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1. Introduction
In RAN#116bis meeting, the following agreements and conclusion on LP-WUS operation in RRC idle/inactive modes are provided in [1]. 
	Agreement
For multi-beam operation of LP-WUS, UE assumes the same LP-WUS information payload is repeated in all transmitted beams corresponding to LP-WUS 
· the selection of the beam(s) for the reception of the LP-WUS is up to UE implementation 

R1-2402894	Summary #2 on LP-WUS operation in IDLE/INACTIVE mode	Moderator (Apple)

Agreement
Each LO consists of N * K LP-WUS MOs, where N is the number of beams corresponding to LP-WUS, and K is the number of LP-WUS MOs for each beam.
· Option 1: K = 1 
· Option 2: K can be larger than or equal to 1
· FFS if more than 1 LP-WUS is transmitted from the same beam, whether the information in these multiple LP-WUS is always the same or can be different

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.

R1-2402895	Summary #3 on LP-WUS operation in IDLE/INACTIVE mode	Moderator (Apple)

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.



Based on the discussion in RAN1#116bis, we provide our views on the procedure and configuration of LP-WUS monitoring in RRC idle/inactive mode.
2. Procedure of LP-WUS indicating paging monitoring
2.1. UE LP-WUS monitoring behavior
In R17 PEI discussion, the specified UE behaviour for PEI monitoring is: PEI indicates UE should monitor a PO if UE’s group/subgroup is paged. And UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO.
For the UE behaviour of LP-WUS monitoring, we can comply with the same UE behaviour of R17 PEI for the sake of saving LP-WUS resource overhead. But having to say, since LP-WUS may not achieve the same detection performance as that of PDCCH based PEI, the case that UE fails to detect LP-WUS due to out of LP-WUS coverage should be separately considered as provided in section 2.3 of the entry/exit condition for LP-WUS monitoring. 
Proposal 1: UE is not required to monitor a PO, if UE does not detect LP-WUS at all LP-WUS monitoring occasion(s) for the PO.
2.2. Subgrouping indication of LP-WUS
Different from that of R17 PEI, the transition energy for MR wake up from ultra-deep sleep state is much larger e.g., 15000 or 40000. The more frequent waking up, the less power saving gain is obtained. Given that, the effective paging rate of UE, which is determined by: 1) per UE paging rate, 2) number of UEs in the same subgroup and 3) FAR, should be kept as lower as possible. To achieve similar or finer waking-up granularity as PEI, at least 8 subgroups are required for LP-WUS design. Besides, when the number of UEs associated with a PO increases, the number of subgroups shall be increased accordingly to keep the effective paging rate, otherwise, the power saving gain is not anticipated. It is observed when the target UE effective paging rate of LP-WUS is no larger than 3%, significant power saving gain e.g., 70% can be guaranteed by applying LP-WUS [2]. Targeting an effective paging rate to keep such power saving gain, i.e., 3%, the number of required subgroups, the size of LP-WUS information bits, and the corresponding resource overhead can be analyzed, where the assumptions of connection density and packets arrival rate provided by ITU for IoT case (the detail is given in the last row of table 1) can be referred. 
[bookmark: _Hlk163191631]However, for the connection density of 106 UEs per km2, not all users desire both low latency and low power consumption, which mainly benefits from LP-WUR/WUS, and thus, a reduced connection density for LP-WUS can be considered. Also, given the connection density of AIoT devices is in the order of 105 per km2, the same or less magnitude, e.g., 105 per km2 or 104 per km2 will be assumed for the connection density for LP-WUS, considering a higher WUR cost than AIoT device. Besides, considering the network paging strategy that IDLE/INACTIVE mode UEs will be firstly paged in the last serving cells and then the paging range is gradually extended until the entire tracking area, and thus, the actual paging range will be probably quite smaller than the whole tracking area as provided by 500 sites, especially for the IoT UEs with low mobility. 
Based the analysis above, different paging range and connection density are analyzed and listed in table 1. The resource overhead of LP-WUS in the system are also provided for each case according to the assumption and formula in Appendix A. More detailed analyses and intermediate calculation can also be found in Appendix A. 
Table 1 The required number of subgroups, the size of LP-WUS information bits with the corresponding resource overhead of LP-WUS to achieve the <=3% target UE effective paging rate.
	[bookmark: _Hlk163165260]Paging area size
	#UEs with
LP-WUS
/km2
	#PO per cell
	#Required subgroups per PO
	#Paged UEs per second per paging area
	Subgroup indication method
	#info bits per
LP-WUS
	#Total bits per LP-WUS 
	
#Resource 
per 
LP-WUS
(5MHz)
	Network resource overhead for LP-WUS 

	TA (1500 cells)
	106
	1
	639053
	15188
	codepoint
	19
	19
	10 OS
	1046.07%

	TA (1500 cells)
	106
	64
	9985
	15188
	codepoint
	13
	16
	8 OS
	867.86%

	39 cells
	106
	64
	256
	389
	codepoint
	8
	16
	8 OS
	22.25%

	12 cells
	105
	64
	8
	12
	bitmap
	8
	16
	16 OS
	1.23%

	24 cells
	105
	64
	16
	24
	bitmap
	16
	24
	24 OS
	3.31%

	120 cells
	104
	64
	8
	12
	bitmap
	8
	16
	16 OS
	1.23%

	240 cells
	104
	64
	16
	24
	bitmap
	16
	24
	24 OS
	3.31%

	Notes:
· 1,000,000 user/km2 connection density, with packet arrival every 1 message/2 hours/device i.e., 0.018% per 1.28s. [ITU M.2412]
· TA (tracking area) include 500 sites and each site with 3 sectors/cells, ISD=500m.
· To ensure sufficient UE power saving benefit by LP-WUS, per UE effective wake-up rate is set as up to 3%
· For subgrouping indication by codepoint method are 3,5,8,13bits to guarantee the FAR requirement by detection, sequence length = 8, 16, 16, 16 are assumed respectively.



From table 1, it is observed that the resource overhead of LP-WUS will be totally unacceptable i.e., 1046.07% or 867.86%, if the number of subgroups per PO is larger than 256. However, if the paging range can be scaled down to a more realistic value e.g., tens of cells and the subgrouping of LP-WUS can be on top of PO group, the resource overhead of LP-WUS will be controlled to less than 5%.
Observation 1: More than 256 subgroups by LP-WUS per PO result in overwhelming system overhead for LP-WUS transmissions (22.25%~1046.07%), due to unrealistic assumptions, including
· Improper paging area assumption (page every UE in the whole tracking area of 1500 cells)
· Unreasonably high density of UEs with LP-WUS (106/km2)
Observation 2: With more realistic assumptions, 8~16 subgroups per PO would be sufficient to guarantee UE power saving gain (per UE effective wake-up rate <=3%)
· Density of UEs with LP-WUS (104~105/km2)
· Paging area of 12~240 cells
· System overhead for LP-WUS transmissions up to 3.3%
Proposal 2: Do not consider the number of subgroups per PO to be larger than 256 for the design of subgrouping indication in LP-WUS. 
Proposal 3: Consider bitmap indication of 8~16bits for LP-WUS design.
Proposal 4: Support the subgrouping of LP-WUS on top of PO grouping.
2.3. Entry/exit condition for LP-WUS monitoring
In the last meeting, a working assumption for the entry and exit condition of LP-WUS monitoring is endorsed which should be further confirmed. Since before UE enters LP-WUS monitoring, RRM measurement by UE MR is performed, it is proper to use MR measurement for the entry condition. Besides, RRM measurement via LR could be further considered into the determination of the entry condition if UE enables LR in advance before entering LP-WUS monitoring. And for the exit condition, in case the serving cell quality based on LR RRM measurement is lower than a threshold during LP-WUS monitoring, UE can decide to exit the LP-WUS monitoring. Additionally, if the RRM measurement is not fully offloaded to LR i.e., UE still does relaxed MR RRM measurement, the exit criteria can also consider MR RRM measurement.
Proposal 5:  Confirm the working assumption agreed in RAN1 #116bis meeting.
Besides, the following proposal on the UE behavior of RRM measurement when entering or exiting LP-WUS monitoring has been discussed in the last meeting, but no agreement has been formed due to lack of time. In principle, we support the following proposal. According to TR 38.869 conclusion [2], significant power saving gain by LP-WUS monitoring can be only achieved when MR based RRM measurement is relaxed e.g., more than 8 times or fully offloaded to LR. And the network can have the flexibility to configure either relaxed MR based RRM measurement with suitable relaxation factor or fully offload MR measurement to LR i.e., MR does not perform measurement during LP-WUS monitoring. Given that, for the UE behavior on RRM measurement when UE starts LP-WUS monitoring, the three options as below should be studied. Moreover, the neighbor cell measurement also needs to be relaxed or stopped during UE LP-WUS monitoring. And different conditions for different relaxation levels i.e., RRM measurement relaxation or offloading can be further studied in RAN2.
	[H] Proposal 4-3r1: 
When the UE monitors the legacy PO (and may monitor PEI) and stops LP-WUS monitoring,
· UE follows legacy procedures for serving cell and neighbor cell RRM measurements using MR.
When the UE starts LP-WUS monitoring and stops the legacy paging monitoring,
· LR performs serving cell measurement.
· For serving cell measurement relaxation performed by MR and offloading of serving cell measurement from MR to LR,
· Option 1: MR does not perform serving cell measurement
· Option 2: MR performs serving cell measurement with relaxation
· Option 3: both Option 1 and Option 2 are supported. They may be subject to different conditions
· Neighbor cell measurement by MR is relaxed subject to conditions.
· FFS the exact conditions



[bookmark: _Hlk165920815]Proposal 6: Support the following UE behavior on RRM measurement when UE starts LP-WUS monitoring, 
· UE performs LR based serving cell measurement, and performs relaxed or does not perform MR based serving cell measurement;
· UE performs MR based relaxed neighbor cell measurement or UE stops neighbor cell measurement.
· FFS the conditions for different RRM measurement cases.
[bookmark: _Hlk165991783]Besides, regarding the specific threshold of the RRM relaxation/offloading criteria, it could be same as or different from the threshold of entry condition for LP-WUS monitoring. In order to guarantee serving cell measurement is relaxed/offloading and neighbor cell measurement is relaxed when UE monitors LP-WUS, thresholds of the criteria for the serving/neighbor cell measurement relaxation should be lower than or equal to the threshold of the entry condition for LP-WUS monitoring. Based on the analysis above, we provide two examples to illustrate the thresholds and UE behaviors for the serving cell measurement relaxation/offloading and neighbor cell measurement relaxation comparing to the LP-WUS monitoring in the following figures.


Figure 1: Thresholds and UE behaviors for serving cell offloading/neighbor cell measurement relaxation and LP-WUS monitoring


Figure 2: Thresholds and UE behaviors for serving/neighbor cell measurement relaxation and LP-WUS monitoring
For simplicity, the serving cell measurement offloading and serving cell measurement relaxation are provided in Figure 1 and Figure 2, respectively. All the criteria for serving cell measurement relaxation/offloading and neighbor cell measurement relaxation and entry condition for LP-WUS monitoring are based on the serving cell quality via MR. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For neighbor cell measurement relaxation, it refers to the neighbor cell measurement for intra-frequency/inter-frequency with equal or lower priority frequency. As for the inter-frequency with higher priority, it will be more complicated and can be further discussed later. When the serving cell quality based on the measurement via MR exceeds the legacy S-measure threshold, there is no neighbor cell measurement to be performed. Besides, we think the reasonable configuration is that the threshold of the legacy S-measure threshold is higher than or equal to the threshold for the neighbor cell measurement relaxation (i.e. further relaxation is used to differentiate the RRM relaxation in Rel-16/17), because the neighbor cell measurement can be further relaxed only if there is neighbor cell measurement.
In Figure 1, there are two alternatives for the threshold of entry condition for LP-WUS monitoring and threshold for serving cell offloading criteria, which could either higher or lower than legacy S-measure threshold. Besides, the threshold of entry condition for LP-WUS monitoring is the same as the threshold of serving cell offloading criteria. The reason is the entry condition for LP-WUS monitoring is based on the service cell measurement via MR, otherwise, there is no serving cell measurement via MR when serving cell measurement is offloaded. For the green arrow, it represents that UE performs serving cell offloading if the serving cell offloading criteria are fulfilled. 
For Case 1, i.e. the threshold of serving cell offloading criteria and the threshold of criteria for LP-WUS monitoring is higher than legacy S-measure threshold, when the entry condition for LP-WUS monitoring is fulfilled and the serving cell offloading criteria is fulfilled, UE will monitor LP-WUS and perform serving cell measurement offloading from MR to LR and no neighbor cell measurement. For Case 2, i.e. the threshold of serving cell offloading criteria and the threshold of criteria for LP-WUS monitoring is lower than legacy S-measure threshold, UE will monitor LP-WUS and perform serving cell measurement offloading from MR to LR, and MR neighbor cell measurement relaxation. 
In Figure 2, similar to Figure 1, there are two alternatives for the threshold of entry condition for LP-WUS monitoring and serving cell measurement relaxation criteria. Besides, the threshold of entry condition for LP-WUS monitoring is higher than or equal to the threshold of the serving cell relaxation criteria. For Case 1, i.e. the threshold of serving cell relaxation criteria and the threshold of criteria for LP-WUS monitoring is higher than legacy S-measure threshold, when the entry condition for LP-WUS monitoring is fulfilled and the serving cell measurement relaxation is fulfilled, UE will monitor LP-WUS and perform serving cell measurement relaxation and no neighbor cell measurement. For Case 2, i.e. the threshold of serving cell relaxation criteria and the threshold of criteria for LP-WUS monitoring is lower than legacy S-measure threshold, UE will monitor LP-WUS and perform serving cell measurement relaxation, and MR neighbor cell measurement relaxation. 
[bookmark: _Hlk165964377]Proposal 7: Thresholds of for serving/neighbor cell measurement relaxation should be lower than or equal to the threshold of entry condition for LP-WUS monitoring.
2.4. RRM measurement metrics by LR
LP-RSRP and LP-RSRQ have been agreed to be the metrics for RRM serving cell measurement performed by OOK-based receiver. But, for the definition of LP-RSSI for determination of LP-RSRQ, there are still three options to be further discussed. According to the current design for SSB based RSSI as described in TS 38.215, the network can configure different RSSI measurement symbols as shown in Table 5.1.3-1, so that the RSSI can be measured in either symbols without SSB transmission or symbols with SSB transmission, which option 1 (i.e., LP-RSSI measured in all OOK symbols) and option 2 (i.e., LP-RSSI measured in OOK OFF symbols) can similarly correspond to. As such, for the definition of LP-RSSI, the similar design logic can be followed. And the network can flexibly configure either option 1 or option 2 for UE according to different situations.
Proposal 8: Support gNB configure either option 1 or option2 for LP-RSSI.
· 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.
In addition to OOK based receiver, the metric for LR with OFDM detector should also be considered. For UE MR, legacy SSB based RSRP and RSSI is measured based on RE granularity in frequency domain. But for UE LR, considering the merit of time domain-based processing for LR, the measurement is performed over the whole bandwidth of SSS without finer granularity of resource element as MR, thus the measured power would be the total power over SSS bandwidth rather than the average power of REs. Accordingly, the scaling factor N in legacy RSRQ definition is not needed. 
Besides, the measurement time resource(s) for NR Carrier RSSI except for cell selection are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration which involves both serving cell and neighbour cell measurements. While SSS for OFDM based receiver is used for serving cell measurement according to WID. Hence, whether and how to reuse the time resource of legacy NR carrier RSSI to LP-RSSI needs to be further discussed.
Proposal 9: From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OFDM-based receiver based on SSS:
· LP-RSRP is the received power of SSS.
· LP-RSRQ 
· LP-RSRQ = LP-RSRP/LP-RSSI
· For the definition of LP-RSSI for determination of LP-RSRQ, LP-RSSI is the total received power over the whole SSS bandwidth in certain OFDM symbols of measurement time resource(s).
· FFS: the OFDM symbols of measurement time resource(s) for LP-RSSI
3. LP-WUS monitoring configuration
3.1. Determination of LP-WUS offset and monitoring occasions
According to the discussion in R18 SI on the required wake-up delay including both ramp up time and sync time from detecting LP-WUS to be ready for PO monitoring [2], it is explicit that the wake-up delay is vary from different UE capabilities. For example, for UE1, due to its high capability, the wake-up delay can be shortened to 400ms, while for UE2 with low capability, 1 second wake-up delay may be required. Hence, UE should report its required wake-up delay from woken up by LP-WUS to be ready for PO reception. And the network can configure LP-WUS occasion accordingly.
Proposal 10: Support to report UE capability on wake-up delay, which is the time offset between receiving LP-WUS targeted to itself and be ready for PO reception. 
In the last two meetings, regarding whether the mapping between LO and PO is needed, there are two kinds of views, one is that LO is configured relative to PO and the mapping between LO and PO is required, while the other view is there is no need to define the mapping relation and the offset between LO and PO. For the former, it is easy to understand among companies. Since the functionality of LP-WUS is to trigger PO monitoring, it is natural to configure LO relative to PO/PF and UE can determine its LO according to the offset and its PO location, which is similar as that of PEI configuration. By this way, UE will no need to monitor other LO so that power efficient benefit can be achieved and the subgrouping information carried by LP-WUS is the second stage grouping on top of PO group. For example, if the network configures 64 POs for a cell, if the subgrouping of LP-WUS is based on PO group, log264=6bits can be saved compared to that subgrouping of LP-WUS is independent to PO group. On the contrary, for the latter i.e., LO is no relation to PO, it means the subgrouping of LP-WUS is independent to PO group and a UE needs to monitor all LOs broadcasted by the network to confirm if there is LP-WUS for itself. In results, more power consumption due to LO monitoring will be wasted and more LP-WUS information bits will be required. 
Observation 3: If LO has no mapping to PO, it will result in more power consumption for LO monitoring and more LP-WUS information bits cost since the subgrouping of LP-WUS is not on top of PO.
Proposal 11: Support to configure LP-WUS monitoring relative to PO/PF. 
For LP-SS design, multi-beam operation can be the same as that for SSB. For example, as shown in Figure 3, there is 4 Tx beams. And the network is required to transmit multiple times of LP-SS by using 4 beams in turn. And one LP-SS occasion is associated with one Tx beam. The LP-SS monitoring occasions associated with beams respectively is fixed. Furthermore, LP-SS can indicate its beam index to avoid the LP-SS timing error due to the sync offset of LR. 


Figure 3  One example of LP-SS with multiple MOs per duty cycle
Proposal 12: For multi-beam operation of LP-SS, each LP-SS MO is associated with each transmitted beam in turn.
Multi-beam operation for LP-WUS is agreed in the last meeting, while there still needs further discussion on the functionality of the number of LP-WUS MOs for each beam i.e., K. Considering the flexibility of the network, there can be multiple MOs associated with one beam i.e., K can be larger than 1, so that the network can have multiple opportunity to transmit LP-WUS with a certain beam. Figure 4 provides one example for 12 MOs for LP-WUS monitoring within a period, wherein N=4 beams with K=3 candidate MOs per beam ordered in similar way as legacy multiple PEI/PO MOs, i.e., the [x*N+M]th LP-WUS MO corresponds to the xth candidate MO for Mth beam of LP-WUS, where x=0,1,…,K-1 and M=1, 2,…N. In this example, Tx beam is transmitted in the order of 2-4-3-1. Additionally, companies also consider that multiple MOs for one beam is used to do LP-WUS repetition in the last meeting’s discussion. From our view, LP-WUS repetition within one MO is sufficient and no specific need to define repetition among multiple MOs. Besides, similar as the UE monitoring behavior for PO/PEI-O, when the UE detects a LP-WUS within its LO, the UE is not required to monitor the subsequent MO(s) associated with the same LO. And one more thing needs to be pointed out is that since there are two types of LR i.e., OOK based LR and OFDM based LR, different types of LR needs to receive its corresponding sync reference signal i.e., LP-SS and SSB. And whether there is any mapping relation between LP-SS beams and SSB beams can be further studied, for example, it is up to the network implementation. 


Figure 4  One example of LP-WUS with multiple MOs per duty cycle
Observation 4: LP-WUS repetition can be achieved within a LP-WUS MO not among multiple MOs.
Proposal 13: Support K i.e., the number of LP-WUS MOs for each beam can be larger than or equal to 1 to provide the flexiblitly for the network.
· when the UE detects a LP-WUS within its LO, the UE is not required to monitor the subsequent MO(s) associated with the same LO.
3.2. Duty-cycled or continuous LP-WUS monitoring
As mentioned before, LP-WUS is assumed to be configured relative to PO/PF. Hence, if the time offset between LP-WUS monitoring and PO is equal to the required wake up delay of UE, the smallest latency can be achieved already. In this sense, it seems no need to configure continuous LP-WUS monitoring for RRC idle/inactive mode. Besides, considering continuous LP-WUS monitoring will potentially result in the risk of high false alarm, duty-cycled LP-WUS monitoring will be more effective for RRC idle/inactive mode.
Proposal 14: Support duty-cycled LP-WUS monitoring for RRC idle/inactive mode.
Proposal 15: The periodicity of LP-WUS occasion (LO) for a UE is the same as its IDRX cycle.
4. LP-WUS monitoring for eDRX case
As discussed in the first meeting, companies share their views on whether LP-WUS applied for eDRX needs to be studied in R19 LP-WUS WI phase. From our views, as per the evaluation recorded in TR 38.869, applying LP-WUS monitoring for eDRX case could be beneficial for latency reduction depending on the configuration of eDRX e.g., the PTW length and whether LP-WUS monitoring is restricted to PTW or not. Having said that, I-DRX paging is the baseline scheme in RRC idle/inactive mode. On top of I-DRX paging, eDRX paging scheme can be further specified. The same design as LP-WUS monitoring in I-DRX can be reused to eDRX if LP-WUS monitoring is restricted to PTW. However, allowing LP-WUS monitoring outside PTW will introduce dynamic PO outside PTW will change the existing eDRX operation and quite complicated, and even with that big change the achieved latency and power saving performance becomes similar to that of I-DRX. Therefore, the LP-WUS monitoring should be restricted within PTW if eDRX is to be supported. 
In summary, we suggest to prioritize the design of LP-WUS monitoring for I-DRX paging in R19 LP-WUS WI. But the design of LP-WUS monitoring based on IDRX paging can also be considered to be adopted for eDRX cases if applicable.
Observation 5: LP-WUS used for I-DRX and LP-WUS used for eDRX will achieve the same benefit finally.
Proposal 16: RAN1 to prioritize LP-WUS design for I-DRX and aim to reuse the same design from I-DRX to eDRX (i.e., LP-WUS monitoring restricted in PTW).
5. Conclusion
In this contribution, the procedure of LP-WUS monitoring in RRC idle/inactive mode is discussion on the aspect of UE monitoring behavior, entry/exit condition, subgrouping indication and LP-WUS monitoring configuration etc., with the following observations and proposals:
Observation 1: More than 256 subgroups by LP-WUS per PO result in overwhelming system overhead for LP-WUS transmissions (22.25%~1046.07%), due to unrealistic assumptions, including
· Improper paging area assumption (page every UE in the whole tracking area of 1500 cells)
· Unreasonably high density of UEs with LP-WUS (106/km2)
Observation 2: With more realistic assumptions, 8~16 subgroups per PO would be sufficient to guarantee UE power saving gain (per UE effective wake-up rate <=3%)
· Density of UEs with LP-WUS (104~105/km2)
· Paging area of 12~240 cells
· System overhead for LP-WUS transmissions up to 3.3%
Observation 3: If LO has no mapping to PO, it will result in more power consumption for LO monitoring and more LP-WUS information bits cost since the subgrouping of LP-WUS is not on top of PO.
Observation 4: LP-WUS repetition can be achieved within a LP-WUS MO not among multiple MOs.
Observation 5: LP-WUS used for I-DRX and LP-WUS used for eDRX will achieve the same benefit finally.
Proposal 1: UE is not required to monitor a PO, if UE does not detect LP-WUS at all LP-WUS monitoring occasion(s) for the PO.
Proposal 2: Do not consider the number of subgroups per PO to be larger than 256 for the design of subgrouping indication in LP-WUS. 
Proposal 3: Consider bitmap indication of 8~16bits for LP-WUS design.
Proposal 4: Support the subgrouping of LP-WUS on top of PO grouping.
Proposal 5:  Confirm the working assumption agreed in RAN1 #116bis meeting.
Proposal 6: Support the following UE behavior on RRM measurement when UE starts LP-WUS monitoring, 
· UE performs LR based serving cell measurement, and perform relaxed or does not perform MR based serving cell measurement;
· UE performs MR based relaxed neighbor cell measurement or UE stops neighbor cell measurement.
· FFS the conditions for different RRM measurement cases.
Proposal 7: Thresholds of for serving/neighbor cell measurement relaxation should be lower than or equal to the threshold of entry condition for LP-WUS monitoring.
Proposal 8: Support gNB configure either option 1 or option2 for LP-RSSI.
· 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.
Proposal 9: From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OFDM-based receiver based on SSS:
· LP-RSRP is the received power of SSS.
· LP-RSRQ 
· LP-RSRQ = LP-RSRP/LP-RSSI
· For the definition of LP-RSSI for determination of LP-RSRQ, LP-RSSI is the total received power over the whole SSS bandwidth in certain OFDM symbols of measurement time resource(s).
· FFS: the OFDM symbols of measurement time resource(s) for LP-RSSI
Proposal 10: Support to report UE capability on wake-up delay, which is the time offset between receiving LP-WUS targeted to itself and be ready for PO reception. 
Proposal 11: Support to configure LP-WUS monitoring relative to PO/PF. 
Proposal 12: For multi-beam operation of LP-SS, each LP-SS MO is associated with each transmitted beam in turn.
Proposal 13: Support K i.e., the number of LP-WUS MOs for each beam can be larger than or equal to 1 to provide the flexiblitly for the network.
· when the UE detects a LP-WUS within its LO, the UE is not required to monitor the subsequent MO(s) associated with the same LO.
Proposal 14: Support duty-cycled LP-WUS monitoring for RRC idle/inactive mode.
Proposal 15: The periodicity of LP-WUS occasion (LO) for a UE is the same as its IDRX cycle.
Proposal 16: RAN1 to prioritize LP-WUS design for I-DRX and aim to reuse the same design from I-DRX to eDRX (i.e., LP-WUS monitoring restricted in PTW).
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The system resource overhead of LP-WUS is calculated with the following assumptions:
· The bandwidth of LP-WUS denoted as BWLP-WUS is 4.32MHz +2RB (30kHz) = 5.04MHz.
· The bandwidth of a serving cell denoted as BWCell is 20MHz.
· The number of PO in the system is .
· The duration of LP-WUS represented by DLP-WUS:
· Case 1: codepoint, the info bits of LP-WUS is log2 (the required number of subgroups per PO to page UE in different paging range) M=4, Manchester coding rate is 1/2.
· Note: For the cases that info bits of LP-WUS by codepoint method are 3,5,8,13, to guarantee the FAR requirement by detection, a sequence with sequence length =  8, 16, 16, 16 is assumed for each codepoint method respectively.
· Note: the duration of LP-WUS is derived under the assumption that at a lower SNR, i.e., SNR=0 dB
· Case 2: bitmap, using Manchester coding rate= 1/4, M=4 and 8 bits CRC. So, the time resource of a LP-WUS with 8bit bitmap is 16 symbols, with 16bit bitmap is 24 symbols.
· For RRC idle/inactive mode, the number of beams for LP-WUS transmission i.e.,  is assumed to be 8, which means the LP-WUS is transmitted repeatedly 8 times.
· The number of transmitted LP-WUS per IDRX cycle is calculated as: 
· 1) Nsubgroup*Psubgroup for codepoint subgrouping method or 
· 2) P(subgroup>=1) for bitmap subgrouping method. 
Note Psubgroup is the probability of per subgroup paging rate and P (subgroup>=1) is the probability of >=1 subgroup is paged.
The resource overhead of LP-WUS to the overall system resource can be calculated as formula below


The target effective paging rate is 3%. And  represents the ISD which is the distance in red in the following figure. Assuming a hexagon shape of the coverage of a site, the area of a cell is .
[image: 6ab39f49-bf70-4c29-ab57-f750a7b25eb1.]
 represents the number of sites per tracking area, and  represents the density of UEs, then the number of UEs in a tracking area is . And then the paging range is X cells, the number of UEs in X cells is .
According to the TR [2], when we assume FAR to be 0, the UE effective paging rate is equal to per group paging rate i.e., and a per UE paging rate , where N is the number of UEs in a subgroup. Thus, to achieve a target effective paging rate (i.e. the paging rate for a group/subgroup), .
Then, the required number of subgroups to page UE in different paging range is or .

Table 2 The detail of the calculation for the required number of subgroups and subgrouping indication bits with the corresponding resource overhead of LP-WUS to achieve the <=3% target UE effective paging rate.
	Paging area size
	#UEs with
LP-WUS
/km2
	Tracking area (km2)
	#UE per paging area
	Per UE paging rate (refer to [ITU M.2412])
	#UE per subgroup
	#Required Subgroups 
	#PO per cell
	#Required subgroups per PO
	#Paged UEs per second per paging area
	Subgroup indication method
	#info bits per
LP-WUS
	#Total bits per LP-WUS
	
#Resource per LP-WUS
(5MHz)
	Network resource overhead for LP-WUS

	TA (1500 cells)
	106
	108
(1500 cells with 500m ISD)
	108000000
	0.0180%
	169

	639053 
	1 
	639053 
	15188
	codepoint
	19 
	19 
	10 OS
	1046.07%

	TA
(1500 cells)
	106
	
	108000000
	
	
	639053 
	64 
	9985 
	15188
	codepoint
	13 
	16 
	8 OS
	867.86%

	39 cells
	106
	
	2768896
	
	
	16384 
	64 
	256 
	389
	codepoint
	8 
	16 
	8 OS
	22.25%

	12 cells
	105
	
	86528
	
	
	512 
	64 
	8 
	12
	bitmap
	8 
	16 
	16 OS
	1.23%

	24 cells
	105
	
	173056
	
	
	1024 
	64 
	16 
	24
	bitmap
	16 
	24 
	24 OS
	3.31%

	120 cells
	104
	
	86528
	
	
	512 
	64 
	8 
	12
	bitmap
	8 
	16 
	16 OS
	1.23%

	240 cells
	104
	
	173056
	
	
	1024 
	64 
	16 
	24
	bitmap
	16 
	24 
	24 OS
	3.31%
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