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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
From the RAN1 power saving SI phase (RAN1#94bis – RAN1#96), power saving about RRM measurements was extensively studied. Many schemes of reducing RRM measurements were proposed and evaluated, and considerable power saving gains were observed for some of the schemes, as captured in the TR 38.840 [1].
To ensure a limited impact on UE mobility performance, RAN2 is studying the feasibility and impact of reducing RRM measurements, and the following agreements were achieved in RAN2#105bis [2]:
	 Agreements of RAN2#105bis: 
1. RAN2 evaluates RRM measurement relaxation in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE.
2. RAN2 to evaluate relaxed monitoring criteria under which the UE may relax RRM measurements. The relaxed monitoring criteria may include the following aspects, but are not limited to:
•	UE mobility status (e.g. serving cell variation, speed, movement, direction, cell (re-selection, UE type …)
•	Link quality (e.g. serving cell threshold/quality, position in cell, …)
•	Serving cell beam status (e.g. beam change, direction, beam specific link condition…)
3. Serving cell measurements are not excluded from the evaluation of relaxed RRM measurements for now.


In this contribution, based on the already achieved RAN1 and RAN2 agreements, we give a summary of this topic and discuss our proposed schemes of reducing RRM measurements from RAN1 perspective, and the relationship between power saving signal/channel and RRM measurements. 
[bookmark: _Ref129681832]Discussion of RRM power saving schemes
Periodic RRM measurements are to guarantee that a UE can timely (re)select/handover to a new cell when the UE moves between cells, so that the UE can keep good performances (throughput and latency). It includes measurements on both the serving cell(s) and intra-/inter-frequency neighbor cells. It has been shown that RRM measurements consume a lot of power, however, some of which are unnecessary especially for, for example, the stationary/low mobility UEs and UEs locating far from the cell edge. Besides, improper measurement configurations may cause UE frequent wake-ups and/or RF tunings (e.g., inter-frequency measurements in gaps), which also contributes a lot to the RRM power consumption. 
In the TR 38.840 [1], the identified schemes of reducing RRM measurements are categorized into several aspects, and two main aspects of which that are discussed by lots of companies are shown in the following: 
	[bookmark: OLE_LINK9]TR 38.840 5.3.1 Adapting/Relaxing RRM measurement in time domain
[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)s
-	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
[bookmark: OLE_LINK12]TR 38.840 5.3.2/5.3.4 Adapting/Relaxing intra-/inter-frequency measurements
It is observed that the following mechanisms can be beneficial in achieving the UE power saving,
-	Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving, 
-	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.

Observation:
2 sources show that reducing the number of measured inter-frequency layers can provide 21~38% power saving gain for RRC CONNECTED states, and 1 source shows 4%-35% power saving gain for RRC IDLE states by assuming reducing inter-frequency layers from 6 to 3. The mobility performance impact is not provided.


In the following, we discuss the RRM power saving schemes by focusing on the above two aspects. 
Reducing RRM measurements in time domain
Threshold based RRM measurement period adjustment 
In RRC_Idle/Inactive state, the measurement period of the serving cell is at most one or two DRX cycles based on the SMTC periodicity and DRX cycle length, according to the requirement defined in TS 38.133 [3]. When a UE is at the edge of the serving cell, the defined measurement rate of serving cell should be satisfied for the mobility requirement. However, when the UE is moving or staying in a good coverage, the frequent measurement of the serving cell seems to be unnecessary and can be relaxed.
[bookmark: OLE_LINK30][bookmark: OLE_LINK29][bookmark: OLE_LINK13]In Rel-15, the measurements of the intra-/inter-frequency neighbor cells can be cancelled temporarily if the measurement results of the serving cell are higher than certain thresholds. For example, the intra-frequency measurements are not required if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ. When only the serving cell needs to be measured and the measurement result of the serving cell is good enough, such as larger than a threshold X, then it is safe to increase the measurement period of the serving cell by a factor of N times, especially when the DRX cycle is very short (e.g., 0.32s and 0.64s). Because good measurement results usually mean 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 of the serving cell can be relaxed. If the measurement of the serving cell degrades, e.g. less than the threshold X, the RRM measurement of the serving cell falls back to normal frequency of measurements according to the current requirement, since the serving cell measurement is also required by the UE to determine whether to perform neighbor cell measurements. 
Even when the UE needs to measure both serving cell and neighbor cells at the same time, the UE can increase the measurement period of the serving cell. For example, while the RSRP of the serving cell is larger than a threshold X1, the UE can increase the measurement period of the serving cell to be equal to the measurement period of the intra-frequency neighbor cells. The reason is that the UE needs both the results of the serving and neighbor cells to evaluate the rule of cell reselection, and the current maximum measurement periods of the neighbor cells are larger than that of the serving cell [3]. And the UE recovers to use the current measurement rate for the serving cell if the RSRP of the serving cell is less than the threshold X1. 
[bookmark: OLE_LINK8]Proposal 1: The threshold based mechanism for relaxing the serving cell RRM measurement period is considered in the UE power saving WI.
[bookmark: OLE_LINK21]As captured in the TR 38.840 [1], this scheme can achieve large power saving gains while having little impact on the measurement accuracy when the UE speed is low. 
Note that this scheme basically applies for idle/inactive UEs. Since the s-Measure mechanism in connected state can allow UEs to stop measuring non-serving cells, the similar threshold based approach can also apply for connected UEs to perform serving cell measurement period relaxing. 
Reducing the number of SSBs/beams to be measured
For the serving cell measurement, UE may perform RRM measurement and convergence loop 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. One solution is that for RRC_Idle/Inactive state UEs, the adjacent beams represented by SSBs are provided to the UE when the UE selects one SSB to receive associated data information. The SSB represents the UE location beam, as shown in Fig. 1. For example, when the UE located in the area covered by beam #0 represented by SSB #0 performs the RRM measurement, only the RSRPs of SSB #0, SSB #1, SSB #6, SSB#7 need to be measured by the UE. The other SSBs are not needed to be measured for the UE covered by SSB#0. Similarly, when the UE located in the area covered by beam #1 represented by SSB #1 performs the RRM measurement, only the RSRPs of 6 SSBs including SSB #0, SSB #1, SSB #2, SSB#5, SSB#6 and SSB#7 need to be measured by the UE. So 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. With this method, the averaged adjacent SSB number to be measured is only 7 in the cell which is reduced a lot from total 16 SSB beams. Similar method can be used for 64 and 32 SSBs of a SS burst set. The adjacent beam information can also benefit UE’s pre-sync, beam training and AGC-tuning after waking up in a DRX cycle. 
[image: ]
[bookmark: _Ref536869015][bookmark: OLE_LINK28]Fig. 1 UE location beam and adjacent beam
The corresponding simulation assumptions and evaluation results of this scheme were presented in R1-1905454 [4], which shows attractive power saving gains. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK10][bookmark: OLE_LINK25][bookmark: OLE_LINK19]Proposal 2: Schemes for reducing the SSB measurements are considered in the UE power saving WI. 
· Information on adjacent beams of each SSB is provided by gNB to UE in order to reduce the number of SSBs for RRM measurements.
Introducing CSI-RS measurement window
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 and/or CSI-RS. 
For the inter-frequency measurement object, UE needs the help of measurement gaps (MGs) to perform inter-frequency measurement. At the beginning and end of each MG, UE needs to tune its RF chain to the target inter-frequency measurement object and retune back to the serving cell frequency, respectively. Obviously, the frequent RF tuning consumes lots of power.
The SSB based RRM measurement is only performed within the SMTC measurement window. To be more specific, network ensures that UE can find SSBs sent by each cell on a frequency in the SMTC window. 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, the measurement gap (MG) can be applied more efficiently, i.e., the number of RF tuning required for inter-frequency measurement is guaranteed to be small.
Similar to the impact of SMTC measurement window, CSI-RS based measurement also benefits from a measurement window configuration to avoid UE performing measurements outside the window, and the power consumption can be reduced by reducing the number of measurement gaps. If there is no CSI-RS measurement window, then in the worst case which is depicted in Fig. 2(a), CSI-RSs may be uniformly distributed in the time domain. Each CSI-RS to be measured will need one independent MG. Then the UE has to frequently tune its RF chain to the inter-frequency carrier which is power-consuming. On the other hand, if CSI-RS measurement window is introduced as depicted in Fig. 2(b), then the number of MGs and hence the total number of RF tuning are significantly reduced.
To be more specific, RF tuning 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 tuning procedure is roughly equivalent to the power consumption of measuring a single SSB/CSI-RS resource. 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. 
[image: ]
(a) Uniformly distributed CSI-RS, no CSI-RS measurement window is introduced
[image: ]
[bookmark: OLE_LINK32](b) Concentrated CSI-RS, CSI-RS measurement window is introduced
Fig. 2 Uniformly distributed CSI-RS and concentrated CSI-RS
As captured in the TR 38.840 [1], this scheme can achieve large power saving gains. In summary, in order to reduce power consumption of the inter-frequency measurement, it is beneficial to introduce a CSI-RS measurement window. So we propose:
Proposal 3：Introducing a CSI-RS measurement window is considered in the UE power saving WI.
Adapting/relaxing intra-/inter-frequency measurements
In deployments of cellular networks, the surrounding environment and UE location can greatly affect the number of neighbor cells and frequencies that can be detected by one UE, due to the path losses and shadow fading. However, all the neighbor frequencies need to be provided to the UE even some of them cannot be detected, and one UE needs to search and measure all neighbor cells within the provided neighbor cells’ lists even though some neighbor cells are very weak. As a result, the current mechanism of measuring neighbor cells consumes a lot of power.
Measure neighbor cells based on the serving beam coverage
In our previous document R1-1903430 [5], we evaluated the power saving gains of reducing the number of intra-frequency neighbor cells and the number of frequency layers, and its impact on mobility performance was also analyzed. Based on [5], we have the following observation: 
[bookmark: OLE_LINK11]Observation 1: There exists the possibility to reduce the measurements without degrading the mobility performance.
SSB/CSI-RS index naturally contains some directional information, and it can be used to identify the UE location within a cell. Therefore, one possible way to reduce neighbor cell measurement is to exploit the relative position of the UE in the serving cell identified from the serving beam. 
[bookmark: OLE_LINK18]For the measured beams of a neighbor cell, as shown in Fig. 3, the UE has to measure all the beams of Cell 2 if ssb-ToMeasure is not configured, otherwise, the UE can only measure the specific beams as indicated by ssb-ToMeasure. However, for different UE locations, the beams to measure for a neighbor cell are different. To help a UE to identify the nearby neighbor cell beams, the network can provide some assistance information, e.g., the association between SSB index and ssb-ToMeasure. For example, when a UE is in the coverage of beam 4 of the serving cell, the SSB to be measured of Cell 2 is beam 6, beam 7 and beam 8. If the UE is in the coverage of beam 2 of the serving cell, the SSB to be measured of Cell 2 is beam 4, beam 5 and beam 6. In this way, the UE saves power by reducing the number of SSBs to be measured in one SMTC window and at the same time the mobility impact is little due to the utilization of UE location.


Fig. 3 Relative position between the serving cell beam and the neighbor cell beams
Similarly, this method can reduce the number of measured neighbor cells/frequencies without degrading the mobility performance.  For better understanding, how to use the directional information from reference signals is shown in Fig. 4. For example, if a UE is under the coverage of beam 7, the relative position of UE is in the south of the serving cell. The neighbor cell that is most probably reselected will be Cell 3 on frequency f3. Therefore, there may be no need to measure Cell 2 on frequency f2 and Cell 4 on frequency f4, because there is no possibility for the UE to reselect to these cells far away or even the UE cannot detect these cells. Hence, based on the serving beam coverage, the number of neighbor cells/frequencies to be measured can be reduced without degrading the mobility performance.
[image: 1]
[bookmark: OLE_LINK14][bookmark: OLE_LINK31]Fig. 4 Directional information of reference signals
[bookmark: OLE_LINK2]Proposal 4: Providing additional information (e.g., directional information of reference signals) to reduce measured sets of neighbor SSBs, cells, and frequencies for RRM measurements is considered in the UE power saving WI.
[bookmark: OLE_LINK3]Measure neighbor cells in groups with different RRM parameters
[bookmark: OLE_LINK22][bookmark: OLE_LINK1][bookmark: OLE_LINK4][bookmark: OLE_LINK16][bookmark: OLE_LINK132]The current specification allows a UE to avoid measuring non-serving neighbor cells if the measurement result of the serving cell is higher than certain thresholds (such as SIntraSearchP/s-Measure). When such conditions are not satisfied, the UE has to measure neighbor cells. However, some of the measured neighbor cells may be very weak and have bad RSRP results. These weak neighbor cells have less probability to be reselected or switched to than the measured strong neighbor cells within a short time. Hence, it is safe to temporarily relax the measurement activities for these weak neighbor cells.  However, based on the current measurement and reporting configurations, a UE may conduct the same measurement behaviors for all detected neighbor cells on one measurement object (MO), regardless of various link qualities to different neighbor cells. Therefore, a potential method to reduce the power consumption of measuring neighbor cells is to divide neighbor cells into groups and configure for different groups with different parameters, and the different parameters can be one or multiple of the following: such as the measurement period scaling factors, the smtc, the measurement symbols in the SMTC window such as ssb-ToMeasure, the maxNrofRS-IndexesToReport, the includeBeamMeasurements, and the reportInterval. 
[bookmark: _GoBack]Regarding the neighbor cells’ grouping, there can be several ways. For example, when the neighbor cells on one MO are divided into two groups, a UE can put the neighbor cells whose RSRPs are less than the serving cell’s RSRP minus an offset value, into the “RRM relaxed group” which is relevant to the relaxed RRM measurements and reporting parameters. Besides, the network can control a number N in the measurement configuration and the UE then measures the best N neighbor cells with normal measurement behaviors and measures the other neighbor cells in the relaxed manner. 
By applying the above method, the UE can save power by relaxing the RRM measurements on the weak neighbor cells. Note that the UE can update the best neighbor cells into the “RRM normal group” after the UE obtains the measurement results of all neighbor cells. Thus, the impact on mobility performance by this method can be negligible when UE is stationary or moves slowly. 
[bookmark: OLE_LINK7]Proposal 5: Dividing neighbor cells into groups and configuring for different groups with different RRM parameters is considered in the UE power saving WI.
[bookmark: OLE_LINK5]Relationship between power saving signal/channel and RRM measurements
If DRX is configured, the RRM measurement period in layer 3 is related to DRX cycles. For example, in RRC_connected state, the measurement period can be 5 or 8 DRX cycles. The UE is required to obtain at least one layer 3 measurement result within a measurement period [3]. In layer 1, however, whether or not to perform RRM measurements in a certain DRX cycle or SMTC window is up to UE implementation if only the measurement accuracy required by TS 38.133 is satisfied. 
The power saving signal to indicate UE to mainly reduce unnecessary PDCCH monitoring when DRX is configured is now studied in RAN1 and RAN2. For example, the wake-up signal (WUS) has been agreed in the last RAN2 meeting to be configured before DRX On Duration and can tell UE whether to wake up to monitor PDCCH in the following DRX cycle. If the UE is indicated to sleep in the following DRX cycle, for example when the WUS is not detected, the UE does not need to start the drx-onDurationTimer in this cycle. 
Since how to actually acquire measurement samples in layer 1 is up to UE implementation, and considering that the purpose of RRM measurements is to maintain UE mobility performance, it is reasonable that the UE decides whether to perform RRM measurements even though the UE does not need to wake up to monitor PDCCH in one DRX cycle based on the indication of the power saving signal.  
Impact of power saving signal/channel on CSI-RS based RRM measurements
[bookmark: OLE_LINK33]RRM measurements can be based on SSB and/or CSI-RS. Since the SSB is cell specific reference signal, the UE can perform SSB based RRM measurements based on the current RRM requirements regardless of the power saving signal status. Whereas, for CSI-RS based RRM measurements, the availability of CSI-RS resources depends on the DRX cycle and the DRX status (within/out of DRX active time). Besides, the UE is not required to perform CSI-RS based RRM measurements out of DRX active time, as shown in the following from TS 38.214 [6]. 
	[bookmark: OLE_LINK6]38.214 5.1.6.1.3 CSI-RS for mobility
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.


When the power saving signal is not configured, the UE has to enter active time in each DRX cycle, at least for the On Duration. However, if the power saving signal is configured, the UE may keep sleeping for one or several DRX cycles, causing the decrease of the active time and the loss of RRM measurement opportunities due to the possible absence of CSI-RS resources out of the active time for the DRX cycles that are larger than 80ms. As a result, the measurement accuracy may degrade, and/or the measurement results are delayed. 
To decouple the presence of the power saving signal and the impact of the power saving signal on CSI-RS based RRM measurements, one approach is to ensure that the network provides an enough number of RRM measurement opportunities even when the UE is out of active time. For example, one way is to guarantee the presence of CSI-RS resources during the DRX On Duration regardless of the indication of the power saving signal.  Besides, if UE has to wake up to monitor the power saving signal at a known offset before each DRX On Duration, then it will be beneficial that the CSI-RS resources for mobility are placed as close as possible to the power saving signal, for example, before the On Duration. In this way, if the UE has to perform measurements on the CSI-RS resources but does not need to wake up in the following On Duration, then the UE can enter into deep sleep as early as possible after RRM measurements. Note that there is a specification impact because the UE is now required to perform CSI-RS based RRM measurements out of active time. 
Based on the above analysis, we have the following proposal: 
Proposal 6: The impact of the power saving signal/channel on CSI-RS based RRM measurements is considered in the UE power saving WI.
Conclusions
The following observations and proposals are made:
Proposal 1: The threshold based mechanism for relaxing the serving cell RRM measurement period is considered in the UE power saving WI.
[bookmark: OLE_LINK26]Proposal 2: Schemes for reducing the SSB measurements are considered in the UE power saving WI. 
· Information on adjacent beams of each SSB is provided by gNB to UE in order to reduce the number of SSBs for RRM measurements.
Proposal 3：Introducing a CSI-RS measurement window is considered in the UE power saving WI.
Observation 1: There exists the possibility to reduce the measurements without degrading the mobility performance.
Proposal 4: Providing additional information (e.g., directional information of reference signals) to reduce measured sets of neighbor SSBs, cells, and frequencies for RRM measurements is considered in the UE power saving WI.
Proposal 5: Dividing neighbor cells into groups and configuring for different groups with different RRM parameters is considered in the UE power saving WI.
[bookmark: OLE_LINK27]Proposal 6: The impact of the power saving signal/channel on CSI-RS based RRM measurements is considered in the UE power saving WI.
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In this contribution ,  based on the already achieved RAN1 and   RAN2 agreements ,  we give  a  summar y   o f   this topic and   discuss  our  proposed  schemes of reducing RRM measurements from RAN1 perspective, and  the relationship between power saving signal /channel   and RRM measurements.    2   Discussion  of  RRM  power s aving schemes   Periodic  RRM measurement s   are   to  guarantee   that   a UE can timely (re)select/handover to a new cell  when  the   UE moves between cells,  so that   the   UE can keep   good p erformances (throughput and latency) .   It  includes measurements on both the serving   cell(s)   and intra - /inter - fre quency neighbor cells .   It has  been  shown that RRM measurements consume a lot of power, however,   some of which are unnecessary  especially for , for example,   the  stationary/low mobility UEs and UEs locating far from the cell edge.  Besides,  improper measurement configurations may cause UE  frequent wake - up s   and/or RF tuning s   (e.g.,  inter - frequency measurements in gaps) , which also contribute s   a lot   to the RRM power consumption.    In the TR 38.840 [1], the identified schemes of reducing RRM measurements are categorized into several  aspects ,  and two   main aspects   of which  that are discussed by lots of companies  are shown in the following :   

TR 38.840 5.3 .1  Adapting/Relaxing RRM measurement in time domain   -   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) s   -   Confining RRM measurements wi thin 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  

