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Introduction
In this contribution WUR and RRM measurements are discussed further. 
[bookmark: _Toc242573354]Discussion
Serving cell measurements
According to 38.133 section 4.2.2.2 the UE has to perform serving cell measurements every M1 * N1 DRX cycles, where M1 is either 1 or 2 and N1 is 1 for FR1:
-	M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second,
-	otherwise M1=1.
This means that the UE has to perform serving cell RRM measurements every DRX cycle or every second DRX cycle in FR1:
[bookmark: _Toc166223704]In FR1 the UE has to perform serving cell RRM measurements every DRX cycle or every second DRX cycle.
For example when the DRX cycle is 1.28 s or 640 ms and the SSB periodicity 20 ms the UE is required to measure the serving cell every DRX cycle.
In NR serving cell RRM measurement relaxation is neither supported for normal broadband UE nor RedCap UE. Serving cell RRM measurement relaxation is however supported for NB-IoT and MTC in LTE. The UE is allowed to relax the serving cell measurements when the following conditions are met:
· WUS is configured, and
· numDRX-CycleRelaxed is configured, and
· S criteria (cell selection criteria) is met with at least 2 dB margin, and 
· Relaxed monitoring criteria for neighbour cells are fulfilled
Table 4.6A.2.1A-1: The relaxation factor N for a UE not configured with eDRX IDLE cycle
	DRX cycle length [s]
	Value

	0.32
	Min(n , 8)

	0.64
	Min(n , 8)

	1.28
	Min(n , 8)

	2.56
	Min(n , 4)

	5.12
	Min(n , 2)

	10.24
	1

	Note:	n is signalled by the network by using numDRX-CyclesRelaxed-r15 defined in TS 36.331 [2].



Table 4.7.2.1.1A-1: The relaxation factor N for a UE not configured with eDRX IDLE cycle
	DRX cycle length [s]
	Value

	0.32
	Min(n , 32)

	0.64
	Min(n , 16)

	1.28
	Min(n , 8)

	2.56
	Min(n , 4)

	NOTE:	n is signalled by the network by using numDRX-CyclesRelaxed-r16 defined in TS 36.331 [2].


WUS-Config-NB-r15 ::=			SEQUENCE {
…
	numDRX-CyclesRelaxed-r15		ENUMERATED {n1, n2, n4, n8},	
…
WUS-Config-v1610 ::=			SEQUENCE {
	numDRX-CyclesRelaxed-r16		ENUMERATED {n1, n2, n4, n8}
…
Provided that all the conditions are met the UE is allowed to measure the serving cell only every Nth DRX cycle. Serving cell relaxation has been discussed in RAN4 and captured in 36.133. RAN2 only captured the configuration in 36.331 of numDRX-CyclesRelaxed parameter in WUS-Config IE while referring to 36.133 in the field description:
[bookmark: _Toc166223705]In LTE only NB-IoT/MTC UEs supporting WUS are allowed to relax serving cell measurements provided that the neighbour cell measurements are relaxed and the S criteria is met with 2 dB margin.
Serving cell relaxation is not supported for normal broadband UE, but it is limited to low mobility use cases and for devices for which power saving is critical. 
LP-SS measurement accuracy and latency
The UE may support two different WUR types (or both):
· OOK-based WUR using LP-SS for serving cell RRM measurements
· OFDM-based WUR using SSS/PSS for RRM measurements
[image: ]
When the UE is monitoring LP-WUS/LP-SS to save power in idle and inactive, then there should be no negative impact on paging, cell re-selection and PLMN selection performance. When the UE is not camped on the best/strongest cell on a frequency this may cause interference when the UE performs random access. Furthermore load balancing may be impacted when the UE is not on the highest priority frequency. And the UE should select the highest priority or home PLMN at all times. When the UE is not on the best/strongest cell this may also impact the paging performance (e.g. UE misses paging or paging is delayed and CN escalates the paging in the complete registration area when the UE does not reply to the first Paging attempt). 
When LP-SS is used for serving cell measurements the measurement accuracy and latency can be expected to be impaired:
[bookmark: _Toc166223706]The RRM measurement accuracy and latency may be impaired when LP-SS is used.
When OFDM-based WUR is used the UE can use SSS/PSS for sync and RRM measurements and sync, i.e. the RRM measurement accuracy and latency is not expected to be impaired (significantly).
RAN4 will define the measurement requirements (accuracy and delay) when LR is used for serving cell measurements using LP-SS and PSS/SSS. This will depend on the SNR that can be assumed after RAN4 simulations.
RAN1 assumes that RSRP and RSRQ measurement metrics can be supported with LP-SS. And that the design target for LP-SS measurement accuracy/delay is that within 1.28 seconds the UE can meet the LP-SS accuracy requirements based on X LP-SS samples (FFS: X). During the study item phase the minimum LP-SS periodicity was 320 ms, i.e. providing 4 LP-SS measurement samples within 1.28 s. 
MR serving cell relaxation
MR serving cell relaxation, with or without the LR performing serving cell measurements, was discussed in last meeting, but no agreement was reached. 
For a normal broadband UE, not supporting WUR, there is no benefit in serving cell relaxation, because the UE anyways has to monitor paging every DRX cycle:
[bookmark: _Toc166223708]Serving cell RRM measurement relaxation is only used when WUR is configured. 
If the UE supports WUR, but WUR is not used for serving cell measurements but only for paging monitoring, does not make sense. In such case the MR has to perform serving cell measurements every DRX cycle and the power saving gains are diminished.
In case WUR is used to do serving cell measurements using LP-SS, instead of MR doing serving cell measurements, then we have some concerns about potential impact on paging and cell reselection performance, due to the accuracy and latency with LP-SS measurements, see [1] for further discussion:
[bookmark: _Toc166223709]The potential impact on paging and cell reselection performance needs to be evaluated when the LR is using LP-SS for serving cell RRM measurements instead of the MR using SSB.
Neighbour cell RRM measurement relaxation
Neighbour cell RRM measurement relaxation (i.e. intra-/inter-/iRAT-frequency measurement relaxation) is supported in NR for normal broadband UEs and (e)RedCap UEs. In both cases the basic principle is the following:
· A mobility and/or good coverage criterion can be configured in SIB2.
· When mobility has not been detected for a period of TSearch and/or the UE is in good coverage:
· UE may perform relaxed RRM measurements for intra-/inter-/iRAT-frequencies as specified in 38.133.
· The relaxation level depends on whether both mobility and good coverage criterion need to be fulfilled simultaneously or not.
· When highPriorityMeasRelax is not configured then the UE is required to perform higher priority frequency measurements every 60 seconds, unless no mobility has been detected and the UE is in good coverage..
Higher priority frequency measurements ensure that the UE is always on the highest priority frequency, even when the UE is above the inter-frequency measurement threshold on the current frequency. These higher priority frequency measurements are performed in the background, i.e. the UE is required to measure an inter-/iRAT frequency every 60 seconds. 
The RRM relaxation depends on the relaxedMeasurement configuration in SIB2 and whether the relaxation criteria are met. In best the case, i.e. when the UE is stationary and/or in good coverage, the UE is not required to perform intra-/inter-/iRAT frequency measurements for 1 hour. In such case the UE can also relax higher priority frequency measurements up to 1 hour, provided that highPriorityMeasRelax is set.
When a normal broadband UE only needs to perform RRM measurements every hour, then no significant power saving gains are expected when the measurements are relaxed beyond one hour: 
[bookmark: _Toc162893198][bookmark: _Toc163206909][bookmark: _Toc166223710]RAN2 to discuss whether there are use cases where further relaxation beyond 1 hour for neighbour cell RRM measurements is beneficial.
[bookmark: _Toc162893199][bookmark: _Toc163206910][bookmark: _Toc166223711]RAN2 to discuss whether higher priority frequency measurements can be relaxed beyond 1 hour when mobility is not detected and the UE is in good coverage without impacting load balancing.
In our view the existing neighbour cell RRM relaxation can be re-used with WUR. 
LP-SS and LP-WUS monitoring occasions
The OFDM-based WUR uses PSS/SSS for serving cell measurements, which are transmitted frequently (e.g. every 20 ms):
[bookmark: _Toc166223707]OFDM-based WUR UE can perform serving cell RRM measurements during LP-WUS MO.
The OOK-based WUR uses LP-SS for sync and serving cell RRM measurements. The starting point of the LP-SS periodicity (Y) is 320 ms and the LP-SS periodicity should consider network overhead and network power consumption. The LP-SS periodicity is much sparser compared to SSB. It can be expected that the UE supporting OOK-based WUR has to wake-up 2x during a DRX cycle: during LP-WUS Monitoring Occasion (MO) and LP-SS MO. The time to switch LR on/off (TLR, ramp-up) is FFS and the transition energy is TLR, ramp-up *(PON-POFF)/2. But whether the LR goes to sleep in between MOs can and should be left to UE implementation:
[bookmark: _Toc166223712]OOK-based WUR UE performs serving cell RRM measurements during LP-SS MO and paging monitoring during LP-WUS MO. 
The paging occasions are uniformly distributed during a DRX cycle. To enable further Network Energy Saving (NES) POs can be grouped in time to enable longer sleep period in the gNB [2]
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
LP-WUS should be supported when NES is configured:
[bookmark: _Toc166223713]LP-WUS can be used when NES is configured. 
When POs are grouped in time (within a single DRX cycle), this offers the opportunity to configure one or more LP-WUS occasions in front of the group together with a number of LP-SS occasions. This may reduce the number of LP-WUS transmissions needed for paging, and the number of LP-SS transmissions needed for sync. However periodic LP-SS transmission are required to enable RRM measurements. 
In the above example LP-WUS is moving closer to the POs. It has also been proposed that instead the PO dynamically moves closer to the LP-WUS occasion to reduce the paging delay. However this increases the number of LP-WUS and paging transmissions, because less UEs will be paged at the same time. Furthermore if the UE continuously monitors LP-WUS the probability of false alarms increases. It is already possible to reduce the average paging delay by configuring a shorter DRX cycle. With a shorter DRX cycle the UE has to monitor more often, but with dynamic PO the paging transmissions are increased. The UE however can reduce the impact of a shorter DRX cycle by using WUS:
[bookmark: _Toc166223714]Dynamic PO is not supported. 
In case of multi-beam operation the measurement quantity to be used for LP-SS serving cell needs to be discussed further (e.g. use the highest beam measurement quantity or some average). 
Mobility
When discussing RRM requirements it is relevant to consider the mobility that needs to be supported. The WID does not explicitly mention mobility requirements and perhaps for IoT use case the mobility is limited. But it is assumed that WUR supports normal idle mode mobility. 
The UE can be moving with a very high speed, e.g. in case of High Speed Train (HST). It may be challenging to support WUR with HST, i.e. RAN4 should confirm the feasibility. One possibility is to follow the approach when both RRM relaxation and HST is configured: when low mobility criterion is fulfilled it is up to UE implementation to use WUR measurement requirements or HST measurement requirements:
[bookmark: _Toc163206913][bookmark: _Toc166223715]RAN2 to discuss if WUR is supported with HST. 
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss WUR and RRM measurements: 
Observation 1	In FR1 the UE has to perform serving cell RRM measurements every DRX cycle or every second DRX cycle.
Observation 2	In LTE only NB-IoT/MTC UEs supporting WUS are allowed to relax serving cell measurements provided that the neighbour cell measurements are relaxed and the S criteria is met with 2 dB margin.
Observation 3	The RRM measurement accuracy and latency may be impaired when LP-SS is used.
Observation 4	OFDM-based WUR UE can perform serving cell RRM measurements during LP-WUS MO.

Proposal 1	Serving cell RRM measurement relaxation is only used when WUR is configured.
Proposal 2	The potential impact on paging and cell reselection performance needs to be evaluated when the LR is using LP-SS for serving cell RRM measurements instead of the MR using SSB.
Proposal 3	RAN2 to discuss whether there are use cases where further relaxation beyond 1 hour for neighbour cell RRM measurements is beneficial.
Proposal 4	RAN2 to discuss whether higher priority frequency measurements can be relaxed beyond 1 hour when mobility is not detected and the UE is in good coverage without impacting load balancing.
Proposal 5	OOK-based WUR UE performs serving cell RRM measurements during LP-SS MO and paging monitoring during LP-WUS MO.
Proposal 6	LP-WUS can be used when NES is configured.
Proposal 7	Dynamic PO is not supported.
Proposal 8	RAN2 to discuss if WUR is supported with HST.
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Annex: RAN1, RAN2 and RAN4 agreements
RAN1 agreements
Agreement
For LP-SS design from RAN1 perspective, consider at least the following as the design target:
· For RRM measurement performed by LP-WUR based on LP-SS, UE can satisfy measurement accuracy based on X LP-SS samples within a period which is comparable to Y=the length of I-DRX cycle that is larger or equal to 1.28s.
· FFS: X  
· Note: Y is chosen for evaluating LP-SS design. 
· Network overhead and network power consumption are to be considered
Agreement
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS:
· LP-RSRP
· LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
· FFS: How to determine the received power of LP-SS in OOK ON symbols
· LP-RSRQ
· LP-RSRQ = LP-RSRP/LP-RSSI
· For the definition of LP-RSSI for determination of LP-RSRQ, further consider the following options:
· Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.
· FFS: LP-SINR, Power ratio of OOK-ON symbol and OOK-OFF symbol
Note: RAN1 will send an LS to RAN2 and RAN4 on the measurement metrics that can be supported from RAN1 perspective, to facilitate RAN2/RAN4 discussions. The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.

Working Assumption
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
· Note: This may be revisited based on the RAN2/RAN4 discussion.

Conclusion
LP-SINR is not considered further as a metric for RRM serving cell measurement for OOK-based receiver.

RAN2 agreements
?? On RRM relaxation of UE MR for serving cell measurements: RAN2 assumes RRM measurement relaxation on serving cell via MR if the configured criteria is fulfilled is possible, final decision is up to RAN4. 
?? FFS in this case whether LR is also used for RRM measurement on serving cell. 
?? Detailed methods of measurement relaxation and offloading are up to RAN4. 

RAN4 agreements
Agreement: 
· At Rel-19 LP-WUR WI, for LP-WUR measurement, RAN4 specifies measurement requirements for the following:
· Measurement requirements for LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state
· Measurement requirements for LP-WUR serving cell measurement based on existing PSS/SSS at Idle/Inactive state
· Other related requirements are FFS

Agreement: Agreement on the target SNR for RAN4 simulation:
· The outcome of RAN1’s study in Rel-19 WI on SNR/SINR target is used as the starting point for RAN4 LP-WUR requirement study. 
· Aspects not considered in RAN1 (if any) can be further discussed in RAN4. 
 
Agreement:
RAN4 requirement for LP-WUR RRM measurement in Idle/inactive states:
· RAN4 to discuss the simulation assumptions considering the target SNR, accuracy and number of samples.
· RAN4 will define the delay requirement in core part, and further discuss whether/how to define the accuracy requirement.
For information only:
RAN4 requirement for LP-WUR RRM measurement in Idle/inactive states:
Options for further discussion (the options are only for information purpose)
· Option 1): Define the dedicated accuracy requirement in the performance section, FFS whether/how it can be verified in the test case.
· Option 2): No dedicated accuracy requirement in the performance section, and reflect the accuracy performance as a margin in the core requirement.
Option 2a): FFS accuracy requirement, and reflect the accuracy performance in delay requirement in core part. 
· Other options are not precluded.
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