3GPP TSG-RAN WG2 Meeting #126
                                                            R2-2405497
Fukuoka, Japan May 20th – 24th, 2024
Agenda item:
8.4.2
Source:
CMCC
Title:
LP-WUS operation in IDLE/INACTIVE modes
Document for:
Discussion, Decision
1 Introduction

The new Work Item on Low-power wake-up signal and receiver for NR (LP-WUS/WUR) was approved for Rel-19 in RAN plenary meeting #102, where the UE power saving will be considered for both the RRC IDLE/INACTIVE modes and RRC CONNECTED mode, and the RAN2 related objectives for IDLE/INACTIVE UE including [1]:

· 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 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)
This contribution provides our initial considerations on the procedure of LP-WUS in RRC_IDLE/INACTIVE, including the sub-grouping of UEs, coexistence with existing power saving mechanisms such as PEI, entry/exit condition for LP-WUS monitoring, as well as corresponding configuration.
2 Discussion 
2.1 Sub-grouping of UEs
As studied during the SI phase of LP-WUS/WUR, the UE procedures in idle/inactive modes including monitoring paging, keeping system information up to date, receiving ETWS/CMAS information, performing RRM measurements, and corresponding cell selection/re-selection, may need to be modified to accommodate operation using LP-WUS/WUR. 

Furthermore, PEI (Paging Early Indication) was introduced in Rel-17 in order to reduce UE power consumption due to false paging alarms, where the group of UEs monitoring the same PO can be further divided into multiple subgroups. With subgrouping, a UE shall monitor PDCCH in its PO for paging if the subgroup to which the UE belongs is paged as indicated via associated PEI. If a UE cannot find its subgroup ID with the PEI configurations in a cell or if the UE is unable to monitor the associated PEI occasion corresponding to its PO, it shall monitor the paging in its PO. Similar to PEI, LP-WUS UE subgrouping can be used to reduce the negative impact from false paging, i.e., unnecessary energy consumption in the UE caused by paging intended for another UE.
In last RAN1#116, the coexistence of PEI and LP-WUS, as well as LP-WUS and paging, was discussed and following agreements achieved:
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.

Therefore, it is observed that it is up to UE implementation whether to monitor PEI or not when UE supports PEI and PEI is configured by the gNB, after the UE receives LP-WUS indicating wake-up, which means that UE could monitor both LP-WUS and PEI or just monitor LP-WUS when both features are supported by UE and configured by the gNB, as shown in following figure 1.
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(a) UE just monitors LP-WUS                                                (b) UE monitors LP-WUS and PEI
Fig.1. UE’s behavior of monitoring LP-WUS and PEI
Observation 1: When both LP-WUS and PEI are supported by UE and configured by the gNB, UE could monitor both LP-WUS and PEI or just monitor LP-WUS.
For the case that UE monitors both LP-WUS and PEI, one open issue is the relationship of the subgrouping of LP-WUS and subgrouping PEI. 
In PEI, two subgrouping methods were introduced, which includes: CN assigned and UE_ID based subgrouping. For CN assigned subgrouping, UE's subgroup is assigned by CN taking into account the UE's characters, such as mobility pattern, paging probabilities, etc. While for UE_ID based subgrouping, UE's subgroup is formed based on UE_ID and the subgroup number in RAN. As captured in TS38.300, the subgroups of Rel-17 PEI have the following characteristics:

-
They are formed based on either CN controlled subgrouping or UE ID based subgrouping;

-
If CN controlled subgroup ID is not provided from AMF, UE ID based subgrouping is used if supported by the UE and network;

-
The RRC state (RRC_IDLE or RRC_INACTIVE state) does not impact which subgroup the UE belongs to;

-
Subgrouping support for a cell is broadcast in the system information as one of the following: Only CN controlled subgrouping supported, only UE ID based subgrouping supported, or both CN controlled subgrouping and UE ID based subgrouping supported;
-
Total number of subgroups allowed in a cell is up to 8 and represents the sum of CN controlled and UE ID based subgrouping configured by the network;

-
A UE configured with CN controlled subgroup ID applies CN controlled subgroup ID if the cell supports CN controlled subgrouping; otherwise, it derives UE ID based subgroup ID if the cell supports only UE ID based subgrouping.

In our understanding, since the purpose of introduction of LP-WUS is the same as that of PEI, both CN assigned and UE_ID based subgrouping could be supported LP-WUS subgrouping. Also, UE's characters such as mobility pattern and paging probabilities could be considered for CN assigned LP-WUS subgrouping, which is up to CN implementation and has no impacts on specification.
Proposal 1: Both CN assigned and UE_ID based subgrouping are supported by LP-WUS subgrouping.
As for relationship between the subgrouping of LP-WUS and subgrouping PEI, it makes sense that the number of UEs within one subgroup of LP-WUS is larger than the number of UEs within one subgroup of PEI. This is because for the case of UE monitors both LP-WUS and PEI, it first monitors the LP-WUS, which could filter some UEs to further monitor PEI. Otherwise, if the number of UEs within one LP-WUS subgroup is smaller than that of PEI subgroup, then the filtering of PEI subgrouping is not so useful. Therefore, the number of LP-WUS subgroups allowed in a cell is no larger than that of PEI subgroups. 
Currently, the total number of PEI subgroups allowed in a cell is up to 8 and represents the sum of CN controlled and UE ID based subgrouping configured by the network, so, the number of LP-WUS subgroups allowed in a cell does not exceed 8.
However, RAN1 discussed the issue in last RAN1#116bis meeting, and it was proposed that the maximum number of subgroups supported by a LP-WUS is no less than 8 by feature lead in [3] for online discussion, although no agreement achieved yet:
Proposal 3-1r1: 

For idle/inactive mode,

· The maximum number of subgroups supported by a LP-WUS is X, where X is no less than 8.

· FFS the exact value of X.

· This does not preclude the possibility of indicating a single or a limited number of subgroups via subgroup ID in the LP-WUS.

Therefore, it is reasonable that the maximum number of subgroups supported by a LP-WUS is 8.
Proposal 2: The total number of LP-WUS subgroups allowed in a cell is 8.
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Fig.2. LP-WUS subgrouping of and PEI subgrouping
2.2 Entry/Exit condition for LP-WUS Monitoring 
In last RAN1#116bis meeting, the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode were discussed and following working assumptions were made [2]:  

Working Assumption

From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,

· The UE may start LP-WUS monitoring if

· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB

· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied

· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up

· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if

· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB

· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied

· FFS the serving cell measurement metrics

· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB.
· Note: This may be revisited based on the RAN2/RAN4 discussion.

Furthermore, it is observed that during the study phase that it is much more challenging for LP-WUS to reach comparable MIL as legacy PDCCH with AL16/AL8, LP-WUS link performance is considerably worse than legacy physical channels (e.g., PDCCH or PUSCH), and there could be partial LP-WUS coverage in the cell. For the partial coverage case, UE may need to keep track of whether it moves in and out of LP-WUS coverage in the cell, this to be able to fall back to monitoring paging using the main receiver when the coverage of LP-WUS is not sufficient. 
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Fig.3. Partial coverage of LP-WUS                                      Fig.4. Entry/Exit of LP-WUS
The UE could determine this based on the measured RSRP, e.g., compared to an RSRP threshold in system information. As captured in the TR38.869, before the entry condition is fulfilled, UE should perform legacy measurement on serving cell based on legacy SSB, e.g. for cell (re)selection purpose. Hence, it is straightforward to use the legacy SSB as the target Reference Signal for pre-configured entry condition. That is, when the quality of the serving cell’s SSB measured by MR is better than a pre-configured threshold, UE considers the entry condition is fulfilled, then, LP-WUS could be used and MR could enter ultra-deep-sleep power state for power saving. Alternatively, LP-SS could be introduced for LR measurement, the pre-condition could be also defined based on the measurement on LP-SS via LR.  In this way, the target Reference Signal could be the LP-SS sent by the serving cell, i.e. when the quality of the LP-SS measured by LR is better than a pre-configured threshold, UE considers the entry condition for using LP-WUS is fulfilled. The solution requires the UE to perform measurement on LP-SS via LR before using LP-WUS. In this way, the UE needs to turn on its LR before entering ultra-deep-sleep power state, which may lead to extra power consumption, but it is not an issue as the power consumption of LR is very low. 
In our understanding, since the measurement accuracy of SSB by MR is higher than that of LP-SS, the entry condition of LP-WUS could just based on the SSB measurements, so that UE does not need to turn on LR to perform measurement on LP-SS before using LP-WUS. Also, the threshold is pre-configured in system information for idle/inactive UEs.
Proposal 3: One entry condition of LP-WUS is a RSRP threshold based on the SSB measurements, i.e., LP-WUS could be used when the quality of the serving cell’s SSB measured by MR is better than a RSRP threshold in system information.
In the coverage of LP-WUS, only LR is turned on and MR could stay in ultra-deep sleep power state, the network cannot wake up UE’s MR via LP-WUS. Hence, UE should start up its MR when it moves out of the coverage of LP-WUS to avoid missing the paging message. For simplicity, the exit conditions for using LP-WUS or ultra-deep sleep power state should be based on the measurement of target Reference Signal by LR, since UE does not perform measurements by MR when it in the coverage of LP-WUS. 

Proposal 4: One exit condition of LP-WUS is a RSRP threshold based on the LP-SS measurements, i.e., LP-WUS could not be used when the quality of the serving cell’s LP-SS measured by LR is worse than a RSRP threshold in system information.
Furthermore, there are two types of LR, i.e. OFDM-based LP-WUR and OOK-based LP-WUR, and the entry/exit thresholds could be different, which is also mentioned in the working assumption of RAN1” The entry/exit thresholds can be configured separately for different types of LR”. Therefore, it is straightforward that different entry/exit thresholds are configured for OFDM-based LR and OOK-based LR.
Proposal 5: Different entry/exit thresholds are configured for OFDM-based LR and OOK-based LR.

2.3 Configuration of LP-WUS
Follwing is the Rel-17 PEI related configuration:
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Where:
Po-NumPerPEI: The number of PO(s) associated with one PEI monitoring occasion. It is a factor of the total PO number in a paging cycle, i.e N x Ns, as specified in TS 38.304.
payloadSizeDCI-2-7: Payload size of PEI DCI, i.e., DCI format 2_7. The size is no larger than the payload size of paging DCI which has maximum of 41 bits and 43 bits for licensed and unlicensed spectrums, respectively.
pei-FrameOffset: Offset, in 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, see TS 38.213 [13], clause 10.4A.
subgroupsNumPerPO: Total number of subgroups per Paging Occasion (PO) for UE to read subgroups indication from physical-layer signaling. The field represents the sum of CN-assigned and UEID-based subgroups supported by the network. When PEI-Config is configured, there is always at least one subgroup (UEID-based subgroup or CN-assigned subgroup) configured.
SubgroupsNumForUEID: Number of subgroups per Paging Occasion (PO) for UE to read subgroups indication from physical-layer signaling, for UEID-based subgrouping method. When present, the field is set to an integer smaller than or equal to subgroupsNumPerPO. subgroupsNumPerPO equals to subgroupsNumForUEID when the network does not configure CN assigned subgrouping. When pei-Config is configured, the field is absent when the network only configures CN-assigned subgrouping. Both this field and subgroupsNumPerPO are equal to 1 when the network does not configure subgrouping. When pei-Config is configured, if the field is absent, the UE uses subgrouping according to TS 38.304, clause 7.3.0.
lastUsedCellOnly: When present, the field indicates that the UE monitors PEI only if the latest received RRCRelease without noLastCellUpdate is from this cell. A PEI-capable UE stores its last used cell information
RAN1 discussed the LP-WUS occasions (LOs) in RAN1#116 and RAN1#116bis meetings, and following initial agreements achieved:
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
Each LO consists of N * K LP-WUS MOs, where N is the number of beams corresponding to LP-WUS, and K is the number of LP-WUS MOs for each beam.

· Option 1: K = 1 

· Option 2: K can be larger than or equal to 1

· FFS if more than 1 LP-WUS is transmitted from the same beam, whether the information in these multiple LP-WUS is always the same or can be different

RAN2 could wait more inputs from RAN1 about the details of LP-WUS, such as LP-WUS occasions, payload of LP-WUS, LP-WUS FrameOffset.
As discussed in above sections, the total number of subgroups per Paging Occasion and number of subgroups per Paging Occasion (PO) for UE to read subgroups indication from physical-layer signaling, for UEID-based subgrouping method could be configured in the system information.
Furthermore, for LP-WUS, indication similar to lastUsedCellOnly could also be introduced to reduce UE’s monitoring. That is, LP-WUS monitoring can be limited via system information to the last used cell (i.e., the cell in which the UE most recently received RRCRelease without indicating that the last used cell for LP-WUS shall not be updated).
Entry/Exit condition related parameters for LP-WUS Monitoring, i.e., a RSRP threshold based on the SSB measurements for entry condition of LP-WUS and a RSRP threshold based on the LP-SS measurements for the exit condition of LP-WUS are configured in the system information.
Therefore, it is proposed that:
Proposal 6: Following parameters for LP-WUS are configured in the system information:
· the total number of subgroups per Paging Occasion 
· the number of subgroups per Paging Occasion (PO) for UE to read subgroups indication for UEID-based subgrouping method
· a RSRP threshold based on the SSB measurements for entry condition of LP-WUS
· a RSRP threshold based on the LP-SS measurements for the exit condition of LP-WUS
· lastUsedCellOnly indication
3 Conclusions
This contribution provides our consideration on the procedure of LP-WUS in RRC_IDLE/INACTIVE, and following observation and proposals are made:

Observation 1: When both LP-WUS and PEI are supported by UE and configured by the gNB, UE could monitor both or just monitor LP-WUS.
Proposal 1: Both CN assigned and UE_ID based subgrouping are supported by LP-WUS subgrouping.
Proposal 2: The total number of LP-WUS subgroups allowed in a cell is 8.
Proposal 3: One entry condition of LP-WUS is a RSRP threshold based on the SSB measurements, i.e., LP-WUS could be used when the quality of the serving cell’s SSB measured by MR is better than a RSRP threshold in system information.
Proposal 4: One exit condition of LP-WUS is a RSRP threshold based on the LP-SS measurements, i.e., LP-WUS could not be used when the quality of the serving cell’s LP-SS measured by LR is worse than a RSRP threshold in system information.
Proposal 5: Different entry/exit thresholds are configured for OFDM-based LR and OOK-based LR.
Proposal 6: Following parameters for LP-WUS are configured in the system information:
· the total number of subgroups per Paging Occasion 
· the number of subgroups per Paging Occasion (PO) for UE to read subgroups indication for UEID-based subgrouping method
· a RSRP threshold based on the SSB measurements for entry condition of LP-WUS
· a RSRP threshold based on the LP-SS measurements for the exit condition of LP-WUS
· lastUsedCellOnly indication
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