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1. Introduction

During RAN1#94bis meeting, UE power consumption reduction in RRM measurements were discussed with the following agreements achieved.
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
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. Power saving mechanisms for RRC idle/inactive states
For UEs in RRC idle/inactive states, the major power consuming tasks for the UEs are performing RRM measurement for the purpose of cell selection /re-selection. 
RRM measurement in RRC idle states and RRC inactive states includes intra-frequency measurement and inter-frequency measurement. Within the SMTC window configured by system information, the UE can perform RRM measurement periodically for each frequency layer. The essential procedures for RRM measurements include：
· Cell detection
For each frequency layer, before performing RRM measurements, the UE needs to detect the target measurement cells. Cell detection would consume lots of UE’s power since the UE needs to search the SS/PBCH blocks within the SMTC window with at most 1008 hypothetical physical cell IDs, which are twice that of LTE. In addition, the sequence length for NR PSS/SSS is about twice that of LTE’s.  Though as mentioned above, for synchronous network and with the high layer indicated SS/PBCH block measurement locations, the cell detection complexity for the UE in the time domain could be reduced. But for each SS/PBCH searching time location, without any prior information, the UE’s searching for the cell ID of the target measurement cells is still very power-consuming. Therefore, one potential direction for power saving may be providing some assistant information of the target measurements cells to the UE. Based on the indicated cell ID lists, the UE only needs to search those IDs within the SMTC window when performing RRM measurements. For example, the network can indicate 50 potential neighbouring cell IDs to the UE, then the UE can reduce 958 blind search of the measurement cells hence significant power can be saved for the cell search procedure. 

Observation 1: significant power can be saved for the cell search procedure when doing RRM measurement with assistant PCI ID information of the target measurements cells.

It is noted that the network vendor seldom change its network topology and it is easy for one cell to acquire its neighbouring cells (including inter-/intra-frequency neighbouring cells) thus even such assistant information is conveyed within the system information, there would no obvious negative effect with such relatively stable configuration.  It is also noted that cell ON/OFF operation is inherently  well supported since there is no always- on signal in NR and the transmission periodicity of SS/PBCH block as long as 160ms is supported. For those cells in OFF state, it can still transmit SS/PBCH block with large SS/PBCH blocks periodicity thus the network topology would not be changed due to cell’s ON/OFF states transition. 
Proposal 1: Study network assisted RRM measurements for UEs in RRC idle and inactive states

· Potential assistance information includes the physical cell IDs of the target measurement cells.
· 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 performance thus the UE would remain awake for several SS/PBCH periods to complete one time measurement. 
For such issues, during last meeting, it was proposed to study additional resource for RRM measurements for power saving. 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 2: option 1(CSI-RS/TRS) and option 2 (PBCH) as listed above can be considered as the additional RRM measurement reference signals.
2.2. Power saving mechanisms for RRC connected states

For UEs in RRC connected states, the UE also needs to perform both intra-frequency and inter-frequency RRM measurements as configured in the measurement objects. And the UE would be configured the corresponding SMTC window within which the measurements reference signals would be transmitted.

Similar as in RRC idle or RRC inactive state, if the network could provide some assistance information such as physical cell IDs of the target measurement cells in the MO configuration, the UE’s power consumption would be reduced.     
Proposal 3: study network assisted RRM measurements for UEs in RRC connected state
· Potential assistance information includes the physical cell IDs of the target measurement cells.
Another aspect can be considered for connected UEs 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 velocity, 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 UE that seldom moves (such as static users in the offices), the channel condition would change very slowly. Thus for those cases it is better to configure the UE with large measurement periodicity and measurement result reporting period for power saving. Similarly, for cells with good channel condition, the UE can measure with less measurement samples for each measurement period since it would be much easier for UE to achieve accurate measurement results with good channel condition. For cell with bad channel condition, it needs the UE to accumulate more measurement samples to guarantee the measurement performance.
In order to achieve the adaptation of the measurement configuration, how to get the UE’s 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.

Based on the above discussion, we propose the following:

Proposal 4: Study the adaptation of the measurement configurations based on UE’s actual states.
Proposal 5: Study the benefits of the UE’s reporting of its state.

Another method can be considered is UE’s autonomous adaptation of the RRM measurements and reporting for the purpose of power saving. UE can adjust its RRM measurement and report periodicity based on its moving states or channel condition. When UE stays in static states the UE performs RRM measurement and reporting with large periodicity, and when the UE moves with high speed, the UE performs RRM measurement and reporting more frequently. In addition, the gNB could give some guidance on how the UE switch its RRM measurement and reporting frequency. 
Proposal 6: Autonomous adaptation of the RRM measurements and reporting frequency to adapt to UE’s states could be further studied. 
3. Conclusions
In this contribution, the power saving mechanisms for UEs in RRC Idle/inactive states and RRC connected states were discussed, and the followings are proposed:

Proposal 1: Study network assisted RRM measurements for UEs in RRC idle and inactive states

· Potential assistance information includes the physical cell IDs of the target measurement cells.
Proposal 2: option 1(CSI-RS/TRS) and option 2(PBCH) as listed above can be considered as the additional RRM measurement reference signals.
Proposal 3: study network assisted RRM measurements for UEs in RRC connected state
· Potential assistance information includes the physical cell IDs of the target measurement cells.
Proposal 4: Study the adaptation of the measurement configurations based on UE’s actual states.
Proposal 5: Study the benefits of the UE’s reporting of its state.

Proposal 6: Autonomous adaptation of the RRM measurements and reporting frequency to adapt to UE’s states could be further studied. 
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