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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#102 meeting, new WID: Low-power wake-up signal and receiver for NR was agreed [1]-[2]. One of the objectives in this WID is:
	· 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)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)


In this contribution, we focus the procedure and configuration of LP-WUS in RRC_IDLE/INACTIVE modes and analyze the potential issues and solutions. Finally, our proposals are provided from our perspective.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
2.1	LP-WUS monitoring procedure
In Rel-18 LP-WUS SI, the procedure of LP-WUS monitor was studied. And the following options and the corresponding pros and cons analysis were captured in [3]:
Table 1: Pros and Cons of different alternatives for wake-up procedures from 38.869
	
	Alt1.1: LP-WUS+ Paging
	Alt 1.2: LP-WUS+PEI+paging

	Access latency
	LP-WUS reception+ paging reception+ random access procedure
	LP-WUS reception + PEI reception + paging reception +random access procedure

	False Alarm
	Can be reduced by use of UE subgrouping for LP-WUS.
	Unclear if and how it can be further reduced if UE subgrouping mechanism is used in LP-WUS and PEI together.

	Complexity of LP-WUS Design
	Low
	It is higher if UE subgrouping mechanism is used in LP-WUS and PEI together

	Integration with legacy
	Smooth as LP-WUS replaces PEI
	Unclear what PEI functionality adds on top of LP-WUS


In RAN1#115 meeting, multiple solutions for LP-WUS monitoring in RRC_IDLE/INACTIVE were studied [4]. And it was finally agreed that [5]:
	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.


Based on the TR and latest RAN1 progress, the LP-WUS monitor procedure can be summarized as the following:
· Case 1: The UE supports PEI and PEI is configured by the gNB
· It is up to UE implementation whether to monitor PEI or not when the UE receives LP-WUS indicating wake-up;
· The UE monitors Paging when it is waked up.
· Case 2: The UE does not supports PEI or the PEI is not configured by the gNB
· The UE monitors Paging when the UE receives LP-WUS indicating wake-up.
The procedure for Case 1 and Case 2 are illustrated in Figure 1 and Figure 2 respectively.
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Figure 1: The UE monitors PEI up to the UE implementation when the UE supports PEI and PEI is configured by gNB
[image: ]
 Figure 2 The UE monitors Paging when the UE does not support PEI or PEI is not configured by NW
Proposal 1: RAN2 confirm that the following procedures are as baseline to study LP-WUS procedure for RRC_IDLE/INACTIVE states:
· It is up to UE implementation that the UE monitors PEI when the UE supports PEI and PEI is configured by the NW when the UE is waked up by LP-WUS;
· The UE monitors Paging when it is waked up by LP-WUS when the UE does not support PEI or PEI is not configured by the NW.
2.2	Configuration
It is straightforward that the configuration of LP-WUS is configured in system information like PEI. The UE can enable LP-WUS when the UE supports LP-WUS and the LP-WUS configuration is signaled in system information. Normally, the UE will acquire whether LP-WUS is configured or not via reading the system information when the UE selects or reselects to the cell.
From our perspective, the configuration of LP-WUS involves the LP-WUS allocation, mapping between LP-WUS and PO, which is cell specific. If the configuration is signaled via dedicated signalings, the co-ordination on LP-WUS resources via Xn may be needed, otherwise the LP-WUS configuration is disabled when UE reselects to another cell. We find no obvious benefit but more specification work for dedicated signalings.
Observation 1: If LP-WUS configuration is signaled via dedicated signalings, there is no obvious benefit but more specification work for dedicated signalings.
Therefore, it is proposed that:
Proposal 2: LP-WUS configuration is configured to the UE via system information. 
When PEI is configured by the NW and the UE supports PEI, it is up to the UE implementation to monitor PEI which follows the Rel-17 UE behavior based on the RAN1 agreement. In Rel-17, PEI was introduced to reduce false alarm. pei-FrameOffset, which defines the number of frames from the start of a reference frame for PEI-O to the start of a first paging frame of the paging frames associated with the PEI-O, was specified to facilitate the UE to identify the PEI frame. This value may impact the LP-WUS monitor, e.g. the minimum time duration between LP-WUS and Paging. 
When PEI is not configured by the NW or the UE does not support PEI, the UE directly monitors Paging after LP-WUS indicating the UE to wake-up. Hence, the offset between LP-WUS and PO can be configured with relative smaller value compared with LP-WUS plus PEI case.
Considering RAN1 will continue to discuss this issue on LP-WUS resource configuration, RAN2 can wait for more inputs from RAN1 to carry on the subsequent discussion. Regarding other configurations for LP-WUS, for example, the resource allocation of LP-WUS, the mapping between LP-WUS and PO can also be left for RAN1.
Proposal 3: RAN2 waits for more inputs from RAN1 to discuss the contents of LP-WUS, e.g., offset between LP-WUS and PO, resource allocation of LP-WUS, mapping between LP-WUS and PO.
2.3	Subgrouping
2.3.1	Baseline for LP-WUS subgrouping
Regarding LP-WUS subgrouping, it has been concluded by RAN1#116 meeting that [5]:
	Conclusion
For idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide.



From RAN2 perspective, in [3], it has been captured that subgrouping is beneficial on false alarm reducing. Like PEI, two kinds of subgrouping can be adopted, i.e. CN assigned, and UE_ID based subgrouping.
In Rel-17 PEI CN assigned subgrouping, AMF is responsible for assigning subgroup ID to the UE [6]. A UE supporting CN assigned subgrouping can be assigned a subgroup ID (between 0 to 7) by AMF through NAS signaling [7]. It is assumed that CN controlled subgrouping support is homogeneous within an RNA.
In Rel-17, if the UE is not configured with a CN assigned subgroup ID, or if the UE configured with a CN assigned subgroup ID is in a cell supporting only UE_ID based subgrouping, UE_ID based subgrouping is used. For UE ID based subgrouping, the gNB and UE can determine the subgroup ID based on the UE ID and the total number of subgroups for UE ID based subgrouping in the cell. The total number of subgroups for UE ID based subgrouping is decided by the gNB for each cell and can be different in different cells.
RAN2 can take the subgrouping mechanism of PEI as baseline for LP-WUS.
Proposal 4: Take the subgrouping methods of PEI, i.e. CN assigned and UE_ID based subgrouping as a start point to study LP-WUS subgrouping.
2.3.2	Association between LP-WUS subgrouping and PEI subgrouping
As discussed in Section 2.1, it has been agreed in RAN1 that when LP-WUS is configured and the UE supports LP-WUS, the UE can monitor PEI based on the UE implementation if LP-WUS indicating the UE to wake-up. According to the agreement, the relationship between LP-WUS subgrouping and PEI subgrouping may impact the performance of Paging if the UE choose to monitor PEI after LP-WUS indicating the UE to wake-up. Actually, this highly depends on whether the same mechanisms are applied for LP-WUS subgrouping and PEI subgrouping. If different mechanisms are adopted, the UE may be assigned to different subgroups for LP-WUS and PEI. If so, UEs in LP-WUS subgroup could cover the UEs in PEI subgroup, to avoid the case that the UE miss the PEI since it is not waked up by LP-WUS. On the other hand, if the same mechanism is applied, the UE ID in LP-WUS subgroup is the same as that in PEI subgroup and there is no mismatch issue. Hence, it is proposed that:
Proposal 5: RAN2 to discuss the association between LP-WUS subgrouping and PEI subgrouping.
2.4	Entry/exit condition(s) for LP-WUS
Based on evaluation in SI in RAN1, LP-WUS performance is worse than legacy physical channels, and there could be partial LP-WUS coverage in the cell. Since the UE will not notify the network whether LP-WUS is used or not to save the frequent signaling interactions, the network is not aware of whether the UE using the LP-WUS or not. Hence, there are two options of entry/exit conditions for LP-WUS:
· Option 1: it is up to the UE implementation to decide when to enter/exit of monitoring LP-WUS.
For example, the UE evaluates the channel conditions and may take UE speed into account to decide whether to enter LP-WUS monitoring state.
· Option 2: the network broadcast the parameters of the conditions for entry/exit LP-WUS monitoring, and the UE evaluates whether the conditions are satisfied and decides when to enter/exit LP-WUS monitoring state.
For example, the network broadcasts the thresholds of entry/exit conditions for LP-WUS monitors. And the UE compares the signal strength with the configured threshold. If the entry/exit conditions are fulfilled, the UE performs actions, i.e., entering/exiting LP-WUS monitoring mode which is illustrated in Figure 3.


Figure 3: Entry/exit LP-WUS monitoring mode flow chart
From the network perspective, Option 2 leaves more flexibility to network control. For example, the network can configure higher threshold for entering LP-WUS monitoring mode to increase the LP-WUS reliability. Hence, option 2 is preferred.
Proposal 6: The network controls entry/exit conditions for LP-WUS monitoring mode via system information.
It is straightforward take the principle that the signaling strength on MR as entry criteria and the signaling strength on LP-WUR as exit criteria as baseline. But whether other criteria can be considered can be further studied. For example, it can be further studied on whether the signal strength on LP-WUR should be considered as the entry criteria. If there are 2 kinds of signal strength are taken into account for evaluation of entry/exit criteria, it may happen that these two conditions are fulfilled at the same time and Ping-ping enter/exit LP-WUS may happen. Hence, it is proposed that:
Proposal 7a: At least the signaling strength on MR can be considered as entry criteria of LP-WUS; FFS the signal strength on LP-WUR.
Proposal 7b: At least the signaling strength on LP-WUR can be considered as exit criteria of LP-WUS; FFS the signal strength on MR.
Conclusion
In this document, we analyse proceudre and configuration for LP-WUS, and we have the and proposls as follows:
Observation 1: If LP-WUS configuration is signaled via dedicated signalings, there is no obvious benefit but more specification work for dedicated signalings.
Proposal 1: RAN2 confirm that the UE following procedures as baseline to study LP-WUS procedure for RRC_IDLE/INACTIVE states:
· It is up to UE implementation that the UE monitors PEI when the UE supports PEI and PEI is configured by the NW when the UE is waked up by LP-WUS.
· The UE monitors Paging when it is waked up by LP-WUS when the UE does not support PEI or PEI is not configured by the NW;
Proposal 2: LP-WUS configuration is configured to the UE via system information.
Proposal 3: RAN2 waits for more inputs from RAN1 to discuss the contents of LP-WUS, e.g., offset between LP-WUS and PO, resource allocation of LP-WUS, mapping between LP-WUS and PO.
Proposal 4: Take the subgrouping methods of PEI, i.e. CN assigned and UE_ID based subgrouping as start point to study LP-WUS subgrouping.
Proposal 5: RAN2 to discuss the association between LP-WUS subgrouping and PEI subgrouping.
Proposal 6: The network controls entry/exit conditions for LP-WUS monitor mode via system information. 
Proposal 7a: At least the signaling strength on MR can be considered as entry criteria of LP-WUS; FFS the signal strength on LP-WUR.
Proposal 7b: At least the signaling strength on LP-WUR can be considered as exit criteria of LP-WUS; FFS the signal strength on MR.
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