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Introduction
The contribution discusses RRM measurement for UE power saving.
[bookmark: _Ref494215420]
 Reducing measurement activities
Introduction of reducing measurement activities
It was identified in RAN1#95 that the number of RSRP measurement samples for a given duration can be relaxed with negligible impact on accuracy.
	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.



It was also identified in RAN1#95 that reducing RRM measurement activities for a given time period is beneficial from UE power saving.
	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.



From above two agreements, reducing RRM measurement activities is beneficial for UE power saving for certain conditions, i.e.
· 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.
· For certain conditions (e.g., favorable RSRP conditions, etc.), reducing RRM measurement activities (e.g., measurement, reporting) for a given time period.

Approaches of reducing RRM measurement activities
It was identified in RAN1#95 that some schemes of reducing RRM measurement activities should be studied.
	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)
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]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



Increasing measurement period
In connected mode, the RRM measurement performance requirement is specified for UE to complete one RRM measurement per measurement period (e.g., TSSB_measurement_period_intra defined in 38.133). The measurement period can be increased by modifying the measurement period. 
There could be two options to increase the measurement period:
· Option 1: the UE autonomously selects SMTC windows for measurement in a relaxed measurement period to meet the measurement requirment.
· Option 2: The period of SMTC window increases as the measurement period increases.
In the scenario without DRX configuration, we assume 40ms SMTC period and SMTC is fully non overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 200ms. The following figure shows an example of increasing measurement period. 


Figure 1: Example of increasing measurement period

It can be observed that UE only needs to wake up five times within the relaxed measurement periods, compared with the legacy case. It is the benefit of power saving.

[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Reducing number of samples within a measurement period
In general, measurement result is obtained by filtering multiple measurement samples. So, one way for reducing RRM measurement activities can be reducing the measurement samples within a measurement period. 
In the scenario without DRX configuration, we assume 40ms SMTC period and SMTC is fully non overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 200ms. An example of reducing the number of samples within a measurement period is shown in the following figure. 


Figure 2: Example of reducing number of samples within a measurement period

It can be observed that UE only needs to wake up twice within a measurement period, compared with the legacy case. It is the benefit of power saving. 

Confining RRM measurements within a measurement window
Due to scattered measurement occasions, UE needs to wake up timely to get multiple measurement samples in one measurement period including background activities, such as channel tracking. It may cause large power consumption. In order to avoid UE timely waking up for measurements, multiple measurement samples in one measurement window can be concentrated. 
We assume 40ms DRX cycle, 20ms SMTC period and SMTC is fully non overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 320ms. The following figure shows an example of confining multiple RRM measurements sample within a measurement window. 


Figure 3: Confining multiple RRM measurements sample within a measurement window

Similarly, it can be observed that UE only needs to wake up twice within a measurement period, compared with the legacy case. It is the benefit of power saving.

Additional resource
When reducing measurement activities, accuracy of measurement needs to be guaranteed. It was agreed that by the aid of providing additional resource may provide sufficient measurement/T-F accuracy can be guaranteed when reducing measurement activities.
Besides the above benefit of additional resource, some other benefits were also identified in RAN1#95.
	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.



It should be noted that the benefits mentioned in above agreement has included the benefits of additional resource in case of reducing measurement activities, i.e. reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy. 

Minimizing/reducing gap between measurement and DRX ON duration
If the time gap between measurement and DRX on-duration is relatively large, UEs may wake up for both SSB/SMTC and DRX on-duration. 
SSB/SMTC could be cell specific or group common, while DRX configuration is UE specific. Hence, it is hard for network to align SSB/SMTC with DRX on-duration for given UEs. The following figure shows an example of misalignment between SSB/SMTC and DRX on-duration.


Figure 4: Example of misalignment between SSB/SMTC and DRX

In our view, additional resource can reduce gap between measurement and DRX on-duration, and thereby UE can have the accurate T/F tracking for PDCCH/PDSCH reception in DRX on-duration.

Additional resource around the measurement occasion
It was reported in [1] that AGC tuning will cause additional measurement occasions. The following figure shows the case where UE needs two SSBs for AGC tuning and RRM measurement to get one RRM measurement sample.


[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Figure 5: Two SSBs for AGC tuning and RRM measurement

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Similarly, one method to mitigate this issue is to design the additional resource as a RRM measurement RS around the measurement occasion. The following figure shows an example of additional resource around the measurement occasion. Designing the additional resource as RRM measurement RS will be discussed in Section 3.3.1.


Figure 6: Additional resource around the measurement occasion

Reducing measurement activities by providing additional resource

Assistance of additional resource on measurement accuracy
Increasing measurement period
In case of increasing measurement period, additional resource can be used as assistance for measurement accuracy. The following figure shows an example of assistance of additional resource in case of increasing measurement period. 
In the scenario without DRX configuration, we assume 40ms SMTC period and SMTC is fully non overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 200ms.


Figure 7: Example of assistance of additional resource in case of increasing measurement period

It can be observed that with assistance of additional resource, the number of effective samples (including SSB and additional resource) per time interval can be recovered. Without additional resource, there are 5/2 SSB per measurement period, but with additional resource, there are 5 effective samples per measurement period. It is the benefit of measurement accuracy recovery after reducing RRM measurement activities.

Reducing number of samples within a measurement period
In case of reducing number of samples within a measurement period, additional resource can be used as assistance for measurement accuracy. The following figure shows an example of assistance of additional resource in case of reducing number of samples within a measurement period. 
We assume 40ms DRX cycle, 40ms SMTC period and SMTC is fully non overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 320ms.


Figure 8: Example of assistance of additional resource in case of reducing number of samples within a measurement period

It can be observed that with assistance of additional resource, the number of effective samples (including SSB and additional resource) can be recovered. Without additional resource, there are 2 SSB per measurement period, but with additional resource, there are 4 effective samples per measurement period. It is the benefit of measurement accuracy recovery after reducing RRM measurement activities.

Confining RRM measurements within a measurement window
In case of confining RRM measurements within a measurement window, additional resource can be used as assistance for measurement accuracy. A similar way is mentioned in [2]. The following figure shows an example of assistance of additional resource in case of confining RRM measurements within a measurement window. 
We assume 40ms DRX cycle, 40ms SMTC period and SMTC is fully non overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 320ms.


[bookmark: OLE_LINK16]Figure 9: Example of assistance of additional resource in case of confining RRM measurements within a measurement window

It can be observed that with assistance of additional resource, the number of effective samples (including SSB and additional resource) can be recovered. Without additional resource, there are 2 SSB per measurement period, but with additional resource, there are 4 effective samples per measurement period. It is the benefit of measurement accuracy recovery after reducing RRM measurement activities.

Summary
Based on the discussion in 3.3.1.1, 3.3.1.2 and 3.3.1.3, additional resource can assist the UE to reduce measurement activity with negligible impact on accuracy achieved by existing Rel-15 measurement. Therefore, we have the following proposal.
Proposal 1: The additional resource could have functionalities of RRM measurement.

Assistance of additional resource on T/F accuracy

Additional resource before or at the beginning of DRX on-duration
From Section 3.1, additional resource can be allocated within gap between the last SSB and the beginning of DRS on-duration, as RRM measurement RS. In general, RRM measurement RS can be used for T/F tracking, e.g. SSB and CSI-RS. So, additional resource can be used to improve T/F accuracy for UEs entering DRX on-duration.

WUS before or at the beginning of DRX on-duration
It was identified in RAN1#95 that power saving signal/channel can be used to trigger UE adaptation to DRX operation:
	Agreements:
· The power saving signal/channel in trigger UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.
· Other schemes are not precluded



Additional resource triggering wakeup
In general view, WUS before or at the beginning of DRX on-duration can be used to trigger UE to wake up from sleep state. As mentioned in Section 3.3.2.1, it is better that additional resource is located before or at the beginning of DRX on-duration. Therefore, it may be beneficial that additional resource can be used to trigger UE to wake up from sleep state, at least considering saving overhead of WUS.

WUS used for T/F tracking
On the other hand, WUS used for T/F tracking has been defined in R15 NB-IoT. Specifically, it was agreed in RAN1#93 that WUS can be used to compensate AGC inaccuracy and T/F offset resulting from not synchronizing due to the RRM measurement relaxation. 

Therefore, using additional resource as WUS to trigger UE to wake up from sleep state could be studied.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 2: Using additional resource as WUS to trigger UE to wake up from sleep state could be studied. 

Conclusion
As summary, we have the following proposals.
Proposal 1: The additional resource could have functionalities of RRM measurement.
Proposal 2: Using additional resource as WUS to trigger UE to wake up from sleep state could be studied.  
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