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1. [bookmark: _Toc120549591]Introduction
At RAN#80 meeting, new Study Item on UE power saving in NR was approved [1], the objective are as the following,
· Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

· Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
· Network and/or UE assistance information
· Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
· Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics
· Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
· Study the enhancement of higher layer procedures for UE power saving   [RAN2]
· Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure
· Study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

In this contribution, one solution in frequency domain to reduce inter-frequency RRM measurement power consumption will be discussed. 
2. Reduce number of intra-band measured frequencies in inter-frequency measurement
In this section, the reduction of number of measured frequencies in inter-frequency RRM measurements to reduce UE power consumption will be discussed.
2.1 Motivation
In NR, RRM measurements are performed in RRC_IDLE/RRC_INACTIVE for cell selection and reselection and in RRC_CONNECTED for handover. However, the current RRM measurements configuration and procedures can be further optimized for some scenarios, e.g., for inter-frequency RRM measurement with some intra-band frequencies co-site deployed, current Rel-15 procedure in this case will cause some unnecessary measurements and increases the UE power consumption. 
Specifically, for the intra-band carriers deployed on the same site, the propagation characteristics is similar, and it is very likely for UE to get almost the same measurement results, e.g., at least for RSRP. In current Rel-15 inter-frequency RRM measurement framework, if all the carriers in the same band are informed by SIB to UE for measurement, UE has to measure all the carriers and chooses the strongest cell to camp on or handover, even the RSRP measurement results of various intra-band carriers are almost the same. Therefore, in this case, measurements on all the intra-band frequencies are meaningless to UE and this will increase UE power consumption, the number of frequency layers in this case could be reduced without any impact on the system performance. In addition, there may be a UE capability limitation on the number inter-frequency measurements, if UE can reduce the number of measured frequency layers in the same band in this case, UE will have more chance to measure other frequencies in other bands. 
Therefore, for inter-frequency RRM measurement, it is beneficial to reduce the number of measured frequencies in the same band to realize UE power saving without any impact on the system performance.
Proposal 1. For inter-frequency RRM measurement, the number of measured frequencies in the same band should be reduced to realize UE power saving without any impact on the system performance.
2.2 Measurement procedure
As discussed in the above section, the number of intra-band measured frequencies can be reduced in inter-frequency measurements. 
In RRC_CONNECTED state, gNB can configure UE only some of the intra-band frequencies to be measured through dedicated RRC signalling to reduce the UE power consumption. However, in RRC_IDLE, the inter-frequency measurement configuration is carried in system information, and gNB cannot only broadcast some of the measured frequencies.
One way to realize reducing the measured frequency layers is that gNB can configure UE the relationship between different intra-band measured frequencies or measured frequency groups. UE can random selects only one frequency from the associated frequencies or in the same frequency group to measure, and can assume the measurement results, e.g., RSRP, of the frequencies in the same group are the same. The configuration of measured frequency groups or the association relationships can be indicated in measurement configuration information such as system information or measurement object for UEs in RRC_IDLE and RRC_CONNECTED respectively.
For example, there are three co-site deployed intra-band frequencies A, B and C with the same priority. In order to reduce the power consumption on measuring all the frequency layers, gNB could configure UE the association among three frequencies. UE can random select one of the frequency layers such as frequency B to measure, and then UE selects the strongest cell to camp on or handover. In this way, UE can avoid measuring some unnecessary frequencies to realize power saving.
In addition, in current measurement procedure, whether RSRP or RSRQ should be used for cell reselection or handover depends on the network configuration, this inter-frequency measurement relaxation method is suitable at least for the case that RSRP is used for cell reselection and handover. For the case that RSRQ is used for cell reselection and handover, anyway network can control whether to use this inter-frequency measurement relaxation or not based on the practical network conditions.
Proposal 2. For inter-frequency RRM measurement reduction, the measured frequency group and association relationship between the measured frequencies can be indicated to UE in system information or measurement configuration information, and UE can randomly select one of the frequency layers in the same group to perform RRM measurement.
2.3 Impact on mobility and measurement accuracy
Another issue to be discussed is the impact of relaxation of inter-frequency measurements on mobility and measurement accuracy required by RAN4. 
In this inter-frequency measurement relaxation scheme, it is up to gNB to control whether the frequency layers can be reduced. Besides, UE can random select one frequency layer to measure under the condition that RSRP measurement results on different frequency layers are almost the same and UE will select the strongest cell to camp on or handover on the measured frequency layer. That is, the relaxation of inter-frequency measurements will have no impact on mobility performance.
For measurement accuracy, since the measurement samples and periods are the same as the Rel-15 RRM measurements, it is expected that there is no impact on the measurement accuracy required by RAN4. For information, the same idea and design principle have already been adopted in NR, e.g., in R4-1801307 [3], RAN4 agreed that NR supports to configure enabling/disabling intra-frequency measurement on each NR SCell frequency layer considering that, for two serving cell frequency layers within the same band, the intra-frequency measurement results on each serving cell frequency layer could be almost same.
Proposal 3. The relaxation of inter-frequency measurements will have no impact on mobility and measurement accuracy. 
2.4 Evaluation results
[bookmark: _GoBack]In this section, the evaluation results is provided considering the case that reducing 2 measured frequency layers to 1 frequency layer in RRC_IDLE state. The power model and simulation parameters are according to TR 38.840 [2] and summarized in Table 1. UE power consumption in RRC_IDLE may contain several sections: monitoring Paging PDCCH power, receive Paging PDSCH power, Idle power, switching power, cell search power and measurement power. We assume that the paging rate is 10% and cell search is performed every three measurements in this simulation. 
[bookmark: _Ref536869018]Table 1 Simulation parameters
	Frequency Range
	FR1

	SCS
	30kHz

	DRX cycle
	1280 ms

	SMTC
	5ms

	Pre-sync duration
	1 slot

	Paging duration
	1 slot

	Switching time
	1 slot

	Idle power
	1

	Pre-sync power
	100

	Paging rate
	10%

	Cell search power
	150

	Cell search + measure power
	8 neighbor cell: 200 (sync)

	Measure power
	8 neighbor cell: 150 (sync)

	Switching power
	45


The evaluation results are provided in Table 2.
Table 2. Simulation results
	Case
	2 frequency layers to be measured 
	1 frequency layer to be measured

	Power unit per slot
	2.43
	1.77

	Power saving gain
	baseline
	27.2%



From the evaluation results, we can see that if the measured frequency layer can be reduced from 2 layers to 1 layer, the power saving gain will be about 27.2%. If the reducing ratio increases such as only 1/3 frequency layers need to be measured or the total number of frequency layers increase such as reducing 6 frequency layers to 3 frequency layers, the power saving gain will also increase.
Observation 1. The power saving gain is about 27.2% if the number of measured frequency layers reduced from 2 to 1.
3. Conclusions
In this contribution, for inter-frequency measurement, relaxing the number of intra-band measured frequencies is discussed, and the following proposals are made.
Proposal 1. For inter-frequency RRM measurement, the number of measured frequencies in the same band should be reduced to realize UE power saving without any impact on the system performance.
Proposal 2. For inter-frequency RRM measurement reduction, the measured frequency group and association relationship between the measured frequencies can be indicated to UE in system information or measurement configuration information, and UE can randomly select one of the frequency layers in the same group to perform RRM measurement.
Proposal 3. The relaxation of inter-frequency measurements will have no impact on mobility and measurement accuracy. 
Observation 1. The power saving gain is about 27.2% if the number of measured frequency layers reduced from 2 to 1.
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5. Appendix
Table 18: UE power consumption model for FR1 [2]
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)



[bookmark: _Toc3277515]8.1.4.	UE power consumption model for RRM measurements [2]
For inter-frequency measurement:
 The inter-frequency measurement is represented as function of the number of frequency layers:
UE needs to monitor Nf frequency layers within a measurement gap.

Where 
· Ei is either Pfr1*Ns (for FR1) or Pfr2*Ns (for FR2) for each frequency layer i
· Ns is the number of slot over which measurements (for each frequency layer i) are carried out 
· Nf is the number of frequency layers measured
· Et = Pt * Tt, where 
· Pt is the switching power consumption 
· Assume micro sleep power for Pt
· Tt is 0.5ms for FR1 and 0.25ms for FR2 (from RAN4)

It can be simplified to the following if Ei is same across frequency layers (i.e. Ei = E for all i).
E3 = E*Nf + Et*(Nf+1)

Note: RAN4 requirement assumes only one frequency layer per measurement gap.
