpose can be used to derive a cell level quality.
2. Events A1-A6 can be configured to use CSI-RS. Events are evaluated on the cell quality.
3. Previous agreements on measurement model and cell quality derivation are also applicable for CSI-RS.
4. When the serving cell quality is above s-Measure, the UE is not required to measure the IDLE RS and CSI-RS for neighbor cells.



Note that the quality of NR cells can be derived by measuring either xSS or CSI-RS. If the UE is in the IDLE mode, it is obvious that the UE derives the serving cell’s quality by measuring xSS and then determines whether to monitor neighbor cells by comparing it with s-Measure. However, if the UE is in the CONNECTED mode, it is not clear which metric (i.e., xSS measurement, CSI-RS measurement, or both) is used for the comparison with s-Measure. In this context, we will focus on the following issue in this contribution.
· Discuss which metric (i.e., xSS measurement, CSI-RS measurement, or both) is used by the CONNECTED UE for the comparison with s-Measure
Discussion
We briefly review under which condition the LTE UE is not required to perform neighbor cell measurements. First of all, TS 36.304 defines the following rules for the measurements of the IDLE UE [3].
	




Note that only xSS (not CSI-RS) is available to the IDLE UE in NR. Accordingly, it is obvious that such a UE can determine whether to perform the measurements by deriving something like Srxlev and Squal from xSS and comparing the derived values with pre-defined thresholds.

Observation 1: For the IDLE UE, it is clear that the UE is not required to perform neighbor cell measurements if the serving cell’s quality derived from xSS is better than a pre-defined threshold.

Next, TS 36.331 defines the following rules for the measurements of the CONNECTED UE [4].

	
6.3.5 Measurement information elements
- MeasConfig
s-Measure: PCell quality threshold controlling whether or not the UE is required to perform measurements of intra-frequency, inter-frequency and inter-RAT neighbouring cells. Value “0” indicates to disable s-Measure.

5.5.3 Performing measurements
NOTE 3:	The s-Measure defines when the UE is required to perform measurements. The UE is however allowed to perform measurements also when the PCell RSRP exceeds s-Measure, e.g., to measure cells broadcasting a CSG identity following use of the autonomous search function as defined in TS 36.304 [4].
5.5.4 Measurement report triggering
NOTE 2:	The UE does not stop the periodical reporting with triggerType set to event or to periodical while the corresponding measurement is not performed due to the PCell RSRP being equal to or better than s-Measure or due to the measurement gap not being setup.



As described above, the LTE eNB informs the CONNECTED UE of an RSRP threshold called s-Measure through the measurement configuration. The UE can then skip neighbor cell measurements if the serving cell’s quality is better than this threshold. To reduce the CONNECTED UE’s power consumption due to the measurements in NR, RAN2 also agreed to follow the same principle as LTE.

However, it is not clear whether both (a) the serving cell’s quality derived from xSS and (b) that from CSI-RS are allowed for the CONNECTED UE to be compared with s-Measure. To support the consistent operation between the IDLE and CONNECTED modes, it is reasonable that the CONNECTED UE determines whether to perform neighbor cell measurements by the serving cell’s quality derived from xSS, which can be seen as an “always on” signal.

Observation 2: For the CONNECTED UE, it is reasonable that the UE is not required to perform neighbor cell measurements if the serving cell’s quality derived from xSS is better than a pre-defined threshold.

Observation 3: For the CONNECTED UE, it is not clear that the serving cell’s quality derived from CSI-RS can be used to determine whether neighbor cell measurements are required or not.

Then, the remaining issue is whether or not the serving cell’s quality derived from CSI-RS can be used for this purpose. Although the operation of CSI-RS (e.g., when CSI-RS is configured to the CONNECTED UE) has not been clear yet, the following aspects should be considered.

First of all, it is generally expected that the analog beam that is used to transmit CSI-RS has a different beamforming gain from the beam used to transmit xSS. For instance, CSI-RS is transmitted on narrow beams while xSS is transmitted on wide beams. It is then expected that the cell qualities that are derived from CSI-RS and xSS can be different. In this case, it is not reasonable that these two values are compared with the same s-Measure to determine the necessity of neighbor cell measurements. Configuring two different thresholds (i.e., s-MeasureCSI-RS and s-MeasurexSS) can be considered to treat this situation. However, such an approach makes the standard more complex and seems unnecessary since measuring neighbor cells is anyway required regardless of the cell quality derived from CSI-RS, if the cell quality derived from xSS is worse than a pre-defined threshold.

Observation 4: To use CSI-RS for determining the necessity of neighbor cell measurements in addition to xSS, s-Measure for CSI-RS and that for xSS need to be defined separately, which makes the standard more complex.

One can argue that neighbor cell measurements are required if the serving cell’s quality derived from CSI-RS is weaker than s-MeasureCSI-RS while that derived from xSS is stronger than s-MeasurexSS. Depending on the value of s-MeasureCSI-RS, this argument can be true especially when the beams for CSI-RS are swept for all directions (i.e., entire cell coverage). However, if CSI-RS is transmitted on a set of selected beams (i.e., partial cell coverage) for a specific UE, this situation can occur when the serving gNB wrongly selects the beam set that transmits CSI-RS. In this case, intra-cell beam management should be performed first before the neighbor cell measurements since the cell quality derived from xSS is still stronger than s-MeasurexSS.

Observation 5: Although further discussion on the operation of CSI-RS for RRM measurements is required, it is difficult to find the case where CSI-RS is useful to determine the necessity of neighbor cell measurements.

Based on the observations in this section, we have the following proposal.

Proposal 1: Both IDLE and CONNECTED UEs are not required to perform neighbor cell measurements if the serving cell’s quality derived from xSS is better than a pre-defined threshold (e.g., s-Measure).

Proposal 2: Further investigation on whether the serving cell’s quality derived from CSI-RS can be used to determine the necessity of neighbor cell measurements is required.
Conclusion
Observation 1: For the IDLE UE, it is clear that the UE is not required to perform neighbor cell measurements if the serving cell’s quality derived from xSS is better than a pre-defined threshold.

Observation 2: For the CONNECTED UE, it is reasonable that the UE is not required to perform neighbor cell measurements if the serving cell’s quality derived from xSS is better than a pre-defined threshold.

Observation 3: For the CONNECTED UE, it is not clear that the serving cell’s quality derived from CSI-RS can be used to determine whether neighbor cell measurements are required or not.

Observation 4: To use CSI-RS for determining the necessity of neighbor cell measurements in addition to xSS, s-Measure for CSI-RS and that for xSS need to be defined separately, which makes the standard more complex.

Observation 5: Although further discussion on the operation of CSI-RS for RRM measurements is required, it is difficult to find the case where CSI-RS is useful to determine the necessity of neighbor cell measurements.

Proposal 1: Both IDLE and CONNECTED UEs are not required to perform neighbor cell measurements if the serving cell’s quality derived from xSS is better than a pre-defined threshold (e.g., s-Measure).

Proposal 2: Further investigation on whether the serving cell’s quality derived from CSI-RS can be used to determine the necessity of neighbor cell measurements is required.
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When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.

Following rules are used by the UE to limit needed measurements:

-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.

-	Otherwise, the UE shall perform intra-frequency measurements.
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