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1. [bookmark: _Toc120549591]Introduction
The following agreements and conclusion are achieved in last RAN1 meeting [1]. In this contribution, we will further provide our detailed solutions.
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 monitor for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· 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.
· 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.
2. Discussion
2.1 Activation/deactivation LP-WUS monitoring
The following text is captured in TR 38.869 about the activation and deactivation of LP-WUS monitoring in RRC_IDLE/INACTIVE modes:
	-	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.
-	Paging misdetection performance shall not be impacted.


Firstly, both activation and deactivation procedures should not be based on UE implementation which will cause ambiguity behavior between gNB and UE and waste radio resource. The gNB may need to transmit both PEI and LP-WUS since it doesn’t know whether UEs are monitoring the LP-WUS or not. Regarding the detailed activation and deactivation procures, we think different options can be considered as the following.
Activation
The following options can be considered for the activation procedure:
· Option 1: based on gNB-to-UE signaling
For this option, gNB uses some signaling, e.g., RRC or L1 signaling to indicate UEs that the LP-WUS monitoring is activated. gNB can decide whether to activate the LP-WUS monitoring based on priori information, e.g., LP-WUS monitoring can be activated when system paging rate is low so that UE power consumption on paging monitoring can be reduced. But this option is agnostic to UE channel condition which will not guarantee all UEs can receive the LP-WUS which causes MR still needs monitoring PEI and paging.
· Option 2: based on UE-to-gNB signaling
For this option, UE can request gNB to activate the LP-WUS monitoring via UE-to-gNB signaling, e.g., PRACH when it has power saving requests. This option can assist the decision of gNB whether to active the LP-WUS monitoring taking into account of number of requesting UE. However, UE need to report in IDLE/INACTIVE states and additional energy consumption is needed.
· [bookmark: _Hlk158111504]Option 3: based on gNB-to-UE signaling and pre-configured criteria, a.k.a, Alt 1b
The third option is a hybrid solution which combines the gNB-to-UE signaling and pre-configured criteria. For this option, gNB can provide conditions for LP-WUS monitoring activation using the RRC signaling, but UE actually monitors the LP-WUS or not can be based on whether the conditions are satisfied. The conditions can be such as measurement results. This option considers the channel condition of UEs which can provide more UE power saving gain than Option 1.
Both option 2 and 3 can switch to LP-WUS monitoring as accurate as enough since UE measurement is involved. However, option 2 still need to report in IDLE/INACTIVE and cause additional energy consumption. Hence, option 3 should be the most promising solution for activation of LP-WUS monitoring. For the conditions in option 3 (i.e., conditions for triggering LP-WUS monitoring), which can be signalled a threshold(s) by gNB. And the condition for entering LP-WUS monitoring should reflect the situation when coverage is sufficient. 
For UE autonomous LP-WUS monitoring activation based on preconfigured criteria with gNB controlled threshold, the following thresholds can be considered:
-	A MR RSRP threshold;
-	A MR RSRP variation threshold within a period of time, and based on that, UE can decide whether it should enter LP-WUS monitoring;
-	A MR RSRP threshold and a MR RSRP variation threshold within a period of time, and based on that, UE can decide whether it should enter LP-WUS monitoring;
-	A MR RSRP/RSRQ threshold for inter-frequency measurement for the frequency where LP-WUS operates.
Proposal 1. For the activation of LP-WUS monitoring by LP-WUR for a UE, the following options can be considered:
· Option 1: based on gNB-to-UE signaling, which gNB indicates UE the activation of LP-WUS monitoring;
· Option 2: based on UE-to-gNB signaling, which UE requests gNB to activate the LP-WUS monitoring;
· Option 3 (preferred): based on gNB-to-UE signaling and pre-configured criteria, which gNB indicates UE the activation of LP-WUS monitoring and whether UE performs LP-WUS monitoring is based on pre-configured criteria, e.g., measurement threshold.
And the following threshold can be considered for option 3:
· A MR RSRP threshold;
· A MR RSRP variation threshold within a period of time, and based on that, UE can decide whether it should enter LP-WUS monitoring;
· A MR RSRP threshold and a MR RSRP variation threshold within a period of time, and based on that, UE can decide whether it should enter LP-WUS monitoring;
· A MR RSRP/RSRQ threshold for inter-frequency measurement for the frequency where LP-WUS operates.

Deactivation
For the deactivation, we think pre-configured criteria-based solution can be considered, since gNB cannot know UE’s channel condition in RRC_IDLE/INACIVE modes. In this solution, LP-WUR can exit the LP-WUS monitoring autonomously if measurement of the channel conditions is lower than some threshold and MR starts the traditional PEI and/or paging monitoring procedure. 
Further studies on the conditions are needed. When UE entering LP-WUS monitoring, the MR measurements need to be relaxed or purely shut down, otherwise no UE power saving gain can be achieved based on study item outcome. Hence, if MR measurement results is applicable, e.g., based on relaxed measurement results, then it can be also known to the LP-WUR and assists deactivation procedures.
[bookmark: _Hlk158125707][bookmark: _Hlk158112945]Proposal 2. For the deactivation of LP-WUS monitoring by LP-WUR for a UE, consider UE exits LP-WUS monitoring based on pre-configured criteria, e.g., LP-WUR measurement threshold. The MR measurement should be relaxed or offloaded. The deactivation should consider the measurement results for both LP-WUR and MR if applicable. 
2.2 LP-WUS procedure
In last RAN1 meeting, it is agreed that UE monitors the legacy PO after receiving LP-WUS indicating wake-up and it is up to UE implementation whether to monitor PEI or not. 
Both UE_ID based and CN assigned UE subgrouping is supported in PEI and maximum 8 subgroups can be indicated in PEI. Similarly, maximum 8 subgrouping can be supported in LP-WUS and the configurable number of subgroups can also be supported. The CN assigned UE subgrouping needs UE to report its capability and the subgroup ID is assigned by AMF through NAS signalling. For LP-WUS design, it is better the subgrouping method is system agnostic, e.g., UE_ID based which is common design for different RATs. 
Regarding the relationship between LP-WUS subgrouping and PEI subgrouping, we think they are fully independent considering the periodicity of LP-WUS and PEI may not be same which the association between LP-WUS/PEI and PF/PO can also be different. In addition, considering UE may monitor both PEI and LP-WUS as the discussion above, the independent subgrouping between PEI and LP-WUS can further reduce the paging false alarm because UE needs to wake up to receive paging if one of LP-WUS and PEI indicates the waking up information.
As the subgrouping indication, it is depending on the LP-WUS structure design. For example, if sequency based LP-WUS is supported, the subgroup waking up information is carried by different sequences which the association between sequence and subgroup should be pre-defined. If payload-based LP-WUS is supported, the subgroup waking up information is carried via bitmap.
Proposal 3. For idle/inactive mode,
· The maximum number of information bits of subgrouping indication of LP-WUS is 8 bits.
· The actual number of information bits of subgrouping indication of LP-WUS is configurable.
Proposal 4. The subgrouping between LP-WUS and PEI is independent, e.g., separate subgroup number, separate association with PF/PO.
2.3 Monitoring occasion
LO/MO definition
In last RAN1 meeting, LP-WUS occasions (LOs) are defined for LP-WUS monitoring, but the details are not clear, including the definition of MO, the periodicity of LO and the association between LO and PO. In legacy PEI design, the number of POs associated with one PEI is configured by po-NumPerPEI which the number is up to 8. We think the similar flexibility of association between PEI and PO should also be applied to LP-WUS, e.g., one LO can associate with one or multiple POs. Some companies also proposed multiple LOs to be associated with one PO to provide more sub-grouping information, but considering the resource overhead, this method should be de-prioritized. Figure 1 is the illustration of the one-to-one mapping between LO and PO, and one-to-N mapping between LO and PO, and in these cases, the LO monitoring periodicity is equals to one i-DRX cycle from one UE’s perspective. For each LO, it contains multiple MOs for multiple beam transmission.



Figure 1. Mapping between LO and PO
Proposal 5. The periodicity of LO for a UE in i-DRX mode is the same as the i-DRX cycle.
Proposal 6. Support the following options for the association of LO and PO from cell perspective:
· Option 1: One LO is associated with one PO.
· Option 2: One LO is associated with multiple POs.

LO/MO determination
Another issue is how LP-WUR determine the timing of LO/MO occasion. There are two options as the following:
· Option 1: the timing of LO/MO occasion is based on the timing related to PO, e.g., offset to PO
· Option 2: the timing of LO/MO occasion is based on the timing of synchronization signal, e.g., LP-SS, PSS/SSS

For Option 1, one disadvantage is the timing error caused by LP-WUR. For some cases, the UE may not be wakeup for quite a long time, e.g., i-DRX cycle is large. Hence the time error needs to be corrected either by LP-SS for OOK-based LP-WUR or PSS/SSS by OFDM-based LP-WUR. Otherwise, the LO window should be large enough to tolerate the time error. Large time uncertainty might be challenge for the correlation operations which causes higher power consumptions. Hence, monitoring LP-SS or PSS/SSS is still necessary for determine LP-WUS monitoring occasions. In this regard, determination of LP-WUS monitoring occasions based on LP-SS or PSS/SSS, i.e., Option 2 is more direct and simpler. 
For OOK-based LP-WUR, LP-SS can be used for the reference time to determine LP-WUS monitoring occasions as in Figure 2, which the green part is LP-WUS MO in one LO periodicity. For OFDM-based LP-WUR, PSS/SSS can be used as the reference time for determining LP-WUS monitoring occasions. However, the PSS/SSS periodicity is much smaller than LP-SS/LP-WUS periodicity, e.g., 20ms and legacy PSS/SSS doesn’t carry the index information, OFDM-based LP-WUR may need blind detection to determine the starting position of LP-WUS MOs as in Figure 3. 
[image: ]
Figure 2.  LO/MO determination for OOK-based LP-WUR
[image: ]
Figure 3.  LO/MO determination for OFDM-based LP-WUR
Proposal 7. LP-SS is used as the reference time for determining LO/MO locations for OOK-based LP-WUR.
[bookmark: _Hlk158131952]Proposal 8. PSS/SSS is used as the reference time for determining LO/MO locations for OFDM-based LP-WUR.
3. Conclusions
In this contribution, we discussed the LP-WUS operation in RRC_IDLE/INACTIVE mode, and the following proposal are made.
Proposal 1. For the activation of LP-WUS monitoring by LP-WUR for a UE, the following options can be considered:
· Option 1: based on gNB-to-UE signaling, which gNB indicates UE the activation of LP-WUS monitoring;
· Option 2: based on UE-to-gNB signaling, which UE requests gNB to activate the LP-WUS monitoring;
· Option 3 (preferred): based on gNB-to-UE signaling and pre-configured criteria, which gNB indicates UE the activation of LP-WUS monitoring and whether UE performs LP-WUS monitoring is based on pre-configured criteria, e.g., measurement threshold.
And the following threshold can be considered for option 3:
· A MR RSRP threshold;
· A MR RSRP variation threshold within a period of time, and based on that, UE can decide whether it should enter LP-WUS monitoring;
· A MR RSRP threshold and a MR RSRP variation threshold within a period of time, and based on that, UE can decide whether it should enter LP-WUS monitoring;
· A MR RSRP/RSRQ threshold for inter-frequency measurement for the frequency where LP-WUS operates.
Proposal 2. For the deactivation of LP-WUS monitoring by LP-WUR for a UE, consider UE exits LP-WUS monitoring based on pre-configured criteria, e.g., LP-WUR measurement threshold. The MR measurement should be relaxed or offloaded. The deactivation should consider the measurement results for both LP-WUR and MR if applicable. 
Proposal 3. For idle/inactive mode,
· The maximum number of information bits of subgrouping indication of LP-WUS is 8 bits.
· The actual number of information bits of subgrouping indication of LP-WUS is configurable.
Proposal 4. The subgrouping between LP-WUS and PEI is independent, e.g., separate subgroup number, separate association with PF/PO.
Proposal 5. The periodicity of LO for a UE in i-DRX mode is the same as the i-DRX cycle.
Proposal 6. Support the following options for the association of LO and PO from cell perspective:
· Option 1: One LO is associated with one PO.
· Option 2: One LO is associated with multiple POs.
Proposal 7. LP-SS is used as the reference time for determining LO/MO locations for OOK-based LP-WUR.
Proposal 8. PSS/SSS is used as the reference time for determining LO/MO locations for OFDM-based LP-WUR.
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