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1. Introduction

One of the objectives in the SID is: Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

 In RAN1 #95 meeting, the following observations were approved

	Agreements:

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.


In RAN1 #Ahoc meeting, the following agreements which has RAN 2 impact are achieved.

	Agreements:

· Update the table format as follow for capturing the results in TR38.840 section 5.3 “Power consumption reduction in RRM measurements” for

· Adapting/Relaxing RRM measurement in time domain
· Adapting/Relaxing intra-frequency measurements
· Additional resources for RRM measurement
· Other categories of techniques is not precluded and can be further incorporated if available.
· Note: for RRC CONNECTED, the ‘measurement period’ in the table and agreements refers to the measurement period in TS38.133

· Companies are encouraged to report the following additional assumption if applicable for each scheme,

· DRX configuration
· Offset between paging occasion and SSB/CSI-RS

· For evaluation of adapting/relaxing RRM measurement in time domain, the following is recommended to be provided

· Impact to measurement accuracy, e.g., RSRP accuracy

· Impact to mobility performance, e.g., handover failure rate

· For evaluation of reducing intra-frequency measurement

· Number of cells for measurement

· For evaluation of additional resource

· Resource type, e.g., CSI-RS, SSB or others

· Others are not precluded

· Note: companies are encouraged to report assumptions for synchronous or asynchronous deployments/case


In this contribution, we discuss about the RRM optimization in frequency domain by reducing the measured number of neighbour cells and frequencies.
2. Discussion
In RAN 1, the model is provided for calculating the power consumption. The power saving gain from reduction of measured number of cells/frequencies can be evaluated. As shown in Fig. 6, for intra-frequency measurement, the power consumption for idle UE includes idle power (i.e. sleep power, where deep sleep is assumed for IDLE state), power consumption for pre-sync and paging during every DRX cycle, cell search and measurement. For inter-frequency measurement, besides the serving cell measurement, idle power, pre-sync and paging power, cell search and measurement is performed on each indicated frequencies, and switching power is needed. If the UE detects no neighbour cells in one frequency provided by Network (i.e., frequency f2 has no neighbour cells), in the measurement round, UE does not do further measurements in that frequency.
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Fig. 1 (from [1]) Actions for intra-frequency measurement and inter-frequency measurement
· For intra-frequency measurement, with reducing more number of neighbour cell without reducing the measurement time, the power saving gain increases significantly. About 5%~7% power saving gain is achieved by reducing the detection and measurement number from 8 to 4 and about 14%~19% power saving gain is achieved by reducing the detection and measurement number from 16 to 4.  About 26%~35% power saving gain is achieved by reducing the number of neighbour cell detection and measurement from 8 neighbour cells to 4 neighbour cells with reducing the measurement time from the whole SMTC duration to part of SMTC duration. 

· For inter-frequency measurement, about 35%~38% power saving gain is achieved if the number of frequencies is reduced from 6 to 3, where the number of frequencies provided by the network is 6 and neighbour cells exist in 6 frequencies, i.e., both the detection and measurement power are saved in three frequencies.  About 13%~17% power saving gain is achieved if the number of frequencies is reduced from 6 to 3, where the number of frequencies provided by the network is 6 and neighbour cells only exist in 3 frequencies, i.e., only part of measurement power is saved. 
The power saving gain ranges from 5% to 38% under different conditions when the UE is in idle mode. Considering the other factors affecting power consumption in RRC connected state, the overall proportion of power saving gain from reducing measurements is lower than this According to evaluation results, both reducing number of intra-frequency neighbour cell measurement and inter-frequency neighbour cell measurement can bring considerable power saving gain.
Observation: Both reducing number of intra-frequency neighbour cell measurement and inter-frequency neighbour cell measurement can bring considerable power saving gain.
2.1
Limiting the number of cells and frequencies in RRM and Idle mode measurement

From a RAN 2 perspective, for UEs in Idle/Inactive mode, the neighbour cells and frequencies are provided in SIB, and for UE in Connected mode, the measured frequencies and cells are provided in the MO of measurement configuration. UE needs to detect frequencies provided by network and only parts of them are useful. For each frequency, UE needs to detect and monitor all the detected cells, and only parts of them are useful for cell reselection or reporting. For example, for UEs in Connected mode, even though a large number of detected cells are measured, the number of neighbour cells reported is limited, as defined by the field maxReportCells in ReportConfigNR. These unnecessary detection and monitoring results in unnecessary additional power consumption. 

To reduce the number of detected or monitored cells/frequencies, gNB can limit the number of the detected or monitored cells/frequencies. For example, only 3 highest ranking cells are monitored until the channel becomes worse than a threshold. Since the L3 measurements are for mobility, such as for cell reselection and handover, reducing the measured cells/frequencies may result in some mobility impact. Take cell reselection as an example. If some frequencies or cells are not measured, for example cell 1, UE will not reselect to the cell 1. If cell 1 is the best cell for UE to camp on. This means UE’s mobility performance is affected in this case.  There exists a trade-off between power saving and mobility impact. 
Proposal 1: RAN2 to consider reducing the measured number of neighbour cells/frequencies for UE power saving in Connected and Idle/Inactive. 
2.2
Reducing measured cells and frequencies through use of additional information

Since directly reducing the measured number may result in some mobility performance impact, some additional information from the UE itself may help UE save power while limiting mobility performance impact. UE knows many additional information about itself, such as the directional information of reference signals, the mobility state, the handover history or cell reselection history. If the network can broadcast some assistance information, autonomous cell and frequency filtering in detection/measurement can be performed by the UE.  
For example, SSB/CSI-RS index can be used to identify different beams. Since the beam naturally contains some directional information, it can be used to determine the location of the UE within a cell. Employing this additional information from SSB/CSI-RS index can help reduce the number of measured cells or frequencies. For example, in the RRC Idle state, the UE has to measure all the neighbor cells in different frequencies, such as frequency f2 f3 f4 as shown in Figure 2. Neighbour cells and frequencies may be different for UE in different parts of a cell under different coverage of beams.
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Figure 2 Neighbour cells and Serving cell with multiple beams

For a UE in the serving cell 1, the neighbour frequency list is the list for the whole cell and is broadcast in system information.  Since the SSB index provides some location or directional information, if the Network can provide some assistance information, for example the association between SSB index and neighbour cells, the UE can employ this “location” information provided by SSB index to reduce the measured neighbour frequencies. We take UE under the coverage of beam 2 in Figure 1 as an example. If the UE knows that only frequency f4 is the neighbour frequency on which it can detect neighbour cells, UE needn’t to detect cells on all neighbour frequencies f2 and f3. Similarly, if f UE knows the neighbour cells for beam 2, other cells are not necessary to measure and the number of cells to measure can be reduced without mobility performance impact. 
Another example is to use some routing information. When a UE is moving in a fixed path, such as driving on the road, taking bus or subway, the information for next location is expected to be known as shown in Figure 3. If the network can help the UE to identify the fixed path, the next cells for reselection can be identified. Then the number of neighbour cells/frequencies to be measured can be reduced, with the help of Network assistance information. For example, in the system information of cell 4, cell 1,2,3 are all provided as neighbour cells. If the UE can identify that it is moving from cell 4 to cell 2 on the road and the serving cell is cell 4, UE only needs to measure cell 2, where the measurement or detection on other neighbour cells/frequencies can be avoided without mobility performance impact.
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Figure 3 UE on city road
With network providing information for assisting the UE to exploiting the additional information from itself, UE can autonomously reduce the number of cells and frequencies to measure, and filter out the cells and frequencies with limited impact on mobility performance.
Proposal 2: RAN2 to consider using additional information, e.g., mobility state, information of reference signals, routing information for RRM and Idle mode measurement adaptation.

3. Conclusion

In this contribution, we discuss about the RRM optimization in frequency domain by reducing the measured number of neighbour cells and frequencies.

Observation: Both reducing number of intra-frequency neighbour cell measurement and inter-frequency neighbour cell measurement can bring considerable power saving gain.

Proposal 1: RAN2 to consider reducing the measured number of neighbour cells/frequencies for UE power saving in Connected and Idle/Inactive Proposal 2: RAN2 to consider using additional information, e.g., mobility state, information of reference signals, for RRM and Idle mode measurement adaptation.
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