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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 #116 meeting, the following agreements were made [2].
	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.


[bookmark: OLE_LINK22][bookmark: OLE_LINK1][bookmark: OLE_LINK5]In this contribution, remaining issues on LP-WUS operation in IDLE/INACTIVE mode are discussed.
Issues on LP-WUS triggering PO
[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 are three options.
	-	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.
-	Miss detection performance of Paging shall not be impacted.


For Alt 1a and Alt 1b, the channel condition when UE monitors LP-WUS should be considered, because it can help gNB control the resource overhead for LP-WUS. For example, by setting the threshold for LP-SS measurement, the channel condition for UE receiving LP-WUS is controllable. If there is no threshold for UE monitoring LP-WUS, gNB needs to transmit LP-WUS with the assumption of worse case, for example, the UE is in the cell edge, which will occupy too many resources. 
Additionally, UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation or is based on preconfigured criteria can be further discussed. More specifically, if UE activation and/or deactivation of LP-WUS WUS monitoring is completely up to UE implementation, it will introduce more misalignment between UE and gNB. For example, when the gNB transmit the LP-WUS, the UE does not monitor LP-WUS, which would bring gNB overhead wasting. Therefore, it is more preferred that UE monitors LP-WUS based on preconfigured criteria, instead of UE implementation. In addition, if a UE has not received the LP-WUS for a long time, the UE needs to fallback to legacy PO monitoring behavior, in case that the system information is changed and the UE does not receive it.
[bookmark: OLE_LINK7]Proposal 1: In IDLE/INACTIVE mode, 
· [bookmark: OLE_LINK6]When the UE supports LP-WUS function and gNB configures LP-WUS, the UE is supposed to monitor LP-WUS if channel condition is satisfied. FFS other preconfigured criteria.
· When UE monitors LP-WUS and the UE has not received the LP-WUS for a long time, it is suggested to consider fallback to legacy PO monitoring. 
As for Alt 2, it is designed to enable/disable the LP-WUS function especially when the system efficiency or system overhead is taken into account. For example, if the resources occupied by LP-WUS has an impact on the system performance and other normal UEs, the deactivation signalling can be sent from the gNB. Moreover, if no deactivation signalling is specified, the gNB may need to always transmit the LP-WUS and LP-SS even there is no UE monitoring LP-WUS. For the activation, it can be implemented by gNB configuration, e.g., LP-WUS configuration.
Proposal 2: In IDLE/INACTIVE mode, LP-WUS activation and deactivation via gNB is required.
· gNB controllable threshold for UE activation and/or deactivation of LP-WUS monitoring is required.
[bookmark: OLE_LINK4]Payload size and contents
The payload size is related to the number of groups the LP-WUS can support. Assuming that there are 1000 groups in the network, the probability for wake-up one group and more groups is shown as follows:
Table 1. probability for multi-groups wake-up
	
	Option 1 (baseline):
-	The traffic arrival is modelled as a Poisson Arrival Process where inter-arrival times are exponentially distributed, the mean arrival time is P = YREF / RE, REF, where
-	RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28s
-	Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
-	FFS: Value of N
-	For LP-WUS
-	Both per group and UE paging can be assumed.

	
	Probability for wake-up groups in YREF = 1.28s

	R_E=0.00001
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Average:0.1 groups

	R_E=0.0001
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Average:0.9996 groups

	R_E=0.001
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Average:9.9551 groups

	R_E=0.01
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Average:95.6179 groups


If the number of groups increases, the probability for multi-groups wake-up would also increase. 
Observation 1: 
· With the R_E increasing, the peak probability position for a number of groups wake-up increases, and the average number of wake-up groups increases.
· With the number of groups increases, the probability for multiple groups wake-up would increase
More specifically, for R_E=0.00001, one group case indicated by LP-WUS could be focused. For R_E=0.0001, at least two groups wake-up case should be focused. For R_E=0.001 and 0.01, more groups have relatively high probability to be waken-up. 
If more than 1000groups are considered and NR UE with paging rate 0.01 is considered, one LP-WUS for multiple groups wake-up should be considered, at least two groups.
For OOK based LP-WUS information, CRC is necessary for OOK based LP-WUS information transmission. The CRC can be used to guarantee FAR depending on the length of CRC bits. For example, if 10-bit CRC is used, the FAR is approximately equal to 0.1% and the FAR is approximately equal to 0.4% if CRC length is 8. Considering that at least wake-up information for at least one UE (group) is carried by LP-WUS, CRC is necessary to be added to reduce the unnecessary wake-up. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK9]For OFDM sequence based LP-WUS information, contents of information is the same as OOK based LP-WUS information. In order to reduce complexity of sequence correlation and achieve good sequence detection performance, it is recommended that the number of OFDM sequences overlaid over one OOK-ON symbol should not be too large. For example, four OFDM sequences carrying 2 bit information could be considered. Thus, a few OOK-ON symbols are necessary to carry OFDM sequence based LP-WUS information. In order to ensure a lower FAR, adding CRC is also can be considered.
Proposal 3: For LP-WUS in RRC_IDLE/INACTIVE mode, payload content include:
· At least one or two UE groups indicated via LP-WUS could be considered 
· 8-bit CRC could be a starting point
Dynamic PO
[bookmark: OLE_LINK53]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. 
[bookmark: OLE_LINK48][bookmark: OLE_LINK47][bookmark: OLE_LINK51][bookmark: OLE_LINK50]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.
[image: ]
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Figure 1: 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 2: Compared with LP-WUS based legacy PO monitoring, LP-WUS based dynamic PO monitoring has benefits of latency reduction and UE power saving.
[bookmark: OLE_LINK2]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. 
[image: ]
Figure 2: Using legacy PO as dynamic PO for LP-WUS
Proposal 4: For LP-WUS in IDLE/INACTIVE mode, dynamic PO can be considered.
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.
Proposal 5: Unified LP-WUS monitoring scheme should be designed for I-DRX and eDRX
For always-on monitoring, there are continuous monitoring occasions. For duty cycle monitoring, we also think only one occasion for each duration in a cycle is not enough, considering the NW scheduling flexibility and multiple beams for LP-WUS.
Proposal 6: For LP-WUS monitoring, multiple occasions are required for each window in each cycle, if any.
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 monitoring 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. Therefore, only support the LO periodicity same as PO is too early. 
Proposal 7: For duty cycle LP-WUS in IDLE/INACTIVE mode, the periodicity could be the same with I-DRX cycle.
· The location of LO can be determined by an offset before the starting of PO
· The LP-WUS periodicity could be smaller or larger than I-DRX.
Relationship between LP-WUS and 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 8: For LP-WUS in IDLE/INACTIVE mode, a LP-WUS occasion (LO) can be mapped at least one PO.
· FFS mapped to 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 9: 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.
[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
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 10: For duty cycle LP-WUS in IDLE/INACTIVE mode, the periodicity can be 
· Aligned with I-DRX cycle and LP-WUS monitoring occasions before each DRX in PTW can be considered.
· Aligned with eDRX cycle and LP-WUS monitoring occasions in a window can be considered.
· Dynamic PO or adaptive PTW could be considered for latency reduction
TDD support
TDD bands are commercially deployed widely. Therefore, LP-WUS should be designed to be compatible with TDD DL-UL configuration. An illustration is shown as follows.
[image: ]
Figure 7. LP-WUS in TDD
However, whether/how to avoid LP-WUS allocated in UL slots or symbols, whether the LP-SS/LP-WUS with multiple beams can be allocated across different frames, are some issues for further discussion.
Proposal 11: Support LP-WUS in TDD
· FFS the potential impacts
[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:
Observation 1: 
· With the R_E increasing, the peak probability position for a number of groups wake-up increases, and the average number of wake-up groups increases.
· With the number of groups increases, the probability for multiple groups wake-up would increase
[bookmark: _GoBack]Observation 2: Compared with LP-WUS based legacy PO monitoring, LP-WUS based dynamic PO monitoring has benefits of latency reduction and UE power saving.

Proposal 1: In IDLE/INACTIVE mode, 
· When the UE supports LP-WUS function and gNB configures LP-WUS, the UE is supposed to monitor LP-WUS if channel condition is satisfied. FFS other preconfigured criteria.
· When UE monitors LP-WUS and the UE has not received the LP-WUS for a long time, it is suggested to consider fallback to legacy PO monitoring. 
Proposal 2: In IDLE/INACTIVE mode, LP-WUS activation and deactivation via gNB is required.
· gNB controllable threshold for UE activation and/or deactivation of LP-WUS monitoring is required.
Proposal 3: For LP-WUS in RRC_IDLE/INACTIVE mode, payload content includes:
· At least one or two UE groups indicated via LP-WUS could be considered 
· 8-bit CRC could be a starting point
Proposal 4: For LP-WUS in IDLE/INACTIVE mode, dynamic PO can be considered.
Proposal 5: Unified LP-WUS monitoring scheme should be designed for I-DRX and eDRX
Proposal 6: For LP-WUS monitoring, multiple occasions are required for each window in each cycle if any.
Proposal 7: For duty cycle LP-WUS in IDLE/INACTIVE mode, the periodicity could be the same with I-DRX cycle.
· The location of LO can be determined by an offset before the starting of PO
· The LP-WUS periodicity could be smaller or larger than I-DRX.
Proposal 8: For LP-WUS in IDLE/INACTIVE mode, a LP-WUS occasion (LO) can be mapped at least one PO.
· FFS mapped to multiple POs.
Proposal 9: eDRX is an important feature to be supported especially for IoT device.
· Combined with LP-WUS, more PSG can be achieved.
Proposal 10: For duty cycle LP-WUS in IDLE/INACTIVE mode, the periodicity can be 
· Aligned with I-DRX cycle and LP-WUS monitoring occasions before each DRX in PTW can be considered.
· Aligned with eDRX cycle and LP-WUS monitoring occasions in a window can be considered.
· Dynamic PO or adaptive PTW could be considered for latency reduction
Proposal 11: Support LP-WUS in TDD
· FFS the potential impacts
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