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1. Introduction
The study item “Study on UE power saving in NR” has been agreed in RAN#80. The purpose of this SI is to study the UE power saving framework and solutions, and the objective includes the study on UE power consumption reduction in RRM measurement. In this contribution, we shared our views on this topic. 
2. Discussion 
The UE power saving SI has been discussed in RAN1 for several meetings, lot of agreements were made in RRM measurements sub topic. The relevant RAN1 agreements and simulation results are captured in TR38.840 [1]. From RAN2’s point of view, we think the study in RRM measurements can be split into following aspects:
· Aspect1: Identify UEs that can be benefit from power saving scheme;
· Aspect2: Study on measurement adaptation/relaxing solutions;
· Aspect3: Study on overall signalling procedures;
Observation 1:  In RAN2, the study on power saving in RRM measurement includes following aspects:
· Identify UEs that can be benefit from power saving scheme;
· Study on measurement adaptation/relaxation solutions;
· Study on overall signalling procedures.
2.1. UE types
For UE type identification, according to the guideline from RAN1, the study on RRM power saving should consider RRC_IDLE，RRC_INACTIVE and RRC_CONNECTED states, and mainly focus on the stationary (e.g. 0km/h), pedestrian (e.g. 3km/h) and vehicular (e.g. 30km/h) scenarios. 
Observation 2 	Per RAN1’s guideline, the study on power saving in RRM measurements mainly focus on lower speed UEs (e.g. less than 30km/h), and all RRC states can be taken into consideration.
Investigate in the latest TR38.840 [1], the simulation results show that at least increasing measurement period will increase the handover failure rate for high mobility UEs.
·   For stationary or low mobility (e.g., 3km/h) case, increasing measurement period has less impact (e.g., handover failure rate changes from 0% to 0.26% for 3km/h by extending 4 times measurement period) to the mobility performance compared to high mobility cases (e.g., handover failure rate changes from 0%-1% for 60km/h by extending 4 times measurement period).
From RAN2 perspective, we think both cost (i.e. performance impact) and gain (i.e. power saving gain) should be taken into consideration. In our view, we suggest to follow the guidline from RAN1, that only study on lower speed(e.g. less than 3km/h) or stationary UEs. This also implies to exclude the option of cell edge and cell center judgement, because even for cell center UEs, handover/ re-selection may happen in short time if UE is in high speed. While how to determine the UE speed can be futher discussed in RAN2 (e.g. similar mechanism in LTE can be studied in NR). 
Proposal 1: RAN2 confirms that only lower speed or stationary UEs will be considered for power saving in RRM, the evaluation of UE speed can be further studied in RAN2. 
2.2. Reducing number of measured inter-frequencies 
For measurement relaxation solutions, during the onging email discussion [2], one proposed solution is to reduce the number of measured inter-frequencies. This is based on the assumption that, UE can reduce the monitoring occasions when less inter-frequencies are configured. In the latest TR38.840, companies also provides simulation results to this approach, and the observation (copied as below) shows attractive power saving gain by reducing the number of measured inter-frequency layers.
Observation:
·   2 sources show that reducing the number of measured inter-frequency layers can provide 21~38% power saving gain for RRC CONNECTED states, and 1 source shows 4%-35% power saving gain for RRC IDLE states by assuming reducing inter-frequency layers from 6 to 3. The mobility performance impact is not provided.
However, we found that the measurement methodology of inter-frequency scenario defined in TR38.840 is different from what defined in RAN4 spec TS38.133. For instance, in TR38.840, UE is expected to monitor multiple frequency layers within a measurement gap. While in TS38.133, only one frequency layer will be monitored within a gap duration. 
Observation 3 	For inter-frequency measurement simulation in RAN1, the measurement methodology defined in TR38.840 is different from the measurement requirement defined in RAN4 TS38.133.
In real deployment, UE’s chipset will only follow the measurement requirement defined in RAN4 spec, so it is worth to re-consider the power saving gain based on TS38.133 rather than just follow the conclusion in TS38.840. Take FR1 inter-frequency measurement as an example, the measurement period of inter-frequrency defined in TS38.133 is copied as below: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TS 38.133 section 9.3.5 start ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
     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 section 9.3.5 end ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
According to above table, irrespective of DRX configuration, the measurement period is multiplied with a scaling factor “CSSFinter”, the definition of CSSFinter in TS38.133 is copied/pasted in Annex. Here, we use a simple example to express the measurement behaviour. In this example, DRX cycle is not configured, SMTC period is the same among all inter-frequencies, and the SMTC window are aligned with each other, MGRP equals SMTC period, and gapSharing is set to equal sharing. In this example, when measuring 2 inter-frequencies, the value of CSSFinter is 2 according to section 9.1.5.2.2 in 38.133, then for a given measured inter-frequency, the measurement period is magnified 2 times. The comparison between 1 monitored inter-frequency and 2 monitored inter-frequency is illustrated in Figure1.


Figure 1 illustration of UE L1 inter-frequency measurement
In short, the measurement period defined in RAN4 is co-related to the number of measured frequency layers (including both inter-frequency, inter-RAT frequency, and gap assistant intra-frequency). Even if the number of measured frequency layers is reduced, the overall L1 sample rate does not change accordingly. So in our understanding, reducing the number of measured frequency does not help much to UE’s power consumption as RAN1 observed. 
Observation 4 	According to the RAN4 requirement, the measurement period is scaled based on the number of frequency layers. So reducing the number of measured frequency layers does not change the UE’s L1 sample rate. 
Although reducing the number of frequencies does not help much to power saving, from network perspective, a large number of inter-frequency will definitely increase the measurement period for a given measured frequency layer, which may delay the L3 filtering and event evaluation, so in practice, network will try best to control the number of monitored frequency layer by configuring efficient layers. However, in this SI, based on above observations, we suggest not to consider this approach for power saving in RRM.
Proposal 2: RAN2 will not consider reducing the number of measured inter-freq layers for power saving purpose. 
2.3. Increasing measurement period and reducing samples
For power saving in RRM, the following two approaches are widely discussed in RAN1, and lot of simulation results are provided to prove the power saving gain.
· Increasing measurement period
· Reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window)
In our understanding, if Proposal1 can be agreed, then for lower speed or stationary UEs, handover or cell re-selection may not happen so frequently. So it would be fine to relax the L1 measurement behaviour. Due to time limit, we propose at least to adopt these two approaches in RAN2. So the spec impact can be studied in time.
Proposal 3:  Support following approaches for power saving in RRM.
· Increasing measurement period
· Reducing number of samples within a measurement period
On the other hand, considering power saving function is anyway an optimization function, and it more or less has impact to measurement performance (e.g. handover failure rate). In our view, even for above two approaches, the applicable of measurement adaptation/relaxing mechanism should be within the network control.
Proposal 4:  Whether to enable/disable power saving function in RRM should be within network control. 
Furthermore, upon measurement relaxation, the L3 filtering interval of neighbour cells will increase accordingly. If the quality of serving cell deteriorates very quickly (e.g. User enters elavator, or turn at corner), handover failure or radio link failure may happen as a consequence. To avoid this issue, the simplest solution is to not apply measurement relaxation to serving cells. So UE can keep tracking the serving cell normally, and trigger measurement report in time. So we propose.  
Proposal 5:  Relaxation on serving cell measurement will not be supported for power saving purpose.   
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
Observation 1:  In RAN2, the study on power saving in RRM measurement includes following aspects:
· Identify UEs that can be benefit from power saving scheme;
· Study on measurement adaptation/relaxation solutions;
· Study on overall signalling procedures.
Observation 2 	Per RAN1’s guideline, the study on power saving in RRM measurements mainly focus on lower speed UEs (e.g. less than 30km/h), and all RRC states can be taken into consideration.
Observation 3 	For inter-frequency measurement simulation in RAN1, the measurement methodology defined in TR38.840 is different from the measurement requirement defined in RAN4 TS38.133.
Observation 4 	According to the RAN4 requirement, the measurement period is scaled based on the number of frequency layers. So reducing the number of measured frequency layers does not change the UE’s L1 sample rate. 
Proposal 1: RAN2 confirms that only lower speed or stationary UEs will be considered for power saving in RRM, the evaluation of UE speed can be further studied in RAN2. 
Proposal 2: RAN2 will not consider reducing the number of measured inter-freq layers for power saving purpose. 
Proposal 3:  Support following approaches for power saving in RRM.
· Increasing measurement period
· Reducing number of samples within a measurement period
[bookmark: _Toc535476034]Proposal 4:  Whether to enable/disable power saving function in RRM should be within network control. 
Proposal 5:  Relaxation on serving cell measurement will not be supported for power saving purpose.   
4. References
[1] TR38.840
[bookmark: _GoBack][2] Email discussion [105#56][NR Power saving]- RRM related aspects for power saving    Ericsson
5. Annex
TS 38.133

CSSFinter: it is a carrier specific scaling factor and is determined according to CSSFwithin_gap,i in section 9.1.5.2 for measurement conducted within measurement gaps.

9.1.5.2.2	SA mode: carrier-specific scaling factor for SSB-based measurements performed within gaps
When one or more measurement objects are monitored within measurement gaps, the carrier specific scaling factor for a target measurement object with index i is designated as CSSFwithin_gap,i and is derived as described in this section.
If measurement object i refers to an RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-MutingInfo-r9 is configured, CSSFwithin_gap,i=1. Otherwise, the the CSSFwithin_gap,i for other measurement objects (including RSTD measurement with periodicity Tprs=160ms) participate in the gap competition and the CSSFwithin_gap,i are derived as below.
For each measurement gap j not used for an RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-MutingInfo-r9 is configured within an arbitrary 160ms period, count the total number of intrafrequency measurement objects and interfrequency/interRAT measurement objects which are candidates to be measured within the gap j.
-	An NR carrier is a candidate to be measured in a gap if its SMTC duration isoccasion fully covered by theoccurs MGLin time within the considered measurement gap excluding RF switching time. For intrafrequency NR carriers, if the high layer in TS 38.331 [2] signaling of smtc2 is configured, the assumed periodicity of SMTC occasions corresponds to the value of higher layer parameter smtc2; Otherwise the assumed periodicity of SMTC occasions corresponds to the value of higher layer parameter smtc1.
-	An interRAT measurement object is a candidate to be measured in all meausrement gaps.
Ri is the maximal ratio of the number of measurement gap where measurement object i is a candidate to be measured over the number of measurement gap where measurement object i is a candidate and not used for RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-MutingInfo-r9 is configured within an arbitrary 1280ms period.
For UEs which support and are configured with per FR gaps, the counting is done on a per FR basis, and for UEs which are configured with per UE gaps the counting is done on a per UE basis.
Per gap j:
Mintra,i,j: Number of intrafrequency measurement objects which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise Mintra,i,j  equals 0.
Minter,i,j : Number of NR interfrequency and EUTRA interRAT measurement objects which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise Minter,i,j  equals 0.
Mtot,i,j = Mintra,i,j + Minter,i,j : Total number of intrafrequency, interfrequency and interRAT measurement objects which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise Mtot,i,j equals 0.
The carrier specific scaling factor CSSFwithin_gap,i is given by:
If measGapSharingScheme is equal sharing, CSSFwithin_gap,i= max(ceil(Ri×Mtot,i,j)), where j=0…(160/MGRP)-1
If measGapSharingScheme is not equal sharing and
-	measurement object i is an intrafrequency measurement object, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kintra×Mintra,i,j) in gaps where Minter,i,j≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×Mintra,i,j) in gaps where Minter,i,j=0, where j=0…(160/MGRP)-1
-	measurement object i is an interfrequency or interRAT measurement object, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kinter×Minter,i,j) in gaps where Mintra,i,j ≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×Minter,i,j) in gaps where Mintra,i,j=0, where j=0…(160/MGRP)-1
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