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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#94bis, power saving about RRM measurement was discussed and the following contents were agreed [1]:
Agreements:
· Further study on relaxing/adapting RRM measurement for UE power saving, 
· Relaxing/adapting the number of RRM measurements in time domain for serving cell and neighbor cells based on certain conditions, e.g., number of SSB/CSI-RS/measurement occasions.
· Relaxing/adapting the number of measured cells/frequencies for neighbor cells based on different conditions 
· Schemes considered should disclose the mechanism used to determine the mobility/speed assumed
· FFS conditions, e.g., channel condition, UE location, UE speed, measurement configuration, measurement results, cell type, etc.
· FFS impact on measurement/mobility performance
· Relaxed/adapting measurement report (if any)
· Other solutions are not precluded.
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 measurement objects 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 three aspects.
RRM measurement period adjustment 
In RAN1#94bis, it has been agreed that relaxing/adapting the number of RRM measurements in time domain for serving cells and neighbor cells based on certain conditions. Considering that RRM measurements of idle/inactive UE for serving cell and neighbor cells are performed in cycles, in most of the conditions, UE performs the same measurement frequency. 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 no impact on cell reselection if the UE uses larger serving cell measurement period. For example, with reduction frequency of measurement for these UEs satisfying these conditions, if the serving cell measurement relaxes to every 2 DRX cycle from every one DRX cycle, 50% percent power is saved. It is similar to the case that the channel quality of a neighbor cell is bad so that the UE will not reselect it as a potential serving cell. Therefore, the above conditions can be considered as the first step to enable adjustable RRM measurement period for power saving. To judge whether the conditions are satisfied, threshold based mechanism can be considered as a starting point.
Proposal 1: Study the referred conditions to enable adjustable RRM measurement period as a first step.
Reduction in number of SSBs, cells and frequencies for RRM measurement 
[bookmark: _GoBack]In RAN1#94bis, it has been agreed that relaxing/adapting the number of RRM measurements in time domain for serving cells and neighbor cells based on certain conditions e.g., number of SSB/CSI-RS/measurement occasions. In RRC_Idle/Inactive state, when the channel quality of serving cell is above a threshold, only serving cell measurement needs to be performed. UE may perform measurement on all SSBs in a half radio frame to derive cell measurement quantity. 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 1. 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. However, the adjacent beams should be provided to UE by gNB assistant information. Consequently, compared with measuring all the SSBs, the UE power consumption can be reduced with only measuring part of SSBs. However, how to provide assistant information to the UE should be considered to reduce the system overhead.


Figure 1 UE location beam and adjacent beams
Based on this, if UE only performs the RRM measurement in serving cell for intra frequency measurement, it will reduce about 75% power consumption according to above example since UE only measures 25% SSBs for RRM measurement. If UE perform the 4 cells for intra frequency measurement, it will reduce about 5% power consumption for synchronous case because the serving cell only performs part of SSBs measurement. Since there are no FR2 parameters, the evaluation is based FR1 evaluation models and FR2 SSB number. So this solution is beneficial for smaller cell number of intra-frequency measurement.
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 RRC_Connected state, gNB configures measurement objects (MOs) for UE to measure. Corresponding to each MO, the cell list may be provided to the UE. Power consumption is directly proportional to the number of neighbor cells and neighbor frequencies. For example, based on the discussion on intra-frequency measurements power model, with reduction number of intra-frequency cell measurement from 8 to 4, about 20% power is saved for FR1 in synchronous case (slot-average power reduction from 150 to 120). The current L3 measurement is based on SSB and CSI-RS, which have directional information due to the beam. For a UE in a serving cell with X beams and Y neighbor cells, the number of neighbor cells in the list can be reduced to Y/X in probability. So if the directional information can be exploited to reduce the number of neighbor cells and neighbor frequencies, it is beneficial for UE power saving.  
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 further study.
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. 
For SSB based RRM measurement, it 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 broadcast 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 1a, CSI-RSs may uniformly distribute in the time domain. Each CSI-RS to measure 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 1b. 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 coldRF 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 shown in Figure 1 and assuming 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 1b, 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.
[image: ]
Figure 1a Demonstration of the uniformly distributed CSI-RS
[image: ]
Figure 1b Demonstration of the 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.
Conclusions
The following proposals are made.
Proposal 1: Study the referred conditions to enable adjustable RRM measurement period as a first step.
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 further study.
Proposal 4：Optimization on the configuration of CSI-RS transmission for RRM measurement 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
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