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Introduction

In RAN1#94bis, the following agreements are reached [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.

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

In this paper, some views on UE power saving for RRM measurement are provided.
Issues on UE power saving for RRM measurement
According to Figure 1 of [2], for a UE in RRC_Idle, about 46% - 58% of total power is consumed by RRM measurement while the portion is 17% - 26% for a UE in RRC_Connected. According to [3], if some technologies were applied, 33% - 64% power consumption can be reduced. To this end, some issues RRM measurement for UE power consumption are discussed here.
Unnecessary measurement reduction
RRM measurements is power consuming. Most of RRM measurements are essential for competitive performance of 5G-NR while some others may not be much important. As a result, the scope of RRM measurement enhancement for UE power saving should be identified for further study. For example, the measurement period may be relaxed.
Unknown information to gNB

Though a gNB can obtain RSRP/RSRQ (and others) from UE’s report, the gNB is still unaware of the actual circumstances of a UE. For example, when the UE reports a RSRP of -90dBm, the gNB can not determine whether this UE is in the cell center or not. Another example, when the gNB detects a velocity(actually, radial velocity) of UE, the gNB can not know how fast this UE moves (it is related to the change of serving cell).
Excessive objects/parameters for measurement
For 5G-NR, too many objects (or parameters) are required for measurement. Especially, when it is under multiple beam operation. For example, for stationary UE (or UE with low velocity), single beam might be sufficient. These UEs can reduce some measurements.
Lack of always on reference signal

In LTE, there is an always on reference signal, i.e., CRS. A UE can sleep a long time before it is required to perform measurement. However, the signal in 5G-NR is sparse. A UE has to wake up more frequently than that of LTE to perform T/F synchronization before a measurement. The more frequently UE wakes up, the more power it consumes.
As to the problems listed above, some solutions are given as the following section.

Potential Solutions

In general, the UE power saving techniques in RRM measurement should not affect the network performances. In addition, the additional power consumed by gNB should keep low..

Proposal 1: The UE power saving techniques in RRM measurement should not affect the network performances and additional power consumed by gNB should keep low.
Optimization for parameters of RRM measurement
According to TS38.133 [4] (as copied in the following table), the measurement period of intra-frequency measurement is at least 200 ms. However, for stationary UE or slowly moving UE (e.g., indoor deployment), this parameter can be optimized. For example, it can be changed with a greater value because the measurement results will not changed too much under this scenario. Hence, we have the following proposal.

Proposal 2: The RRM measurement requirements could be optimized for UE power saving.
Table 1: Measurement period for intrafrequency measurements without gaps(Frequency FR1) [1]
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max[ 200ms, ceil( 5 x Kp) x SMTC period x CSSFintra ]Note 1

	DRX cycle≤ 320ms
	max[ 200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle) x CSSFintra] 

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


On Demand Measurement (ODM)
According to TS38.331 [5], a RRM measurement can be periodical or event driven (such as Event A1-A6). As listed in Section 2, some RRM measurement may be unnecessary. To save UE’s power, ODM (On demand measurement) can be helpful to reduce RRM measurement. It can be implemented via several methods. For example, if the UE is stationary or in low velocity or power sensitive, it can report its status to UE, gNB then sends an indication to UE to skip some RRM measurements to save power. It should be noted that the UE speed can also be deduced by network through traffic type (via QCI [6]) and an estimation of traffic volume. In another example, the gNB can set several parameter configurations for RRM measurement. UE could request a proper configuration for RRM measurements. Within the those configurations, there could be a default one. To be more dynamic, a timer could be used for configuration transition. 
From the above analysis, we have the following proposal.

Proposal 3: ODM can be considered for UE’s power saving for RRM measurement.
Refinement of configuration for RRM measurement
   Differential configurations for RRM measurement
In general, a UE may be in different states, such as active period, semi-active period and inactive period shown in the following Figure 1. For different states, different measurement periods can be configured for a UE. For example, a period of T1 is configured for UE in active time, N*T1 for UE in semi-active time and, M*T1 for UE in inactive time.

In addition, the transmission window of measurement RS for different states can also be different. Hence, we have the following proposal.

Proposal 4: Different configurations can be applied for different states for RRM measurement.
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Figure 1   Different periods of RS for RRM measurement
   Differential WUS for RRM measurement

A WUS can be used to wake up UE from sleep. In addition, a WUS can also be used as an indication of incoming measurement RS. The indication can be in an explicit or implicit way. For example, the WUS can carry information to indicate the coming transmission window, whether a RS for measurement will be transmitted or not. This can also be realized via different scrambling sequences of WUS. Hence, we have the following proposal.

Proposal 5: A WUS can be used to indicate the presence of RS for RRM measurement.
   WUS for RRM measurement

In NR Rel-15, the RRM measurement can base on CSI-RS or, SSS within SSB (configured by the gNB). However, the SSB in NR is too sparse. It is power-consuming to use SSB for RRM measurement. As to CSI-RS, it is not required to be used for RRM during DRX-off. For NR Rel-16, if a WUS were introduced, it can be used for RRM measurement. Hence, we have the following proposal.

Proposal 6: WUS can be used for RRM measurement.
Conclusion

In this contribution, we have the following proposals.

Proposal 1: The UE power saving techniques in RRM measurement should not affect the network performances and additional power consumed by gNB should keep low.
Proposal 2: The RRM measurement requirements could be optimized for UE power saving.
Proposal 3: ODM can be considered for UE’s power saving for RRM measurement.
Proposal 4: Different configurations can be applied for different states for RRM measurement.
Proposal 5: A WUS can be used to indicate the presence of RS for RRM measurement.

Proposal 6: WUS can be used for RRM measurement.
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