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1	Introduction
In this contribution, we present our view on the LP-WUR operation in RRC-IDLE and INACTIVE modes at least from RAN1 perspective. In RAN1-116, the following agreements were reached:
	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: _Ref178064866][bookmark: _Hlk142644764]2	LP-WUR operation in RRC-IDLE and INACTIVE 
LP-WUR operation in RRC-IDLE and INACTIVE allows the UE main receiver to be in an ultra-deep sleep mode while LP-WUR is monitoring for LP-WUS. LP-WUS is used to trigger paging monitoring of the UE main receiver when there is an actual need to page the UE. From UE behavior point of view, the UE main receiver will wake up to perform the paging monitoring only after the LP-WUS is detected/received by LP-WUR. 
[image: ]
Figure 1: UE behavior upon detecting LP-WUS with wake-up indication in IDLE/INACTIVE.
Compared to the legacy operation in Rel-15 where the main receiver needs to always periodically wake up every DRX cycle to monitor for potential paging message, LP-WUR allows the main receiver to stay in a low power sleep state for as long as possible and only wake up when needed. This can provide significant power saving gain. 
In Rel-17, paging early indicator (PEI) was introduced where the UE main receiver monitors for PEI before each paging occasion and only proceeds to monitor subsequent SSBs and paging message if the PEI is received. Compared to Rel-17 PEI, an LP-WUR operation essentially offloads the task of monitoring such paging early indication to LP-WUR, i.e., LP-WUR will monitor for LP-WUS instead of the UE main receiver. Since LP-WUR can operate with lower active power than that of the main receiver, it can provide overall power saving gain. 
[bookmark: _Toc118667254][bookmark: _Toc127356105][bookmark: _Toc163174666][bookmark: _Toc163200090]For LP-WUR operation in RRC-IDLE and INACTIVE, LP-WUS is used to trigger paging monitoring of the UE, i.e., monitoring of DCI format 1_0 with CRC scrambled by P-RNTI. 
In RAN1 #116, it was agreed that the UE monitors the legacy paging occasion (PO) after receiving LP-WUS indicating wake-up. This behavior is similar to Rel-17 PEI where the UE proceeds to monitor the legacy PO after receiving PEI indicating wake-up. With proper configuration of an offset parameter between WUS monitoring occasion and paging occasion/frame, the paging latency can be minimized. To further minimize latency impact when using legacy PO, the network can configure short paging cycle.
In addition to the above baseline, it was discussed whether to support UE monitoring “dynamic PO” after receiving LP-WUS indicating wake-up. The main argument was that this may reduce paging latency. In our view, dynamic PO essentially implies a new paging procedure which requires further RAN2 discussions. It does not really help to improve paging latency when used together with duty-cycled WUR monitoring. On the other hand, it will introduce large specification impacts as several details will need to be specified to support dynamic PO, e.g., new definition of dynamic PO, how to handle a large payload potentially needed without impacting LP-WUS coverage, how to handle different UE wake-up/transition time capabilities, and UE behavior on how to monitor paging when dynamic PO and legacy PO coexist. Moreover, in some scenarios, introducing dynamic PO may even impact UE power consumption negatively as the UE can miss receiving paging PDCCH in dynamic PO and need to additionally monitor the legacy PO. 
It may be argued that dynamic PO can be useful when LP-WUR continuously monitors LP-WUS. However, continuous monitoring of LP-WUS by LP-WUR will lead to higher chance of false wake-up of the UE main receiver which in turn can lead to higher overall UE power consumption (see Figure 2). Given the large impacts described above, the potential latency benefit of dynamic PO is therefore not justified.
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[bookmark: _Ref162971176]Figure 2 Power saving gain compared to I-DRX with 1.28s cycle length, assuming 0.1% false alarm rate per MO and 1% paging rate per 1.28s. 

[bookmark: _Toc163174662][bookmark: _Toc163199995]Dynamic PO does not provide any meaningful latency gain but can lead to large impacts on specifications and implementations.
[bookmark: _Toc163174667][bookmark: _Toc163200091]Do not support UE monitoring dynamic PO after receiving LP-WUS indicating wake-up.
As agreed during the SI, in the design and monitoring of LP-WUS, it needs to be ensured that the paging missed detection is not impacted and the targets for missed detection probability and false alarm probability are satisfied. Specifically, to ensure UE reachability, the missed detection target of 10-2 similar to the paging PDCCH requirement should be met.
[bookmark: _Toc163174668][bookmark: _Toc163200092]Paging misdetection performance of the UE should not be impacted when LP-WUS is used by the UE for power savings.
In case that both LP-WUS and PEI configurations are provided to UE that supports both LP-WUS and PEI monitoring, in our view, the UE may operate with LP-WUS monitoring and not with PEI monitoring for achieving more power saving gain. It was agreed in RAN1 #116 that after the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not. 
3	Procedure and configuration of LP-WUS
3.1	LP-WUS configuration
For the UE to perform LP-WUR operation, some necessary configurations are required. In RRC-IDLE/INACTIVE modes, LP-WUS and LP-SS configuration can be provided to UEs in a cell through broadcast system information. There are different options for system information to use for LP-WUS configuration. For example, it can be done in SIB1, similar to the approach used for Rel-17 PEI configuration, or in a new SIB. If a new SIB is introduced, it can be further discussed whether it should be an “on-demand” SIB or not.
Note that initial access is performed by main radio and before LP-WUS configuration is received, UE will operate with a main receiver as in legacy.     
[bookmark: _Toc163174669][bookmark: _Toc163200093]LP-WUS and LP-SS configuration is provided to the UE in a cell by system information. Further details of higher layer mechanisms can be discussed in RAN 2. 
It is important for the network and UE to have flexibility in supporting WUR operation. From an eco-system support point of view, it would be beneficial to allow some degree of configurability on the type of WUR capabilities supported in the cell, e.g., OFDM and OOK-based WUR, OFDM-based WUR only, or OOK-based WUR only. This would allow fast adoption of WUR feature in the eco-system where e.g., in the beginning, UEs with WUR capable of OFDM reception can first be supported as this is close to existing main receiver implementation and does not require additional implementation of LP-SS. UEs with OOK-based WUR can then be later introduced/supported when the eco-system support is more ready.
It can also be beneficial to have a supported WUR type signaled by the network at an early stage so that the UE does not have to search/request for the LP-WUS configuration if it sees that the supported WUR type is not compatible.
[bookmark: _Toc163174663][bookmark: _Toc163199996]From an eco-system support point of view, it would be beneficial to allow NW to configure the type of WUR capabilities which are supported in a cell.
[bookmark: _Toc163174670][bookmark: _Toc163200094]Type of WUR capability supported in the cell, e.g., support for both OFDM and OOK-based WUR, or OFDM-based WUR only, or OOK-based WUR only, should be configurable by the NW.
In terms of time and frequency domain resource configuration, to ensure NW scheduling flexibility and to reduce NW overhead and energy consumption impact, it should be possible to have flexible placement of LP-WUS and LP-SS resources in frequency and time. 
[bookmark: _Toc163174671][bookmark: _Toc163200095]It should be possible for NW to configure flexibly the placement of LP-WUS and LP-SS resources in frequency and time to minimize overhead and NW energy efficiency impact.
3.2	LP-WUS monitoring
It was agreed in RAN1#116 that LP-WUS occasions (LOs) are defined for LP-WUS monitoring where each LO consists of a set of LP-WUS monitoring occasions (MOs) for UE to monitor for LP-WUS transmission. 
From the study phase, it was found that for RRC-IDLE/INACTIVE operation, significant power saving gain can be obtained when LP-WUR monitors LP-WUS in a duty-cycled manner, i.e., monitoring LOs in a periodic manner. Since LP-WUS is used to trigger UE paging monitoring, the WUR duty-cycled period can simply correspond to the paging cycle. 
Given the existing configuration of paging occasions/frame, it is sufficient to simply configure an additional time offset parameter between LP-WUS occasion and UE paging occasion/frame. Similar to PEI, the time offset can be defined in number of frames from the start of a reference frame for LO to the start of a first paging frame of the paging frames associated with the LO. This time offset can be configured to cover at least the time required for UE to wake up the main receiver. For operation in RRC-IDLE/INACTIVE, it is important that the network only needs to configure a single time offset value that is applicable to all UEs operating with LP-WUS.
Each LP-WUS MO can be described by a starting symbol of possible LP-WUS transmission within LO. The duration of the LP-WUS MO can then be determined from the starting symbol and LP-WUS transmission duration which can be configured separately. 
Similar to PEI, there can be S*X consecutive LP-WUS MOs within LO, where S is the number of actual transmitted SSB determined according to a configuration in SIB1 and X is the configured number of LP-WUS MOs per SSB in LO. Note that UE would already acquire an SSB prior to receiving the LP-WUS configuration. When UE detects LP-WUS within its LO, the UE is not required to monitor the subsequent MO(s) associated with the same LO. 
[bookmark: _Toc163200096][bookmark: _Toc163174672]For LP-WUS monitoring in RRC-IDLE/INACTIVE,
- Introduce time offset between LP-WUS occasion (LO) and UE paging occasion/frame. 
- LP-WUS monitoring occasion is described by a starting symbol of possible LP-WUS transmission within the LO.

Different LP-WUS MOs may correspond to different beams in multi-beam operation. Similar to PEI, the UE can assume the same LP-WUS information in all transmitted beams and the selection of the beam(s) for the reception of the LP-WUS can be up to UE implementation.
[bookmark: _Toc163174673][bookmark: _Toc163200097]In multi-beam operation, the UE can assume that the same LP-WUS information is provided in all transmitted beams.
Apart from duty-cycled monitoring, continuous monitoring of LP-WUS by LP-WUR was considered during the SI. It may allow for potentially faster LP-WUS reception but will lead to higher chance of false wake-up of the UE main receiver which in turn can lead to higher overall UE power consumption (See e.g., Figure 2). In our view, there is no need to specify continuous monitoring of LP-WUS for the WUR operation in Rel-19. 
[bookmark: _Toc158651152][bookmark: _Toc158651153][bookmark: _Toc158651154][bookmark: _Toc158651155][bookmark: _Toc158651156][bookmark: _Toc158651157][bookmark: _Toc158651158][bookmark: _Toc158651159][bookmark: _Toc158651160][bookmark: _Toc158651161][bookmark: _Toc163174674][bookmark: _Toc163200098]Support only configuration of duty-cycled WUR monitoring in Rel-19.
3.3	eDRX 
When enabling LP-WUS monitoring, the main receiver (MR) behavior mainly depends on UE paging rate. With a low paging rate, the MR will stay in sleep state for a long time regardless of DRX (WUR) cycle length. Legacy eDRX feature was introduced for such use cases with low paging rate, which enables low energy consumption. However, as illustrated in Figure 3, WUR UE power saving gains are larger for shorter DRX duty cycles and decreasing significantly as the cycle length grows. On the other hand, the paging latency increases dramatically for long DRX cycle configuration. Therefore, enabling WUS with long DRX duty cycle would have little power saving gain but negative latency impact.
[image: ]
[bookmark: _Ref163048880]Figure 3 Power saving gain vs. average paging latency for different WUS duty cycle length.
3.4	UE sub-grouping 
LP-WUS is used to trigger UE to monitor paging. It can include information about UE subgroup to indicate which UE to wake up upon detecting LP-WUS. That is, once LP-WUS is detected/received, only UEs belonging to the indicated subgroup wake up to monitor paging message. 
In terms of payload size, similar principle as in Rel-17 PEI configuration can be reused. For example, the number of UE sub-groups per paging occasion () and the number of paging occasions associated with LP-WUS monitoring occasion () can be separately configured. Then the actual LP-WUS payload size can be determined based on the configurations of  and . Large LP-WUS payload size has negative impact on LP-WUS coverage. Thus, it is preferred to limit the maximum WUS payload size, e.g., to no more than 8 bits. If the same bitmap association between LP-WUS payload and UE subgroup as in PEI is used, then it is possible to configure  and  flexibly such that .
Bitmap association between LP-WUS payload and UE subgroups where each bit represents one UE subgroup provide flexibility to wake up UEs in multiple subgroups simultaneously. Given the limited LP-WUS payload size, it can be further discussed whether the same bitmap association used in PEI should be reused here for LP-WUS, or some new association can be considered, e.g., one where each bit can represent multiple subgroups. 
[bookmark: _Toc163174675][bookmark: _Toc163200099]Support configurable payload for LP-WUS (no more than 8-bit payload size).
3.5	Entry/exit condition for LP-WUS monitoring
For operation flexibility and resilience, there can be more than one mode of operations, e.g., one based on legacy paging monitoring, and another based on LP-WUS monitoring to trigger paging monitoring. 
Similar to Rel-17 PEI, one option for entry/exit condition for LP-WUS monitoring is to leave it to UE implementation whether to monitor LP-WUS as long as the paging performance is not impacted.  
Another option is to specify explicit entry/exit conditions to define UE behaviour regarding whether to operate with LP-WUS monitoring. The conditions can be defined based on UE measurement, e.g., RSRP of some reference signals. As there can be UEs with different WUR capabilities in a cell, the reference signal used for measurements and thus the conditions can depend on the WUR capability. 
For operation flexibility, it is thus preferred that the entry/exit condition are configurable. If the entry/exit condition is not configured, it can be up to the UE whether to monitor LP-WUS or not when LP-WUS is configured in a cell. If LP-WUS is not configured, the UE will not monitor LP-WUS.
Note that if explicit entry/exit condition is defined for LP-WUS monitoring in Idle/Inactive, UEs should not report whether they are in LP-WUS monitoring mode or not to avoid explicit signaling and overhead.
[bookmark: _Toc163174676][bookmark: _Toc163200100]Entry/exit conditions should be configurable, e.g., as part of the LP-WUS configuration. 
[bookmark: _Toc163174677][bookmark: _Toc163200101][bookmark: _Toc158651164][bookmark: _Toc158651165]It should be possible to configure different entry/exit conditions based on supported WUR types, if any.
3.6	RRM
Different reference signals can be used for RRM measurement depending on WUR type. For WUR capable of receiving existing SSS, existing SS-based measurement metrics can be reused. On the other hand, for WUR not capable of receiving existing SSS, if RRM measurement performed by WUR is supported, new measurement metric(s) will need to be defined. 
Considering the existing RAN4 requirements on serving cell measurements and the fact that LP-SS overhead should be minimized to avoid large NW impacts, feasible scenarios for RRM measurements based on LP-SS or even its overall feasibility should be discussed and only the scenarios that are suitable for operation with low LP-SS overhead and NW energy impact should be considered for RRM.
[bookmark: _Toc163174678][bookmark: _Toc163200102]If RRM using LP-SS is supported, only scenarios that are suitable for operation with low LP-SS overhead and NW energy impact should be considered for RRM.

During the SI, for serving cell RRM measurement performed by LP-WUR based on reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc).
	-	LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
-	FFS RSSI resource.
-	LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
-	FFS resource of reference signal(s) or signal(s) parts
-	LP-SINR = LP-RSRP/(power of interference and noise) 
-	FFS how to define "power of interference and noise"
-	LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
-	Accounting AGC accuracy, ADC of at least 4 bits is required.


 
In our view, the new metrics should be defined in a way that ensures compatibility when comparing with the legacy metrics used, e.g., for neighbor cell measurements. Moreover, for LP-WUS operation in RRC-IDLE and INACTIVE, it is not necessary to support LP-SINR measurement. 
[bookmark: _Toc163174679][bookmark: _Toc163200103]RRM measurements should be defined separately for different WUR types, if any.
- For WUR capable of receiving existing SSS, existing metrics in TS 38.215 can be reused.
- For WUR not capable of receiving existing SSS, separate metrics should be further studied.
- Definitions should ensure compatibility when comparing with the legacy metrics.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Dynamic PO does not provide any meaningful latency gain but can lead to large impacts on specifications and implementations.
Observation 2	From an eco-system support point of view, it would be beneficial to allow NW to configure the type of WUR capabilities which are supported in a cell.
Based on the discussion in the previous sections we propose the following:
Proposal 1	For LP-WUR operation in RRC-IDLE and INACTIVE, LP-WUS is used to trigger paging monitoring of the UE, i.e., monitoring of DCI format 1_0 with CRC scrambled by P-RNTI.
Proposal 2	Do not support UE monitoring dynamic PO after receiving LP-WUS indicating wake-up.
Proposal 3	Paging misdetection performance of the UE should not be impacted when LP-WUS is used by the UE for power savings.
Proposal 4	LP-WUS and LP-SS configuration is provided to the UE in a cell by system information. Further details of higher layer mechanisms can be discussed in RAN 2.
Proposal 5	Type of WUR capability supported in the cell, e.g., support for both OFDM and OOK-based WUR, or OFDM-based WUR only, or OOK-based WUR only, should be configurable by the NW.
Proposal 6	It should be possible for NW to configure flexibly the placement of LP-WUS and LP-SS resources in frequency and time to minimize overhead and NW energy efficiency impact.
Proposal 7	For LP-WUS monitoring in RRC-IDLE/INACTIVE, 
- Introduce time offset between LP-WUS occasion (LO) and UE paging occasion/frame.  
- LP-WUS monitoring occasion is described by a starting symbol of possible LP-WUS transmission within the LO.
Proposal 8	In multi-beam operation, the UE can assume that the same LP-WUS information is provided in all transmitted beams.
Proposal 9	Support only configuration of duty-cycled WUR monitoring in Rel-19.
Proposal 10	Support configurable payload for LP-WUS (no more than 8-bit payload size).
Proposal 11	Entry/exit conditions should be configurable, e.g., as part of the LP-WUS configuration.
Proposal 12	It should be possible to configure different entry/exit conditions based on supported WUR types, if any.
Proposal 13	If RRM using LP-SS is supported, only scenarios that are suitable for operation with low LP-SS overhead and NW energy impact should be considered for RRM.
Proposal 14	RRM measurements should be defined separately for different WUR types, if any. 
- For WUR capable of receiving existing SSS, existing metrics in TS 38.215 can be reused. 
- For WUR not capable of receiving existing SSS, separate metrics should be further studied. 
- Definitions should ensure compatibility when comparing with the legacy metrics.
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