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Introduction
In the RAN1#116, the following agreements and conclusion on LP-WUS operation in RRC-IDLE/INACTIVE mode were achieved:
	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 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 operations in RRC IDLE/INACTIVE mode.   
Discussion
1.1 LP-WUS configuration and UE subgrouping
The LP-WUS configuration should at least comprise the resource configuration information for the LP-WUS. As indicated in the WID, duty-cycle based LP-WUS monitoring is supported, so a periodicity and offset of LO can be comprised in the LP-WUS configuration. In addition, in order to improve the flexibility of LP-WUS resource configuration and to increase the number of supported UE subgroups, it is beneficial to support more than one LP-WUS frequency bands in a carrier.


Fig.1 an example of LP-WUS resources
Proposal 1: for RRC-IDLE/INACTIVE, the LP-WUS configuration indicates one or more LP-WUS frequency bands in a carrier, and for each LP-WUS frequency band, a periodicity and an offset of LOs are comprised in the configuration.



Fig.2 an example of association between LOs and POs
In general, the wake-up indication should be UE subgroup based in order to control the overhead, this means a wake-up indication may cause a subgroup of UEs to wake up. However, a paging false alarm may still occur for a UE if it belongs to a subgroup however the paging is intended to another UE in the same subgroup. In order to reduce the paging false alarm probability, it is beneficial to support a relatively tight subgroup with a small number of UEs, in other words, a relatively large number of UE subgroups should be supported.
On the other hand, in order to improve the coverage, the LP-WUS may have a relatively small payload size, e.g., several bits to tens of bits. Therefore, the number of subgroups indicated in a single LP-WUS will be limited. In our view, time/frequency resources for LP-WUS can also be used as a subgrouping method. Specifically, gNB may configure relatively dense LOs in the time and frequency domain, and UE may select a subset of the LOs based on its UE-ID or a PF/PO index it is intended to monitor. Through this method, UEs are firstly assigned into different groups for different LO subsets, and then a finer subgrouping can be applied within the UEs in the same group, e.g., the wake-up indication in an LP-WUS content can be based on the subgroup.
An open issue is whether an explicit association between an LO and a PO (e.g., by a time offset) should be defined. In our view, it is true that the preparation time (i.e., offset) exists, however it does not mean gNB cannot transmit the paging message before the end of preparation time, because gNB may be not aware of whether the target UE is monitoring LP-WUS (it may depend on the MR/LR measurement results), so gNB may transmit the paging information earlier for a UE which is assumed not monitoring LP-WUS. In addition, considering gNB can retransmit the paging message several times if the target UE does not respond, therefore the paging message will not be missed by the target UE even gNB start to transmit paging message before the preparation time.

Observation 1: explicit association between an LO and a PO (e.g., by a time offset) is not necessary, UE can determine the association based on its UE-ID implicitly.
Proposal 2: in RRC-IDLE/INACTIVE, UE firstly determine a subset of LOs based on its UE-ID, if a wake-up indication is received, UE can start monitoring PO from the first PO (also determined based on its UE-ID) after the MR is activated and resynchronized.
1.2 LP-WUS content
As discussed in section 2.1, the wake-up indication should be subgroup based. Using a bitmap to indicate the wake-up indication, which is similar as PEI design, can be a starting point. Specifically, an LP-WUS may comprise a bitmap, and each bit in the bitmap is used to indicate the wake-up indication of a UE subgroup. 
There may be two methods to design the bitmap, i.e., flag based and toggle based. For flag based method, a value of “1” may mean a wake-up indication, and a value of “0” may mean not wake-up indication. For toggle based indication, only if a target bit is toggled (i.e., the value of the target bit is different from the value of the previously received target bit), UE determines to wake up its MR; if the target bit is not toggled (i.e., the value of the target bit is same as the value of previously received target bit), UE determines to keep the MR in ultra-deep-sleep mode.
Considering the relatively poor receiver performance, the miss-detection probability of LP-WUS may be high. If toggle based indication is used, UE can avoid missing a wake-up indication even in the case that one or more LP-WUS are miss detected. For example, in the following figure, the wake-up indication can only be missed if UE miss-detected more than 8 consecutive LP-WUS (i.e., missed all the 8 LOs after gNB toggled the target bit), which has quite a small probability.


Fig.3 toggle based wake-up indication 

Proposal 3: for the LP-WUS content, support bitmap based indication for multiple UE subgroups.
Proposal 4: further study toggle based wake-up indication and flag based wake-up indication, and take the miss-detection issue into account.

1.3 Entry/exit of LP-WUS monitoring

In general, UE may be indicated to enter LP-WUS monitoring mode by an RRC release message, and be indicated to exit LP-WUS monitoring by a wake-up indication. However, considering the relatively poor coverage of LP-WUS and the poor receiver performance, it is possible that the signal quality of received LP-WUS or LP-SS is worse than an acceptable level. Therefore, besides the gNB indication method for entry/exit of LP-WUS monitoring, UE may also determine whether to enter or exit LP-WUS monitoring based on a measurement result of LP-SS.
The following measurement metrics can be considered:
· LP-RSSI or LP-RSRP: it is measured based on the signal strength of the OOK on-symbols, the OOK off-symbols are not taken into account by the RSSI calculation.
· Power ratio of the OOK on-symbol and OOK off-symbol: it is determined based on the ratio of the average power of the OOK on-symbol to the average power of the OOK off-symbol; wherein the “average power of OOK on-symbol” indicates the average value of the power of OOK on-symbols of an OOK sequence; the “average power of OOK off-symbol” indicates the average value of the power of OOK off-symbols of an OOK sequence; in addition, the average power may also be filtered or averaged among multiple OOK sequences
· LP-SINR: it is determined based on the ratio of the average power of the OOK symbols to the noise power, the OOK symbols may include OOK on-symbols only, or may include OOK on-symbols and off-symbols. 
Proposal 5: support UE enter LP-WUS monitoring based on gNB indication (e.g., RRC release message) and UE exit LP-WUS monitoring based on wake-up indication in LP-WUS.
Proposal 6: support UE enter or exit LP-WUS monitoring based on measurement result on LP-SS, study the following measurement metrics: LP-RSSI, LP-RSRP, Power ratio of OOK-ON symbol and OOK-OFF symbol, LP-SINR.
1.4 RRM measurement

In the Rel-19 WID, it is indicated that offload RRM measurement to LR is supported. However, an open issue is whether the RRM measurement by MR should still be performed if RRM is offloaded to LR. In our view, both the following two methods can be further studied:
· MR measurement is triggered by measurement result of LR: In general, UE may be configured to perform LR measurement for serving cell, and when the measurement result is below a threshold, UE may start the MR measurement. 
· When the MR measurement is triggered, the behavior of LR should be defined, i.e., whether the LR measurement is still performed and in which condition UE should stop its LR measurement.
· UE performs both MR measurement and LR measurement: considering the LR measurement may be not very precise due to the relatively poor receiver performance, MR measurement with a relaxed periodicity may be beneficial for the measurement performance. A straightforward method is to apply a scaling factor a ( a > 1) on the periodicity for MR measurement if LR measurement is activated. On the other hand, if LR measurement is not configured or activated (e.g., if the RRM measurement result by LR is worse than a threshold and UE determines to start the normal MR based RRM measurement), UE should not apply the scaling factor in order to provide precise and timely measurement results.
Regarding the measurement metrics for LR measurement, the metrics discussed in section 2.3 can also be considered.
Proposal 7: study the following two options of RRM measurement: (1) MR measurement is triggered by the measurement result of LR; (2) UE performs both MR measurement (with relaxed periodicity) and LR measurement.
Proposal 8: study the following RRM measurement metrics for LR measurement: LP-RSSI, LP-RSRP, Power ratio of OOK-ON symbol and OOK-OFF symbol, LP-SINR.


Conclusion
In this contribution, we discuss the LP-WUS operations in RRC IDLE/INACTIVE modes, and the following observations and proposals are made:
Proposal 1: for RRC-IDLE/INACTIVE, the LP-WUS configuration indicates one or more LP-WUS frequency bands in a carrier, and for each LP-WUS frequency band, a periodicity and an offset of LOs are comprised in the configuration.
Observation 1: explicit association between an LO and a PO (e.g., by a time offset) is not necessary, UE can determine the association based on its UE-ID implicitly.
Proposal 2: in RRC-IDLE/INACTIVE, UE firstly determine a subset of LOs based on its UE-ID, if a wake-up indication is received, UE can start monitoring PO from the first PO (also determined based on its UE-ID) after the MR is activated and resynchronized.
Proposal 3: for the LP-WUS content, support bitmap based indication for multiple UE subgroups.
Proposal 4: further study toggle based wake-up indication and flag based wake-up indication, and take the miss-detection issue into account.
Proposal 5: support UE enter LP-WUS monitoring based on gNB indication (e.g., RRC release message) and UE exit LP-WUS monitoring based on wake-up indication in LP-WUS.
Proposal 6: support UE enter or exit LP-WUS monitoring based on measurement result on LP-SS, study the following measurement metrics: LP-RSSI, LP-RSRP, Power ratio of OOK-ON symbol and OOK-OFF symbol, LP-SINR.
Proposal 7: study the following two options of RRM measurement: (1) MR measurement is triggered by the measurement result of LR; (2) UE performs both MR measurement (with relaxed periodicity) and LR measurement.
Proposal 8: study the following RRM measurement metrics for LR measurement: LP-RSSI, LP-RSRP, Power ratio of OOK-ON symbol and OOK-OFF symbol, LP-SINR.

References
[1] RP-234056, New WID: Low-power wake-up signal and receiver for NR (LP-WUS/WUR), CMCC, RAN meeting #102, Dec. 11-15, 2023


1

image2.emf
Time

LO for PO1

MR

LR

PF1

PF2

PO

LO for PO2

1 2 3 4

Band1

Band2

LO for PO3

LO for PO4


Microsoft_Visio___1.vsdx
Time







LO for PO1


















MR
LR
PF1
PF2
PO



LO for PO2

1
2
3
4













Band1



Band2
LO for PO3

LO for PO4




image3.emf
Time

LO

MR

LR

PF

PF

PO

Paging indication arrived 

at gNB, and gNB toggle 

the target bit

Target bit = 0 or 1 Target bit = 1 or 0


Microsoft_Visio___2.vsdx
Time







LO


















MR
LR
PF
PF
PO


Paging indication arrived at gNB, and gNB toggle the target bit
Target bit = 0 or 1
Target bit = 1 or 0






image1.emf
Time

LO

PF

PO

PF

...

...

...

LP-WUS band 1

LP-WUS band 2


Microsoft_Visio___.vsdx
Time


LO














PF
PO







PF


...
...




...



LP-WUS band 1
LP-WUS band 2



