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Introduction
[bookmark: _Hlk510705081]RAN1 has agreed to study techniques to reduce UE power consumption [1]. In one aspect of the study the UE power consumption reduction techniques with respect to the RRM measurements. Currently NR Rel15 baseline defines set of features for relaxing the UE RRM measurements. Regarding the RRM emasurements, the SID description stated the following:
….
UE also consumes a lot of power for RRM measurements.  In particular, UE would need to power up before the DRX ON period to track the channel in preparation for the RRM measurement.  Some of the RRM measurements are not necessary but consumes a lot of UE power, for example, the low mobility Ues does not have to measure as frequent as   high mobility Ues. Network would provide the signalling to assist UE to reduce the power consumption on unnecessary RRM measurements. Additional UE assistance, for example the UE status information, etc, is also useful for the network to enable the UE power consumption reduction on RRM measurements.
Therefore, a study is proposed to identify the feasibility and benefit of techniques to allow UE implementations which can operate with reduced power consumption.
….
In this document we provide overview of current power saving techniques for power saving in RRM measurements and consider potential topics to study further.
Discussion

Excisting Mechanisms for Reducing power consumption in RRM Measurements
One of the proposed study aspects for reducing UE power consumption was the RRM measurements. In [1] it was considered that RRM measurements would consume lot of power and mechanisms to reduce the consumption needs to be studied.  
Currently in NR, UE may be configured to for inter-cell measurement purposes to measure SSB (SMTC window) and Mobility CSI-RS as well as for intra-cell the SSBs and CSI-RS for beam management purposes. In, addition, UE would need to perform beam failure detection and radio link monitoring. In rel-15, as a one solution for reducing UE measurement load, the relaxation of measurements are already considered for DRX mode operation as well as scaling factors between different measurements. In addition, when configured, UE would not be required to perform L3 RRM measurements the thresholds. We will briefly discuss these mechanism in following sections.   
As discussed above, Rel-15 provides already mechanism to reduce power consumption for RRM meausurement thus the further reducing and optimizing the RRM measurements should not have negative impact on the mobility performance.

[bookmark: _Ref525903238]Observation 1: Reducing the UE power consumption by reducing the RRM measurements should not impact negatively on the mobility performance

[bookmark: _Ref525903248]Proposal 1: When analyzing the feasibility of a feature providing reduced power consumption the effect on moblity performance need to be considered as well.

2.1.1 UE RX Capability for RRM
In terms of UE RX diversity capability, it was endorsed in RAN#78, that 4Rx antenna performance is mandatory for NR UE for selected bands within sub-6GHz (FR1) range, see endorsed RP-172788, where the main content is as follows:
	· For NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline
· Applicability to other NR bands is FFS
· For certain UE types/categories, some exceptions to this requirement may be applicable in future
· RRC signalling and ASN.1 coding shall be defined in Release 15 such that supported number of UE Rx antenna ports is indicated from UE to the eNB/gNB.
· “4” shall be the lowest value that is allowed to be indicated.
· The coding shall enable flexibility such that a lower number than 4 could be indicated in the future for the UE types/categories mentioned above as exceptions. 
· UE equipped with 4Rx ports as a baseline shall fulfil all 4Rx demodulation performance requirements defined for downlink data and control
· Fall back to 2Rx shall be allowed to save power
· RRM Requirements will be based on 2Rx
· RLM requirements shall be defined based on both 2Rx and 4Rx
· The proper antenna connection similar to LTE (defined in A.3.8.1 of TS36.133) will be defined to make 2Rx based RRM tests be applicable to NR UE equipped with 4Rx port.
· The baseline Rx antenna port assumption for LTE operation for the UE is as defined in 36 series specifications today




On UE feature we have 2-3 (from RP-182143):
	2-3
	PDSCH MIMO layers
	1. Supported maximal number of MIMO layers
	2-1
	Yes
	Only one layer is supported 
	Type 3
	N.A.
	N.A.
	
	
	RAN1
	Candidate values: {1,2,4,8}


	

For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. 
Some relaxations to this requirement may be applicable in the future (including in Rel-15).
Mandatory in all cases means mandatory with capability signaling. 
It is not expected that there is a signaling change (i.e. signaling remains to be defined as {1, 2, 4, 8} in every band and every band combination, including FR1 and FR2 in all cases.



[bookmark: _Ref525903240]Observation 2: In FR1 in bands where 4 RX is mandatory, the UE may use 2 RX for measurements.


0. S-Measure
Similar as in LTE, UE can be configured with S-measure, an RSRP threshold value used for determining whether UE is required to perform evaluation for RRC level measurement reporting events for non-serving cells. When configured with s-measure and the cell quality is measured to be less than a threshold after L3 filtering, UE shall perform evaluation for reporting events. When the cell quality is higher UE is not required to evaluate event i.e. it is not required to perform measurements for RRC level events for non-serving cells. As a different to LTE, the cell quality can be derived and determined either using SSB or CSI-RS measurements, NR release 15 specifies the s-measure configuration option for both types of reference signals. 
From 38.331:
4> if s-MeasureConfig is set to ssb-RSRP and the NR SpCell RSRP based on SS/PBCH block, after layer 3 filtering, is lower than ssb-RSRP, or ​
4> if s-MeasureConfig is set to csi-RSRP and the NR SpCell RSRP based on CSI-RS, after layer 3 filtering, is lower than csi-RSRP: ​

[bookmark: _Ref525903241]Observation 3: In connected mode, S-measure can be configured for UE to reduce RRM measurements when the current serving cell is in good condition 
 
Idle Mode: Sintra, Snonintra

For IDLE mode UE is allowed not to perform intra-frequency measurements when specific quality conditions are fulfilled for the current serving cell. If the quality conditions are not fullfilles, UE shall perform intra frequency measurents.

From 38.304, 5.2.4.2	Measurement rules for cell re-selection:

Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.

For non-intra frequency measurements is not required perform measuremetns when both signal level and quality level threshold condtions are fulfilled. Based on absolute priority, UE needs to always search for cells of higher priority RAT (perform inter-RAT cell search).

From 38.304, 5.2.4.2	Measurement rules for cell re-selection:

For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority.


[bookmark: _Ref525903242]Observation 4: In IDLE mode, whe configured, UE cell search measurements are reduced when the current serving cell quality fullfills specific criterias

SMTC Window Configuration
For SS Block based mobility measurements, UE measurement behaviour can be controlled by network by configuration SMTC window. As stated in 38.331, UE is not required to measure SS Blocks outside the SMTC window. This reducues the UE RRM meausrements since SMTC window can be configured to cover only subset of SS Block time locations.
Moreover, network can indicate in SMTC configuration the time locations of the SS blocks to be measured on a given frequency layer, providing in practise UE with assistance information to determine the time domain resources for SSB based RRM measurements. UE is not required to measure SS-RSRP/RSRQ on the locations not indicated by the network. In case the SMTC configuration is absent, UE would need by default to measure all SS Block time locations.   

From 38.331:

ssb-ToMeasure
The set of SS blocks to be measured within the SMTC measurement duration (see 38.215). When the field is absent the UE measures on all SS-blocks. 

And, From 38.215:

SS-RSRP:
If SS-RSRP is not used for L1-RSRP and higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).
SS-RSRQ:
If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRQ measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).


[bookmark: _Ref525903243]Observation 5: SMTC window configuration can provide power saving opportunities for UE. 

UE measurements in C-DRX


In current 38.133 when UE is configured with DRX, the RRM measurements are relaxed based on the DRX cycle length.

In Idle mode, for evaluation of the serving cell (S-measure), the measurement requirements are depending on the DRX cycle length and SMTC window periodicity. With longer DRX cycles than 640ms UE is not required to evaluate serving cell more than once per DRX cycle. 

From 38.133:

The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [1] for the serving cell at least once every M1 DRX cycle.; where: 
M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second, 
otherwise M1=1.

In similar manner, the intra-frequency measurements (SS-RSRP and SS-RSRQ) for cell re-selection in IDLE mode are scaled with the DRX cycle length:


[image: ]

Furthermore, in NR release 15, SSB based RRM measurements are relaxed in DRX according to the following table (from 38.133).

[image: ]



[bookmark: _Ref525903244]Observation 6: UE RRM measurement requirements are relaxed in DRX mode and with relation to the DRX cycle length. Any further relaxtions for power saving purposes should be evaluated from mobility performance point of view.



Relation of SSB and CSI-RS measurements

Considering the relation of SS/PBCH block and Mobility CSI-RS in context of RRM measurements, in release-15 following condition for measuring CSI-RS was specified and captured in 38.214 as follows:

If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource.


When the CSI-RS are configured with association to specific SS/PBCH block, UE is not required to measure configured CSI-RS if the associated SS/PBCH block is not detected. This provides already some opportunities for power saving as UE can determine the CSI-RS measurements conditionally. This aspect could be further studied for energy saving purposes i.e. when UE would perform SSB based measurements and when it would perform CSI-RS based measurements for mobility. Both, associated and non-assoicated cases could be covered in further studies.

[bookmark: _Ref525903250]Proposal 2: Study further the power saving potential of reducing Mobility CSI-RS measurements with and without association to SS/PBCH blocks.


Conclusion
Observation 1: Reducing the UE power consumption by reducing the RRM measurements should not impact negatively on the mobility performance
Observation 2: In FR1 in bands where 4 RX is mandatory, the UE may use 2 RX for measurements.
Observation 3: In connected mode, S-measure can be configured for UE to reduce RRM measurements when the current serving cell is in good condition
Observation 4: In IDLE mode, whe configured, UE cell search measurements are reduced when the current serving cell quality fullfills specific criterias
Observation 5: SMTC window configuration can provide power saving opportunities for UE.
Observation 6: UE RRM measurement requirements are relaxed in DRX mode and with relation to the DRX cycle length. Any further relaxtions for power saving purposes should be evaluated from mobility performance point of view.
Proposal 1: When analyzing the feasibility of a feature providing reduced power consumption the effect on moblity performance need to be considered as well.
Proposal 2: Study further the power saving potential of reducing Mobility CSI-RS measurements with and without association to SS/PBCH blocks.
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Table 4.2.2.3-1 : TaetectNR_Intra, Tmeasure,NR _Intra aNd Tevaluate, NR_wsccliira

DRX cycle TdetectNR_Intra [S] TmeasureNR_intra [S] Tevaluate NR_isss=inira
length [s] (number of DRX (number of DRX cycles) [s] (number of DRX cycles)
cycles)
0.32 11.52 x N1 x M2 [36 x 1.28 X N1 x M2 (4 x N1_x 512X N1 x M2 (16 x N1 M2
N1 112 M2)
0.64 17.92 x N1 [28 X N1] 1.28 X N1 (2x N1) 5.12 x N1 (8 xN1)
1.28 32 x N1 [25 xN1] 1.28 X N1 (1 x N1) 6.4 x N1 (5 xN1)
2.56 23.2858.88 xN1[23 x 2.56 x N1 (1xN1) 7.68 xN1 (3 xN1)
N1]
MOTELNotel;  N1=[TBD] for frequency range FR2, and N1=1 for frequency range FR1.

Note2: M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms: otherwise M2=1
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Table 9.2.5.2-1: Measurement period for intrafrequency measurements without gaps(Frequency FR1)

DRX cycle T 558 measurement period iy
No DRX max[ 200ms, ceil( 5 x Kg) x SMTC period %= "
DRX cycle< 320ms ‘max] 200ms, ceil(1.5x 5 x K;) x max(SMTC
period DRX cycle) |
DRX cycle>320ms ceill 5 x K, ) x DRX cycle
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





