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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
[bookmark: OLE_LINK31]The following objective is approved for IDLE and Inactive mode LP-WUS, this contribution discusses the related issues.
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
2. Discussion
2.0 SI conclusions
RAN2 had some conclusions on LP-WUS during study phase as following in TR 38.869.
RAN2 has studied and concluded to support subgrouping for LP-WUS, detailed design depends on the payload of LP-WUS. 
RAN2 has studied the entry and exit condition of using LP-WUS, and concluded the condition(s) could be at least based on the serving cell measurement using LR and/or MR.
RAN2 has studied LP-WUS configuration, at least via system information broadcast. 
2.1 LP-WUS DRX cycle and occasion
LP-WUS DRX cycle 
In RAN1 #116, two options were discussed for the periodicity of LO for a UE in iDRX mode:
· Option 1: it is the same as the PO iDRX cycle
· Option 2: it can be the same as or smaller than the PO iDRX cycle
We think option 1 is sufficient for the idle/inactive mode LP-WUS design. For option 2, maybe the idea is to use different LOs for different sets of LP-WUSs that are associated with different sets of UE subgroups, or to enable repetitions of LP-WUS in the same LO for coverage enhancements. The only difference between option 2 and Figure 1 seems that option 2 enables even distribution of chunks of LP-WUS MOs associated with different sets of UE subgroups or repetitions. However, it is unclear what benefit the even distribution can provide. Hence, we support option 1 for the periodicity of LO.
Proposal 1 [bookmark: p2]LO DRX cycle for a UE in idle/inactive mode is the same as the PO iDRX cycle.
When the LO DRX cycle is the same as the iDRX cycle, for the association of LO and PO, the following options were discussed in RAN #116:
· Option 1: One LO is associated with one PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
Option 1 should be supported as baseline for the idle/inactive LP-WUS design. Option 3 is equivalent to multiple LP-WUS MOs in the LO that are associated with different sets of UE subgroups. It can be combined with option 1. For option 3, the LP-WUS carries more information than option 1, and hence occupies more OFDM symbols. However, this may pose design challenges due to the limited data rate of LP-WUS. For example, if network wants to align the LP-WUS beams with SSB beams, the maximum LP-WUS transmission duration is confined within the inter-SSB interval which can be as small as half slot. This restricts the maximum number of ON/OFF symbols of LP-WUS to be a relatively small value even for the agreed maximum OOK-4 M value 4.
Proposal 2 [bookmark: _Hlk162980619][bookmark: p3]Support one LO is associated with one PO 
2.2 LP-WUS and PEI relationship
LP-WUS has similar functionality with existing PEI to save UE power consumption for paging monitoring. It is assumed LP-WUS will indicate the intended subgrouping and UE will determine whether to wake up MR to further monitor paging. 
One issue is whether UE needs to continue to monitor PEI or UE directly monitor paging message. There are two possible options.
Option 1: LP-WUS replaces PEI
In this option, UE capable LP-WUS only monitors LP-WUS, and if UE is indicated to trigger MR for monitor paging, UE will skip PEI and monitor paging message directly.
Option 2: LP-WUS is used together with PEI
In this option, UE capable LP-WUS firstly monitors LP-WUS, and if the UE is indicated to trigger MR for paging monitoring, UE will continue to monitor PEI and determine whether to further monitor paging message. It is assumed that two levels of subgroup will be indicated in LP-WUS and PEI. The UEs mapped to the same LP-WUS subgroup can be further distributed into different PEI subgroups. This option can save LP-WUS overhead compared to option 1. But it brings more complexity for UE implementation. As shown in the figure, the joint subgrouping between LP-WUS and PEI improves the subgrouping granularity by a factor of the number of PEI subgroups with no additional signaling cost. 
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[bookmark: _Ref162112487]Figure: Different subgroup splitting for LP-WUS and PEI.
Proposal 3 RAN2 discusses the two options:
    Option 1: LP-WUS replaces PEI
                Option 2: LP-WUS is used together with PEI
2.3 LP-WUS subgrouping
In existing PEI mechanism, if the UE detects PEI and the PEI indicates the subgroup the UE belongs to monitor its associated PO, the UE monitors the associated PO. There are CN assigned subgrouping and UE_ID based subgrouping defined. For CN assigned subgrouping, a UE can be assigned a subgroup ID (between 0 to 7) by AMF through NAS signalling. For UE_ID based subgrouping, the following equation is used to determine the subgroup ID.
SubgroupID = (floor(UE_ID/(N*Ns)) mod subgroupsNumForUEID) + (subgroupsNumPerPO - subgroupsNumForUEID)
If PEI is replaced by LP-WUS, then existing CN assigned and UE_ID based subgrouping can be taken as baseline for LP-WUS subgrouping.
Proposal 4 If PEI is replaced by LP-WUS, then existing CN assigned and UE_ID based subgrouping can be taken as baseline for LP-WUS subgrouping.
If PEI is used together with LP-WUS, then two levels of subgrouping need to be defined. For CN assigned subgrouping, similar with PEI, AMF can assign subgroup IDs to UE using NAS signalling, one is for LP-WUS subgrouping, another is for PEI subgrouping. Then each subgroup in LP-WUS can fully contain several subgroups in PEI. Hence no additional UEs are waken up by PEI than the set of UEs waken up by LP-WUS. 
For UE_ID based subgrouping, UE needs to determine LP-WUS subgroup ID and PEI subgroup ID. It needs to be further discussed how the UE derives the LP-WUS subgroup ID. then it is possible to design the hashing function for UE_ID such that each subgroup in LP-WUS can fully contain several subgroups in PEI. Then again, no additional UEs are waken up by PEI than the set of UEs waken up by LP-WUS.
Proposal 5 If PEI is used together with LP-WUS, then two levels of subgrouping need to be defined, one is for LP-WUS subgroup ID, another is for PEI subgroup ID.
Proposal 6 If PEI is used together with LP-WUS, AMF assigns both LP-WUS subgroup ID and PEI subgroup ID to UE using NAS signalling.
Proposal 7 If PEI is used together with LP-WUS, it is FFS whether and how UE based subgrouping is used for LP-WUS subgroup ID and PEI subgroup ID.
Now suppose subgroups in LP-WUS and PEI are of different types, e.g. subgroups in LP-WUs are assigned by CN and those in PEI are generated based on UE_ID. Then it is not difficult to see that the set of UEs in a subgroup in LP-WUS can be very different from those in a subgroup in PEI. What this difference means is that it can increase false paging alerts. That is not desirable.
1. If LP-WUS and PEI are used together but they have different types of subgroups, the set of UEs in a LP-WUS subgroup can be different from those in a PEI subgroup. This difference can increase false paging alerts.
[bookmark: _Hlk146724743]For this reason, we think it is better for network to ensure that the same type of subgroups are used in LP-WUS and PEI. This may require some coordination in CN and RAN. But the details can be studied in the WI phase.
Proposal 8 If LP-WUS and PEI are used together, network should configure them with the same type of subgroups. FFS how network ensures that. 
2.4 Whether to support dynamic PO 
In RAN1 there is some discussion on dynamic PO, and has following agreement. Dynamic PO has also impact on higher layer.
	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


Dynamic paging occasion means UE monitors paging after deterring LP-WUS indicating its subgroup ID and UE does not need to monitor paging on legacy paging occasion. 
Currently, network and UE calculate paging occasions and transmit/receive paging message on paging occasion. When DL data arrives to CN, CN will calculate paging occasion, and send paging request to gNB before the paging occasion to reduce gNB burden of saving paging for a long time.
If dynamic PO is introduced, CN will send paging request to gNB when DL data arrives, which will change existing CN behavior.
1. Currently, CN will calculate paging occasion, and send paging request to gNB before the paging occasion. If dynamic PO is introduced, CN will send paging request to gNB when DL data arrives, which will change existing CN behaviour.
UE in IDLE and Inactive state will not indicate to gNB when the UE enters or leaves LP-WUS mode, then when gNB does not know whether legacy paging oe LP-WUS paging will be used. gNB has to send two paging message on the dynamic PO and legacy PO, then paging message load will be doubled.
gNB needs to send two paging message on both of dynamic PO and legacy PO, which will waste paging resource.
Based on the above observations, it is proposed dynamic PO is not introduced.
Proposal 9 Dynamic PO is not introduced.
2.4 LP-WUS coverage 
For UEs in idle mode, it is desirable for UEs to avoid exchanging messages with network as much as possible. Otherwise, the power consumed by those exchanges may neutralize the power saved by the use of LP-WUS. RAN2 has concluded that LP-WUS to control paging/PEI monitoring with no UE reporting of WUS coverage status or change is feasible. One simple solution, at least from UE’s perspective, is to have network send wakeup indication by both LP-WUS and legacy signal (PEI or paging DCI). 
Proposal 10 Proposal: gNB sends wakeup indication in both LP-WUS and legacy signaling (either PEI or paging DCI).
2.4 LP-WUS mode entry/leaving condition 
For paging monitoring perspective, when UE should enter LP-WUS mode should be specified. As discussed in SI, an entry/leaving condition can be configured to the UE via SIB.
Proposal 11 RAN2 confirms that entry condition is configured to UE via SIB, it is FFS which SIB.
For entry/leaving condition, one issue is which signal should be measured and what the entry condition should be for. There could be several options:
[bookmark: _Hlk163215221]Option 1: UE detects and measures LP-SS when out of LP-SS coverage
In this option, gNB configure LP-SS threshold in SIB. When UE is out of LP-SS coverage, the UE will always detect LP-SS and try to measure LP-SS measurements. Once the LP-SS measurement satisfies the configured threshold, UE will enter LP-WUS mode. This option requires UE to measure both of LP-SS and SSB at the same time, and will consume UE power additionally.
Option 2: Normalizing LP-SS based measurements to the scale of SSB-based measurements
From RAN2’s perspective, it is desirable to have some kind of “mapping” which converts RRM measurements from LP-SS to the scale of SSB measurements. Such a mapping could be either an offset predefined in the specs or a semi-static parameter that can be periodically calibrated based on measurements. If such a mapping is feasible (it needs to be studied and confirmed by RAN1/4), it then would enable reliable comparison between measurements from LPR and MR. But this requires RAN1/RAN4 to confirm the feasibility.
Option 3: UE measures LP-SS when SSB measurement satisfies the threshold
In this option, both of LP-SS measurement threshold and SSB measurement threshold are configured. UE firstly perform SSB measurement and if the measurement satisfies the SSB threshold (i.e.above the threshold), UE initiates LP-SS measurement. If LP-SS measurement satisfies the threshold, UE considers to enter LP-WUS.
Proposal 12 It is proposed to discuss the three options for LP-WUS entry condition.
	Option 1: UE detects and measures LP-SS when out of LP-SS coverage.
     Option 2: Normalizing LP-SS based measurements to the scale of SSB-based measurements.
	Option 3: UE measures LP-SS when SSB measurement is above the threshold.
For LP-WUS mode leaving condition, the simple way is to configure LP-SS measurement threshold to UE, and when the threshold is satisfied, UE considers leaving LP-WUS mode.
Proposal 13 gNB should configure LP-WUS mode leaving conditions in SIB. UE considers leaving LP-WUS mode if LP-SS measurement satisfies the condition. 
3. Conclusion 
Proposal 1 LO DRX cycle for a UE in idle/inactive mode is the same as the PO iDRX cycle.
Proposal 2 Support one LO is associated with one PO.
Proposal 3 RAN2 discusses the two options:
    Option 1: LP-WUS replaces PEI
                Option 2: LP-WUS is used together with PEI
Proposal 4 If PEI is replaced by LP-WUS, then existing CN assigned and UE_ID based subgrouping can be taken as baseline for LP-WUS subgrouping.
Proposal 5 If PEI is used together with LP-WUS, then two levels of subgrouping need to be defined, one is for LP-WUS subgroup ID, another is for PEI subgroup ID.
Proposal 6 If PEI is used together with LP-WUS, AMF assigns both LP-WUS subgroup ID and PEI subgroup ID to UE using NAS signalling.
Proposal 7 If PEI is used together with LP-WUS, it is FFS whether and how UE based subgrouping is used for LP-WUS subgroup ID and PEI subgroup ID.
1. If LP-WUS and PEI are used together but they have different types of subgroups, the set of UEs in a LP-WUS subgroup can be different from those in a PEI subgroup. This difference can increase false paging alerts.
Proposal 8 If LP-WUS and PEI are used together, network should configure them with the same type of subgroups. FFS how network ensures that. 
1. Currently, CN will calculate paging occasion, and send paging request to gNB before the paging occasion. If dynamic PO is introduced, CN will send paging request to gNB when DL data arrives, which will change existing CN behaviour.
1. gNB needs to send two paging messages on both of dynamic PO and legacy PO, which will waste paging resource.
Proposal 9 Dynamic PO is not introduced.
Proposal 10 Proposal: gNB sends wakeup indication in both LP-WUS and legacy signaling (either PEI or paging DCI).
Proposal 11 RAN2 confirms that entry condition is configured to UE via SIB, it is FFS which SIB.
Proposal 12 It is proposed to discuss the three options for LP-WUS entry condition.
	Option 1: UE detects and measures LP-SS when out of LP-SS coverage
     Option 2: Normalizing LP-SS based measurements to the scale of SSB-based measurements.
	Option 3: UE measures LP-SS when SSB measurement satisfies the threshold.
Proposal 14 gNB should configure LP-WUS mode leaving conditions based on LP-SS measurement in SIB. UE considers leaving LP-WUS mode if LP-SS measurement satisfies the condition. 
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