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1 Introduction
In last meeting, RAN4 had agreements for some detail method for measurement relaxation. However, RAN4 does not investigate UE performance impact by measurement relaxation. In this contribution, we provide our views on performance impact by measurement relaxation and alternative solution.
2 Discussion
According to WID for power saving, RAN4 should specified relaxation methods provided that mobility performance impact by power saving should be minimized. 
	[From RP-191607]
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]


So far, RAN4 specified measurement relaxation methods for low mobility and not-in cell edge, and also measurement relaxation for higher priority frequency was agreed in last meeting as shown in Table 2-1. 
Table 2‑1 The method for power saving in RAN4

	Inter-frequency layer
	Higher priority
	Higher/equal/lower priority

	The condition is fulfilled with
	Srxlev > SnonIntraSearchP, and
Squal > SnonIntraSearchQ
	Srxlev ≤ SnonIntraSearchP, or
Squal ≤ SnonIntraSearchQ

	power saving
	(A) low mobility
	no measurement
	longer interval
	longer interval

	
	(B) not-in cell edge
	no measurement relaxation
	longer interval
	longer interval

	
	Both (A) and (B)
	no measurement
	no measurement
	no measurement


Additionally, when a UE meets the condition of both (A) and (B), the UE is not required to perform measurement if less than 1 hour have passed since measurements for cell reselection were last performed.
Based on specified methods for power saving, RAN4 needs to look into the performance impact [1].
	[R4-2005330]
· RRM measurement relaxation threshold for inter-frequency measurement

· Option 1: It is up to RAN2’s decision on whether to introduce carrier specific threshold for inter-frequency measurement relaxation. 
· Option 2:  Introduce carrier specific search thresholds for measurement relaxation.
· Companies are encourage to provide analysis of performance impact due to measurement relaxation.


In case of the same frequency range deployment
A UE can save power consumption to relax or stop measurement when the condition of low mobility and/or not-in cell edge are fulfilled. As mentioned in [2], the relaxation for all inter-frequency measurements could cause UE mobility performance degradation. In general, UE in RRC_IDLE/RRC_INACTIVE evaluates cell reselection criteria of the highest ranked cell of each frequency based on the neighbor cell measurement results. In Figure 1, suppose the UE1 is camping on a gNB1 and configured to perform inter-frequency measurements for f2 and f3. If the UE1 meets low mobility condition and moves toward the gNB3, the measurement relaxation for f2 and f3 is performed. The measured quality of the highest ranked cell for frequency f2 will be getting lower, so the measurement relaxation is reasonable for UE power saving. However, the measured of the highest ranked cell for frequency f3 will increase and the UE1 may perform cell reselection to frequency f3. It means that the measurement relaxation for frequency f3 could cause UE mobility performance degradation. 

· Observation 1: The measurement relaxation applied to all inter-frequencies could cause UE mobility performance degradation. 
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Figure 1 Example of same frequency range deployment
In case of the frequency range 1 and 2 coexistence deployment
FR1 and FR2 networks could coexist, and especially FR2 network will be deployed as hot-spot within FR1 network coverage as shown in Figure 2. In case of Figure 2(a), if a UE1 is camping on a FR1 gNB1 and the UE meets the condition of low mobility and not-in cell edge, the UE stops intra/inter-frequency measurement. Then, the UE could not get a chance to perform cell reselection into FR2 network providing high data rate. Even if the UE performs handover FR2 gNB2 after connected mode, handover delay and interruption time should be taken. Also, even if FR2 frequency is configured by higher priority, the UE could not measure the FR2 frequency layer.
· Observation 2: when a UE is camping on the FR1 gNB and the conditions of low mobility and not-in cell edge are fulfilled, the UE does not measure FR2 frequency layer, so the UE loses the opportunity to reselect to FR2 network.
In case of Figure 2(b), if a UE1 is camping on a FR2 gNB2 and the UE meets the condition of low mobility and not-in cell edge, the UE will stop the intra/inter-frequency measurement. Also, the UE does not perform measurements when less than 1 hour have passed since measurements for cell reselection were last performed. Generally, since FR2 cell coverage is much smaller than FR1 cell coverage, it cannot be guaranteed that the UE is within the FR2 cell coverage even if the UE is low mobility. It will be a potential cause of impact on UE mobility performance.
· Observation 3: when a UE is camping on the FR2 gNB and the conditions of low mobility and not-in cell edge are fulfilled, the UE does not measure any frequency layers, so it is a potential cause of impact on UE mobility performance since the UE could get out of FR2 cell coverage within 1 hour. 
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(a) UE1 camped on a FR1 gNB1               (b) UE1 camped on a FR2 gNB2
Figure 2 Example of frequency range 1 & 2 coexistence deployment
In case of EMR (Early measurement reporting) configuration

The purpose of EMR is to ensure quick and efficient setup of CA and MR-DC. If the measurement relaxation for EMR frequency is considered, it could be against the original purpose. Using current measurement relaxation methods, EMR operation could be less meaningful since any frequencies could not be measured depending on power saving conditions. Therefore, EMR frequency should be precluded for measurement relaxation at least if T331 is running. 
· Observation 4: EMR operation could be affected by measurement relaxation.
From the above observations, the measurement relaxation method could cause of impact on UE mobility performance and system performance in some deployment case, especially when FR1 and FR2 coexist. 
RAN4 should resolve the impact on the performance for power saving operation. Since this meeting is the last meeting for power saving, we can consider two alternative methods as follow:
· Alt1: Ask RAN2 to introduce per-frequency layer threshold as RAN2 has discussed

· Alt2: Specify different measurement relaxation depending on which frequency range is camped for serving cell
· For UE camped on FR1

· Apply longer interval measurement relaxation for FR2 frequency layers if one of conditions for low mobility and not-in cell edge is fulfilled.

· For UE camped on FR2
· Apply longer interval measurement relaxation for all frequency layers if one of conditions for low mobility and not-in cell edge is fulfilled, or

· Apply 30min time interval for measurement relaxation if the conditions of low mobility and not-in cell edge are fulfilled.

· Proposal 1: RAN4 should resolve the performance impact by measurement relaxation with one of the following alternatives: 
· Alt1: Ask RAN2 to introduce per-frequency layer threshold as RAN2 has discussed

· Alt2: Specify different measurement relaxation depending on which frequency range is camped for serving cell

· For UE camped on FR1

· Apply longer interval measurement relaxation for FR2 frequency layers if one of conditions for low mobility and not-in cell edge is fulfilled.

· For UE camped on FR2

· Apply longer interval measurement relaxation for all frequency layers if one of conditions for low mobility and not-in cell edge is fulfilled, or

· Apply 30min time interval for measurement relaxation if the conditions of low mobility and not-in cell edge are fulfilled.

· Proposal 2: EMR frequency shall not be relaxed if T331 is running.

3 Conclusion 
In this contribution, we provide our views on performance impact by measurement relaxation, and we observe
· Observation 1: The measurement relaxation applied to all inter-frequencies could cause UE mobility performance degradation. 
· Observation 2: when a UE is camping on the FR1 gNB and the conditions of low mobility and not-in cell edge are fulfilled, the UE does not measure FR2 frequency layer, so the UE loses the opportunity to reselect to FR2 network.
· Observation 3: when a UE is camping on the FR2 gNB and the conditions of low mobility and not-in cell edge are fulfilled, the UE does not measure any frequency layers, so it is a potential cause of impact on UE mobility performance since the UE could get out of FR2 cell coverage within 1 hour. 
· Observation 4: EMR operation could be affected by measurement relaxation.
Based on these observations, we propose

· Proposal 1: RAN4 should resolve the performance impact by measurement relaxation with one of the following alternatives: 

· Alt1: Ask RAN2 to introduce per-frequency layer threshold as RAN2 has discussed

· Alt2: Specify different measurement relaxation depending on which frequency range is camped for serving cell

· For UE camped on FR1

· Apply longer interval measurement relaxation for FR2 frequency layers if one of conditions for low mobility and not-in cell edge is fulfilled.

· For UE camped on FR2

· Apply longer interval measurement relaxation for all frequency layers if one of conditions for low mobility and not-in cell edge is fulfilled, or

· Apply 30min time interval for measurement relaxation if the conditions of low mobility and not-in cell edge are fulfilled.

· Proposal 2: EMR frequency shall not be relaxed if T331 is running.
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