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1 Introduction

New WID on support of reduced capability NR devices [1] was approved in RAN#90 e-meeting. Use case specific requirements on power saving have been identified. In the last RAN2 meeting, there were the following agreements for RRM measurement relaxation 

Agreements:

1. The target REDCAP UE, considering mobility, is not limited to a fixed UE, but can also experience some low mobility, and this, during some “stationary” periods of time.

2. The RRM relaxation of REDCAP UEs is triggered based on measurements, as a baseline. Other triggering conditions for the “level-1” (still device at fixed location) UEs are not excluded, e.g. the possibility to signal their stationary property explicitly.

3. R16 NR RRM relaxation procedures are taken as a baseline to study further enhancements of neighbor cells RRM relaxation for REDCAP UEs in RRC IDLE/INACTIVE.

4. Relaxation of neighbor cells RRM measurements in RRC_CONNECTED will be studied in this SI/WI

In this contribution, we continue to discuss RRM measurement relaxation.
2 Discussion
2.1 “Stationary” criterion
In the last RAN2 meeting, Rel-16 NR RRM relaxation procedures were agreed to be taken as a baseline to study further enhancement of neighbor cells RRM relaxation for RedCap UE in RRC_IDLE/INACTIVE. NR Rel-16 defined cell edge criteria and low mobility criteria via just considering cell-level measurement results but not considering beam-level measurement results. Rel-17 RRM relaxation is considered for stationary UE. As discussed in the email discussion [114] of RAN2 #112e meeting, the scope of “stationary” includes four scenarios: 1) still device at fixed location (e.g. fixed static sensor), 2) moving (e.g. rotary) device at a fixed location (e.g. camera, robot), 3) temporarily fixed device (e.g. smart watch at night), and 4) device moving around slowly (e.g. medical wearables). In addition, it was agreed that the RRM relaxation of REDCAP UEs is triggered based on measurements as a baseline in the last RAN2 meeting. So, if we continue not to consider beam level measurement results to evaluate the stationary scenario 1-3, mobility state would not be reflected accurately.
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Figure 1 An illustration of UE inter-beam moving in sector cell

As shown in this figure, if UE moves among beams quickly like this path, the UE may be considered as stationary because the cell quality does not change and UE may perform RRM relaxation. However, it is possible that UE changes the moving direction or moves out the cell coverage and then cell reselection will not be trigger in time. Hence, to avoid error decision of RRM measurement relaxation based on cell quality, an enhancement of involving beam-level quality could be considered for “stationary” criterion.
Proposal 1: Consider an enhancement of involving beam-level quality for “stationary” criterion.
2.2 RRM measurement relaxation method
· Neighboring cell RRM measurement relaxation in RRC_IDLE/INACTIVE
In Rel-16, network can configure RRM measurement relaxation via SIB2 and the low mobility criteria and not in cell edge criteria can be configured independently or jointly (i.e. either low mobility or not in cell edge or both). Figure 2 and Figure 3 illustrate the scenarios of both low mobility criteria and not in cell edge criteria being configured and the scenario of only low mobility criteria being configured, respectively.
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Figure 2 Relaxation mechanism illustration for both mobility and not in cell edge criteria
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Figure 3 Relaxation mechanism illustration for low mobility criteria only
In Case A3, only low mobility criteria is fulfilled, i.e. UE is low mobility but in cell edge. According to Rel-16 NR RRM relaxation method, measurement interval can be expanded with scaling factor of 3 times if combineRelaxedMeasCondition is not configured. In Case B2, only low mobility critera is configured and UE fulfiied this critera. According to Rel-16 NR RRM relaxation critera, measurement interval can also be expanded with scaling factor of 3 times. For Case A3 and Case B2, although RedCap UE could perform RRM measurement relaxation by using longer measurement interval, for purely stationary RedCap UE, it is possible that RedCap UE cannot find a better cell. If RedCap UE continues neighboring cell measurement with the relaxed measurement period, it leads to power waste.
Observation 1: At area with or without RRM measurement relaxation, purely stationary UEs may waste its power at neighboring cell measurement and cannot find a better cell.
The following table shows the average power consumption and power saving gain when further expand the measurement interval from using three times scaling factor to stopping measurement for 1 hour. The power calculation is performed with the model in TR 38.840. For DRX cycle =1280ms, power saving gain of 25.17% can be achieved. Therefore, it is proposed to further enhance RRM measurement relaxation by expanding the scenario of performing “stop measurement for 1 hour” for stationary UEs.
Table 1 Power saving gain achieved by further expand the measurement interval.
	
	DRX cycle = 1280ms

	Relative power consumption:

3 times relax [unit]
	2.0374

	Relative power consumption:

stop measurment for 1 hour [unit]
	1.5246

	Power saving gain
	25.17%


Proposal 2: Consider neighboring cell RRM measurement relaxation enhancement by expanding the scenario of performing “stop measurement for 1 hour” for stationary UEs.

In NR, a UE camps on serving cell, e.g. Cell 1 and its serving SSB is with SSB index = 1, where the UE gets system information, as seen in the Figure 4. A UE in Cell 1 can get the SIB from reading SSB with index = 1 when the UE is under the coverage of that SSB. When a UE in Cell 1 is under the coverage of SSB with index=2, the UE also can get the SIB from that SSB. Since SSB with index = 1 and SSB with index = 2 are SSBs of Cell 1, the SIB content of indicated by these two SSBs is identical and is the system information for the Cell 1.


[image: image4]
Figure 4 UE is under the coverage of SSB with index=1 in Cell 1
From the system information, the UE can get instructions on the neighbor cell and neighbor frequency of the whole cell, including time configuration where the neighbor SSBs will appear, e.g. SMTC window. With such kind of information, UE can find the neighbor SSBs faster and save power by only measuring the limit duration.

From the Figure 4, it can be seen that both Cell 2 and Cell 3 are the neighbor cells of the Cell 1 (Cell 2 and Cell 3 are in the same neighbor frequency). However, only UEs under the coverage of serving SSBs with index=0 and 1 in Cell 1 can detect the Cell 2 as neighbor cell, and UEs under the coverage of serving SSBs with index=4, 5 and 6 in Cell 1 can detect the Cell 3 as neighbor cell. For the UE under the coverage of serving SSB with index =1 in Cell 1, the measurement time duration for UE under the coverage of serving SSB with index=1 in Cell 1 only needs to cover the appearance of SSB with index=4, 5 and 6 (or only 4) from Cell 2. It is a waste of power if UE measures all beams of Cell 2 and Cell 3.

Observation 2: System information is identical among different serving SSBs index, but the useful information is not the same for different UEs under the coverage of different serving SSBs.
Based on the above analysis, the measurement time duration can be shrink, i.e., the number of measured SSBs will be reduced, if the network can provide some assistance information. The measurement time reduction is further illustrated in Figure 5 by reducing the measurement time duration discussed above, with the typical SMTC window with length 5ms (i.e. half frame) and periodicity 20ms. In the legacy mechanism, UE in Cell 1 needs to measure all the time during the SMTC window to avoid missing neighbor SSBs. However, as we discussed in Figure 5, when UE is under the coverage of SSB with index=1 in Cell 1, the efficient measurement is to measure SSBs with index=4, 5 and 6 in Cell 2, with no need of measuring all SSBs in Cell 3, as showed in yellow color in Figure 5. In this way, the time duration for detecting/measuring SSBs can be reduced by reducing the number of measured SSBs.
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Figure 5 The measurement time reduction
In Rel-16 UE power saving topic, it has been verified that relaxing RRM measurement in time domain helps to reduce the power consumption. We assume that the maximum number of SS/PBCH blocks per half frame equals to 8, so the average time duration for detecting/measuring one SSB is 0.625ms. The time reduction and power saving gain are given in the Table 2 as below. Moreover, the power saving gain can be obtained with few performance degrading since only unnecessary SSBs detection/measurement are avoided.

Table 2 Time reduction and power saving gain
	
	Time for measurement within 20ms
	Time reduction
	Power saving gain
According to the power model in TR 38.840, the power consumption is calculated during one DRX cycle = 1280ms

	Mapping between serving SSB index and the associated measurement time pattern during the SMTC window is not configured
Full SMTC window are measured
	5ms
	Baseline
	The baseline power consumption is 2284.5 unit (NOTE)

	Mapping between serving SSB index and the associated measurement time pattern during the SMTC window is configured
	UEs with only 3 neighbor SSBs (Cell 2) to be measured
	1.875ms
	62.5%
	Power consumption is 1975.125 unit
Power saving gain is 13.54%

	
	UEs with only 2 neighbor SSBs (Cell 3) to be measured
	1.25ms
	75%
	Power consumption is 1913.25 unit
Power saving gain is 16.25%

	NOTE: Considering one slot for synchronization, one slot for paging reception, and time duration for serving SSB measurement. The time interval between synchronization and serving SSB measurement is 20ms. The average light sleep time is 19ms. Considering the neighbor SSB measurement is right after the serving SSB measurement, the measurement time is 5ms. The deep sleep time is 1280-0.5-0.5-19-0.5-5=1254.5ms. The power consumption for synchronization, paging reception, serving SSB measurement and measurement for SMTC window is 100 unit per millisecond. The power consumption for light sleep and deep sleep are 20 unit and 1 unit per millisecond respectively.


Observation 3: Power consumption for RRM measurement can be reduced with few performance degrading by reducing time for unnecessary SSBs detection/measurement.
Proposal 3: Study neighboring cell RRM measurement relaxation to further reduce the time for unnecessary SSBs detection/measurement.

· Neighboring cell RRM measurement relaxation in RRC_CONNECTED

Neighboring cell RRM relaxation in RRC_CONNECTED may degrade the network performance, e.g. too late handover. In addition, to optimize handover parameters, UE needs to send RLF report to network after handover failure. If this handover failure is caused by RRM measurement relaxation, network may adjust handover parameters wrongly. Hence, we think RRM measurement relaxation in RRC_CONNECTED should be as a low priority. If it is decided to be studied finally, it should strictly under network control, at least including:
· Network configures RRM measurement relaxation parameters
· UE informs the network the relaxation criteria is fulfilled to assist network to further decide whether to enable UE RRM measurement relaxation
Proposal 4: RRM measurement relaxation in RRC_CONNECTED could be considered as a low priority and relaxation should be under the control of the network if it is agreed.
· Serving cell RRM measurement relaxation
As the measurement results of serving cell is the basis for the neighbor cell measurement, we see no need to support serving cell relaxation at risk of degrading network performance. 
Proposal 5: Serving cell RRM measurement relaxation is not considered.
3 Conclusion and Proposals
In this contribution, RRM measurement relaxation for reduced capability UEs were discussed with the following observations and proposals:
· “Stationary” criterion
Proposal 1: Consider an enhancement of involving beam-level quality for “stationary” criterion.
· RRM measurement relaxation method
Neighboring cell RRM measurement relaxation in RRC_IDLE/INACTIVE
Observation 1: At area with or without RRM measurement relaxation, purely stationary UEs may waste its power at neighboring cell measurement and cannot find a better cell.
Proposal 2: Consider neighboring cell RRM measurement relaxation enhancement by expanding the scenario of performing “stop measurement for 1 hour” for stationary UEs.
Observation 2: System information is identical among different serving SSBs index, but the useful information is not the same for different UEs under the coverage of different serving SSBs.
Observation 3: Power consumption for RRM measurement can be reduced with few performance degrading by reducing time for unnecessary SSBs detection/measurement.
Proposal 3: Study neighboring cell RRM measurement relaxation to further reduce the time for unnecessary SSBs detection/measurement.
Neighboring cell RRM measurement relaxation in RRC_CONNECTED
Proposal 4: RRM measurement relaxation in RRC_CONNECTED could be considered as a low priority and relaxation should be under the control of the network if it is agreed.
Serving cell RRM measurement relaxation
Proposal 5: Serving cell RRM measurement relaxation is not considered.
4 References
[1] RP-202933 New WID on Support of reduced capability NR devices.
[2] TR 38.840 Study on User Equipment (UE) power saving in NR
[3] TR 22.804 Study on Communication for Automation in Vertical Domains
5 Text Proposal for 38.875 on RRM relaxation for stationary devices
==================================Start of 1st Change =================================

5.1 RRM relaxation for stationary devices
1.1.1 Description of feature
The study includes an objective on RRM relaxation for stationary RedCap UEs. Considering the mobility of a RedCap UE, the stationarity property is not limited to fixed or immobile UEs, but UEs which are considered stationary can also have low mobility, i.e., be slightly moving. 
NR Rel-16 defined cell edge criteria and low mobility criteria via just considering cell-level measurement results but not considering beam-level measurement results. To reflect mobility state accurately, an enhancement of involving beam-level quality can be considered for “stationary” criterion.
As a baseline, the RRM relaxation of RedCap UEs is triggered based on measurements. 

Other triggering conditions are not excluded, for example triggers for fixed or immobile UEs. For such UEs the possibility to signal stationary property explicitly can be studied further.

Rel-16 NR RRM relaxation procedures are taken as a baseline to study further enhancements of neighbour cell RRM relaxation for RedCap UEs in RRC IDLE and RRC_INACTIVE. 
According to Rel-16 NR RRM relaxation critera, if UE fulfills low mobility criteria (when both low mobility criteria and not-in-cell edge criteria are configured and combineRelaxedMeasCondition is not configured, or only low mobility criteria is configured), measurement interval can be expanded with scaling factor of 3 times. For purely stationary RedCap UE, it is still possible that RedCap UE cannot find a better cell by using 3-times longer measurement interval. Therefore, the scenario of performing “stop measurement for 1 hour” for stationary UEs can be further expand. Annex E.2.x shows that for DRX cycle =1280ms, stop measurement for 1 hour can achieve power saving gain of 25.17% compared to 3-times relax.

System information (e.g. SMTC window) is identical among different serving SSBs index, but the useful information is not the same for different UEs under the coverage of different serving SSBs. The measurement time duration can be shrink, i.e., the number of measured SSBs will be reduced, if the network can provide some assistance information. Power consumption for RRM measurement can be reduced (showed in Annex E.2.x) with few performance degrading by reducing time for unnecessary SSBs detection/measurement. RAN2 will study neighboring cell RRM measurement relaxation to further reduce the time for unnecessary SSBs detection/measurement.
RAN2 will study relaxation of neighbour cells RRM measurements in RRC_CONNECTED.
Neighboring cell RRM relaxation in RRC_CONNECTED may degrade the network performance, e.g. too late handover. In addition, to optimize handover parameters, UE needs to send RLF report to network after handover failure. If this handover failure is caused by RRM measurement relaxation, network may adjust handover parameters wrongly. Hence, we think RRM measurement relaxation in RRC_CONNECTED should be as a low priority. If it is decided to be studied finally, it should strictly under network control, at least including:
· Network configures RRM measurement relaxation parameters
· UE informs the network the relaxation criteria is fulfilled to assist network to further decide whether to enable UE RRM measurement relaxation
Editor’s note: FFS further study on details and solutions for RRM relaxation mechanisms in all RRC states.
==================================End of 1st Change =================================
==================================Start of 2nd Change =================================

1.1.2 Analysis of UE power saving

Annex E.2 lists power saving results and analysis provided in R2-2009620. 

In summary, R2-2009620 presents plotted results for cases where the DRX cycle is 1.28 seconds, the number of intra- and inter-frequency cells is 8 with an SSB periodicity of 20 ms. The results are presented with the average power consumption plotted against how often the UE measures. The results show that power consumption does not change significantly for measurement relaxation beyond one hour.
Annex E.2.x lists power saving results and analysis provided in R2-2101257.
In summary, R2-XXXXX shows the average power consumption and power saving gain when further expand the measurement interval from using three times scaling factor to stopping measurement for 1 hour. The result shows that for DRX cycle =1280ms, stopping measurement for 1 hour can achieve power saving gain of 25.17% compared to 3-times relaxation. In addition, R2-XXXXX shows the time reduction and power saving gain when the time duration for detecting/measuring SSBs can be reduced by reducing the number of measured SSBs. The power saving gain is 13.54% and 16.25% respectively if the time for SSBs detection/measurement is reduced by 62.5% and 75%.
Editor’s note: FFS RAN2 agreed conclusions and possible recommendations and references to other results.
==================================End of 2nd Change =================================
==================================Start of 3rd Change =================================

E.2.x RRM relaxation evaluation in R2-xxxxxx

The following table shows the average power consumption and power saving gain when further expand the measurement interval from using three times scaling factor to stopping measurement for 1 hour. The power calculation is performed with the model in TR 38.840. For DRX cycle =1280ms, power saving gain of 25.17% can be achieved.
Table E.2.x-1 Power saving gain achieved by further expanding the measurement interval.
	
	DRX cycle = 1280ms

	Relative power consumption:

3 times relax [unit]
	2.0374

	Relative power consumption:

stop measurment for 1 hour [unit]
	1.5246

	Power saving gain
	25.17%


The measurement time reduction is further illustrated in Figure E.2.x-2 by reducing the measurement time duration discussed above, with the typical SMTC window with length 5ms (i.e. half frame) and periodicity 20ms. We assume that the maximum number of SS/PBCH blocks per half frame equals to 8, so the average time duration for detecting/measuring one SSB is 0.625ms. The time reduction and power saving gain are given in the Table E.2.x-3 as below. Moreover, the power saving gain can be obtained with few performance degrading since only unnecessary SSBs detection/measurement are avoided.
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Figure E.2.x-2 The measurement time reduction

Table E.2.x-3 Time reduction and power saving gain
	
	Time for measurement within 20ms
	Time reduction
	Power saving gain
According to the power model in TR 38.840, the power consumption is calculated during one DRX cycle = 1280ms

	Mapping between serving SSB index and the associated measurement time pattern during the SMTC window is not configured
Full SMTC window are measured
	5ms
	Baseline
	The baseline power consumption is 2284.5 unit (NOTE)

	Mapping between serving SSB index and the associated measurement time pattern during the SMTC window is configured
	UEs with only 3 neighbor SSBs (Cell 2) to be measured
	1.875ms
	62.5%
	Power consumption is 1975.125 unit
Power saving gain is 13.54%

	
	UEs with only 2 neighbor SSBs (Cell 3) to be measured
	1.25ms
	75%
	Power consumption is 1913.25 unit
Power saving gain is 16.25%

	NOTE: Considering one slot for synchronization, one slot for paging reception, and time duration for serving SSB measurement. The time interval between synchronization and serving SSB measurement is 20ms. The average light sleep time is 19ms. Considering the neighbor SSB measurement is right after the serving SSB measurement, the measurement time is 5ms. The deep sleep time is 1280-0.5-0.5-19-0.5-5=1254.5ms. The power consumption for synchronization, paging reception, serving SSB measurement and measurement for SMTC window is 100 unit per millisecond. The power consumption for light sleep and deep sleep are 20 unit and 1 unit per millisecond respectively.


==================================End of 3rd Change =================================
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