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Introduction
3GPP has designed a study and work item on ‘power saving’ topic. RAN1 and RAN2 have already completed several meetings to discuss this topic. In this contribution, we discuss how this work topic impacts RRM measurement relaxation.
WI Background
[1] contain the most recent work item document (WID) corresponding to the topic ‘UE power saving in NR’. We show RAN4 related objectives of this WID below.
	1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

………..

a) Specify the procedure of cross-slot scheduling power saving techniques [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure

2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) ….

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation
……………

3) 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) [bookmark: _Hlk10649837]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 focuses on different scenarios of power relaxation and shows our views regarding measurement relaxation.

Relaxation of Measurement of Neighbour Cells in NB-IoT and RAN2 Agreement
The WID description shows that RRM measurement for serving cells will not be relaxed in Rel-16 power saving work item. Measurement relaxation is only applicable for neighbour cell for RRC_IDLE/INACTIVE mode.
Observation 1: According to WID, RRM measurement relaxation is only applicable for neighbour cell for RRC_IDLE/INACTIVE mode.
RAN2 made the following agreement during the last two meetings [3-4].
	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.




	Agreements 
1.Network can configure the triggering criteria independently (i.e. either cell-edge or low mobility or both)
2. Cell-edge criteria will not consider neighbour cell measurements




Observation 2: RAN2 agreed that network can configure triggering criteria for relaxation independently (either cell edge or low mobility or both).
The LTE relaxed monitoring criteria of 36.304 is shown below. 
	· When the UE is required to perform intra-frequency or inter-frequency measurement according to the measurement rules in sub-clause 5.2.4.2 or 5.2.4.2a, the UE may choose not to perform intra-frequency or inter-frequency measurements when:
· The relaxed monitoring criterion in sub-clause 5.2.4.12.1 is fulfilled for a period of TSearchDeltaP, and
· Less than 24 hours have passed since measurements for cell reselection were last performed, and
· The UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after selecting or reselecting a new cell.




For narrowband-IOT, LTE captured UE’s behaviour regarding measurement relaxation in the following way:
	· If all the relaxed monitoring criteria defined in clause 5.2.4.12 [1] are fulfilled, the UE’s intra-frequency measurement is not required to meet
Tdetect,NB_Intra_NC, Tmeasure,NB_Intra_NC and Tevaluate,NB_intra_NC as defined in Table 4.6.2.2-1 and Table 4.6.2.2-2.




Observation 3: In LTE NB-IoT, if relaxation conditions defined by RAN2 was met, UE was not required to meet intra-frequency and inter-frequency measurement periods.

Relaxation of Neighbor Cell Measurement
During the last meeting, RAN4 discussed relaxation of neighbor cell measurement and made the following agreement [2]
	· The following options should be considered for RRM measurement relaxation if the measurement relaxation criteria defined in RAN2 are met in next meeting:
· Option1: RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of carriers to be measured;
· Option2: RRM measurement relaxation of neighbour cell monitoring in LTE MTC/NB-IoT can be reused for defining the RRM requirements for UE power saving in NR
· Other option is not precluded.
 



Previous section shows that, nB-IoT allows UE to trigger relaxed measurement if it is in low mobility. On the other hand, in NR, relaxed measurement can be triggered based on low mobility or cell edge (i.e. if UE is not in cell edge) or both conditions.
In nB-IoT, UE can relax serving cell measurement when measurement relaxation criteria get triggered. However, the WID of ‘power saving’ has already ruled out relaxation of serving cell measurement. Since UE always must monitor serving cell quality, there should not be any issue if UE stops performing intra-frequency and inter-frequency neighbour measurements if it is not in cell edge and if its mobility is low. Option 2 of last meeting’s agreement can be used here.
On the other hand, if the UE is in either of these two states, i.e. if UE is either in low mobility and away from cell edge or vice versa, then stopping neighbour cell measurement might delay handover to suitable cells. Option 1 of last meeting’s agreement might be applicable here.
Observation 4: Since UE always must monitor serving cell quality, there should not be any issue if UE stops performing intra-frequency and inter-frequency neighbour measurements if it is away from cell edge and if its mobility is low.
Proposal 1: If relaxation triggering criteria for both away from cell edge and low mobility are fulfilled, NR UE can reuse the RRM measurement relaxation of neighbour cell monitoring in LTE MTC/NB-IoT to define RRM requirements for UE. 
Proposal 2: If relaxation triggering criteria of either away from cell edge or low mobility is fulfilled, NR UE can relax neighbour cell measurement with longer intervals and/or by reducing the number of carriers to be measured.

Conclusion
Observation 1: According to WID, RRM measurement relaxation is only applicable for neighbour cell for RRC_IDLE/INACTIVE mode.
Observation 2: RAN2 agreed that network can configure triggering criteria for relaxation independently (either cell edge or low mobility or both).
Observation 3: In LTE NB-IoT, if relaxation conditions defined by RAN2 was met, UE was not required to meet intra-frequency and inter-frequency measurement periods.
Observation 4: Since UE always must monitor serving cell quality, there should not be any issue if UE stops performing intra-frequency and inter-frequency neighbour measurements if it is away from cell edge and if its mobility is low.
Proposal 1: If relaxation triggering criteria for both away from cell edge and low mobility are fulfilled, NR UE can reuse the RRM measurement relaxation of neighbour cell monitoring in LTE MTC/NB-IoT to define RRM requirements for UE. 
Proposal 2: If relaxation triggering criteria of either away from cell edge or low mobility is fulfilled, NR UE can relax neighbour cell measurement with longer intervals and/or by reducing the number of carriers to be measured.
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