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1. Introduction 
At the RAN1#116 meeting, the following agreements were made for L1 operation on LP-WUS in IDLE/INACTIVE mode [1].
	Agreement
Multi-beam operations are supported for LP-WUS and LP-SS for idle mode

R1-2401631	Summary #3 on LP-WUS operation in IDLE/INACTIVE mode	Moderator (Apple)

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.



In this contribution, we provide our views on LP-WUS operation in IDLE/INACTIVE modes.

2. Discussion 
2.1. LP-WUS monitoring
Definition of LO/MO and its association with PO
Based on the discussion during SI phase, RAN1 identified various types of transmission mechanisms for flexible LP-WUS operation. Possible transmission mechanisms are listed as follows. 
· Multi-beam operation 
· Repetition
· Dynamic PO in addition to legacy PO
· Subgrouping
· Note: LP-WUS may or may be transmitted separately with different subgroup IDs
Each of options as above implies that LP-WUS needs to be transmitted with multiple occasions in time/frequency domain for a certain periodicity. In the sense, it is better to discuss the configuration of multiple LP-WUS transmission occasions before determining LP-WUS time/frequency configuration and procedures. In the last meeting, two types of monitoring, i.e., LP-WUS occasions (LOs) and monitoring occasions (MOs) are defined according to the agreements as summarized in the previous section. However, the definition of LOs/MOs are still unclear for further consideration. 
We can consider multiple possible options for LOs/MOs definition. Taking subgrouping as an example, as shown in Figure 1, different subgroup can be contained within one LO (Alt.1a). On the other hand, for better coverage performance, different subgroups can also be transmitted different LOs (Alt.1b). We have no strong preference between these alternatives. However, Alt.1a may be more straightforward in the sense that one LO containing LP-WUSs for all the subgroups is associated with one PO. For another example, we illustrate the association between LOs/MOs to PO for the case of time domain repetition. In the same way as Figure 1, we can consider two alternatives for LO/MO definition. As shown in Figure 2, in Alt.2a, all the repetitions for the same LP-WUS transmission are contained within one LO, however we can consider Alt.2b that each of repetition transmission is associated with different LOs. In Alt.1, UE needs to monitor only one LO at the one LP-WUS reception per PO, however multiple LOs need to be monitored for one PO reception in Alt.2b. 
For simplifying LP-WUS/WUR specification, we prefer to assume one-to-one association between LO and PO (i.e., Alt.1a and Alt.2a). In the LO/MO definition with one-to-one association between LO and PO, we can simply assume UE reception procedure that a UE monitors only one LO for one PO reception within LP-WUS periodicity given by gNB. 
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Figure 1: Example illustration of LO/MO definition for subgrouping
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Figure 2: Example illustration of LO/MO definition for repetition

Another discussion related to LO/MO procedure is about dynamic PO. During the SI discussion [2], additional PO (i.e., dynamic PO) monitoring was discussed for latency reduction from legacy PO procedure. Considering that dynamic PO may require additional LP-WUS monitoring occasions corresponding to dynamic PO, LO/MO may also be defined for dynamic PO. Since legacy PO and dynamic PO may have different monitoring configuration, e.g., time location of monitoring occasions, PO periodicity, UE capability, etc., at this stage, it is natural to assume different LOs between legacy PO and dynamic PO (Figure 3). 
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Figure 3: Example illustration of LO/MO definition for dynamic PO

Proposal 1: 
· All the LP-WUS transmissions that a UE may need to monitor for one PO reception, i.e., multiple LP-WUSs for multi-beam operation and repetition transmission, should be associated with one LO with given LP-WUS periodicity.
· RAN1 should assume that at least UE monitors one LO per PO with given LP-WUS periodicity. 
· FFS whether UE can monitor multiple LOs for different POs with given LP-WUS periodicity. 

LP-WUS resource configuration
Regarding to the LO/MO configuration, we also need to discuss time/frequency domain resource allocation for LO/MO reception. Considering LP-WUR aimed to be ultra-low complexity receiver, monitoring bandwidth of LP-WUR should be reduced, and multiple LP-WUS reception at the same time should be avoided. In the sense, at least LO/MO multiplexing should be based on TDM operation. On the other hand, if LOs/MOs are associated with different subgroup, FDM operation of LO/MO can also be considered while assuming that a UE only assumes the continuous monitoring of TDMed LO/MO. As we can see from Figure 4, there can be multiple LOs/MOs for different beams. if multiple LOs/POs are assumed, time overhead from multiple shots of multi-beam sweeping may be necessary and time overhead would be an issue. Therefore, we prefer to consider both TDM and FDM operation for LO/MO resource configuration.
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Figure 4: Example resource allocation of FDMed LO

Proposal 2:
· The multiplexing scheme of LP-WUS monitoring occasions (i.e., LO and MO) should be at least based on TDM.
· For LP-WUS monitoring occasions for different subgroup, FDM should also supported in addition to TDM. 

2.2. Payload of LP-WUS
The number of LP-WUS subgroups
Regarding the number of subgroups for LP-WUS, the following possible agreement was discussed and not reached the consensus during the last meeting.
	Proposal 5-1a: 
For idle/inactive mode,
· Up to X subgroups for a PO are supported. X is no less than 8. FFS the exact value of X
· configurable



The larger number of subgroups brings better UE power saving gain by reducing unnecessary wake-up by other UE's wake-up within the same subgroup. On the other hand, it may cause too much NW overhead. Thus, there is the trade-off relationship between UE power saving gain and NW overhead in the number of subgroups. To determine the optimal number of subgroups, it is necessary to evaluate carefully on the UE power saving for different number of subgroups taking into account the impact on NW overhead.
Proposal 3:
· The number of subgroups should be determined by performance evaluation taking a balance between UE power saving gain and NW overhead.

LP-WUS contents
According to TR38.869, RAN1 identified the following candidates for LP-WUS contents.
	- For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS 
- information on which user(s) is/are targeted by the LP-WUS 
- e.g. UE-group, -subgroup or -ID 
- FFS: cell information 
- FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information



According to WI description, RAN1 should specify subgroup ID, although how to convey subgroup ID is still FFS. On the other hand, SI change and ETWS/CMAS information is still FFS to include in LP-WUS contents. In legacy NR, UEs in IDLE/INACTIVE mode receive SI change and ETWS/CMAS information by receiving PO. ETWS/CMAS information is so important for especially use case such as eMBB. Thus, ETWS/CMAS information should be surely received by UEs even in the case of LP-WUS capable UEs. If LP-WUS does not contain SI change and ETWS/CMAS information, the procedure for UE receiving paging massage at PO should be ensured by such as entry/exit condition of LP-WUS monitoring.

Proposal 4:
· Entry/exit condition for LP-WUS monitoring should be ensured that UE can receive paging massage at PO.
· If entry/exit condition for LP-WUS monitoring ensures that UE can receive paging massage at PO, LP-WUS should not include SI change and ETWS/CMAS information

2.3. Entry/exit condition for LP-WUS monitoring
As the starting point of entry/exit conditions for LP-WUS monitoring, the following possible agreement was discussed during the last meeting. 
	Proposal 4-1: 
For the entry/exit conditions for LP-WUS monitoring,
· If the serving cell measurement performed by the LR is below a threshold configured by the gNB, the UE monitors the legacy PO/PEI and stops LP-WUS monitoring.
· FFS the serving cell measurement metrics
· The threshold may be configured differently for different types of LR.
· If the serving cell measurement performed by the MR is above a threshold configured by the gNB, the UE may start LP-WUS monitoring and stop the legacy PO/PEI monitoring.
· FFS the serving cell measurement metrics
· The threshold may be configured differently for different types of LR.



Although LP-WUS/LP-SS are targeted for achieving the coverage of PUSCH for message3, which is one of NR bottleneck channel in IDLE/INACTIVE mode, it is still unclear that LP-WUS/LP-SS can really provide enough coverage performance even in real NW deployment. Thus, for the case of poor channel condition, it is desirable to introduce entry/exit mechanisms based on channel quality to ensure fallback to legacy paging operation by MR. In the case, we can consider the threshold configured by gNB to trigger entry/exit event of LP-WUS monitoring. So far, we need more discussion on the optimal metric on which the threshold is based, and whether multiple values are necessary for different types of LP-WUR architecture (e.g., ED-based or OFDM-based LP-WUR).
Based on the discussion as above, we made the following proposal based on the possible proposal with some modification.

Proposal 5:
· For the entry/exit conditions for LP-WUS monitoring,
· If the serving cell measurement performed by the LR is below a threshold configured by the gNB, the UE monitors the legacy PO/PEI and stops LP-WUS monitoring.
· FFS the serving cell measurement metrics.
· FFS whether threshold needs to be different for each type of LR.
· If the serving cell measurement performed by the MR is above a threshold configured by the gNB, the UE may start LP-WUS monitoring and stop the legacy PO/PEI monitoring.
· FFS the serving cell measurement metrics.
· FFS whether threshold needs to be different for each type of LR.

2.4. RRM measurement
As stated in WID [3], the following two types of RRM measurement mechanism should be supported for IDLE/INACTIVE mode. 
· RRM measurement relaxation on both serving cell measurement and neighbouring cell measurement.
· RRM measurement offloaded from MR to LP-WUR.
From RAN1 perspective, RRM measurement offloaded to LP-WUR should mainly be discussed since RRM measurement by LP-WUR needs to be newly defined based on LP-SS for LP-WUS operation. Our views on the design of LP-SS are discussed in our companion contribution [4]. During the SI stage, RAN1 identified the possible RRM measurement metric, e.g., LP-RSRP, LP-RSSI, LP-SINR and LP-RSRQ, which is measured based on LP-SS. We are generally fine to specify these possible metrics for RRM measurement offloading, however we consider that SINR-based metric needs to be further studied. In legacy NR, SINR is not supported for RRM measurement in IDLE/INACTIVE mode. Thus, the feasibility and necessity of LP-SINR should be carefully studied for RRM measurement metrics of LP-WUR in IDLE/INACTIVE mode. Considering that the measurement accuracy based on LP-SS is still not clear, we are fine to study further on LP-SINR in addition to other possible metrics. Meanwhile, LP-WUS can also be contributed to above metrics to improve the measurement accuracy. It is preferred that measuring the time resource for above metric only within a window duration. As per legacy measurement, the mechanism to obtain the L1/L3 level and beam/cell level measurement results should be discussed. 
For the measurement based on legacy SSB, it should further discuss whether the legacy metrics of RSRP/RSRQ/RSSI can be reused. 

Proposal 6:
· For measurement based on LP-SS/LP-WUS  
· Define metrics of LP-RSRP, LP-RSSI, LP-RSRQ based on LP-SS 
· FFS whether other metrics is needed. 
· LP-WUS can also be contributed to above metrics to improve the accuracy.  
· Measuring the time resource for above metric only within a window duration. 
· Define mechanism to obtain L1/L3 beam-/cell-level metrics.   

Proposal 7:
· For measurement based on existing NR SSB 
· Study whether legacy definition of RSRP/RSSI/RSRQ can be reused. 

3. Conclusion
In this contribution, we discussed LP-WUS operation in IDLE/INACTIVE modes. Based on the discussion, the following proposals were made:
Proposal 1: 
· All the LP-WUS transmissions that a UE may need to monitor for one PO reception, i.e., multiple LP-WUSs for multi-beam operation and repetition transmission, should be associated with one LO with given LP-WUS periodicity.
· RAN1 should assume that at least UE monitors one LO per PO with given LP-WUS periodicity. 
· FFS whether UE can monitor multiple LOs for different POs with given LP-WUS periodicity. 
Proposal 2:
· The multiplexing scheme of LP-WUS monitoring occasions (i.e., LO and MO) should be at least based on TDM.
· For LP-WUS monitoring occasions for different subgroup, FDM should also supported in addition to TDM. 
Proposal 3:
· The number of subgroups should be determined by performance evaluation taking a balance between UE power saving gain and NW overhead.
Proposal 4:
· Entry/exit condition for LP-WUS monitoring should be ensured that UE can receive paging massage at PO.
· If entry/exit condition for LP-WUS monitoring ensures that UE can receive paging massage at PO, LP-WUS should not include SI change and ETWS/CMAS information
Proposal 5:
· For the entry/exit conditions for LP-WUS monitoring,
· If the serving cell measurement performed by the LR is below a threshold configured by the gNB, the UE monitors the legacy PO/PEI and stops LP-WUS monitoring.
· FFS the serving cell measurement metrics.
· FFS whether threshold needs to be different for each type of LR.
· If the serving cell measurement performed by the MR is above a threshold configured by the gNB, the UE may start LP-WUS monitoring and stop the legacy PO/PEI monitoring.
· FFS the serving cell measurement metrics.
· FFS whether threshold needs to be different for each type of LR.
Proposal 6:
· For measurement based on LP-SS/LP-WUS  
· Define metrics of LP-RSRP, LP-RSSI, LP-RSRQ based on LP-SS 
· FFS whether other metrics is needed. 
· LP-WUS can also be contributed to above metrics to improve the accuracy.  
· Measuring the time resource for above metric only within a window duration. 
· Define mechanism to obtain L1/L3 beam-/cell-level metrics.   
Proposal 7:
· For measurement based on existing NR SSB 
· Study whether legacy definition of RSRP/RSSI/RSRQ can be reused. 

References
[1] Draft Report of 3GPP TSG RAN WG1 #116 v0.3.0, 3GPP TSG RAN WG1 Meeting #116bis, April 15th – 19th, 2024.
[2] 3GPP TR 38.869 V18.0.0 (2024-01-18), “Study on low-power wake-up signal and receiver for NR”.
[3] RP-234056, “New WID: Low-power wake-up signal and receiver for NR (LP-WUS/WUR)”, CMCC, RAN#102, Dec. 11-15, 2023.
[4] R1-2403253, “Discussion on LP-WUS and LP-SS design”, 3GPP TSG RAN WG1 #116bis, April 15th – April 19th, 2024.
- 8/8 -
image1.emf
MO#1

LO for part 

of subgroups

MO#2

MO

#N

MO

#3

...

MO#1 MO#2

MO

#N

MO

#3

...

LO for remaining 

part of subgroups

LO for all the subgroups

MO#1 MO#2

MO

#N

MO

#3

...

Alt.1a Alt.1b

Signal 

procedure

LP-WUS 

contents

... ...

Each MO conveys wake-up indication 

for all the subgroups 

...

Wake-up indication 

for part of subgroups 

Wake-up indication for 

remaining part of subgroups 

Time  Time 


image2.emf
Beam

association

Signal 

procedure

MO#1

LO for the 

first repetition

MO#2

MO

#N

MO

#3

...

...

MO#1 MO#2

MO

#N

MO

#3

...

...

LO for the

second repetition

MO#1

LO for all the repeated Tx

MO#2

MO

#N

MO

#3

...

...

MO#1 MO#2

MO

#N

MO

#3

...

...

Alt.2a Alt.2b

Time  Time 

...

...


image3.emf
LO# for legacy PO

Legacy PO Dynamic PO

MO#1 MO#2

MO

#N

...

LO# for dynamic PO

MO#1 MO#2

MO

#N

...

Time 


image4.emf
...

Beam

association

Signal 

procedure

MO#1MO#2

MO

#N

MO

#3

PO

...

MO#1MO#2

MO

#N

MO

#3

...

LO#1

LO#2

Time 


