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1. Introduction 

The study on UE power saving for NR [1] considers reduction of RRM measurements for the purposes of power saving. 

This document considers the following aspects of UE power saving through reduction in RRM measurements:

· Relaxation in the number of measurement samples per measurement period

· Reduction in inter-frequency measurements 

· Beam monitoring relaxation    

The document provides evaluation results which are also summarised in [5].
2. Relaxation in the number of samples per measurement period
The number of measurements samples that the UE makes per measurement period depends on implementation: the UE needs to take sufficient measurement samples to meet the performance requirements set by RAN4. This section shows the effect of on UE power consumption of reducing the number of measurement samples. The results that we provide in this section are consistent with results provided in [4], providing a degree of calibration between our results and those of another company in RAN1.
In this section, we consider the RRM behaviours referred to as “case 1” and “case 2” in [4]. These behaviours are illustrated in Figure 2.
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Figure 1 - "Case 1": UE behaviour with fully aligned SMTC window and DRX_ON (from [4])
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Figure 2 - "Case 2": UE behaviour with time difference between start of SMTC window and start of DRX_ON (from [4])

The power consumption analysis for this UE behaviour was analysed with 40ms DRX cycle, 4ms DRX on duration, 30KHz SCS, 4ms SMTC duration, 20ms SMTC period, using the power model in [2]. The assumptions are summarised in the appendix. The power consumption values that were derived for these cases are shown in Table 1.
Table 1 - Relative power consumption for cases 1 and 2

	Case
	Normalised power consumption value (units)

	Case 1
	27.15

	Case 2
	42.40


The UE power consumption was also analysed for cases where RRM measurements are not performed every DRX cycle: this is the case where there is a relaxation in the number of samples per measurement period. For the case where there is one RRM measurement per 2 DRX, the power consumption timeline is as shown in Figure 3. Based on the timeline shown in Figure 3, it should be evident how the timeline can be derived for RRM measurements for 4 DRX and how the timeline can be derived for case 2.
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Figure 3 – Power consumption timeline for “case 1” with one RRM measurement per 2 DRX

The power savings for performing fewer measurements, as per Figure 3, are shown in Table 2.

Table 2 - Relative power consumption for reduced measurement frequency

	Case
	Measurement per 1 DRX
	Measurement per 2 DRX
	Measurement per 4 DRX

	Case 1
	27.15
	24.65 (9% power saving)
	23.40 (14% power saving)

	Case 2
	42.40
	32.28 (24% power saving)
	27.21 (36% power saved)


Note: baseline for power saving percentage is the “measurement per 1DRX column”. E.g. power saving for “measurement per 2 DRX” for case 2 = 1-32.28 / 42.40 = 24%

The following observations are made:

Observation 1: Reducing the frequency of measurement sampling can reduce power consumption by between 14 and 36%.

Observation 2: Our power consumption analysis methodology in consistent with other companies in RAN1.
The downside of reducing the frequency of measurement sampling is a loss of accuracy in the measurement results. This loss of accuracy can be compensated for by basing measurements additionally on other reference signals (i.e. on reference signals beyond those available in the SSB). Such schemes have been captured in section 5.3.3 of TR38.840 [2].
3. Reduction in inter-frequency measurements
The number of inter-frequency layers in NR can be quite high for the cases of either a frequency reuse pattern or the use of hotspots / pico-cells using a dedicated frequency. Power consumption in the UE can be reduced if the number of inter-frequency measurements is reduced. This section considers the power consumption associated with performing inter-frequency measurements.

NR allows for flexible configuration of measurement gaps and inter-frequency measurements. Inter-frequency measurements are performed in SMTC windows in measurement gaps (depending on UE capability) in neighbour cells. In this section, we assume that the SMTC windows and measurement gaps are configured to allow the UE to consecutively measure neighbour cells and the serving cell prior to the DRX_ON period. 
The analysis in this section assumes the “case 2” UE behaviour shown in Figure 2. The power consumption analysis for this UE behaviour was analysed with a 40ms DRX cycle, 4ms DRX on duration, 30KHz SCS, 4ms SMTC duration (for both serving cell measurements and inter-frequency measurements), 20ms SMTC period, using the power model in [2].
The power consumption timeline assumed in this analysis is shown in Figure 4 for case 2 and for two inter-frequency measurement layers. The power consumption model applied for performing inter-frequency measurements is consistent with that in TR38.840 [2], including the switching times and transition energies associated with performing measurements on the different inter-frequency layers.
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Figure 4 - Power consumption timeline for inter-frequency measurements

The power consumption was analysed for case 2 behaviour (Figure 2) for various numbers of inter-frequency measurement layers and for the cases of one measurement per DRX cycle and the case of one measurement per 2 DRX cycles. The results of this power consumption analysis are shown in Table 3.
Table 3 – Power consumption as a function of the number of inter-frequency layers

	Number of inter-frequency layers
	Power consumption for 1 measurement per DRX
	Power consumption for 1 measurement per 2 DRX

	0
	42.4
	32.3

	1
	58.4
	40.3

	2
	73.9
	48.0

	3
	86.3
	54.2

	4
	99.6
	60.8

	5
	112.9
	67.5

	6
	126.2
	74.2


Even for a small number of layers, there is significant power consumption reduction gain. For example, for the case of 1 measurement per DRX, there is a 21% power reduction from measuring 1 inter-frequency layer compared to measuring 2 inter-frequency layers. A 24% power reduction is achieved by reducing the number of inter-frequency measurement layers from 4 to 2 (1-73.9/99.6 = 26%).

Observation 3: Reducing the number of inter-frequency layers from 2 to 1 reduces the power consumption by 21%. Reducing from 4 layers to 2 reduces the power consumption by 26%.

There is clearly a motivation to reduce the number of inter-frequency layers that the UE must measure. A potential method to reduce the number of inter-frequency layers is to make the inter-frequency layer measurements conditional on the cells or frequencies that the UE is currently measuring. This approach is further described in our RAN2 document [6] and is described briefly in the following text.
Inter frequency measurements are performed by the UE based on its measconfig. For example (Figure 5), a UE may be configured to perform measurements on frequencies f2, f3, f4, f5 while camped on a cell on freq f1. UE will tune its receiver to these frequencies during the measurement gaps, which are configured by the network. In this case, UE will attempt to measure four frequencies, in addition to the serving cell frequency.
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Figure 5: Performing inter frequency measurements with multiple frequencies in the neighbourhood

Now going back to Figure 1, there is no point for UE 1 to measure frequency f3 and f5. At the same time, there is no point for UE3 to measure freq f2 and f4. Based on the results of Table 3, UE1 or UE3 could save 26% in power consumption if they did not measure these pointless frequencies (i.e. reduced the number of inter-frequency measurement layers from 4 to 2).
The current RRM approach (RAN2) allows frequency specific priority. One approach could be that the network decides on appropriate inter frequency measurements for UE 1 and UE 3 in this example. However, the network can decide only based on UE measurement reports, which might lead to more power consumption. The other approach could be that frequencies to be measured are made conditional on the detected cell/frequency and their existence in the neighbourhood.

Considerations of priority and making inter-frequency measurements conditional on which other cells / frequencies are observed are within the scope of RAN2. RAN2 just needs to be aware of the range of power consumption reduction that is possible with a reduction in inter-frequency measurements: RAN2 can get the necessary information from the results in TR38.840 or via an LS from RAN1.
Observation 3: Methods to reduce the number of inter-frequency measurements are within the scope of RAN2.

4. Relaxation of RRM measurements through knowledge of beam configurations 

As a specific aspect related to the number of measurement samples one can conclude that for certain UE implementations the number of beams used for measurements may be large. The UE power consumption due to RRM measurements will scale with the number of beams used for measurements. Hence there would be a potential UE power consumption saving in case the UE during a measurement occasion could reduce the number of receive beams. 
It is expected that a UE will in certain conditions have good knowledge about suitable receive beam configuration, which means a specific beam can be reused for subsequent measurements. One example may be a UE in RRC CONNECTED state has determined a suitable receive beam configuration, and when switching to RRC IDLE/INACTIVE states the UE will be able to reuse this information in case suitable conditions according to section 3 have been determined. When reusing the receive beam configuration, power saving is achieved due to avoiding unnecessary measurements in other beam directions. 
Observation 4: A UE switching from RRC CONNECTED state to RRC IDLE/INACTIVE state will have knowledge of a suitable receive beam configuration. 
Proposal 1: In certain conditions the UE can relax RRM measurements by reusing previously known beam configurations, and avoiding unnecessary measurements in other beam directions.
It can be expected that channel conditions change over time. Thus, a UE relaxing its RRM measurements by reusing previously known beam configurations can only perform this during a limited time duration. Furthermore, if the measurement result indicate a worsening of RRM conditions (e.g. RSRP conditions are unfavourable, e.g based on S-criteria) then the UE shall monitor additional receive beam directions or fallback to the legacy RRM measurement. Such RSRP threshold should be controlled by the network
Proposal 2: Previously known beam configurations can be used for up to a set time duration, subject to measurement results not degrading below an RSRP threshold. 
5. Summary of results for inclusion in TR38.840 
The following table (Table 4) provides a summary of the results in this Tdoc in the agreed format [3] for inclusion in TR38.840.

Table 4 – Summary of results for inclusion in TR38.840
	
	(0)
	 (1)
	(2)
	
	Evaluation assumptions
	(6)
	(7)
	Note

	
	
	
	
	
	(1)
	(2)
	(3)
	(4)
	(5)
	
	
	

	
	(0) Power saving schemes description

(1) Average power consumption per slot
(2) Power reduction compared to baseline [%]
	
	(1) RRC Idle / connected? RRC Idle/RRC Inactive or  RRC Connected
(2)Measurement period [ms]

(3)number of samples(e.g., SSB bursts) in each MP 

(4) UE speed and channel model

(5) system impact, e.g., overhead

(6) Performance impact, e.g., RSRP accuracy, channel power variation
(7)Additional assumption, e.g., PO and SSB offset,


	

	Sony R1-1902187
	Reduced number of samples per measurement period
	32.28
	24%
	
	Conn
	80ms
	2/slot
	N/A
	None
	-
	
	Baseline power is 42.4 units

	
	Reduced number of samples per measurement period
	27.21
	36%
	
	Conn
	160ms
	2/slot
	N/A
	none
	-
	
	

	Sony R1-1902187
	Reduced number of inter-freq layers measured (1 layer vs 2)
	58.4: 1 layer

73.9: 2 layer
	21%
	
	Conn
	40ms
	2/slot
	N/A
	See note
	-
	
	Note: more non-gap resource is available to UE with fewer measurement gaps
Power consumption averaged over DRX cycle and is also applicable to full measurement period

	
	Reduced number of inter-freq layers measured (2 layer vs 4)
	73.9: 2 layer
99.6: 4 layer
	26%
	
	Conn
	40 ms
	2/slot
	N/A
	See note
	-
	
	


6. Conclusion 

This document has considered power saving in RRM measurements through relaxation of RRM measurements, reduction in inter-frequency measurements and relaxation of RRM measurements through knowledge of beam configurations. 

The following observations and proposals are made:

Observation 1: Reducing the frequency of measurement sampling can reduce power consumption by between 14 and 36%.

Observation 2: Our power consumption analysis methodology in consistent with other companies in RAN1.
Observation 3: Reducing the number of inter-frequency layers from 2 to 1 reduces the power consumption by 21%. Reducing from 4 layers to 2 reduces the power consumption by 26%.

Observation 4: A UE switching from RRC CONNECTED state to RRC IDLE/INACTIVE state will have knowledge of a suitable receive beam configuration. 
Proposal 1: In certain conditions the UE can relax RRM measurements by reusing previously known beam configurations, and avoiding unnecessary measurements in other beam directions.
Proposal 2: Previously known beam configurations can be used for up to a set time duration, subject to measurement results not degrading below an RSRP threshold. 

Table 4 provides a summary of results from this Tdoc formatted for direct inclusion in TR38.840.
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8. Appendix: Assumptions used in analysis
The assumptions used in our analysis are taken from [2] and are consistent with the assumptions used in [4]. The assumptions used are defined in the following tables:
	Parameters
	Time duration (ms)

	NR DRX on duration 
	TDON = 4

	NR SMTC window 
	TSMTC = 4

	NR SMTC period
	TSP = 20

	Light sleep time for Case 2
	TLS2 = 6

	DRX cycle length
	TCYC = 40
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In summary, the following powers were assumed for various power states:

Table 5 - Summary of power consumption values

	Power state
	Power consumption (units)

	Deep sleep
	1

	Light sleep
	20

	Micro sleep (transitions in inter-frequency measurements)
	45

	SSB processing (intra-frequency measurements)
	150

	SSB processing (inter-frequency measurements)
	150

	DRX_ON processing
	100
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