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Introduction
Based on the motivation paper of the item (RP-212950, Nokia, Nokia Shanghai Bell, TELUS, Verizon, Telecom Italia), there are the following two major issues that the item needs to address:
· [Issue#1] Due to the nature of FR2 (beam-based system for both NW and UE, and limited and non-uniform spatial coverage), Idle/Inactive mode measurement results can easily be obsolete if a time interval between measurement and report is not short enough.
· [Issue#2] Measurement cycle for one carrier alone is too large, hence, the maximum number of Idle/Inactive measurement carriers will be limited too much.
In this paper, we propose two mechanisms to address the above issues.
Discussion
Solution for Issue #1: RSRP Validation based non-Connected mode Measurement Report and Filtering
In order to address Issue #1, we propose an RSRP validation-based measurement report and filtering method, which is inspired by TA validation for Rel-17 CG-SDT.
· [Issue#1] Due to the nature of FR2 (beam-based system for both NW and UE, and limited and non-uniform spatial coverage), Idle/Inactive mode measurement results can easily be obsolete if a time interval between measurement and report is not short enough.

In Figure 1, an overall flow of non-connected mode measurements and verification procedure is depicted. In the example scenario, it is assumed that the following conditions are met:
· Srxlev > SnonIntraSearchP
· Squal > SnonIntraSearchQ
When the above conditions are met, the UE measures only higher priority inter-frequency layers and intra-frequency cells, which means even after T331 expiry there are cells continuously measured for cell reselection. As UE L3 measurement results are mostly dependent on geographical mobility of UE, an amount of variation in the measurement results of intra-frequency cells and/or higher priority inter-frequency layers from T331 expiry to the report of Idle/Inactive measurements can be a verification criterion of whether the Idle/Inactive mode measurements are still valid or not.

[image: ]
Figure 1. A diagram of RSRP Validation based non-Connected mode Measurement Report and Filtering

A detailed verification procedure can be outlined as below:
· UE determines whether to report measurement results conducted while UE is in RRC Idle/Inactive mode based on the following procedure
· Step-0: Measurement results for carriers configured for Idle/Inactive mode measurement (EMR) and for carriers configured for cell reselection (including both overlapping inter-frequency and intra-frequency) are saved to a UE memory upon a timer (T331) expiry.
· The timer defines a time window during which UE is supposed to conduct measurements for carriers configured for Idle/Inactive mode measurement.
· For the measurement results to be saved except for those configured for Idle/Inactive mode measurement, a specific set of cells or carriers can be explicitly selected by NW configuration or implicitly selected based on a certain rule, e.g. intra-frequency or overlapping frequency.
· Additionally, the results to be saved (REF), except for those configured for Idle/Inactive mode measurement, should be the ones that were measured a certain period time before the timer expiry (W0 in Figure 1)
· The measurement result per cell or carrier includes RSRP and/or RSRQ and/or SSB-ID and/or Rx-beam-ID, if applicable for each.
· During RRC connection procedure, i.e. Random Access procedure, the following steps are carried out.
· Step-1: For the selected carrier (REF carrier), if abs(“the most recent RSRP and/or RSRQ in W1” – “the saved value in W0”) ≥ [X]dB, the measurement results of EMR carrier are not reported to NW. Otherwise, UE reports the saved results of EMR carriers or further proceeds with a 2nd step verification. The value of X can be configured by NW.
· Step-2: For EMR carriers, if abs(“newly measured RSRP and/or RSRQ in W2” – “the saved RSRP/RSRQ for the same carrier in W0”) ≥ [Y]dB, the measurement results of EMR carrier are not reported to NW. Otherwise, UE reports the most recent measurement results of EMR carriers in W2 or the saved measurement results in W0. The Step-2 can be skipped.
· Exceptionally, measurement result for overlapping carrier is always reported because the carrier is continuously measured.
· W1 is a certain length of time window starting ahead of RRC connection procedure
· W2 is a certain length of time window starting after the end of W1
· UE may report the result together with a flag that indicates, e.g. the result is “stale” or “it didn’t get through the verification.

Proposal 1: RAN4 to consider a verification procedure for a report of Idle/Inactive mode measurement results, which can be based on an amount of variation in the measurement results of intra-frequency cells and/or higher priority inter-frequency layers from T331 expiry to the report of Idle/Inactive measurements.

Solution for Issue #2: Group based FR2 cell measurement configuration
In order to address Issue #2, we propose a group-based measurement configuration and multi-step measurements.
· [Issue#2] Measurement cycle for one carrier alone is too large, hence, the maximum number of Idle/Inactive measurement carriers will be limited too much.

In Figure 2, an overall flow of a group based non-connected mode multi-step measurements. The proposal is inspired by the fact that FR2 intra-band contiguous cells should be always geographically co-located and UE AGC, Timing/Frequency synchronization, and beam managements can be common across intra-band contiguous cells.
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Figure 2. A diagram of Group based non-Connected mode Measurements

A detailed procedure can be outlined as below:
· UE can be configured with multiple groups of target Idle/Inactive mode measurement cells/carriers, and the grouping can be explicitly signaled by NW or implicitly made based on frequency location of the cells, e.g. cells in a group are intra-band or intra-band contiguous.
· Additionally, measurement cycle for one group can be differently configured from that for another group.
· Per group, UE performs 2 step measurements as below.
· Within a group, one specific cell/carrier can be selected a reference cell/carrier of the group by NW signaling or UE autonomous decision.
· Step 1: UE performs a measurement only for the reference cell within a group. The measurement may only include a cell detection of the target reference cell.
· If the reference cell is not detected within a certain length of time window, UE does not measure the rest carriers in the group.
· If the reference cell is detected, UE proceeds with Step 2 for the measurement of cells in the group
· Step 2: UE measures the cells in the group based on the obtained AGC, Time/Freq synchronization information, and UE Rx beam information from the reference cell in Step 1, if applicable.
· Depending on NW configuration, gNB Tx beam (SSB-ID) can be further assumed to be common across all cells in the group.
· Measurement cycles for Step 1 and Step 2 can be differently configured.
· Furthermore, after Step1 or Step2, UE can keep monitoring the reference cell/carrier while skipping measurement of the rest cells/carriers in the group depending on the measurement result of the reference cell/carrier, e.g. the measurement value (RSRP or RSRQ) does not differ, from the previous measurement value, by more than [X]dB

Proposal 2: RAN4 to consider a group-based multi-step Idle/Inactive mode measurements, which has at least the following properties:
· Multiple cells can be grouped, and one of the cells can be selected as a reference cell for the first step measurement.
· Depending on the measurement outcome of the reference cell in the first step, UE may or may not further measure the rest cells in the group.

Conclusions
In this paper, we proposed two mechanisms to address the following issues.

· [Issue#1] Due to the nature of FR2 (beam-based system for both NW and UE, and limited and non-uniform spatial coverage), Idle/Inactive mode measurement results can easily be obsolete if a time interval between measurement and report is not short enough.
· [Issue#2] Measurement cycle for one carrier alone is too large, hence, the maximum number of Idle/Inactive measurement carriers will be limited too much.

Solution for Issue #1: RSRP Validation based non-Connected mode Measurement Report and Filtering
Proposal 1: RAN4 to consider a verification procedure for a report of Idle/Inactive mode measurement results, which can be based on an amount of variation in the measurement results of intra-frequency cells and/or higher priority inter-frequency layers from T331 expiry to the report of Idle/Inactive measurements.

Solution for Issue #2: Group based FR2 cell measurement configuration
Proposal 2: RAN4 to consider a group-based multi-step Idle/Inactive mode measurements, which has at least the following properties:
· Multiple cells can be grouped, and one of the cells can be selected as a reference cell for the first step measurement.
· Depending on the measurement outcome of the reference cell in the first step, UE may or may not further measure the rest cells in the group.
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