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1   Introduction 
In last RAN plenary, a new WI ‘UE Power Saving in NR’ has been initiated with the following objective:

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 

This contribution introduces how to operates the RRM measurement relaxation when UE is estimated in the relaxation mode for RRM in RRC_IDLE and RRC_INACTIVE.
2   Discussion 
There was already the measurement state according to the UE’s state in LTE, i.e., no measurement and normal measurement. However, the reduced measurement seems to be in the middle of these former measurement states. How to realize this relaxed measurement state could be discussed based on WID.

Assumption: UE is anyhow to be determined into one of three RRM measurement states: no measurement state, relaxed measurement state and normal measurement state.

As stated in the WID, once UE is estimated in the state where the RRM measurement relaxation is needed, then there could be at least three aspects to be controlled as the relaxed measurement state.

· Longer interval, 

· Number of cells to be measured
· Carriers to be measured
For each object for applying the measurement method in IDLE/Inactive mode UE, i.e., serving cell, intra-F, inter-F with higher priority, intra-F with same or lower priority frequency, above three aspects can be configured per each measurement state.
We first summarize the possible combinations of measurement state and each object for applying this measurement, as below:

	
	
	No measurement state
	Rxd meas state
	Normal meas state

	Interval
	Serving cell
	Per DRX cycle
	Per DRX cycle
	Per DRX cycle

	
	Intra-f
	No measurement
	N * DRX cycle
	Per DRX cycle

	
	Inter-f w/ higher
	M * DRX cycle
	M * DRX cycle
	Per DRX cycle

	
	Inter-f w/lower
	No measurement
	L * DRX cycle
	Per DRX cycle

	Cells
	Serving cell
	Yes
	Yes
	Yes

	
	Intra-f
	No cells
	Cell list in SIB x
	All cells except blacklisted cells

	
	Inter-f w/ higher
	Cell list in SIB y
	Cell list in SIB y
	All cells except blacklisted cells

	
	Inter-f w/lower
	No cells
	Cell list in SIB y
	All cells except blacklisted cells

	Carriers
	Serving cell
	N/A
	N/A
	N/A

	
	Intra-f
	N/A
	N/A
	N/A

	
	Inter-f w/ higher
	Limited carriers 
· Carrier group 1
	Limited carriers
· Carrier group 1
	All carriers

	
	Inter-f w/lower
	No carrier
	Limited carriers
· Carrier group 2
	All carriers


For the interval on each state and object:

Since basic unit of measurement in IDLE/inactive mode is DRX cycle, so the measuring interval is based on DRX cycle. Each measurement interval per each object is longer than normal measurement state and shorter than no measurement state since relaxed meas state is determined to be the middle state of no and normal meas state. 

Proposal 1. Measurement interval for relaxed measurement state is 1*DRX cycle, N * DRX cycle, M * DRX cycle, L * DRX cycle for the serving cell, intra-frequency serving frequency, inter-frequency with higher priority frequency, and inter-frequency with equal or lower priority frequency, respectively.

Since inter-F with higher priority frequency anyway needs to be measured with at least some interval, we think that interval can be the same level of relaxed meas state.
Proposal 2. Measurement interval for no measurement is per DRX cycle, no measurement, M*DRX cycle, no measurement for for the serving cell, intra-frequency serving frequency, inter-frequency with higher priority frequency, and inter-frequency with equal or lower priority frequency, respectively.

For the cells to measure on each state and object:
Since normal measurement uses blacklist to exclude some cells to be measured, it is simple to adopt the white list to be measured in relaxed mode which can reduce the UE power for measurering in controlled level.
Proposal 3. Cells to be measured for relaxed state is introduced with white list per each frequency i.e., intra-F serving frequency, inter-F with higher priority and inter-F with equal and lower priority. 

Since as the same analogy in the above interval case, inter-F with higher priority frequency needs to put more effort to measure. One way is to use the same level of measure as relaxed meas state. 
Proposal 4. Cells to be measured for no measurement state is also introduced with white list per each frequency for inter-F with higher priority freuqnecies.  

Proposal 5. When UE is in the no / relaxed measurement state and received the white list from the serving cell, then UE only measures the cells in that list. 

For the normal case, we can simply adopt the existing operation: i.e., blacklist. 
Proposal 6. In normal meas state, blacklist cell is configured for all the object i.e., intra-F frequency, inter-F.

For the frequency to be measured on each state and object:

Controlling of measurement on frequency is only possible in inter-F frequencies. Normal meas state will have no restriction on the frequency to be measured. Basically all the frequencies which is configured by the network will be measured. Then, the relaxed meas state can have restricted list of frequency to be measured, which is definitely the subset of all frequency measured in the normal state. 
Proposal 7. A group of carrier to be measured is introduced for the relaxed measurement state for inter-F with higher priority frequencies and inter-F with equal and lower priority frequencies. 

Proposal 8. In relaxed measurement state, The carrier group for inter-F with higher priority and with equal or lower priority could be different set.

With the same analogy of higher priority freuquency, even no measurement state also can have carrier group to be measured.

Proposal 9. In no measurement state, inter-F with higher priority can have the group of carrier to be measured which could be same as the one of relaxed meas state.
3   Conclusion 

In this paper, we have the following proposals:

Proposal 1. Measurement interval for relaxed measurement state is 1*DRX cycle, N * DRX cycle, M * DRX cycle, L * DRX cycle for the serving cell, intra-frequency serving frequency, inter-frequency with higher priority frequency, and inter-frequency with equal or lower priority frequency, respectively.

Proposal 2. Measurement interval for no measurement is per DRX cycle, no measurement, M*DRX cycle, no measurement for for the serving cell, intra-frequency serving frequency, inter-frequency with higher priority frequency, and inter-frequency with equal or lower priority frequency, respectively.

Proposal 3. Cells to be measured for relaxed state is introduced with white list per each frequency i.e., intra-F serving frequency, inter-F with higher priority and inter-F with equal and lower priority. 

Proposal 4. Cells to be measured for no measurement state is also introduced with white list per each frequency for inter-F with higher priority freuqnecies.  

Proposal 5. When UE is in the no / relaxed measurement state and received the white list from the serving cell, then UE only measures the cells in that list. 

Proposal 6. In normal meas state, blacklist cell is configured for all the object i.e., intra-F frequency, inter-F.

Proposal 7. A group of carrier to be measured is introduced for the relaxed measurement state for inter-F with higher priority frequencies and inter-F with equal and lower priority frequencies. 

Proposal 8. In relaxed measurement state, The carrier group for inter-F with higher priority and with equal or lower priority could be different set.

Proposal 9. In no measurement state, inter-F with higher priority can have the group of carrier to be measured which could be same as the one of relaxed meas state.
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