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1. Introduction

During RAN1#94bis meeting, UE power consumption reduction in RRM measurements were discussed with the following agreements achieved [1].
Agreement:

· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.

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.

Agreements:

· Further study on the benefit/impact for additional resource for RRM measurements for power saving for mobility performance not inferior to that of Rel-15 

· The schemes proposed should at least include the following aspects:

· The signals/channels used as additional resource

· Procedure on how to use additional resources.

· Overhead from network perspective should be considered.

Agreements:

· Focus on stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios for further studies when considering UE power saving techniques for RRM measurements,

· Further studies UE power saving for RRM measurement by considering the following issues

· Multi-beam/multi-cell related RRM measurement issues.

· Possible misalignment between SSB(s)/SMTC and DRX ON duration
During RAN1#95 meeting, UE power consumption reduction in RRM measurements were further discussed with the following agreements [2]: 
Agreements:

· Observation: 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.

Agreements:

· Observation: 

· For certain conditions (e.g., favorable RSRP conditions, etc.), reducing RRM measurement activities (e.g., measurement, reporting) for a given time period is beneficial from UE power saving perspective for RRC IDLE/INACTIVE/CONNECTED states.

Agreements:

· 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

Agreements:

To further study the following adaption mechanism of RRM measurement activities for UE power saving:

· gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)

· channel condition (e.g. change in serving RS/signal)

· gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· subscription, capabilities (e.g. at AS or NAS level), device type
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,

· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
· Other mechanisms/approaches are not precluded

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.

Agreements:

Observation: Under certain conditions and certain deployment scenarios, additional resource for RRM measurement can be beneficial for UE power saving, including at least the following aspects: 
· Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.) 

· Additional resource around the measurement occasion, e.g., for AGC assistance

· Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy.

This paper presents our views on UE power consumption reduction in RRM measurements.
2. Potential techniques for power consumption reduction in RRM measurements
RRM measurement is one of the major power consumption operations for UE both in RRC idle/inactive states and RRC connected states. During release 15 NR standardization procedure, some power saving schemes have been adopted, such as indicating the SS/PBCH locations within the configured SMTC window to the UE using one bitmap to help the UE to reduce the cell search complexity, and when the neighboring cells are synchronous to the serving cells, the UE can use SS/PBCH indexes of the serving cell to derive the SS/PBCH indexes of the neighboring cells.

In the following, we present some additional methods that have the potential to reduce the power consumption in RRM measurements.
2.1. Additional reference signal for RRM measurement
· RRM Measurement
The RRM measurement includes RSRP measurements and RSRQ measurements. Since multiple-beam deployment would be the typical operation for NR, the UE needs to generate the measurement results based on the measurements on multiple SS/PBCH blocks which would increase the UE’s power consumption.  Furthermore, for NR there is no “always- on ” reference signals available like CRS in LTE, for UE’s in RRC idle/inactive states, the UE needs to utilize SS/PBCH block for RRM measurements. For UEs in bad channels conditions, it is necessary to accumulate several SS/PBCH samples to achieve good enough measurement accuracy thus the UE would remain awake for several SS/PBCH periods. For such issues, during last meeting, it was observed that additional resource for RRM measurement can reduce the measurement activities thus it can be beneficial for UE power saving.  In the following, we give our considerations on the additional RRM measurement resources. The following options could be considered as such “additional resources”.
· Option 1: CSI-RS/TRS

· Option 2: PBCH

· Option 3: DMRS of RMSI PDCCH 

· Option 4: DMRS of RMSI PDSCH 
· Option 5: New reference signal 
In the following Table 1, a brief comparison among the above options is present. It can be seen that option 1 using CSI-RS/TRS and option 2 using PBCH channel are promising candidates that could be further studied. It is also noted that for both option 1 and option 2 there are some issue to support neighbouring cell RRM measurement. For option 1, the merit of using option 1 is trying to reuse the CSI-RS/TRS transmitted for RRC connected UEs thus no/minor system overhead is involved. However, it is difficult to coordinate different cell’s CSI-RS/TRS and for idle/inactive UEs the RS configurations for all the target measured cells needs to be broadcast in system information. Therefore once the configuration for one cell changes, it would incur system information update and the UE needs to read it again. For option 2, for each measured cell, the UE needs to read PBCH to reconstruct the PBCH channel for RRM measurement.  Fortunately, based on the current RRM measurement framework, the UE only needs to measure its serving cell when the channel condition of its Pcell is above one configured threshold. For such case, it is easier to utilize the 1st two options because configuration of the serving cell’s CSI-TRS to the idle UE is easy and the UE anyway needs to read its pcell’s PBCH channel anyway. But for neighboring cell measurement (intra-/inter-frequency measurement), further study is needed to reduce the UE’s complexity and system overhead.  
Table 1 Comparison of additional RRM measurements resources
	Options 
	Pros
	Cons
	Studying priority

	Option 1: CSI-RS/TRS
	· Current signals thus no signal design work

· Can reuse  CSI-RS/TRS for RRC connected UEs thus minor system overhead
· Sufficient REs
	· CSI-RS/TRS need to be send for a relative long time
· It is difficult to configure neighboring cells’ CSI-RS/TRS
· Frequent system information update and reading by the UE if the configuration of CSI-RS/TRS changes
	High

	Option 2: PBCH
	· PBCH is a known channel for the UE, no signal design work

· PBCH is “always-on” within the SS/PBCH block thus no additional overhead

· Sufficient REs

· More convenient to support RRM measurement within the SMTC window, most power efficient
	· The UE needs to read PBCH for the measured cells

	High

	Option 3: DMRS of RMSI PDCCH
	· current signals thus no signal design work

· no additional overhead
	· The UE needs to detect RMSI PDCCH to determine the DMRS
· For RMSI PDCCH using small ALs such as 4, not  sufficient REs
	Low

	Option 4: DMRS of RMSI PDSCH
	· current signals thus no signal design work

· no additional overhead
· Sufficient REs
	· The UE needs to detect and decode RMSI PDCCH to determine the DMRS
	Low 

	Option 5: New reference signal
	· Sufficient REs
· Optimized design including the RS sequence and Time/Frequency resource
	· New signal design work

	Low


Proposal 1: option 1(CSI-RS/TRS) and option 2 (PBCH) as listed above can be considered as the additional RRM measurement reference signals.
2.2. RRM measurement and report adaptation based on UE’s states
RRM measurement adaptation
Another aspect can be considered is adaptation of the measurement configuration based on UE’s actual states such as its moving velocity and channel conditions. For example, for UEs moving with high speed, the UE’s large scale channel would fluctuate rapidly. In this case, it would be beneficial to configure the UE to measure more frequently to capture the rapid change of the channel conditions. On the other hand, for UE in low-mobility state or for static UE, the channel condition would change very slowly. Thus for those cases it is better to configure the UE with large measurement periodicity. 

RRM measurement report adaptation

In addition, for UEs in static state or moving slowly, since the UE’s channel changes very slowly, it is meaningless to let UE report the RRM measurement result as frequently as when the UE moves fast since there would be no obvious change among the adjacent multiple RRM measurement report. On the other hand, Uplink transmission generally consumes much power than downlink reception. Therefore, for these cases it would be beneficial for UE’s power saving to reduce the RRM measurement report.
In order to evaluate the power saving gain of RRM measurement report adaptation. A system level simulation was performed. The FTP traffic and instant message models as agreed in previous meeting were used. It is assumed there is one measurement per DRX cycle, which is 160ms for the agreed FTP traffic model and 320ms for the agreed instant message. A 20ms inactivity timer is used for both traffic model. There would be one cell search operation for every three RRM measurements. When the UE moves fast, a frequent RRM measurement report with a report period of 480ms is used. When the UE moves slowly, a sparse RRM measurement report with a report period of 2048ms is assumed. It is assumed one PUSCH slot is used for reporting and UL power equals to 0 dBm and 23 dBm is assumed. FR1 is assumed.
The power saving gain is shown in the following Table 2. It can be seen that with RRM report adaptation, about 1.7%~2.71% power saving gain can be achieved when the PUSCH transmission power is 23dBm and 0.62%~1.03 power saving gain can be achieved when the PUSCH transmission power is 0 dBm.

Table 2 power saving gain of RRM report adaptation
	
	Frequent RRM report
	Sparse RRM report
	Power saving gain

	FTP (UL power =23dbm)
	32.95
	32.39
	1.7%

	FTP(UL power =0dbm)
	32.49
	32.29
	0.62%

	Instant message
(UL power =23dbm)
	7.01


	6.82

	2.71%

	Instant message
(UL power =0dbm)
	6.78
	6.71
	1.03%


Proposal 2: Support adaptation of the measurement and RRM measurement report based on UE’s actual states.
How to get the UE’s moving state?

In order to achieve the adaptation of the measurement configuration, how to get the UE’s moving state needs to be studied. One potential way would be based on the network’s sensing, e.g., the network can measure the UE’s velocity based on UE’s uplink signal such as SRS, PRACH, and DMRS for PUCCH or PUSCH. 
Alternatively, another way would be based on the UE’s reporting, i.e., the UE can report its detailed velocity or channel conditions to the network and based on the reporting the network set proper RRM measurement configuration.
However, for both the network sensing and UE measurement and reporting method, there may be some implementation issue which would affect the measurement accuracy. One issue is time clock drifting issue for the gNB or the UE, the frequency shift due to the time clock drifting may be of the same orders of magnitude as that incurred by Doppler shift. Another issue is that even for the same velocity, for different cell size, the proper measurement configuration may be different. For a small cell with 30 meters cell radius, the UE would moves in and move out this cell within very short time even with a 3km/h moving speed. But for a macro cell with 1000 meters cell radius, the UE would camp on this cell for quite a long time duration.  In order to reflect the UE’s moving states much more accurately and adapt to different cells, it may be beneficial to study and define some new metrics such as RSRP changing rate.
Based on the above discussion, we propose the following:

Proposal 3: Study the methods on how to get the UE’s moving state, including gNB sensing/UE measurement and reporting. 
Proposal 4: study new metric to reflect the UE’s moving states. 
2.3. UE’s autonomous adaptation of RRM measurement and reporting based on threshold

UE’s autonomous adaptation of the RRM measurements and reporting for the purpose of power saving has been discussed during the previous RAN1 meetings. The gNB can Pre-configure the UE different RRM measurement and reporting configuration for different UE’s moving states or channel conditions.  UE can adjust its RRM measurement and report configuration autonomously based on its moving states (e.g., velocity) or channel condition (e.g., RSRP/RSRQ). 
For example, the UE can adjust its RRM measurement and reporting periodicity based on its moving velocity. When UE stays in static states or move slowly, the UE can perform RRM measurement and reporting with large periodicity. When the UE moves with high speed, the UE needs to perform RRM measurement and reporting more frequently, i.e., with small measurement and reporting periodicity. 
The UE can also adjust its RRM measurement parameters based on its channel condition. For example, when the UE’s channel condition is good enough, the UE can measure only its serving cells. When the UE has a medium channel condition, the UE needs to measure the most adjacent cells. When the UE has a bad channel condition, it may needs to measure much more cells to prepare for a proper handover. For example, when the UE’s serving cell is cell 1  when the UE is near the gNB as shown in Figure 1a, its measured RSRP of its serving cell 1 is above a configured RSRP threshold 1, the UE can just need to measure its serving cell 1. When the UE is not too far away from or too near to the gNB as shown in Figure 1b, its measured RSRP is lower than the RSRP threshold 1 but still above than another RSRP threshold 2, which means the UE has a medium channel condition, the UE just needs to measure the most adjacent cells such as cell 2/3/4/5/6/7 besides its serving cell 1. When the UE moves to the cell edge as shown in Figure 1c, the measured RSRP is lower than the RSRP threshold 2, as shown in figure , which means the channel condition becomes bad, the UE may needs to measure more cells including cell 8/9/10/11/12/13/14/15/16/17/18/19 besides cell 1/2/3/4/5/6/7.
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Figure 1a (UE near the gNB)       Figure 1b (UE in the medium region)         Figure 1c (UE in the edge of the cell)
Therefore, based on these different channel conditions, the UE could be perform RRM measurement with different configurations, e.g., with different measured cell lists, or with different SSB measurement positions within the SMTC window or with different measurement slots corresponding to different measured cells numbers.
Proposal 5: The following can be studied for autonomous adaptation of the RRM measurements and reporting. 
· The configured threshold may be the UE’s velocity or measured RSRP

· Adaptation of RRM measurement and reporting periodicity, measured cell lists, measured SSB positions, measurement slots etc. based on the thresholds.
3. Conclusions
In this contribution, the power saving mechanisms were discussed, and we have the following observation and proposals.
Proposal 1: option 1(CSI-RS/TRS) and option 2(PBCH) as listed above can be considered as the additional RRM measurement reference signals.
Proposal 2: Study the adaptation of the measurement and RRM measurement report based on UE’s actual states.
Proposal 3: Study the methods on how to get the UE’s moving state, including gNB sensing/UE measurement and reporting. 

Proposal 4: study new metric to reflect the UE’s moving states. 
Proposal 5: The following can be studied for Autonomous adaptation of the RRM measurements and reporting. 
· The configured threshold may be the UE’s velocity or measured RSRP

· Adaptation of RRM measurement and reporting periodicity, measured cell lists, measured SSB positions, measurement slots etc. based on the thresholds.
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