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Introduction
[bookmark: OLE_LINK3]In RAN #103 meeting, a new WID on low-power Wake-up Signal and Receiver for NR was revised in [1]. 
In RAN1 #116bis meeting, the following agreements were made [2].
	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 


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.
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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.


[bookmark: OLE_LINK22][bookmark: OLE_LINK1][bookmark: OLE_LINK5]In this contribution, open issues on LP-WUS operation in IDLE/INACTIVE mode are discussed.
[bookmark: OLE_LINK20]Activation/Deactivation
For LP-WUS in IDLE/INACTIVE mode, regarding activation and deactivation of LP-WUS monitoring by LP-WUR for a UE, there remains a working assumption for confirmation and some other details may also requires clarification.
For the entry/exit condition, there is a case required to be addressed, i.e., the serving cell measurement performed by the MR is above entry threshold(s) and the serving cell measurement performed by the LR is below exit threshold(s). It may happen in the case when the LR operates in another frequency location different with MR. Even if the LR operates in the CORESET#0, due to the RSRP and RSRP definition difference, there is a risk to happen. In this case, the UE has no PSG benefits but increasing the power consumption. The corresponding illustration is shown as follows
[image: ]
Figure 1. Both entry and exit condition are satisfied
Observation 1: The serving cell measurement performed by the MR is above entry threshold(s) and the serving cell measurement performed by the LR is below exit threshold(s) may be satisfied at the same time.
To avoid above situation, the SNR or threshold for entry also should be aligned that for exit. For example, the entry condition also should include that serving cell measurement performed by the LR is not below exit threshold(s). 
Proposal 1: For the activation condition of LP-WUS monitoring, that serving cell measurement performed by the LR is not below exit threshold(s) should be included.
Additionally, for the exit condition, if the serving cell measurement performed by the LR is always below exit threshold(s), there should be a fallback mechanism when the UE does not receive LP-WUS and paging for a long time in case that the UE missed the LP-WUS or SI change notification.  
Proposal 2: 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, or 
· The UE has not received LP-WUS for a long time
RRM measurement
Measurement metrics
OOK-based WUR
In RAN1, according to the agreement in 116bis, the measurement metrics, e.g., RSRP and RSRQ are focused. For RSRP, it is the linear average of received power of LP-SS in OOK ON symbols, which has the similar definition as SS-RSRP. From our perspective, how to determine the received power of LP-SS is up to implementation, similar as NR. However, the definition for OOK ON symbols should be further clarified.
For example, for OOK, refer to 802.11, a MC-OOK symbol is either an MC-OOK On Symbol where the multicarrier signal is present or an MC-OOK Off Symbol where no signal is present.
Proposal 3: Further clarify definition for OOK ON symbols or OOK OFF symbols.
For RSRQ definition, LP-RSRQ = LP-RSRP/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.
· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.
In NR, the RSRQ is defined as follows:
	NR carrier Received Signal Strength Indicator (NR carrier RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. For cell selection, according to Clause 4.1 of TS 38.211 [12], the measurement time resources(s) for NR Carrier RSSI are not constrained. Otherwise, the measurement time resource(s) for NR Carrier RSSI are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.


Based on option1, especially for OOK-1, there are massive OOK OFF symbols and no any energy on these OOK OFF symbols. In this case, the RSRQ value may be larger than 1 since the energy on OOK-OFF symbols is also averaged. Based on option2, the received power in OOK OFF symbols only refers to the interference, which actually change the original meaning of RSSI. Based on option3, the RSRQ value still is less than 1 and is the most aligned with the legacy definition.
Proposal 4: For measurement metrics, study option3 as the starting point for OOK based WUR. 

OFDM-based WUR
According to the RAN4’s agreements in 110bis, RAN4 agreed that the WUR could perform serving cell measurement based on PSS/SSS, which should be based on OFDM-based receiver.
	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



For OFDM based receiver for receiving PSS/SSS, we need to further study whether PSS or SSS is considered or both considered. At least, if both of PSS and SSS are supported, the necessity should be clarified and the complexity may also need further consideration. For example, if both of PSS and SSS is considered, in RAN1, it would be required to define RSRP/RSRQ based on different signals. In legacy, the RSRP is based on SSS.
Proposal 5: For OFDM-based receiver, down-select PSS or SSS as the measurement signal.
Additionally, if the OFDM-based WUR can decode the PSS/SSS in frequency domain, which means the FFT block is equipped, the legacy RSRP definition could be reused. If the OFDM-based WUR decode the PSS/SSS in time domain, the legacy RSRP definition may require modification, since OFDM-based WUR is unaware of the resource element definition. 
Moreover, based on the OFDM-based WUR receiving SSS in time domain, there are some potential issues to be discussed. If the LP-WUS is 5MHz bandwidth, e.g., 144 subcarriers, when the OFDM-based WUR receive PSS/SSS with 127 subcarriers, does it mean the OFDM-based WUR supports two different bandwidths? If the measurement bandwidth, i.e.,12 PRBs still is applied, seems OFDM-based WUR can measure SSS with 12PRBs same as LP-WUS, which would not introduce different bandwidths. In this case, the RSRP/RSRQ definition also should be based on 12PRBs, and the accuracy evaluation may require further discussion for the assumptions. 
Proposal 6: Clarify whether FFT block is assumed for OFDM-based WUR RRM measurement
· If not, clarify the RRM measurement bandwidth for OFDM-based WUR 


Relaxed measurement condition
This relaxed measurement condition is mainly decided by RAN2. In RAN1, we mainly discuss the relationship between relaxed measurement and LP-WUS monitoring. There are several cases to be considered.
Case1: LP-WUS monitoring and serving cell measurement relaxation is decoupled.
Case2: LP-WUS monitoring and serving cell measurement relaxation is coupled.
For Case1, it means the UE may monitor LP-WUS but there is no serving cell measurement relaxation or RRM offloading to WUR. Or the UE may only perform relaxed serving cell measurement relaxation or RRM offloading to WUR, but the UE may not monitor LP-WUS. 
For example, the serving cell measurement performed by the MR is above entry threshold, but the serving relaxation criteria is still not satisfied. In this case, the UE can monitor LP-WUS but does not perform LR measurement, or does not perform MR serving cell relaxation. There is no power saving gain actually.
Another example, according to the agreement, the UE may or may not start LP-WUS monitoring if the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB. In the case that the UE may not monitor LP-WUS, and the LR perform the relaxed measurement, the LP-WUS monitoring and serving measurement relaxation is actually decoupled. In this case, the NW waste the overhead for transmitting the LP-WUS, but the UE does not receive that. Moreover, it is kind of out of scope, which actually skips the LP-WUS mechanism.
Therefore, the working assumption only describe the entry condition for monitoring LP-WUS, and it is actually decoupled with serving cell relaxation.
For Case2, it means the entry condition of monitoring LP-WUS and the conditions for serving cell relaxations should be satisfied at the same time. And also, the exit condition of monitoring LP-WUS and the conditions for fallback to legacy serving cell measurement are satisfied at the same time.
For example, when the serving cell measurement performed by the MR is above entry threshold(s) and the criteria for stationary UE is satisfied, the may UE monitor LP-WUS and perform serving cell measurement relaxation. 
Another example, when the serving cell measurement performed by the LR is below exit threshold(s), the UE fallback to legacy serving cell measurement and also monitor paging.
From our understanding, if UE only monitor LP-WUS without serving cell measurement relaxation, there is no any power saving gain and latency reduction. At least this case should be precluded. If UE only performs serving cell measurement relaxation without monitoring LP-WUS, there is also no power saving gain due to the periodical paging monitoring. Therefore, it is proposed they are coupled.
Observation 2: 
· If UE only monitor LP-WUS but not perform LR measurement, there is no power saving gain
· If UE only perform LR measurement but not monitor LP-WUS, it would waste NW resources of LP-WUS, there is no much power saving gain due to periodical paging monitoring, and it is out of scope. 
Proposal 7: The entry/exit condition for LP-WUS monitoring and serving cell measurement relaxation should be satisfied at the same time. 
· If UE performs relaxed measurement based on WUR, the UE also should monitor LP-WUS, vice versa.

[bookmark: OLE_LINK4]Subgroups method
Multi-subgroups wake-up
The payload size is related to the number of subgroups the LP-WUS can support. Assuming that there are 8~4096 subgroups for one PO in the network, the probability for wake-up one subgroup and more subgroups is shown as follows:

Table 1. Probability for multi-subgroups wake-up
	
	Assumptions:
Number of subgroups: 8, 16,32, 64, 128, 256, 512, 1024

	Per subgroup effective paging rate=3%

	




Observation 3: 
· Multiple subgroup wake-up in a time duration is more common
· With the number of subgroups increasing, one subgroup wake-up in a time duration is a minor case.
Additionally, as mentioned in [3], carrying more information bits by LP-WUS could help improve the NW spectrum efficiency and NW resources. Therefore, it is more preferred to support multiple subgroups wake-up in LP-WUS.
Proposal 8: Support multiple subgroups wake-up by LP-WUS in idle/inactive state.
Maximum number of subgroups
[bookmark: OLE_LINK222][bookmark: OLE_LINK150]Based on legacy paging mechanism, up to 256 PFs can be configured for a DRX cycle, with a maximum of four POs per PF. Consequently, this allows for a total of 256 *4= 1024 POs to be configured. Moreover, a maximum of 32 paging records are carried in one paging message. Therefore, the system can support a maximum of 1024 *32= 32768 UEs.
Based on eDRX mechanism, up to 1024 PFs can be configured for an eDRX cycle, with a maximum of four POs per PF. In this case, a total number of 1024*4= 4096 POs can be supported. Therefore, a maximum of 4096*32= 131072 UE IDs can be carried.
Take 32768UEs in the cell based on legacy paging as a typical example, the overhead analysis is conducted in the following table.



Table 2. Overhead for different number of subgroups
	Based on effective paging rate <=3% to achieve PSG
Assumed 32768 UEs in a cell are targeted based on legacy paging mechanism

	
	Number of UEs in a subgroup, and number of subgroups
	Number of subgroups for wake-up
	Assuming LP-WUS occupies 5M and 14 OSs for one transmission
Assuming 4 beams, and no repetition

	Per UE paging rate
1%
	3, 10922
	10922*3%=328
	26.24% for 20M channel bandwidth
5.248% for 100M channel bandwidth

	Per UE paging rate
0.1%
	30, 1092
	32.8
	2.624% for 20M channel bandwidth
0.5248% for 100M channel bandwidth

	Per UE paging rate
0.01%
	300, 109
	3.28
	negligible

	Per UE paging rate
0.001%
	3000, 11
	0.33
	negligible


Observation 4: Assuming effective group paging rate is <=3%
· Support more than 1000 subgroups is feasible
· Support up to 10000 subgroups would be challenging for system overhead.
Actually, in the current network, it is not needed to consider a case that the LP-WUS would be transmitted more than 32 times for a PO, since one Paging message can only carries 32 UE paging records. That is to say, at most, 32 LP-WUS transmission with each corresponding to one UE can be considered. Based on this, if there are 32 times LP-WUS transmissions with each corresponding to one UE, based on effective group paging rate 0.5%, 1%, 2%, 3%, the required number of subgroups could be 6400, 3200, 1600, 1066. 
Observation 5: Assuming one LP-WUS is associated with one PO, 
· At most 32 LP-WUS times wake-up is transmitted with each corresponding to one subgroup containing one target UE
· Based on 0.5%, 1%, 2%, 3% effective paging rate for each group, the maximum number of subgroups is 6400, 3200, 1600, 1066.
Based on a typical NW configuration, the PO location may imply 3bits subgroup information, which means the PO location has 8 subgroups. If there are only 8 subgroups for the PO based on LP-WUS, then in the cell, there are only 64 subgroups. In this case, for each subgroup, it may comprise 512UEs. Correspondingly, the effective paging rate 3%, 2%,1%,0.5% would require per UE paging rate no more than 0.006%, 0.004%,0.002%,0.001%. similar, if LP-WUS can support 16 subgroups, to achieve power saving gain, the per UE paging rate also would be limited. More specifically, the following table summarize the results assuming different number of UEs in the cell.

Table 3. Required per UE paging rate to achieve PSG based on different number of subgroups in LP-WUS
	Assuming 32768 UEs are targeted
PO imply 8 subgroups
	
	Number of subgroups in total
And number of UEs in a subgroup
	effective paging rate 3%, 2%,1%,0.5%

	
	LP-WUS indicate 8 subgroups based on PO
	64,512UEs in a subgroup
	Required Per UE paging rate
0.0059%, 0.0039%,0.002%,0.001%

	
	LP-WUS indicate 16 subgroups based on PO
	128, 256UEs in a subgroup
	0.0117%,0.0078%,0.0039,0.002%

	
	LP-WUS indicate 32 subgroups based on PO
	256, 128UEs in a subgroup
	0.0234%, 0.0156%, 0.0078%, 0.0039%

	
	LP-WUS indicate 64 subgroups based on PO
	512, 64UEs in a subgroup
	0.0469%, 0.0312%, 0.0156%, 0.0078%

	
	LP-WUS indicate 128 subgroups based on PO
	1024, 32UEs in a subgroup
	0.0938%, 0.0625%, 0.0312%, 0.0156%

	
	LP-WUS indicate 256 subgroups based on PO
	2048, 16UEs in a subgroup
	0.1875%, 0.125% (>1% per UE paging rate), 0.0625%, 0.0312%

	Assuming 131072 UEs are targeted
PO imply 8 subgroups
	LP-WUS indicate 256 subgroups based on PO
	2048, 64UEs in a subgroup
	0.0469%, 0.0312%, 0.0156%, 0.0078%

	
	LP-WUS indicate 512 subgroups based on PO
	4096, 32UEs in a subgroup
	0.0938%, 0.0625%, 0.0312%, 0.0156%

	
	LP-WUS indicate 1024 subgroups based on PO
	8192, 16UEs in a subgroup
	0.1875%, 0.125%, 0.0625%, 0.0312%


If the PO locations imply 10bits subgroup information, and the LP-WUS still can support 8 subgroups, in this case, due to the finer grouping by combined PO and LP-WUS, the power saving gain could be achieved. 
Observation 6: To achieve power saving gain based on the per UE paging rate [1%,0.1%,0.01%, 0.001%], the number of subgroups by LP-WUS at least should be 256 or 1024.
To achieve more power saving gain, the number of subgroups by LP-WUS should be larger. To satisfy more UEs in a tracking area or several cells, the number of subgroups by LP-WUS should be larger.
Proposal 9: In a cell, consider to support up to 4096 subgroups to achieve power saving gain and acceptable system overhead.
· Configurable number of subgroups could be considered.
Subgroups based on PO
One issue for indicating subgroups by LP-WUS is whether the grouping should be based on PO or not. Two options are on the table for down selection.
Option1: LP-WUS indicates further subgroups based on associated PO.
Option2: LP-WUS indicates subgroups independent from PO location.
Assuming LO location imply the same subgroup information as PO location, if the LO has the same periodicity as I-DRX
[image: ]
Figure 2. Different offset definition for option1 and option2
In the figure, offset1 is based on option1 and offset 2 is based on option2. In this case, how to configure the offset is up to the NW, and there is no essential difference for option1 and option2 observed. If the LO periodicity is smaller than that of I-DRX, the situation is similar.
Proposal 10: LP-WUS indicates subgroups based on associated PO.
· Further discuss whether/how LP-WUS indicates subgroups independent from PO
LP-WUS monitoring schemes
Generally, the LP-WUS monitoring design should be applicable with maximum flexibility. For example, at least, it is not preferred to have different design or bring new behaviors for I-DRX, eDRX. Also, for FDD and TDD, it also preferred to have a unified design.
Proposal 11: Unified LP-WUS monitoring scheme is pursued, considering
· I-DRX, eDRX
· FDD, TDD
Interaction with I-DRX
Periodicity of LO
[image: ]
Figure 3. Duty cycle LP-WUS monitoring with I-DRX
[bookmark: OLE_LINK10]For duty cycle LP-WUS in IDLE/INACTIVE mode, periodicity of LP-WUS Occasion (LO) can be configured to the same value of DRX cycle. The location of LO can be determined by an offset before the starting of DRX cycle as shown in Figure 3. The value of offset should take ramp up time of UE from LR to MR into consideration. 
[bookmark: OLE_LINK11]The number of LOs before DRX cycle may be larger than 1 for more transmission occasions. In this case, the periodicity for LP-WUS could be smaller than I-DRX, which is shown in Figure 3.With this LP-WUS configuration, the UE with a large minimum time gap is more likely to monitor LP-WUS at the earlier occasion, and UE with a small minimum time gap could monitor the earlier LP-WUS occasion and the later occasion.
Additionally, if eDRX is considered, the LP-WUS could be allocated before PTW instead of I-DRX, in this case, the periodicity also could be larger than I-DRX. If one LO maps to multiple POs, the LO periodicity also should be larger. Moreover, if the effective paging rate in the NW is low, and the target devices are IoT devices which are not so sensitive to the latency, then larger LO periodicity is still possible
Therefore, only support the LO periodicity same as PO is too early. It would be more beneficial for the NW to choose different periodicity for different situations.
Proposal 12: For duty cycle LP-WUS in IDLE/INACTIVE mode, NW can configure different LO periodicity according to different situation.

LP-WUS mapping to PO
[image: ]
Figure 4. Relationship between LP-WUS and PO
[bookmark: OLE_LINK27][bookmark: OLE_LINK18][bookmark: OLE_LINK26]In general, a LP-WUS occasion (LO) can be mapped to one or multiple POs or all POs within an I- DRX cycle. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK17]When a LO is mapped to one or multiple POs, the PO location can carry part of UE-ID information, which could help offload the overhead from LP-WUS. If the LO is not mapped to the POs, RAN2 would be required to defined a similar mapping relationship as paging occasion, e.g., how group ID is mapped to LP-WUS occasion. Currently, we can consider to support mapping to PO firstly and further discuss whether No mapping to PO could be supported.
Compared with mapping to one PO, the benefits of mapping to multiple PO are to help gNB to save resources for LOs when needed. For example, for eDRX case, there are several I-DRX cycles or POs in the PTW, whether LP-WUS could be mapped to all the POs in the PTW could be further discussed. 
Proposal 13: For LP-WUS in IDLE/INACTIVE mode, a LP-WUS occasion (LO) can be mapped one or multiple POs.
Interaction with eDRX
According to the TR, IoT use cases and wearable cases are the target use cases. For these IoT uses cases, the eDRX is an important feature for UE power saving. 
	The following characteristics for target use cases are considered in the study item:
-	IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
-	primary for small form devices
-	power-sensitive
-	static, nomadic or limited mobility
-	Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
-	primary for small form devices,
-	power-sensitive
-	low/medium speed, FFS: high speed
-	eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
-	devices form is various and not restricted
-	power-sensitive
-	low/medium speed, FFS:  high speed


Without RRM measurement relaxing for LP-WUS, the PSG by LP-WUS has no advantage over the eDRX. Therefore, considering the premature WUR deployment and the WUR coverage, we think the eDRX feature is still important to be supported especially for IoT devices.
During the SI stage, there two schemes for eDRX case. 1) LP-WUS monitoring within PTW and legacy PO determination. 2) LP-WUS monitoring is not restricted in PTW and dynamic PO determination. Based on the RRM measurement relaxing, LP-WUS still can bring some power saving gain compared with eDRX.
	Observations: 
1)	LP-WUS monitoring within PTW and legacy PO determination
-	Effective per UE paging arrival rate <=1% 
-	Results in [8A-3], [8A-4], [8A-8], [8A-12], [8A-16] show that compared with eDRX, LP-WUS provide mean power saving gain (average: 67.5%, range: 28%~92%)
-	Results in [8A-4], [8A-8] show that compared with eDRX mean paging latency (16.697~25.92) second, LP-WUS will result in mean paging latency (19.863~31.24) second, which increases mean paging latency (19%~21%)
-	Results in [8A-3], [8A-16] show that compared with eDRX, LP-WUS will result in mean paging latency (42.679~161.73) second without baseline eDRX latency.
-	1%<Effective per UE paging arrival rate <=8%
-	Results in [8A-8] show that compared with eDRX, LP-WUS provides mean power saving gain (75%).
-	Results in [8A-8] show that compared with eDRX mean paging latency (16.927) second, LP-WUS will result in mean paging latency (16.953) second, which increases mean paging latency (0.2%) 
2)	LP-WUS monitoring is not restricted in PTW and dynamic PO determination
-	Effective per UE paging arrival rate <=1%
-	Results in [8A-7], [8A-8], [8A-11] show that compared with eDRX, LP-WUS provides mean power saving gain (average: 22%, range: 9%~58%)  
-	Results in [8A-7], [8A-8], [8A-11] show that compared with eDRX mean paging latency (16.927~28.192) second, LP-WUS will result in mean paging latency (0.566~1.035) second, which decreases mean paging latency (96%~98%) if LP-WUS monitoring and the corresponding paging monitoring after MR wake-up is performed not restricted within existing PTW of eDRX.
-	1%<Effective per UE paging arrival rate <=8%
-	Results in [8A-8] show that compared with eDRX, LP-WUS provides mean power saving gain (-15%).
-	Results in [8A-8] show that compared with eDRX mean paging latency (16.927) second, LP-WUS will result in mean paging latency (0.566) second, which decreases mean paging latency (97%).


Proposal 14: eDRX is an important feature to be supported especially for IoT device.
· Combined with LP-WUS, more PSG can be achieved.
For eDRX, there would be multiple DRXs in a PTW. If the LP-WUS is located before each DRX, then the LP-WUS monitoring would be frequent as shown in Figure 5, which is not so power efficient.
[image: ]
Figure 5: Duty cycle LP-WUS monitoring periodicity aligned with I-DRX
In this case, the LP-WUS could help some power, but no latency. Moreover, there are LOs between two PTW wasted. If LO periodicity is similar as PTW, then some LOs monitoring could be saved, as shown in the following.  
[image: ]
Figure 6: Duty cycle LP-WUS monitoring periodicity aligned with PTW
In this case, if LO monitoring occasions are overlap with the paging PDCCH monitoring occasions, it seems not necessary to monitor the LP-WUS in the overlapped occasions.
If both power saving gain and latency reduction are pursued, the PTW window or paging monitoring should be adapted according to the LP-WUS monitoring, similar as C-DRX.
[bookmark: OLE_LINK16]Proposal 15: Adaptive PTW could be considered for latency reduction and PSG.
FDD/TDD support 
In the WID, it is not clear whether the WUR could be deployed in FDD or TDD bands. From the initial study, FDD bands at least are feasible and could be supported. As for TDD bands, since TDD bands are commercially deployed widely, LP-WUS also should be designed to be compatible with TDD DL-UL configuration. An illustration is shown as follows.
[image: ]
Figure 7. LP-WUS in TDD
Proposal 16: Support LP-WUS deployed in FDD/TDD bands
For FDD, the multiple MOs in one LO could be contiguous. However, for TDD, the situation could be different, since the LP-WUS could be overlap with UL slots or symbols. For example, if LP-WUS is configured with 8 beams, it could be challenging for the NW to configure 8 contiguous DL slots in a frame for LP-WUS transmission in TDD bands. Moreover, if repetition is considered, more contiguous slots would be needed. In this case, the LO or MO definition may be impacted which may be based on different DL slots.
For example, for FDD, if LO is a window with N*K monitoring occasions, then the LP-WUS may occupy N*K DL slots. For TDD, we need to discuss whether N*K monitoring occasions only is configured on DL slots, or it could be on the flexible slots.
Proposal 17: The LO and MO definition should be applicable for both FDD and TDD
Dynamic PO
After waked up by LP-WUS and subsequent DL sync/re-sync, the UE needs to monitor the corresponding PO. Since the location of the PO is determined by legacy NR paging procedure, it is not easy to reduce the latency from LP-WUS detection to paging monitoring on the corresponding PO. 
For example, as shown in Figure 1, the latency consists of three parts, that is, ramp up time from LR to MR, time for sync/re-sync and the time interval from sync/re-sync to legacy PO. So the latency T1=Tx+Tramp up+T sync/re-sync. If the first PO is dynamic and the dynamic PO is located just after main radio ramp up and sync/re-sync, Tx can be ignored and the latency T2=Tramp up+T sync/re-sync.  It can be seen that the latency with dynamic PO is much smaller than the latency with legacy PO.
In addition, if the location of the PO is far from the last SSB used for DL sync/re-sync, the UE needs to maintain MR at “ON”state until the corresponding PO occasion. For this case, the UE power consumption for waiting the corresponding PO cannot be ignored.
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Figure 8. Latency for LP-WUS based on dynamic PO and legacy PO 
According to the TR conclusion and WID description,
	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. Further, compared with existing eDRX operation, significant paging latency reduction and moderate UE power saving gain is observed, if LP-WUS monitoring and the corresponding paging monitoring after MR wake-up is performed not restricted within existing PTW of eDRX.


we have the following observation:
Observation 7: Compared with LP-WUS based legacy PO monitoring, LP-WUS based dynamic PO monitoring has benefits of latency reduction and UE power saving.
However, based on dynamic PO, the gNB may need to transmit paging twice, i.e., legacy paging and dynamic paging. In another words, the gNB is required to transmit LP-WUS, dynamic paging and legacy paging when LP-WUS is enabled, which might further increase network overhead. Therefore, introducing new paging occasions is not pursued. Instead, if another legacy PO can be used to page a LP-WUS triggered UE, then this issue could be solved. 
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Figure 9. Using legacy PO as dynamic PO for LP-WUS
Proposal 18: For LP-WUS in IDLE/INACTIVE mode, dynamic PO can be considered.
[bookmark: OLE_LINK19][bookmark: OLE_LINK15]Conclusions 
In this contribution, we have discussed issues on LP-WUS operation in IDLE/INACTIVE modes. We make the following observations and proposals:
Observations 
Observation 1: The serving cell measurement performed by the MR is above entry threshold(s) and the serving cell measurement performed by the LR is below exit threshold(s) may be satisfied at the same time.
Observation 2: 
· If UE only monitor LP-WUS but not perform LR measurement, there is no power saving gain
· If UE only perform LR measurement but not monitor LP-WUS, it would waste NW resources of LP-WUS, there is no much power saving gain due to periodical paging monitoring, and it is out of scope. 
Observation 3: 
· Mutiple subgroup wake-up in a time duration is more common
· With the number of subgroups increasing, one subgroup wake-up in a time duration is a minor case.
Observation 4: Assuming effective group paging rate is <=3%
· Support more than 1000 subgroups is feasible
· Support up to 10000 subgroups would be challenging for system overhead.
Observation 5: Assuming one LP-WUS is associated with one PO, 
· At most 32 LP-WUS times wake-up is transmitted with each corresponding to one subgroup containing one target UE
· Based on 0.5%, 1%, 2%, 3% effective paging rate for each group, the maximum number of subgroups is 6400, 3200, 1600, 1066.
Observation 6: To achieve power saving gain based on the per UE paging rate [1%,0.1%,0.01%, 0.001%], the number of subgroups by LP-WUS at least should be 256 or 1024.
Observation 7: Compared with LP-WUS based legacy PO monitoring, LP-WUS based dynamic PO monitoring has benefits of latency reduction and UE power saving.
Proposals
Proposal 1: For the activation condition of LP-WUS monitoring, that serving cell measurement performed by the LR is not below exit threshold(s) should be included. 
Proposal 2: 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, or 
· The UE has not received LP-WUS for a long time
Proposal 3: Further clarify definition for OOK ON symbols or OOK OFF symbols.
Proposal 4: For measurement metrics, study option3 as the starting point for OOK based WUR. 
Proposal 5: For OFDM-based receiver, down-select PSS or SSS as the measurement signal.
Proposal 6: Clarify whether FFT block is assumed for OFDM-based WUR RRM measurement
· If not, clarify the RRM measurement bandwidth for OFDM-based WUR 
Proposal 7: The entry/exit condition for LP-WUS monitoring and serving cell measurement relaxation should be satisfied at the same time. 
· If UE performs relaxed measurement based on WUR, the UE also should monitor LP-WUS, vice versa.
Proposal 8: Support multiuple subgroups wake-up by LP-WUS in idle/inactive state.
Proposal 9: In a cell, consider to support up to 4096 subgroups to achieve power saving gain and acceptable system overhead.
· Configurable number of subgroups could be considered.
Proposal 10: LP-WUS indicates subgroups based on associated PO.
· Further discuss whether/how LP-WUS indicates subgroups independent from PO
Proposal 11: Unified LP-WUS monitoring scheme is pursued, considering
· I-DRX, eDRX
· FDD, TDD
Proposal 12: For duty cycle LP-WUS in IDLE/INACTIVE mode, NW can configure different LO periodicity according to different situation.
Proposal 13: For LP-WUS in IDLE/INACTIVE mode, a LP-WUS occasion (LO) can be mapped one or multiple POs.
Proposal 14: eDRX is an important feature to be supported especially for IoT device.
· Combined with LP-WUS, more PSG can be achieved.
Proposal 15: Adaptive PTW could be considered for latency reduction and PSG.
Proposal 16: Support LP-WUS deployed in FDD/TDD bands
Proposal 17: The LO and MO definition should be applicable for both FDD and TDD
Proposal 18: For LP-WUS in IDLE/INACTIVE mode, dynamic PO can be considered.
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