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1. [bookmark: _Toc120549591]Introduction
Rel-19 NR LP-WUS/WUR WI was approved in [1], which states that In RRC IDLE/INACTIVE modes, it's observed that significant UE power saving gain (up to more than 90%) is obtained by using LP-WUS/WUR to trigger UE MR paging monitoring compared with existing I -DRX operation (with and without PEI), if sufficient relaxation to MR RRM measurement is applied. We will discuss on the following objectives in this contribution. 
· For IDLE/INACTIVE modes
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
2. Discussion
2.1 MR measurement relaxation of serving cell
In RRC_IDLE/INACTIVE modes, the UE performs RRM measurement for cell selection, and performs cell reselection to camp on a better cell. In the cell reselection process, the UE needs to perform measurements on the serving cell and neighbor cell according to certain rules, and then sort them for reselection. In this section, we first discuss MR measurement relaxation of serving cell.
The following text is captured in TR 38.869 about RRM measurement in RRC_IDLE/INACTIVE modes[2]:
	-	Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support
-  For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
-	Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
-	FFS: Condition for relaxation if any
-	Can apply for both neighboring and serving cell
-	Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
-	FFS threshold
-	Above MR measurement under certain conditions can apply for both neighboring and serving cell
-	Potentially with relaxation methods for MR neighboring cell measurement


When within the LP-WUS coverage, the UE only monitors using LP-WUR and can use it to perform measurements through LP-SS. Alt2 and Alt3 are two understandings of offloading of RRM measurements of serving cell to LP-WUR under certain conditions, both of them can be supported. But first we should discuss whether to support LP-SS as the measurement reference signal for cell reselection in TS 38.304. This has a direct impact on solution selection, discussed below:
LP-SS as the measurement reference signal for cell reselection is not supported
· Option 1: Alt2 with Threshold1
For this option, the UE is not supported to use LP-SS as the measurement reference signal for cell reselection. The MR cannot stop measurement, so obviously only Alt2 is allowed. In this case, the measurement results of LP-WUR can be used as a supplement to the results of relaxed periodicity MR measurement.
[image: ] 
Figure 1 Alt2 with Threshold1
[bookmark: _Hlk162874716]According to evaluation in TR 38.869, LP-WUS link performance is considerably worse than legacy physical channels (e.g., PDCCH or PUSCH), and there could be partial LP-WUS coverage in the cell, as shown in Figure 1. Therefore, a RSRP threshold can be defined, denoted as Threshold1. When the quality of the serving cell's Reference Signal RSRP is better than a pre-configured Threshold1, the UE considers that the entry conditions for measurement relaxation for MR have been met. At this time, LP-SS-based measurement can be started and MR measurement can be relaxed. The leaving condition can be defined as the quality of the serving cell's Reference Signal being worse than the Threshold1.
This measurement relaxation for MR in LP-WUS can be regarded as the complement of the relaxed measurement mechanism in TS 38.304. However, the selection of the measurement reference signal and the selection of the threshold value need to be discussed again. First consider the measurement reference signal in the entry conditions of MR measurement relaxation. In the relaxed measurement of TS 38.304, the measurement values in the judgment conditions are based on legacy SSB and MR. Since before the entry condition is fulfilled, UE should perform legacy measurement on MR. Hence, it is straightforward to use the serving cell's SSB measured by MR as the target Reference Signal for entry condition. Then consider the leaving condition. Since MR does not completely stop measuring in this option, it is also intuitive to use the serving cell's SSB measured by MR as the target Reference Signal for leaving condition. Finally, consider the value of Threshold1, which is related to the power of the LP-SS signal and LP-WUS signal, so it is obviously different from the existing SSearchThresholdP in TS 38.304, and its specific value should be determined by RAN4.
In the existing relaxed measurement mechanism in TS 38.304[3], the UE can relax the measurement period by determining whether the RSRP of the serving cell reference signal meets the threshold. The text capture of relaxed conditions is as follows:
	The relaxed measurement criterion for UE not at cell edge is fulfilled when:
-	Srxlev > SSearchThresholdP, and,
-	Squal > SSearchThresholdQ, if SSearchThresholdQ is configured,
Where:
-	Srxlev = current Srxlev value of the serving cell (dB).
-	Squal = current Squal value of the serving cell (dB).


Based on the above discussion and the existing relaxed measurement mechanism, we believe that LP-SS should be supported as the measurement reference signal for cell reselection. If not, then only Option 1 can be chosen, which is Alt2 (e.g., relaxed period). This method of Alt2 is no significantly different from the existing relaxed measurement mechanism for MR. As shown in Figure 2, after the UE has satisfied the existing measurement relaxation, when further performing Alt2, the gain in power saving is only to adopt a more relaxed measurement period. However, this gain may not be significant, and if the period is too relaxed, the measurement itself will lose its meaning.
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Figure 2 Compared with the existing relaxed measurement mechanism
Proposal 1: Support LP-SS as the measurement reference signal for cell reselection after MR stops measuring the serving cell.

LP-SS as the measurement reference signal for cell reselection is supported
· Option 2: Alt3 with Threshold2
For this option, the UE is supported to use LP-SS as the measurement reference signal for cell reselection. At this time, Alt3 is feasible. MR can stop measurement in order to save energy after certain conditions are met, and completely offload the measurement to LP-WUR.
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Figure 3 Alt3 with Threshold2
As Option 1, when the quality of the serving cell's Reference Signal RSRP is better than a pre-configured Threshold2, the UE considers that the entry conditions for measurement stopped for MR have been met, as shown in Figure 3. At this time, LP-SS-based measurement can be started and MR measurement can be stopped. The leaving condition can be defined as the quality of the serving cell's Reference Signal being worse than the Threshold2. However, the measurement reference signal and threshold value in Option 2 are different from Option 1.
In Option 2, the UE should still use the serving cell's SSB measured by MR as the target Reference Signal for entry condition. There are two reasons here: first, same as Option 1, UE should perform legacy measurement on MR before the entry condition is fulfilled; second, after the entry conditions are met in option 2, the MR measurement of serving cell will be closed. With partial coverage, the most severe error case would be if the UE from inaccurate LP-WUR measurements incorrectly concludes that it Satisfy the entry conditions for measurement relaxation for MR when it is not(e.g., stop MR measurement). Therefore, the MR cannot be woken up, or the link quality is poor after being woken up. Therefore, the UE cannot easily turn off MR measurement based on the LP-WUR measurement result and it is more reliable to use the serving cell's SSB measured by MR as the target Reference Signal for entry condition.
For the target reference signal in the leaving condition, since MR has been turned off, only the measurement results of LP-SS can be used. At the same time, due to changes in the measurement entity and reference signal, the measurement accuracy may be different. Whether Threshold2 should be different in the entry condition and leaving condition is up to RAN4 to decide.
· Option 3: Alt2 + Alt3
The third option is a hybrid solution which combines Alt2 and Alt3. For this option, the UE is supported to use LP-SS as the measurement reference signal for cell reselection. Therefore, we can also divide measurement offloading into two steps: first, execute Alt2 after reference signal RSRP reaching a certain threshold; and then execute Alt3 when the reference signal RSRP reaches a value better than the threshold.
[image: 图示

描述已自动生成] 
Figure 4 Alt2 + Alt3 
Entry conditions are divided into two steps. when the quality of the serving cell's Reference Signal RSRP is better than a pre-configured Threshold1, the UE considers that the entry conditions for measurement relaxation for MR have been met. Then, when the quality of the serving cell's Reference Signal RSRP is better than a pre-configured Threshold2 which is better than Threshold1, the UE considers that the entry conditions for measurement stopped for MR have been met, as shown in Figure 4. Similarly, the leaving conditions are also divided into two sections. When the quality of the serving cell's Reference Signal being worse than the Threshold2, UE leaves to Alt2. When the quality of the serving cell's Reference Signal being worse than the Threshold1, UE leaves to regular measurements. 
In Option 3, according to the previous discussion, it is reasonable for UE to use the serving cell's SSB measured by MR as the target Reference Signal for both entry condition. The UE determines whether to leave to Alt2 based on the LP-SS measurement results with LP-WUR. Then the UE determines whether to leave to regular measurements based on the SSB measurement results with MR.
In addition, in Option 3, the UE can also directly enter Alt3 after meeting the conditions.
If LP-SS is supported as the measurement reference signal for cell reselection, then Option 2 is Better choice. For RRC_IDLE/INACTIVE modes UE, there is no need to define an overly complex and cumbersome process. In Option 2, after selecting a suitable Threshold2, it is a simple and power-saving method to offload all measurement tasks of MR to LP-WUR.
Proposal 2: For measurement offloading of serving cells, Alt3 is a better choice. Offloading all measurements to LP-WUR can achieve better power saving gains.
Proposal 3: The UE uses the SSB RSRP of MR as the entry condition for offloading, and the LP-SS RSRP of LP-WUR as the leaving condition for offloading.

2.2 MR measurement relaxation of neighboring cell
The UE's measurement of neighboring cells is mainly to perform cell reselection to ensure that it camps in a better cell. The following text about neighboring cell measurement is captured from TS 38.304, which is mainly divided into intra-frequency and inter-frequency:
	intra-frequency
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ:
-	If distanceThresh and referenceLocation are broadcasted in SIB19, and if UE supports location-based measurement initiation and has obtained its location information:
[bookmark: _Hlk96333131]-	If the distance between UE and the serving cell reference location referenceLocation is shorter than distanceThresh, the UE may not perform intra-frequency measurements;
-	Else, the UE shall perform intra-frequency measurements;
-	Else, the UE may not perform intra-frequency measurements;
-	Else, the UE shall perform intra-frequency measurements.
inter-frequency
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133.
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ:
-	If distanceThresh and referenceLocation are broadcasted in SIB19, and if UE supports location-based measurement initiation and has obtained its UE location information:
-	If the distance between UE and the serving cell reference location referenceLocation is shorter than distanceThresh, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Else, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133;
-	Else, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Else, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133.
The network configures s-SearchThresholdP to be less than or equal to s-IntraSearchP and s-NonIntraSearchP.


As can be seen from the above protocol, the UE will unconditionally perform measurements on inter-frequency cells with high priority, while measurements on other cells need to meet certain threshold conditions. At the same time, due to the smaller coverage of LP-SS, measurement of neighboring cells can still only be done through MR and cannot be offloaded to LP-WUR. However, the measurement results of the serving cell LP-WUR can be considered to be used as a leaving condition for the relaxed neighboring cell MR measurement based on the existing relaxation mechanism. In the existing relaxed measurement mechanism, the UE does not distinguish the priorities of neighboring cells. But now, it is necessary to discuss separately.
For high-priority neighbor cells, measurements are always performed. According to the existing mechanism, the period can be relaxed when the threshold SSearchThresholdP is met. When the RSRP of the serving cell meets Threshold2, the MR stops measuring the serving cell, so high-priority neighboring cells should be supported to leave measurement relaxation based on the LP-WUR measurement results based on LP-SS. As shown in Figure 5.
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Figure 5 High-priority neighbor cell
Observation 1: Due to the small coverage of LP-SS, measurements of neighboring cells cannot be offloaded to LP-WUR. 
Proposal 4: High-priority neighboring cells should be supported to leave measurement relaxation based on the LP-WUR measurement results based on LP-SS.
For other neighboring cells UE needs to consider the opening threshold. According to TS 38.331: "The network configures SSearchThresholdP to be less than or equal to SIntraSearchP and SnonIntraSearchP.", the relevant thresholds are shown in Figure 6 (taking inter-frequency as an example). Therefore, for other neighboring cells, whether the LP-SS-based measurement results of the serving cell LP-WUR can be used in the measurement relaxation leave condition depends on the coverage of the LP-SS. Taking the coverage area in Figure 6 as an example, when the UE performs measurement offloading of the serving cell in the red circle, there is a high probability that the measurement of other neighboring cells will not be performed because the opening conditions are not met. In Figure 7, it is basically similar to the discussion in high priority.
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Figure 6 Threshold2 is greater than SnonIntraSearchP
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Figure 7 Threshold2 is less than SnonIntraSearchP
Proposal 5: For neighboring cells with equal or low priority, due to the limitation of measurement opening threshold, whether they can perform measurement relaxation based on LP-WUR measurement results depends on the coverage of LP-SS.

3. Conclusions
In this contribution, we discussed the LP-WUS measurement offloading in RRC_IDLE/INACTIVE mode, and following are the observations and proposals.
Observations:
Observation 1: Due to the small coverage of LP-SS, measurements of neighboring cells cannot be offloaded to LP-WUR.

Proposals:
Proposal 1: Support LP-SS as the measurement reference signal for cell reselection after MR stops measuring the serving cell.
Proposal 2: For measurement offloading of serving cells, Alt3 is a better choice. Offloading all measurements to LP-WUR can achieve better power saving gains.
Proposal 3: The UE uses the SSB RSRP of MR as the entry condition for offloading, and the LP-SS RSRP of LP-WUR as the leaving condition for offloading.
Proposal 4: High-priority neighboring cells should be supported to leave measurement relaxation based on the LP-WUR measurement results based on LP-SS.
Proposal 5: For neighboring cells with equal or low priority, due to the limitation of measurement opening threshold, whether they can perform measurement relaxation based on LP-WUR measurement results depends on the coverage of LP-SS.
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