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1. Introduction
[bookmark: _GoBack]RAN#84 has approved the new WID “Power saving in NR” in [1], the objective of RRM related part is copied as below:
	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 


In this contribution, we mainly discussed the RRM relaxation mechanism for RRC connected UE, and shared our views.
2. Measurement relaxation solution 
In order to reduce UE’s power assumption in RRM, as indicated in WI [1], one feasible way is to allow the UE to perform measurement with longer intervals. In TS38.133, for connected mode intra-frequency and inter-frequency measurement, RAN4 has defined measurement interval/period requirements as below (e.g. FR1 case):
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TS 38.133 start~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
  Table 9.2.5.2-1: Measurement period for intrafrequency measurements without gaps (Frequency FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	ma(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.3.5-1: Measurement period for inter-frequency measurements with gaps (Frequency FR1)
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	max[200ms, [8] x max(MGRP, SMTC period)] x CSSFinter

	DRX cycle ≤ 320ms
	max[200ms, ceil(8 x 1.5) x max(MGRP, SMTC period, DRX cycle)] x CSSFinter

	DRX cycle > 320ms
	[8] x DRX cycle x CSSFinter

	NOTE 1: 	DRX or non DRX requirements apply according to the conditions described in section 3.6.1
NOTE 2: 	In EN-DC operation, the parameters, timers and scheduling requests referred to in section 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.


~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TS 38.133 end~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
As highlighted in above tables, in case DRX is not configured or DRX cycle is less than 320ms, the measurement period of both intra-frequency and inter-frequency cases can be scaled by SMTC period, which means the larger the SMTC period, the larger the measurement period. From RAN4 perspective, as long as UE’s measurement period does not exceed the value defined in above table, the RSRP/RSRQ/SINR accuracy can be fulfilled.
Observation 1 	According to the UE requirement defined by RAN4, the measurement period of both intra-frequency and inter-frequency can be scaled by SMTC period.
Currently, the SMTC configuration (e.g. SMTC period) is included in NR measurement object, and it is per-frequency configured. Although SMTC is used to indicate the SSB transmission occasions of target cell. There is no restriction that the SMTC period must be equal to actual SSB transmission period. And most likely, network does configure SMTC period larger than SSB transmission period. 
Therefore, for power saving purpose, the simplest way of increasing UE’s measurement interval is to magnify the SMTC period in measurement objects. And with this approach, there is no extra work needed in RAN4. 
Proposal 1: At least for RRC Connected UEs, RAN2 agrees to use SMTC period in measurement object to control UE’s measurement interval. 
2.1. Relaxation trigger criteria
According to WI [1], RAN2 tasks to define trigger criteria for UE to move between relaxed mode and normal measurement. Based on RAN2’s previous discussion, following aspects can be studied:
· Case 1: UE type 
· Case 1.1 	UE declares it is power sensitive or non-power sensitive, e.g. UE category. This kind of UE capability is statistic.
· Case 1.2 	UE declares it is power sensitive when UE has high CPU consumption or low battery status. This kind of UE capability can be semi-static. 
· Case 2: UE location (e.g. not at cell edge)
· Case 2.1 	location report from UE, e.g. GPS;
· Case 2.2 	Based on RSRP/RSRQ quality of serving cell and/or neighbour cells
· Case 3: UE mobility status
· Case 3.1 	Based on specific power class defined in RAN4, which implies it is a stationary UE.
· Case 3.2 	UE’s speed estimated by network or UE based on mobility history;
· Case 3.3 	Variation of CQI results or active beam, Doppler estimation, etc. 
For Case 1, so far, the relevant UE type capability has not been introduced in NR, so it can be considered in future. But, from network perspective, upon acquiring UE’s radio capability, network is able to determine, and only enables/disables measurement relaxation mechanism to those “power sensitive” UEs, and no extra specification work is foreseen. 
For Case 2.1, GPS or other location reporting mechanism requires UE to enable positioning function, which may cause additional power consumption. For Case 2.2, as indicated in [2], the RSRP quality of serving cell may fluctuate which cannot represent accurate cell-center/ cell-center information. But in our view, it is feasible to judge UE’s position based on comparing the quality of serving cell and the quality of intra-frequency neighbour cells. For example, if the RSRP value of intra-frequency neighbour cells are far below serving cell’s RSRP, the UE is supposed to be located at cell-center, and it can be beneficial to enable RRM relaxation approach. 
Observation 2 The RSRP result of serving cell cannot represent accurate cell-edge/cell-center information, but it is feasible to use comparison between RSRP of serving cell and RSRP of intra-frequency neighbour cells to do it.
For Case 3.1, since this kind of UE is not likely to trigger handover, network can definitely enable RRM relaxation, but considering UE will not change its power class, network can directly configure larger SMTC configuration to UE in measurement configuration, so no extra specification work is needed. For Case 3.2, based on our experience in LTE, except high-rail or high-road scenario, due to UE’s unpredictable moving track and complex coverage, it is hard to estimate UE’s speed based on mobility cell history. While for high-rail or high-road scenario, handover happens very frequently that measurement relaxation may cause bad impact to system performance (e.g. handover failure). Case 3.3 was proposed by several companies, but in our understanding, these kind of results may fluctuate dramatically, and it is unclear how UE can make an accurate speed judgment on these measurement results. And it is also difficult for network to provide suitable threshold for these measurement quantities. So we propose not to consider case 3 as trigger criteria at this stage. 
Observation 3 	Based on LTE experience, in urban scenario, due to UE’s irregular moving track, it is hard to evaluate UE’s speed based on mobility cell history. And using variation of CQI, beam, Doppler shift…may result in inaccurate speed estimation.   
Based on above analysis, we suggest to use the comparison of RSRP results between serving cell and intra-frequency neighbour cells to determine whether to enable/disable RRM relaxation. So 
Proposal 2: Network can provide additional SMTC period and a threshold (e.g. Thrps) to UE, the UE applies the additional SMTC period when no intra-frequency neighbour cell’s RSRP is Thrps higher than serving cell’s RSRP. 
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
Observation 1 	According to the UE requirement defined by RAN4, the measurement period of both intra-frequency and inter-frequency can be scaled by SMTC period.
Observation 2 The RSRP result of serving cell cannot represent accurate cell-edge/cell-center information, but it is feasible to use comparison between RSRP of serving cell and RSRP of intra-frequency neighbour cells to do it.
Observation 3 	Based on LTE experience, in urban scenario, due to UE’s irregular moving track, it is hard to evaluate UE’s speed based on mobility cell history. And using variation of CQI, beam, Doppler shift…may result in inaccurate speed estimation.   
Proposal 1: At least for RRC Connected UEs, RAN2 agrees to use SMTC period in measurement object to control UE’s measurement interval. 
Proposal 2: Network can provide additional SMTC period and a threshold (e.g. Thrps) to UE, the UE applies the additional SMTC period when no intra-frequency neighbour cell’s RSRP is Thrps higher than serving cell’s RSRP. 
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