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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#95, power saving about RRM measurement was discussed and the following contents were agreed [1]:
Agreements:
· [bookmark: _Hlk530059834]For intra frequency and/or inter frequency measurement, the following approaches are to be studied for UE power saving in time domain, including impact on mobility performance
· Increasing measurement period
· Reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window)
· Confining RRM measurements within a measurement window and increasing the periodicity of the measurement window for intra frequency and/or inter frequency measurement
· Other approaches are not precluded
· Note: this does not necessarily mean that the techniques studied will have spec impact
This contribution focuses on the study of UE power consumption reduction in RRM measurements based on the above agreements.
[bookmark: _Ref129681832]Discussion 
[bookmark: OLE_LINK1]RRM measurement is one of most power consuming function for UE, which is used for managing mobility. For RRM measurement, the power consumption is directly proportional to the measurements frequency and the number of measured quantities including SSBs, cells, frequencies and so on. The power consumption is also affected by the measurement configuration from the network. For each measurement result, which may be obtained through multiple measurement samples, a straight forward way to reduce power consumption for measurement is to reduce the measurement samples when the accuracy should also be guaranteed. New measurement methods may also be proposed to reduce power consumption in RRM measurements. In the following, we discuss the power consumption from four aspects.
RRM measurement period adjustment 
A Rel-15 UE which is in idle/inactive mode performs RRM measurements for serving cell and neighbor cells in cycles. In most of the conditions, how often a UE performs measurements doesn’t change. However, when the UE is in low mobility state, it may not need to perform cell measurement frequently. Especially if the channel quality of the serving cell is good enough over time the UE will not perform neighboring cell measurement and cell reselection. It means that there is little impact on cell reselection if the UE uses larger serving cell measurement period. In RAN1#95, it has been agreed that 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. And it has also been agreed that increasing the measurement period is one of the power saving approaches.


Based on the analysis and the agreement, RRM measurement can be relaxed in time domain when certain conditions are satisfied. For example, the channel quality can be taken as the condition. The UE measures the serving cell every 1 DRX cycle (if the periodicity of SMTC  20ms or the length of DRX cycle  0.64s) according to RAN4 requirement. If the RSRP and/or RSRQ of the serving cell is good enough, e.g. is larger than a threshold X, the RRM measurement may be relaxed to every 2 DRX cycles from every one DRX cycle, then 50% percent power is saved. Because high RSRP and/or RSRQ usually means that the UE is at the center of the serving cell, the UE will not reselect to another cell in a short time. Thus the RRM measurement can be relaxed. If the RSRP and/or RSRQ of the serving cell becomes bad, e.g. less than a threshold X, the RRM measurement may be recovered to every 1 DRX cycle. Since low RSRP and/or RSRQ usually means that the UE has moved to cell edge. Similar relaxation method can also be applied to neighbor cell measurement.
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	(a) 3km/h RSRP accuracy 
	(b) 30km/h RSRP accuracy


Figure 1: RSRP accuracy performance evaluation-TDLC L3 filtered
To evaluate the accuracy of measurement based on SSB and whether affected by the measurement periods (MP), simulation has been done. Both 3km/h UE speed and 30km/h UE speed cases are evaluated. Other simulation assumptions are given in Table A-1 in Annex.
According to the simulation results in Figure 1(a) and Figure 1(b), the measurement accuracy of SSB-RSRP with 5 samples are almost not affected by the increased measurement periods. Therefore, UE power consumption can be reduced by increasing up to a certain value the measurement period without sacrificing measurement accuracy for mobility UE. In this simulations, UE moves from one side to another side of cell and it has different RSRPs and SINRs for different UE positions. When UE has high mobility speed in a cell, the measurement sample number of the UE will become smaller than that of the UE with low mobility speed. So the curves for MP=1600ms and MP=800ms are not as smooth as for MP=200ms in Figure 1(b). To conclude, the simulation results are aligned with the agreement in RAN1 #95, i.e. the relaxation only has negligible impact on accuracy.
Proposal 1: The threshold based mechanism for RRM relaxation in time domain can reduce power consumption while having little impact on the measurement accuracy.
Reduction in number of SSBs, cells and frequencies for RRM measurement 
In RAN1#95, it has been agreed to study reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window). In RRC_Idle/Inactive state, when the channel quality of the serving cell is above a threshold, such as criterion S, only serving cell measurement is performed and the neighbor cell measurement is not performed for UE. So power consumption reduction of serving cell measurement should be included in the study of power consumption reduction in RRM measurement and the power saving gain should be evaluated. 
The first evaluation is the number of UEs for which the neighbor cell measurement is not performed and only serving cell is performed in an area. According to the section 5.2.3.2 of Specification 38.304, when Qrxlevmeas is larger than the Qrxlevmin, UEs will not perform neighbor cell measurement. Qrxlevmin is set to be -120dBm in the simulation assumptions which is up to gNB implementation with a typical value of -130dBm~-120dBm based on assumptions in Table A-2 in Annex-2. The system simulation results in Figure 2 show that almost 100% UEs in LOS scenario need not to perform neighbor cell measurement and almost 70% UEs in NLOS scenario need not to perform neighbor cell measurement based on assumptions in Table A-2 in Annex-2 and Table A-3 in Annex-3. These UEs only perform serving cell measurement which  is important for power consumption reduction of serving cell measurement.
[image: ] 
Figure 2: RSRP vs. number of UEs CDF in a cell
Observation: Most UEs in a cell only perform serving cell measurement and do not perform neighbor cell measurement in the evaluated cases. 
For serving cell measurement, UE may perform RRM measurement on all SSBs of the serving cell in a half radio frame to derive cell measurement quality. Power consumption will be reduced if the number of SSBs to be measured is reduced with gNB assistant information, especially for UE in mobility state. One solution is that for RRC_Idle/Inactive state UE, the adjacent beams represented by SSBs can be provided to UE when UE selects one SSB to receive associated data information. The SSB represents the UE location beam, as shown in Figure 3. When UE performs the RRM measurement located the area where beam #0 represented by SSB #0 covers, only the RSRPs of SSB #0, SSB #1, SSB #6, SSB#7 can be measured by UE. The other SSBs is not needed to be measured for the UEs covered by SSB#0.For the UE in SSB#0~15, the corresponding measured adjacent SSB numbers are 4, 6, 6, 4, 6, 9, 9, 6, 6, 9, 9, 6, 4, 6, 6, 4. So the averaged adjacent SSB number to be measured is 7 in the cell.  Since power consumption for one SSB detection is 0.75 of 2 SSB power consumption in one slot, assume the adjacent SSBs is in different slot with each other and 2 SSBs is in a slot for all SSB, the averaged power consumption for adjacent SSB measurement is 0.75*7/(16/2)=0.66 compared with all SSB measurement and the percentage of power saving gain is 34%. 
Similarly with the case 16 SSBs in a cell, Table 1 gives power saving gain when UE only measure the adjacent SSBs for different SSB number in a cell. In Table 1, the numbers in the brackets denote the row number and column number of rectangle beam array, for example 20(4, 5) denotes rectangle beam array in a cell has 20=4*5 beams and 4 is array row number and 5 is array column number. As shown in table 1, more SSBs in a cell, the power saving gain will be larger. When the SSB number is 64 in a cell, about 81% power for adjacent beam measurement is saved compared with all SSB measurement. So the adjacent beam information should be provided to UE by gNB assistant information to reduce the RRM measurement power consumption. However, how to provide assistant information to the UE should be considered to reduce the system overhead.


Figure 3 UE location beam and adjacent beams

Table 1: UE power saving gain for adjacent SSB measurement
	All SSB number in a cell
	Averaged adjacent SSB number to be measured
	Percentage of Power saving gain
	All SSB number in a cell
	Averaged adjacent SSB number to be measured
	Percentage of Power saving gain

	8(2,4)
	5
	19%
	28(4,7)
	7
	62.5%

	9(3,3)
	6
	26%
	30(5,6)
	7
	65%

	10(2,5)
	6
	20%
	32(3,8)
	7
	67%

	12(3,4)
	6
	25%
	35(5,7)
	8
	66%

	14(2,7)
	6
	36%
	36(6,6)
	8
	67%

	16(4,4)
	7
	34%
	40(5,8)
	8
	70%

	18(3,6)
	7
	42%
	42(6,7)
	8
	71%

	20(4,5)
	7
	48%
	48(6,8)
	8
	75%

	21(3,7)
	7
	50%
	49(7,7)
	8
	75.5%

	24(4,6)
	7
	56%
	56(7,8)
	8
	78.6%

	25(5,5)
	7
	58%
	64(8,8)
	8
	81%



Proposal 2: Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement.
In RAN1#94bis, it has been agreed that relaxing/adapting the number of measured cells/frequencies for neighbor cells based on different conditions. In RRC_Idle/Inactive state, when the channel quality of serving cell becomes worse, UE needs to find new suitable cell to camp on. Therefore, UE needs to perform intra/inter frequency neighbor cell detection and measurement for cell reselection. The related cell reselection parameters are configured through system information. 
In the last RAN1 meeting, we have following observations.
	Observation:
•	Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving due to at least the followings, 
· Assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· Assuming number of neighbouring cells to be measured is reduced.
•	For UE power saving perspective, reducing the need in neighbour cell intra-frequency measurement can be beneficial.



The observation supports that power consumption can be reduced if the number of neighbor cells and neighbor frequencies can be reduced. However, whether and how the number of neighbor cells and neighbor frequencies can be reduced needs further study. 
When a UE is camping on a cell, it reads SI from a specific SSB index, i.e., the UE has directional information due to the beam. Considering that FR2 is used and that there is a large impact caused by shadowing, directional information may be more useful. In the following, we evaluate a simplified scenario to show that using the directional information can be useful to reduce the numbers. In Fig.  4, there are 7 cellular cells with 200 m BS distance and operating in FR2. Every cell has 3 sectors, with 32 TX beams.  100 UEs are randomly distributed in the center cell, equipped with 32 RX beams forming from 8 receive antennas. To simulate a real shadowing scenario with building, we locate a square building with side length of 75 meters. 
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Figure 4 Simulation scenario
Consider that the concrete losses parameter (L = 5+4f) is obtained from Table 7.4.3-1 in TS 38.901. When RSRP of best beam is lower than -140dB, the cell is considered as undetectable. Then the distribution of number of detectable neighbor frequencies/cells is shown as in Figure 5.
[image: ]
Figure 5 Distribution of number of detectable neighbor frequencies/cells
In Figure 5, the statistic results of number of neighbor frequencies/cells that can be detected are provided, where the UE is located in  the center cells. From Figure 5, it can be observed that about 2% UEs in center cell can only detect 3 neighbor cells, about 16% UEs can detect 4 neighbor cells, about 43% UEs can detect 5 neighbor cells, and about 39% UEs can detect all 6 neighbor cells. In other words, in the scenario with one building as obstacle, only 39% UEs in the cell need to detect all 6 neighbor frequencies/cells. 
Besides, we also count the detected neighbor frequencies/cells under each beam. In sector 1 where the obstacle is located, almost all UEs cannot detect cell 2 blocked by the obstacle. Under coverage of a given SSB index, the frequencies list detected are quite similar.  Considering the distribution of number of detectable neighbor frequencies/cells, 60% UEs have chances to avoid up to 3 new frequencies detections instead of 6 if UE can know the detected frequencies, if the 6 cells are in different frequencies. Even when the 6 cells are in the same frequency, if the cell ID or SSB to be measured can be broadcasted to UE, UE can reduce the number of neighbor cells to be measured. When more neighbor cells and buildings are located, the differences of neighbor cells and frequencies under different SSB index are larger. The benefit to use this kind of directional information may be larger. 
Proposal 3: Reduction in number of neighbor cells and neighbor frequencies for RRM measurements with the help of directional information from SSB and CSI-RS is considered for power saving.
CSI-RS based RRM measurement for power saving
In RRC_Connected state, RRM measurements for serving cells and neighbor cells are essential to support mobility procedures such as handover, and are performed based on SSB or CSI-RS. 
The SSB based RRM measurement is only performed within SMTC. To be more specific, network ensures that UE can find SSBs sent by each cell on a frequency in SSB based SMTC. So UE is not expected to detect SSBs outside the SMTC window, i.e., SSBs are broadcasted in a concentrated manner by network. With a concentrated configuration manner, measurement gap (MG) can be applied more efficiently.
Similar to the impact of SSB SMTC, CSI-RS transmission also benefits from a measurement window configuration to restrict the network with a concentrated configuration manner in one carrier. By increasing the efficiency of measurement gap, power consumption is also reduced. Consider the case of CSI-RS based inter-frequency measurement. UE needs the help of MG to perform inter-frequency measurement. If there is no restriction on the time that CSI-RSs are transmitted on one carrier, then in the worst case which is depicted in Figure 6a, CSI-RSs may be uniformly distributed in the time domain. Each CSI-RS to be measured will need one independent MG. Then UE has to frequently retune its RF chain to the inter-frequency carrier which is power-consuming. On the other hand, if CSI-RSs on one carrier is configured in a concentrated manner as depicted in Figure 6b then many CSI-RSs can share the same MG and total number of RF retuning is significantly reduced.
To be more specific, RF retuning not only includes adjustments on hardware such as turning on RF parts but also calculations for related parameters on software. As a result the power consumption of the entire RF retuning procedure is roughly equivalent to the power consumption of measuring a single SSB/CSI-RS resource. Still considering the example that each CSI-RS has a periodicity of 80 ms, it needs 4 gaps per 160 ms for UE to cover all of CSI-RS resource if they are uniformly distributed in time domain. On the other hand, if CSI-RS resources are configured in a concentrated manner as Figure 6b, UE can cover all CSI-RSs by only 2 gaps per 160 ms. Therefore 4 RF retuning procedures are avoided. This will result in an approximately 33% power saving gain. In fact, the power saving gain will be even higher when the number of configured CSI-RSs increases and the periodicity of CSI-RS is shortened.
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Figure 6a Uniformly distributed CSI-RS
[image: ]
Figure 6b Concentrated CSI-RS
In summary, in order to reduce power consumption, it is beneficial to constrain the configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner. So we propose:
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 4：Optimization on the configuration of CSI-RS transmission for RRM measurements should be discussed in Rel-16, e.g., applying constraints on the configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner.
[bookmark: _GoBack]Conclusions
The following observation and proposals are made:
Observation: Most UEs in a cell only perform serving cell measurement and do not perform neighbor cell measurement in the evaluated cases. 
Proposal 1: The threshold based mechanism for RRM relaxation in time domain can reduce power consumption while having little impact on the measurement accuracy.
Proposal 2: Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement.
Proposal 3: Reduction in number of neighbor cells and neighbor frequencies for RRM measurements with the help of directional information from SSB and CSI-RS is considered for power saving.
Proposal 4：Optimization on the configuration of CSI-RS transmission for RRM measurements should be discussed in Rel-16, e.g., applying constraints on the configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref509935171][bookmark: _Ref521701800][bookmark: _Ref462417461][bookmark: _Ref525329780]3GPP RAN1#95, Chairman’s note, Nov. 2018.

Annex-1 : Simulation assumption for RSRP accuracy
Table A-1: Simulation assumptions for RSRP accuracy
	Simulation parameters
	values

	Reference Signal
	SSS

	Scenarios
	UMa

	Channel model
	TDL-C Low 100ns 10Hz
1X2

	Subcarrier spacing/carrier frequency
	30 KHz/4GHz

	Measurement period
	200ms，800ms，1600ms

	Number of measurement samples per measurement period (MP)
	5

	Inter-BS distance(ISD)
	500m

	Number of SS blocks per SS burst set/ SS burst periodicity
	6

	BS transimter power
	46 dBm

	BS antenna element gain + connector loss
	6.5dBi

	L3 filter
	Defined in section 5.5.3.2 in 38.331

Where a = 1/2(k/4)   and k=1

	Evaluation metric
	Delta RSRP(dB) = measured RSRP – ideal RSRP



Annex-2 : Parameter assumption for criterion S
Table A-2: Simulation assumptions for criterion S
	Qrxlevmin
	-128 (dBm)

	Qqualmin
	infinite

	Qrxlevminoffset
	0

	Qqualminoffset
	0

	Pcompensation
	0 (UE not support)

	Qoffsettemp
	0


Annex-3 : Simulation assumption for RSRP accuracy
Table A-3: Simulation assumptions for RSRP accuracy
	Simulation parameters
	values

	Reference Signal
	SSS

	Scenarios
	Umi-LOS/ Umi-NLOS

	Subcarrier spacing
	120 KHz/30GHz

	Measurement period
	200ms

	Number of measurement samples per measurement period (MP)
	5

	Inter-BS distance
	200m

	Number of SS blocks per SS burst set/ SS burst periodicity
	32

	L3 filter
	Defined in section 5.5.3.2 in 38.331

Where a = 1/2(k/4)   and k=1

	Evaluation metric
	Delta RSRP(dB) = measured RSRP – ideal RSRP
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