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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. 

Agreements on UE power saving through reduction of RRM measurements were made in RAN1#95 Spokane [3] and some initial observations were made, including the following, as captured in TR38.840 [2]:

Observation: for certain conditions (e.g., low mobility deployment/UE speed/favorable RSRP conditions), the number of RSRP measurement samples for a given duration (e.g., measurement period / evaluation period) can be relaxed with negligible impact on accuracy achieved by existing Rel-15 measurement.

Observation: 

· For certain conditions (e.g., favorable RSRP conditions, etc.), reducing RRM measurement activities (e.g., measurement, reporting) for a given time period is beneficial from UE power saving perspective for RRC IDLE/INACTIVE/CONNECTED states.
It is apparent that power saving gains through reduction of RRM measurements are only achieved in certain conditions. This document explores why power saving gains might not be achieved under all conditions and considers how the UE or network can determine that conditions are suitable for achieving power saving gains through reduction of RRM measurements.

The document shows that if relaxed RRM measurements cause the UE to not be attached to the correct cell, there are negative implications in terms of UE power consumption and network resource usage.  
The document also discusses specific RRM measurement relaxation via beam monitoring relaxation (e.g. limited number of beam(s)), in case it has been determined that conditions are suitable.
The RAN2 group has not yet spent any time on this study, but we will start at the upcoming RAN2#105 meeting. In this document we will elaborate on the UE power consumption in relation to measurements.

2. Why power saving gains are achieved only in certain conditions

Proposals for power saving gains include (1) reducing RRM measurement activities with a given period, (2) reducing the number of measurement samples for a given duration, (3) increasing the measurement period etc. On the face of it, these schemes would automatically lead to a reduction in UE power consumption (if the UE performs fewer operations and its RF is active for a shorter period of time, its power consumption should be less).

A main reason for the UE to perform RRM measurements is for it to be connected to the best cell. Connection to the best cell minimises power consumption at the UE since when connected to the best cell, the UE should:

· Be able to power control down its transmission, although the UE may well be transmitting at maximum UE transmit power at the cell edge, depending on power control algorithm 

· Transmit using a higher MCS and a larger transport block size, thus minimising the time that the UE is “ON” before its buffers are cleared

· Receive data at a higher MCS and a larger transport block size. Again, this minimises the time that the UE is “ON” before it can return to a lower power state

· Transmit fewer handover signalling messages due to the UE ping-ponging between cells

In order to quantify the power consumption penalty of the UE not being in the correct cell, a simulation  [7] of the FTP3 traffic model was performed, according to the evaluation assumptions for the calibration exercise in TR38.840 [3]. A C-DRX cycle length of 160ms with a DRX_ON period of 8ms and inactivity timer of 100ms were considered. This simulation was performed for the following transport block sizes:

· 868584: this is the TBS used in the calibration exercise in TR38.840

· 14600, 11280, 9216, 7048: these correspond to MCS 3,2,1,0 in a 100MHz system bandwidth

The power consumption for these transport block sizes was determined as was the percentage of time that the UE spends in each of the power consumption states. These results are summarised in Table 1.

Table 1 – Power consumption at cell edge for FTP3 traffic model

	
	
	TBS

	
	State
	868584

calibration
	14600

MCS3
	11280

MCS2
	9216

MCS1
	7048

MCS0

	time
	PDCCH only
	34.50
	30.06
	28.48
	27.18
	24.85

	
	PDCCH + PDSCH
	0.25
	13.74
	17.74
	21.74
	28.46

	
	Micro sleep
	0.02
	0.18
	0.01
	0.01
	0.20

	
	Light sleep
	0.15
	0.05
	0.11
	1.21
	0.09

	
	Deep sleep
	65.09
	55.97
	53.66
	49.86
	46.40

	Power
	Average Power (units)
	38.44
	74.03
	84.30
	94.88
	112.38


Note that the calibration results for TBS = 868584 are in-line with those from other companies in TR38.840 [2]. A full set of calibration results from Sony are provided in [4].

It is evident that, at the cell edge, there is a significant impact on power consumption if the UE is being scheduled with an incorrect MCS (e.g. if MCS0 is used instead of MCS2, the UE consumes an additional 33% of power). This increase in power consumption is due to the UE spending more time in the power-hungry “PDCCH+PDSCH” state and less time in the power efficient “deep sleep” state. The “PDCCH+PDSCH” state is used more often because the UE needs to be scheduled multiple times with smaller transport blocks to transmit the 0.5Mbyte FTP packet to the UE.

The impact on network resource usage is also evident from Table 1: when the UE is given the wrong MCS, the percentage of time that the UE receives PDSCH increases (i.e. the percentage of time that the UE is in the “PDCCH + PDSCH” state increases). In this simulation, whenever the UE is assigned PDSCH, all the time / frequency resources in the cell are used for that UE. Hence an increase in the percentage of time that the UE is in the “PDCCH + PDSCH” state equates to a similar increase in the percentage of network resources used for that UE. E.g. if MCS0 is used instead of MCS2, the network consumes an additional 31% of resources.

It is considered that if the UE ends up in the wrong cell due to inaccurate RRM measurements, and hence is served with a worse MCS in that cell (due to additional pathloss in that cell), UE power consumption and network resource usage can increase significantly.

Observation 1: If the UE is attached to the wrong cell, due to inaccurate RRM measurements, UE power consumption and network resource usage can increase in the order of 30%, due to lower MCS being applied in the wrong cell.
Observation 2: RRM measurements need to be sufficiently accurate to allow the UE to be attached to the best cell. 

3. Determining conditions under which RRM measurements can be relaxed

Section 2 above, showed that it is important that the UE is attached to the correct cell and that RRM measurements need to be sufficiently accurate to allow the UE to attach to the correct cell.

On the other hand, measurements are power consuming.
Based on the agreed observations in RAN1#95 Spokane, the following are conditions under which it may be possible to relax RRM measurements:

· Low mobility deployments

· UE speed

· Favourable RSRP conditions

Low mobility deployments

The “mobility speed” of the deployment depends on the cell size and the speed of UEs in that deployment. Pedestrian speed UEs operating in a small cell may constitute a high speed deployment since the UEs can make many handovers between cells.

The base station has some knowledge of whether it is deployed in a “low speed deployment” or a “high speed deployment”. The base station can then set appropriate parameters and thresholds to control the accuracy of UE RRM measurements.

UE speed

The UE speed can be measured by either the UE or the gNB. Speed measurements can be made based on Doppler, change in RSRP (or other measurements), motions sensors, GPS, information provided by applications (if possible) etc. 

The UE should not be required to make extra measurements in order to determine whether it is operating at a low UE speed or a high UE speed, since these extra measurements would consume power. For example, the UE should not be required to measure positioning reference signals in addition to measuring RSRP, since making the measurements on the positioning reference signals consumes power.

Favourable RSRP Conditions

A UE at the cell centre can relax its RRM measurements since it is unlikely to change cell. Additionally, in favourable RSRP conditions, the MCS applied to the UE is likely to be high and there is likely to be little power consumption penalty from incorrect MCS being applied to the UE (as discussed in section 2). 

What constitutes favourable conditions depends on the deployment, hence the gNB should be able to set thresholds for the UE to relax its RRM measurements. A threshold-based approach has been adopted in LTE for the relaxation of RRM measurements in idle mode [5].
Some further conditions under which the UE might be able to relax RRM measurements include:

· Subscription related information

· Device type

· Mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)
· Side information (e.g. positioning or GPS measurements)
Subscription related information / device type
Some UEs are known to be stationary, e.g. utility meters, CPE etc. Such UEs can be identified either by subscription related information (e.g. on a SIM) or based on known device type.

For UEs that are genuinely stationary, it may be acceptable that the UE has an assigned cell and the UE does not change that cell. In such a case, RRM measurements may be reduced significantly (the network can decide over a long term which the best cell for a UE is).

For UEs that are basically stationary, but can change cell (e.g. low mobility UEs, cases where the network chooses cells over the short / medium term via RRM measurements), it is still important that the UE sends correct RRM measurements to the cell if it is at the cell edge (for the reasons stated in Section 2). Hence subscription related information and device type should not be the only determinant of whether a UE can relax RRM measurements or not. 

Mobility related information / side information

The UE can determine that it is mobile UE from mobility related information (cell change history etc). The UE may also use side information to know that it is mobile (for example application layer measurements from a GPS device or from IMS sensors). In these cases, the UE can independently determine that it is a high-mobility UE and hence relaxation of RRM measurements is not appropriate. 

The mobility state that is derived from this information may be important for the gNB and hence it should be possible for the gNB to control the UE to transmit this mobility state to the gNB. Note that the gNB itself does not know the mobility related information / side information itself (e.g. GPS / IMS measurements may be known at the UE and an application server in the cloud, but not in 3GPP network nodes), but the gNB can use the mobility state derived from this mobility related information.

Based on the discussion above, our general observations are:

Observation 3: The UE should not be required to make extra measurements in order to determine whether it is in a suitable condition to relax RRM measurements.

Proposal 1. The gNB should be able to set thresholds to allow the UE to relax its RRM measurements or not.
Proposal 2. The UE should be able to transmit its mobility state information to the gNB, if requested by the gNB.
4. Relaxation of RRM measurements in multibeam scenario 

Section 3 concluded that there are means to determine suitable conditions for relaxed RRM measurements. For the methods to save power, section 1 mentioned reducing the number of RSRP measurement samples and/or reporting for a given duration. 

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 3: 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. 
Proposal 4: Previously known beam configurations can be used for up to a set time duration, subject to measurement results not degrading. 
5. Conclusion 

This document considers why power saving gains from reducing RRM measurements are only obtained in certain conditions and how the 5G system can determine that conditions are suitable for reducing RRM measurements. It should be possible for the gNB to control the conditions under which the UE relaxes its RRM measurements. 

The following observations and proposals are made:

Observation 1: If the UE is attached to the wrong cell, due to inaccurate RRM measurements, UE power consumption and network resource usage can increase in the order of 30%, due to lower MCS being applied in the wrong cell.
Observation 2: RRM measurements need to be sufficiently accurate to allow the UE to be attached to the best cell. 

Observation 3: The UE should not be required to make extra measurements in order to determine whether it is in a suitable condition to relax RRM measurements.
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. The gNB should be able to set thresholds to allow the UE to relax its RRM measurements or not.
Proposal 2. The UE should be able to transmit its mobility state information to the gNB, if requested by the gNB.
Proposal 3: In certain conditions the UE can relax RRM measurements by reusing previously known beam configurations, and avoiding unnecessary measurements in other beam directions.
Proposal 4: Previously known beam configurations can be used for up to a set time duration, subject to measurement results not degrading. 
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