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Introduction
[bookmark: _Hlk101956567]In RAN#116 [5], the following agreements on LP-WUS operation in IDLE/INACTIVE modes were agreed.
	[bookmark: _Hlk153295984]Agreement
Multi-beam operations are supported for LP-WUS and LP-SS for idle mode

Agreement
LP-WUS occasions (LOs) are defined for LP-WUS monitoring.
· Each LO has one or more LP-WUS monitoring occasions (MOs), where UE can monitors for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· It is not precluded that FFS whether or not each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· It is at least supported that a UE monitors LOs with a configured periodicity.
· Each UE has a periodicity for LO monitoring, and it is at least supported that a UE monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
· FFS: monitoring of multiple more than one LOs per period e.g. if LP-WUS common to all UEs is supported or in case of eDRX (if supported)
· FFS eDRX, if supported

Agreement
For the case where a UE supports PEI and PEI is configured by the gNB, after the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.

Agreement
It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO

Conclusion
For idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide.



In this contribution, we discuss LP-WUS operation in IDLE/INACTIVE modes.  
Discussions
Support of LP-WUS monitoring occasions
As depicted in the above, in RAN1#116 [5], definitions of LP-WUS occasions and LP-WUS monitoring occasions were defined. For design of LP-WUS monitoring occasion, the following use cases should be considered. 
· Support of multi-beam operation for LP-WUS
· Support of multi-beam operations is one of main design principles of NR from the beginning. Given that, multi-beam operation was agreed to be supported in RAN1#116. The simplest way to support the multi-beam operations is to transmit identical signals with different beams in different LP-WUS monitoring occasions within one LP-WUS occasion.
· Support of information groups within a same beam
· Information delivered by LP-WUS has different priorities. For example, delivery of wake-up indication is key information to wake up a UE and the UE make monitor paging occasions. On the other hand, sub-group and paging occasion related information may be less important as UE can acquire the information from PEI by UE implementation as agreed in RAN1#116. In addition, it should be noted that LP-WUS requires huge signaling overhead for delivering all the information with comparable coverage for PUSCH for Msg 3 (e.g., 10 repetitions with Manchester coding [7]). One possible solution for efficiently utilizing LP-WUS overheads would be delivering different information in each LP-WUS monitoring occasion potentially with different reliability. So, if the UE does not detect the information related to sub-group and paging occasion related information (e.g., due to lack of coverage), the UE can decode PEI by UE implementation instead. 
Proposal 1: Support different LP-WUS monitoring occasions within one LP-WUS occasion considering the following cases. 
· Case 1. Support transmission of a same information group with multiple beams. 
· Case 2. Support transmission of different information groups with same beam.
Proposal 2: For Case 1, support transmission of identical signals with different beams in different LP-WUS monitoring occasions within one LP-WUS occasion.
Proposal 3: For Case 2, support delivering different information in each LP-WUS monitoring occasion with an identical beam within one LP-WUS occasion.
Support of LP-WUS occasions
In RAN1#116 [5], number of LP-WUS occasions which should be monitored by UE was discussed. Based on the discussion, the following proposal was proposed in [6].
	 Proposal 2-4r3: 
In case the periodicity of LO is the same as the iDRX cycle, for the association of LO and PO from cell perspective, consider the following options:
· Option 1: One LO is associated with one PO One-to-one mapping between LO and PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
· Note: each UE monitors one LO
· Combinations of the above are not excluded
· Note: this does not imply how LO is defined or configured/derived, or whether there is explicit mapping defined



As discussed in the above, considering Case 1 and Case 2, one LP-WUS occasion includes multiple LP-WUS monitoring occasions which deliver the whole required information to UE. Given that, at least one LP-WUS occasion should be monitored, but whether to allow monitoring of multiple LP-WUS occasions can be further discussed. 
Proposal 4: UE monitors at least one LP-WUS occasion per period (at least Option 1 is supported).
· Whether to allow multiple LP-WUS occasions per period can be further discussed (whether Option 3 is needed or not is further discussed). 
According to the definition, LP-WUS occasion is not a time duration the UE needs to monitor, but a set of LP-WUS monitoring occasions. In that sense, there’s no need to define each LP-WUS occasion as a time window covering corresponding LP-WUS monitoring occasions. Instead, monitoring resources for corresponding LP-WUS monitoring occasions can be used. 
Proposal 5: Resources to be monitored is configured for each LP-WUS monitoring occasion. 
· LP-WUS occasion is not defined as a time duration. 
On Content of LP-WUS for IDLE/INACTIVE modes
In RAN1#112bis-e [3], the following agreement was made for the content of LP-WUS. 
	Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.


 
For LP-WUS information, the following information should be considered. 
· Paging and PEI related information
· As identified during the SI [2], LP-WUR can be used to offload MR from monitoring POs, maintain ultra deep sleep state and achieve corresponding power saving gain during IDLE/INACTIVE state. As MR should be turned on if the LP-WUR receives a LP-WUS indicating that the UE or UE group should listen to upcoming PO, to avoid frequent MR activation and achieve more power saving gain, target UE related information (e.g., UE group/sub-group/ID) should be included. In addition to the target related information, PEI related information should be considered for LP-WUS. By receiving PEI related information via LP-WUS, UE can reduce latency for supporting paging related procedure by directly monitoring subgroups in POs after activation of MR without receiving PEI. For example, UE subgroup information of POs and TRS availability should be included. 
· Identification of system information change
· In case of system information change, MR needs to wake up MR and receive updated SI if LP-WUS does not deliver system information. As payload size of LP-WUS is limited, delivering the whole system information via LP-WUS is not possible. However, updating information among preconfigured sets can be one option to avoid waking up MR. In this way, UE can update SI without activation of MR and maintain ultra-deep sleep.
· Information on neighboring cells
· According to the evaluation results from the SI [2], it is obvious that offloading RRM measurement from MR to LP-WUS is essential to avoid frequent wake up of MR from ultra deep sleep and achieve power saving gain from LP-WUS. Considering limited capacity of LP-WUR and reduced power consumption, providing information on neighboring cells should be considered for LP-WUR based RRM measurement. 
Observation 1: MR should be turned on when UE needs to listen upcoming PO to avoid frequent MR activation and achieve more power saving gain.
Proposal 6: Target UE related information should be included in LP-WUS.
Observation 2: Including PEI related information in LP-WUS reduces latency of supporting paging related procedure by directly monitoring subgroups without receiving PEI.
Proposal 7: Information supported in PEI should be supported in LP-WUS.
Observation 3: Identification of system information change via LP-WUS is beneficial, but frequent activation of MR to receive updated SI should be avoided.
Proposal 8: Support update of system Information via LP-WUS indication among preconfigured sets.
Observation 4: Information on neighboring cells is beneficial for offloading RRM measurement from MR to LP-WUR.
Proposal 9: Information on neighboring cells should be supported in LP-WUS.
Entry/exit condition of LP-WUS in IDLE/INACTIVE modes
For activation/deactivation of LP-WUS in IDLE/INACTIVE modes, the following agreement was made in RAN1#113 [4]. 
	Agreement
· For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
· Alt 1a: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 1b: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 2: 
· activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
· Paging misdetection performance shall not be impacted.



In addition, the following proposal was discussed in [6]. 
	Proposal 4-1: 
For the entry/exit conditions for LP-WUS monitoring,
· If the serving cell measurement performed by the LR is below a threshold configured by the gNB, the UE monitors the legacy PO/PEI and stops LP-WUS monitoring.
· FFS the serving cell measurement metrics
· The threshold may be configured differently for different types of LR.
· If the serving cell measurement performed by the MR is above a threshold configured by the gNB, the UE may start LP-WUS monitoring and stop the legacy PO/PEI monitoring.
· FFS the serving cell measurement metrics
· The threshold may be configured differently for different types of LR.
· FFS other conditions



In TR 38.869 [2], the following conclusions were drawn for coverage and resource overhead. 
	RAN1 has carried out coverage evaluation to compare the MIL performance of LP-WUS with that of legacy NR channels (e.g. PUSCH for MSG3, PDCCH for Paging). It is observed that for LP-WUS can achieve comparable MIL performance with that of NR PUSCH MSG3, with the assumed resource for each LP-WUS transmission is as the following, in which RedCap and non-RedCap UE cases are not further distinguished. 
-	For Urban scenario and single PUSCH MSG3 transmission 
-	For OOK-based LP-WUS, the required resource reported is 0.9~17.28 MHz*Symbol/bit 
-	For FSK-based LP-WUS, the required resource reported is 4.32~25.92 MHz*Symbol/bit 
-	For OFDM-based LP-WUS, the required resource reported is 0.31~4.32 MHz*Symbol/bit
-	For Urban scenario and PUSCH MSG3 transmission with two retransmissions (one source) 
-	For OOK-based LP-WUS, the required resource reported is 241.92 MHz*Symbol/bit 
-	For OFDM-based LP-WUS, the required resource reported is 2.16 MHz*Symbol/bit
-	For Rural scenarios and single PUSCH MSG3 transmission 
-	For OOK-based LP-WUS, the required resource reported is 0.18~8.64MHz*Symbol/bit 
-	For FSK-based LP-WUS, the required resource reported is 4.32 MHz*Symbol/bit (one source)
-	For OFDM-based LP-WUS, the required resource reported is 1.8~3.6MHz*Symbol/bit
-	Note the above OFDM symbol assumes subcarrier spacing 30kHz
-	In general, it is much more challenging for LP-WUS to reach comparable MIL as legacy PDCCH with AL16/AL8, more resources occupancy and/or coverage enhancement techniques for LP-WUS transmission would be required to reach such challenging MIL target.
For the overhead of LP-WUS used for RRC IDLE/INACTIVE UEs, it depends on the number of information bits, time-frequency occupation, traffic inter-arrival time, number of beams, system BW.
-	For 5MHz LP-WUS with single PUSCH MSG 3 as MIL target
-	For OFDM based LP-WUS carrying information of up to 24bits, the overhead is marginal (up to 0.16%) for 20MHz or 100MHz system BW
-	For OOK/FSK-2 based LP-WUS carrying information up to 24bit, the overhead is marginal (up to 1.98%) for 20MHz. Note that in this case, the overhead evaluation in some sources includes LP-WUS and LP-SS. The reported maximum payload and maximum overhead are from different sources and are not corresponds to each other. 
-	For 5MHz LP-WUS with paging PDCCH (AL8/AL16) as the MIL target and 20MHz system BW,
-	For OFDM based LP-WUS carrying information up to 8bits, the overhead is marginal (up to 0.19%) (one source)
-	For OOK-based LP-WUS carrying information up to 48bits, the overhead can be significant (up to 21%). Note that in this case, the overhead evaluation in some sources includes LP-WUS and LP-SS 



It should be noted that LP-WUR can experience lower coverage compared to MR as achieving comparable coverage with PUSCH for Msg3 requires up to 21% of system overhead. Therefore, entry/exit mechanism of LP-WUS monitoring should ensure channel quality for LP-WUS reception. As LP-WUR receives LP-SS for time/frequency tracking and RRM measurement, measured LP-SS quality can be reused for assessment of channel conditions for entry/exit of LP-WUS monitoring. For example, UE monitors of legacy PO/PEI if measured LP-SS quality is lower than a configured threshold. If the measured LP-SS quality is above the configured threshold, the UE can start LP-WUS monitoring and stop the legacy PO/PEI monitoring. For quality metrics of LP-SS, LP-RSRP should be supported as RSRP is a simplest metric that UE can support. Additional metrics such as LP-SINR and LP-RSRQ can be further discussed. In addition, considering that NR-SS can be used for OFDM based receivers, how to consider NR-SS for OFDM based receivers for entry/exit conditions should further discussed. 
Observation 5: Considering lower coverage of LP-WUR, entry/exit mechanism should ensure channel quality of LP-WUS reception.
Observation 6: As LP-WUR measures LP-SS for time/frequency tracking and RRM measurement, measured LP-SS quality can be reused for assessment of channel conditions for entry/exit of LP-WUS monitoring. 
Proposal 10: Support channel measurement-based entry/exit of LP-WUS monitoring.
· UE monitors of legacy PO/PEI if measured LP-SS quality is lower than a configured threshold.
· If the measured LP-SS quality is above the configured threshold, the UE can start LP-WUS monitoring and stop the legacy PO/PEI monitoring.
· For metrics of the LP-SS quality, at least LP-RSRP is supported.
· Other metrics such as LP-RSRQ and LP-SINR can be further discussed.
· How to consider NR-SS for entry/exit conditions should further discussed as OFDM based receivers can monitor NR-SS.
Handling entry/exit conditions of LP-WUS monitoring by UE implementation can make gNB implementation complex as gNB needs to manage different LP-WURs with various entry/exit conditions considering different LP-WUR implementations. As the gNB transmits LP-WUS, gNB should be aware of whether UE is monitoring LP-WUR and what would be conditions for entry/exit of LP-WUS monitoring.
Observation 7: Handling entry/exit conditions of LP-WUS monitoring for different UEs makes gNB implementation complex considering various entry/exit conditions with different LP-WUR implementations. 
Proposal 11: Support a mechanism to share UE entry/exit decisions to gNB.
Support of subgroups for IDLE/INACTIVE modes
In RAN1#116, number of supported subgroups for LP-WUS was discussed. One benefit from supporting larger number of subgroups would be achieving better granularity so that unnecessary ramp up and paging monitoring can be avoided. On the other hand, increasing number of subgroups which is larger than PEI potentially leads to change of RAN2 specification. In addition, the increased number of subgroups potentially leads to increased LP-WUS payload size for indicating subgroup information for each UE. Given the situation, it is preferred to maintain the supported maximum number of subgroups in PEI for LP-WUS.
Observation 8: Supporting larger number of subgroups achieves better granularity and avoids unnecessary ramp up and paging monitoring. 
Observation 9: Increasing maximum number of subgroups leads to change of RAN2 specification. 
Proposal 12: Support up to 8 subgroups for LP-WUS as supported in PEI.
Summary
In this contribution, we discussed LP-WUS operation in IDLE/INACTIVE modes. Based on the discussion, we made the following observation and the following proposal. 
Observation 1: MR should be turned on when UE needs to listen upcoming PO to avoid frequent MR activation and achieve more power saving gain.
Observation 2: Including PEI related information in LP-WUS reduces latency of supporting paging related procedure by directly monitoring subgroups without receiving PEI.
Observation 3: Identification of system information change via LP-WUS is beneficial, but frequent activation of MR to receive updated SI should be avoided.
Observation 4: Information on neighboring cells is beneficial for offloading RRM measurement from MR to LP-WUR.
Observation 5: Considering lower coverage of LP-WUR, entry/exit mechanism should ensure channel quality of LP-WUS reception.
Observation 6: As LP-WUR measures LP-SS for time/frequency tracking and RRM measurement, measured LP-SS quality can be reused for assessment of channel conditions for entry/exit of LP-WUS monitoring. 
Observation 7: Handling entry/exit conditions of LP-WUS monitoring for different UEs makes gNB implementation complex considering various entry/exit conditions with different LP-WUR implementations. 
Observation 8: Supporting larger number of subgroups achieves better granularity and avoids unnecessary ramp up and paging monitoring. 
Observation 9: Increasing maximum number of subgroups leads to change of RAN2 specification. 

Proposal 1: Support different LP-WUS monitoring occasions within one LP-WUS occasion considering the following cases. 
· Case 1. Support transmission of a same information group with multiple beams. 
· Case 2. Support transmission of different information groups with same beam.
Proposal 2: For Case 1, support transmission of identical signals with different beams in different LP-WUS monitoring occasions within one LP-WUS occasion.
Proposal 3: For Case 2, support delivering different information in each LP-WUS monitoring occasion with an identical beam within one LP-WUS occasion.
Proposal 4: UE monitors at least one LP-WUS occasion per period (at least Option 1 is supported).
· Whether to allow multiple LP-WUS occasions per period can be further discussed (whether Option 3 is needed or not is further discussed). 
Proposal 5: Resources to be monitored is configured for each LP-WUS monitoring occasion. 
· LP-WUS occasion is not defined as a time duration.
Proposal 6: Target UE related information should be included in LP-WUS.
Proposal 7: Information supported in PEI should be supported in LP-WUS.
Proposal 8: Support update of system Information via LP-WUS indication among preconfigured sets.
Proposal 9: Information on neighboring cells should be supported in LP-WUS.
Proposal 10: Support channel measurement-based entry/exit of LP-WUS monitoring.
· UE monitors of legacy PO/PEI if measured LP-SS quality is lower than a configured threshold.
· If the measured LP-SS quality is above the configured threshold, the UE can start LP-WUS monitoring and stop the legacy PO/PEI monitoring.
· For metrics of the LP-SS quality, at least LP-RSRP is supported.
· Other metrics such as LP-RSRQ and LP-SINR can be further discussed.
· How to consider NR-SS for entry/exit conditions should further discussed as OFDM based receivers can monitor NR-SS.
Proposal 11: Support a mechanism to share UE entry/exit decisions to gNB.
Proposal 12: Support up to 8 subgroups for LP-WUS as supported in PEI.
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