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1 Introduction

In this contribution, we discuss about conditions to trigger RRM measurement relaxation and ways to perform measurement relaxation on the configured frequencies.
2 Discussion
Following is objective description of RRM measurement relaxation in the power saving WID which was agreed in RAN#84 plenary meeting [1]:

	5)   Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]

a) Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].

i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 


According to the objective description, RRM measurement relaxation is only considered in RRC_IDLE/INACTIVE. Therefore, to support RRM measurement relaxation in RRC_IDLE/INACTIVE state, the related parameters shall be provided via broadcast system information.

Proposal 1: RRM measurement relaxation related parameters are provided via broadcast system information. In which SIB to provide is FFS.
 In RAN2#107 meeting, RAN2 has made following agreements during power saving for RRM measurement relaxation discussion.
	Agreements 

1. Measurement relaxation criteria can consider both low mobility and UE location in the cell (e.g. whether the UE is in cell-edge).    

2. UE may activate relaxed measurement criteria if at least any of the following conditions are met:   

a) Serving Cell measurement does not change more than a relative threshold during a time period

-  LTE relaxed monitoring criteria in 36.304 is considered as a baseline.  Additional enhancements to address aspects that are specific to NR can be considered. 

b) UE is not a cell edge, meaning that serving cell/beam RSRP/RSRQ/SINR is above a threshold


FFS: Whether neighbour cell RSRP should also be considered.




According to the agreements made, it was agreed to consider following two cases in the measurement relaxation criteria:

1. UE is with low mobility 
- If measured quality of serving cell does not change more than a configured threshold, the UE can be considered as with low mobility. As we had similar discussion during NB-IoT for relaxed monitoring, we can consider the relaxed monitoring criteria as a baseline. We may need further enhancement to the criteria, and it will be discussed in the below.
2. UE is not at cell edge

- The simplest way to evaluate whether the UE is not at cell edge is to define new threshold d(e.g. SnonIntraSearchP_relax) which might be under existing threshold (e.g. SIntraSearchP, SIntraSearchQ, SnonIntraSearchP and SnonIntraSearchQ) in the measurement rule, specified in [2]. 
For example, if the serving cell quality is above SnonIntraSearchP (UE A in the figure 1 below), the UE may choose not to perform neighbour cell measurements on NR inter-frequency cells. If the serving cell quality is below SnonIntraSearchP but above the newly configured threshold (UE B in the figure 1 below), the UE may perform measurement relaxation on the neighbour frequencies. If the UE serving cell quality is below the SnonIntraSearchP_relax (i.e. UE is near cell edge: UE C in the figure 1 below), the UE shall perform measurement on all the configured inter-frequencies.
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Figure 1: Cases of performing measurements based on serving cell quality if new threshold (SnonIntraSearchP_relax) is configured
As our discussion is only targeting UEs in RRC_IDLE/RRC_INACTIVE, the UE is not under network’s control. Therefore, upon providing the measurement relaxation related parameters via broadcast system information, the network is not aware of measurement results of the UE. In other words, the network does not know measured quality of which cell is good for each UE. In other words, as each UE in a cell coverage has different neighbour cell measurement results and the serving cell does not know the information, it may be almost impossible to provide appropriate measurement relaxation condition to the UE in a cell.
Proposal 2: Neighbour cell RSRP is not considered in the measurement relaxation criteria

As a result of relaxed monitoring during NB-IoT discussion, relaxed monitoring criterion is specified as following in [3]:
	5.2.4.12.1
Relaxed monitoring criterion

The relaxed monitoring criterion is fulfilled when:

· (SrxlevRef – Srxlev) < SSearchDeltaP
Where:

· Srxlev = current Srxlev value of the serving cell (dB).

· SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:

-
After selecting or reselecting a new cell, or

-
If (Srxlev - SrxlevRef) > 0, or

-
If the relaxed monitoring criterion has not been met for TSearchDeltaP:

-
the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell;

-
TSearchDeltaP = 5 minutes, or the eDRX cycle length if eDRX is configured and the eDRX cycle length is longer than 5 minutes.


In the relaxed monitoring criterion, every time serving cell quality is measured, the UE compares difference between the Srxlev and SrxlevRef. If the difference value is smaller than a configured threshold, SSearchDeltaP, the UE is considered as being stationary so that it is allowed not to perform intra-frequency or inter-frequency measurements.
According to the yellow-highlighted condition in the criterion, one of the conditions of updating SrxlevRef value is when Srxlev value becomes greater than SrxlevRef. In other words, the SrxlevRef is replaced by the new Srxlev value when the new Srxlev value became greater than the SrxlevRef. It means the SrxlevRef value is not updated when the measured serving cell quality becomes smaller.
Compared to NB-IoT UEs, NR UEs may be more mobile. So it would better to consider in the measurement relaxation criteria that the UEs may move to any direction. Therefore, we propose to replace SrxlevRef by Srxlev value whenever Srxlev value is updated so that the serving cell quality variation is calculated between two recent RSRP values.
However, if the time gap between the two serving cell RSRP is too short or too long, the difference comparison may not be reliable. Therefore, minimum and maximum time difference may be considered to select two serving cell RSRPs to calculate the difference. Following figure shows the example.
TMin: Minimum time difference

TMax: Maximum time difference








Figure 3: Example of selecting two serving RSRPs to calculate serving cell RSRP variation with minimum and maximum time difference
 In the figure 3 above, the UE measures first serving cell RSRP at time point t1. The next serving cell RSRP measured at time point t2 is measured too early, (i.e. earlier than time TMin is passed after time point t2) so it is discarded. The next serving cell RSRP is measured at time point t3, it is later than TMin and earlier than TMax. So the UE compares the serving cell RSRPs measured at time point t1 and t2. With these minimum and maximum time condition, reliability of estimation of UE’s mobility by serving cell RSRP variation may be increased.
Proposal 3: For the enhancement to existing relaxed monitoring criteria in NR, the Srxlev reference value is updated when Srxlev value is updated. Further detailed time conditions for updating the Srxlev reference value can be discussed.
When a UE is in RRC_IDLE/INACTIVE, to support UE’s mobility, the UE 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 reselects to the cell. Therefore, if the highest ranked cell is not good enough, it is low possibility that the UE will reselect to the frequency. In this case, it seems reasonable to relax the measurement on the frequency. To determine whether the highest ranked cell is not good enough so that measurement relaxation can be performed on the frequency, a threshold can be configured and compared with the highest ranked cell of the frequency.
In summary, if the highest ranked cell of a frequency is below a threshold, the UE is allowed to perform measurement relaxation on the frequency.






Figure 2: 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 reselect to the highest ranked cell of frequency F3 and measurement on frequency F2 may be unnecessary to the UE. In this scenario, when the highest ranked cell of the frequency F2 becomes below a threshold, there may be no impacts on the UE mobility performance even if the measurements on the frequency F2 is relaxed.
Observation 1: If the highest ranked cell of a frequency is not good enough, it is low possibility that the UE reselects to the frequency. Therefore, there may be no impact on the UE mobility performance even if measurement relaxation is performed on the frequency.
Proposal 4: Per-frequency measurement relaxation is considered. If the highest ranked cell of a frequency is below a threshold, the UE performs measurement relaxation on the frequency.
3 Conclusion
In conclusion, we propose the followings:
Proposal 1: RRM measurement relaxation related parameters are provided via broadcast system information. In which SIB to provide is FFS.
Proposal 2: Neighbour cell RSRP is not considered in the measurement relaxation criteria

Proposal 3: For the enhancement to existing relaxed monitoring criteria in NR, the Srxlev reference value is updated when Srxlev value is updated. Further detailed time conditions for updating the Srxlev reference value can be discussed.
Observation 1: If the highest ranked cell of a frequency is not good enough, it is low possibility that the UE reselects to the frequency. Therefore, there may be no impact on the UE mobility performance even if measurement relaxation is performed on the frequency.
Proposal 4: Per-frequency measurement relaxation is considered. If the highest ranked cell of a frequency is below a threshold, the UE performs measurement relaxation on the frequency.
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