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1 Introduction

In this contribution, we discuss about conditions and how to RRM measurement relaxation.
2 Discussion
 Purpose of neighbour cell measurement in RRC_IDLE/RRC_INACTIVE is to support UE mobility in the state (i.e. cell reselection). Based on the measurement results, the UE camps on the best cell to guarantee the best cell quality when the UE accesses to the network. However, the neighbour cell measurement results, which are based on cell-specific system information, are not reported to the network after moving to RRC_CONNEECTED because the measurement in RRC_CONNECTED is performed based on the dedicate measurement configuration given by the network. 
Therefore, network is not aware of the neighbour cell measurement results in RRC_IDLE/RRC_INACTIVE. It means that the network does not know which neighbour cell is measured in good quality by each UE in RRC_IDLE/RRC_INACTIVE.

Observation 1: The network does not know which neighbour cell is measured in good/bad quality by each UE in RRC_IDLE/RRC_INACTIVE.
In the last meeting, RAN2#108, RAN2 made following agreements from power saving RRM discussion: [1] 

Agreements

1
Measurement relaxation criteria is evaluated using cell quality only, and we do not define beam-specific conditions for RRM measurement relaxation.

2
For not-at-cell-edge scenario, the thresholds can be based on RSRP and/or RSRQ and is configurable by the network. For low-mobility scenario, the thresholds of the delta are only in relation to RSRP.

3
Whether higher priority frequencies can be relaxed is up to network configuration.  FFS on how the configuration is done. 

4
Network configures RRM measurement relaxation via broadcast only; dedicated control is not supported

5
For modifications of low-mobility scenario, TSearchDeltaP less than 5 minutes is configurable in NR. 

Based on agreement #4, the measurement relaxation parameters will be provided via broadcast system information only. So all the UEs camping on a cell will have same configuration. However, as described above, the network does not know measurement results of each UE, the measurement relaxation may not work properly if all the UEs in the cell use same measurement relaxation target frequencies because each UE has different neighbour cell measurement results.
Observation 2: If all the UEs camping on a cell use same target frequencies to perform measurement relaxation, it may not work properly because the network does not know measurement results of each UE.
Therefore, per-frequency measurement relaxation based on the neighbour cell measurement results should be considered. Based on the neighbour cell measurement results, each UE determines which frequencies to perform measurement relaxation.
Proposal 1: Consider per-frequency measurement relaxation based on the neighbour cell measurement results of a UE.

UE in RRC_IDLE/RRC_INACTIVE evaluates cell reselection criteria of the highest ranked cell of each frequency based on the neighbour cell measurement results. If the highest ranked cell meets the cell reselection criteria, the UE performs cell reselection to the cell. Saying that again, only highest ranked cell of a frequency can be candidate for the cell reselection. It means if the measured quality of the highest ranked cell of a frequency is bad, it is low possibility that the UE performs cell reselection to the frequency. In this case, it is expected it would not degrade any mobility performance if the UE performs measurement relaxation on the frequency.
To determine whether the measured quality of the highest ranked cell is bad, a threshold may be introduced. If ranking value of the highest ranked cell is below the threshold, the UE may be allowed to perform measurement relaxation on the frequency.
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Figure 1: A UE moving toward cell C.
 Suppose a UE is camping on a cell of gNB A and configured to perform neighbour cell measurements on frequency F2 and F3. When a UE moves towards the gNB C, measured quality of cells in F3 will increase and measured quality of cells in F2 will decrease. Therefore, after a while, the UE may perform cell reselection to the highest ranked cell of frequency F3 and it may be unnecessary to perform measurement on frequency F2. In this scenario, when the highest ranked cell of the frequency F2 becomes below a configured threshold, there would be no impact to the UE mobility performance even if the UE performs measurement relaxation on the frequency F2.
Regarding how to perform measurement relaxation on the frequency, the required measurement period can be extended or the UE is allowed to not perform measurement on the frequency for a while. It may be decided by RAN4.
Observation 3: If measured quality of the highest ranked cell of a frequency is bad, it is low possibility that the UE performs cell reselection to the frequency. In this case, there may be no impact to the UE mobility performance even if the UE performs measurement relaxation on the frequency.
Proposal 2: If the highest ranked cell of a frequency is below a configured threshold, the UE is allowed to perform measurement relaxation on that frequency. How to perform measurement relaxation on the frequency may be decided by RAN4.
 When a UE is performing measurement relaxation, it means the UE is satisfying low mobility and/or not at cell edge condition based on the serving cell quality. When the UE accesses to the serving cell, the network would provide dedicate measurement configuration to prepare handover. However, even though full measurement configuration on the neighbour cells are not really needed for the UE because the UE has been satisfying the conditions for measurement relaxation until access, but the network would provide measurement configuration with “normal” parameters because the network does not know the fact.

 If the network is aware that the UE has performed the measurement configuration upon access, the network could provide measurement configuration with “relaxed” parameters. The “relaxed” parameters may include such as less frequencies or longer measurement period than “normal” one. Performing measurements based on measurement configuration with “relaxed” parameters, the UE may save power consumption on that. Therefore, it may be beneficial for the UE for power saving if the UE indicates the network that the UE has performed measurement relaxation, upon access.
 When the measurement configuration with “relaxed” parameters is provided, the UE may perform measurement on less neighbour cells or with less tight requirements. After that, if such as Event A2/A4 is triggered, then the network would provide appropriate measurement configuration. s-Measure could avoid the unnecessary measurement, but if the measurement relaxation was triggered by low-mobility condition, it may not work. Moreover, the serving cell quality is right below the s-Measure, anyway the UE has to perform full neighbour cell measurement in connected mode.

Observation 4: When a UE performing measurement relaxation accesses to the network, if the network is aware of the fact, the network may provide measurement configuration with “relaxed” parameters for UE’s power saving.
 In another point of view, if the indication is introduced, the network may setup CA/DC more actively because performing the measurement relaxation means that the UE will not move to neighbour cell for the meantime. For example, if the UE reports availability indication of early measurement results and indication of measurement relaxation, the network could easily decide to request early measurement reporting for fast CA/DC setup.

Observation 5: If the network is indicated that the UE has performed measurement relaxation, the network may actively setup CA/DC.
The way how to indicate that the UE has performed measurement relaxation can be discussed further. It may be 1-bit indication to inform the performance of measurement relaxation, or frequency list on which the measurement relaxation was performed. It may be included in RRCSetupComplete or RRCResumeComplete.

Proposal 3: Introduce an indication that UE has performed measurement relaxation, upon access to the network.
3 Conclusion
In conclusion, we propose the followings:
Observation 1: The network does not know which neighbour cell is measured in good/bad quality by each UE in RRC_IDLE/RRC_INACTIVE.
Observation 2: If all the UEs camping on a cell use same target frequencies to perform measurement relaxation, it may not work properly because the network does not know measurement results of each UE.
Proposal 1: Consider per-frequency measurement relaxation based on the neighbour cell measurement results of a UE.
Observation 3: If measured quality of the highest ranked cell of a frequency is bad, it is low possibility that the UE performs cell reselection to the frequency. In this case, there may be no impact to the UE mobility performance even if the UE performs measurement relaxation on the frequency.
Proposal 2: If the highest ranked cell of a frequency is below a configured threshold, the UE is allowed to perform measurement relaxation on that frequency. How to perform measurement relaxation on the frequency may be decided by RAN4.

Observation 4: When a UE performing measurement relaxation accesses to the network, if the network is aware of the fact, the network may provide measurement configuration with “relaxed” parameters for UE’s power saving.
Observation 5: If the network is indicated that the UE has performed measurement relaxation, the network may actively setup CA/DC.
Proposal 3: Introduce an indication that UE has performed measurement relaxation, upon access to the network.
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