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Introduction
In RAN#102 meeting, the WI [1] of LP-WUS was agreed, and it includes the following aspects that related to IDLE/INACTIVE modes.
	· 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)


This contribution discusses LP-WUS operation in IDLE/INACTIVE modes.

Discussion
1.1 LP-WUS information for IDLE/INACTIVE mode
The wake-up signal is designed mainly to wake up the UEs in IDLE/INACTIVE mode. The wake-up signal with a medium payload size can be considered. This could be compact forms of truncation of UE IDs, e.g. a bitmap with length of 8 or 16 bits. 1 bit per UE/UE group would be sufficient, considering the payload size is quite limited for reasonable coverage. By configuration, a UE or a group of UEs can be assigned to 1 bit among the bitmap field which can be used to wake up the specific or the group of UEs. Such kind of unified LP-WUS design can be used for CONNECTED mode and IDLE/INACTIVE mode.
There was initial conclusion in the LP-WUS signal agenda in the RAN1#116bis meeting, which also introduced different options of the payload information.
	Agreement
Regarding the LP-WUS information for idle/inactive UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] subgroups
· Option 2: A codepoint value corresponding to one or more subgroup(s)
· Option 3: Multiple codepoint values with each corresponding to one or more subgroup(s)
· Combination of above options are not precluded
· FFS how to carry LP-WUS information, e.g., by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences.
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· Other options are not precluded



For UE identity schemes, multiple bits is used for one UE. The bits can only indicate one UE wake-up in one time. Considering spectrum efficiency, Bitmap with single bits per UE would be preferred for IDLE/INACTIVE mode.
Proposal 1: [bookmark: _Hlk166230497]A unified LP-WUS design can be used for IDLE/INACTIVE modes, as well as CONNECTED mode.
[bookmark: _Hlk166232194]For wake-up information, A UE group is assigned with single bit in the LP-WUS for indication of wake-up in IDLE/INACTIVE modes.
1.2 Synchronization of LP-WUR
	The followings are observed,
-	At least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial for the following functionality.
-	RRM measurements by LP-WUR, if supported 
-	at least coarse time synchronization of LP-WUR. 
-	at least coarse frequency synchronization of LP-WUR.
-	Additional periodic LP-SS system overhead depends on LP-SS periodicity, system BW, # of beams, and resource required to fulfil the target functionality, etc. Periodic signal if used for coarse synchronization may reduce overhead of signal preceding LP-WUS, if any. LP-SS can be designed to be common among UE groups (cell-specific) and such further reduce system overhead. 
-	For LP-WUR that can receive existing PSS/SSS potentially assisted by PBCH DMRS/TRS for synchronization, existing PSS/SSS potentially assisted by PBCH DMRS/TRS may be used for above functionality. 
-	Periodic LP-SS coverage should be equal to or better than that of LP-WUS.
-	For fine time and frequency synchronization, a signal (e.g. preamble) preceding or part of LP-WUS may be used.


According to the agreements that captured in TR 38.869 [2] as copied above, it is observed that periodic LP-SS is beneficial at least for LP-WUR that cannot receive existing PSS/SSS for some functionalities, such as RRM measurements, coarse time/frequency synchronization of LP-WUR.
During study phase, 320ms is used as the periodicity of LP-SS for the starting point. Based on the study, the periodicity is determined by time error and frequency error requirement. Stringent time/frequency error requires frequent LP-SS transmissions (i.e. small periodicity value), and it is also observed that the periodicity is dominated by time error. However, higher requirement requires higher cost and more complicated LP-WUR. Considering that the maximum time/frequency error may be different, at least 320ms can be considered as the baseline for the periodicity of LP-SS. 
The interval is sufficient for multiple LP-WUS been multiplex in between closest LP-SS occasions. An example is shown in Figure 1, in which periodic LP-SS and the LP-WUS are multiplexed by TDM.


Figure 1. TDM based multiplexing for LP-WUS and LP-SS.
Furthermore, 80ms, 160ms and 640ms can also be studied for the feasibility. For short periodicity as 80ms, it is served for the training purpose. Closer LP-SS can help receiver perform AGC for the following LP-WUS detection.
Proposal 2: The periodicity of LP-SS can use 320ms as baseline. It can be further studied 80ms, 160ms and 640ms as additional periodicity.
[bookmark: _Hlk159251207]LP-SS is based on OOK-1 and/or OOK-4 waveform. If LP-SS is without overlaid OFDM sequences, the synchronization signal is simple OOK waveform that can only be used for coarse time/frequency synchronization of LP-WUR. If LP-SS is with overlaid OFDM sequences, in addition to synchronization, some other information can be conveyed together with LP-SS for other functionality. For example, LP-SS is overlaid with SSS which contains full or partial Physical Cell Identity (PCI) information, and it can be used to differentiate different cells. Further, LP-SS overlaid with some other OFDM sequences which contains coded information that can be used to indicate LP-WUS monitoring occasions/resources, UE groups/sub-groups information, whether the UE should monitor the following LP-WUS or not. For the LP-WUR that can receive existing PSS/SSS or can receive OFDM sequence, the overlaid structure is benefit by providing much useful information other than only coarse synchronization. However, for those LP-WURs that are not capable receiving PSS/SSS or OFDM sequences, such overlaid structure is transparent.
Observation 1: LP-SS without overlaid OFDM sequences can provide simple design for all types of LP-WUR. And it can only be used for coarse time/frequency synchronization of LP-WUR
Observation 2: LP-SS with overlaid OFDM sequences can provide additional useful information in addition to synchronization, which is beneficial for LP-WUR, e.g. on LP-WUS monitoring, PCI indication, group/sub-group indication.
We consider the overlaid OFDM sequences can randomized the OOK signal. This can improve the frequency of the signal. The measurement receiver can also be benefited by the overlaying. The LP-WUS detection is assisted by the LP-SS in IDLE/INACTIVE modes. Thus, using the unified overlaid scheme is also desirable.
Proposal 3: LP-SS is overlaid with same type of sequences same as that for LP-WUS. Further consider information carried by overlaid OFDM sequences.

1.3 LP-WUS configuration and monitoring
	RAN1#116
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

	RAN1#116bis
Agreement
For multi-beam operation of LP-WUS, UE assumes the same LP-WUS information payload is repeated in all transmitted beams corresponding to LP-WUS,
· the selection of the beam(s) for the reception of the LP-WUS is up to UE implementation.

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


In the agreements achieved in RAN1#116 meeting [3], LP-WUS occasions (LOs) are defined that each LO has one or more LP-WUS monitoring occasions (MOs). According to the definition of LO, a LO is defined as a set of LP-WUS MOs, and it is not necessary to define the LO as a time window with upper and lower boundaries if a LO can always cover all of its corresponding LP-WUS MOs. The LO monitor periodicity is configured per UE, which means different UE may be configured with different LO monitor periodicities. Within one LO period, a UE can monitor one LO for LP-WUS which is enough for power saving purpose.
Regarding the LO periodicity and iDRX periodicity, it is preferred and sufficient to have both of them are the same. A smaller LO periodicity introduces higher LP-WUS overhead for LR while the benefit of smaller LO periodicity is not clear.
Proposal 4: A UE can monitor one LO in each LO period.
Proposal 5: The LO periodicity is the same as the iDRX periodicity.
In RAN1#116bis [4], it was agreed that each LO consists of N*K LP-WUS MOs by considering supporting multi-beam operation. K is defined as the number of LP-WUS MOs for each beam, and whether K can be larger than 1 is not determined. When K is larger than 1, there are two potential different operations to transmit LP-WUS. One operation is to use the same beam to transmit multiple LP-WUS with the same information. It can obtain combination diversity gain if UE is trying to receive and decode all the LP-WUS on the same beam within each LO. Furthermore, it is also possible that a UE can only try to receive one or partial LP-WUS on the same beam to save more power. This operation increases system overhead and consumes more DL resources. The other operation is to use the same beam to transmit multiple LP-WUS with different information. The reason is when the payload size too large to conveyed by one LP-WUS, it can be divided into two or more segments and transmitted by using different LP-WUS but from the same beam. This operation requires a UE to receive all of the LP-WUS from the same beam in each LO. Considering the payload size of LP-WUS is not decided, and if 8 bits or even 16 bits can be transmitted in one LP-WUS, there is no necessary to divided or segment it. Therefore, based on the above analysis, K = 1 should be supported, and K larger than 1 is not necessary. If the UE sub-grouping exceed the number of bits can be carried by LP-WUS. Different UE sub-group can be carried in different LO configuration.
Proposal 6: Each LO consists of N * K LP-WUS MOs, where K is the number of LP-WUS MOs for each beam, and K = 1.

1.4 Entry/exit of LP-WUS monitoring 
	RAN1#116bis
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, and/or
· 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, and/or
· 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.

[H] Proposal 4-3r1: 
When the UE monitors the legacy PO (and may monitor PEI) and stops LP-WUS monitoring,
· UE follows legacy procedures for serving cell and neighbor cell RRM measurements using MR.
[bookmark: _Hlk166233954]When the UE starts LP-WUS monitoring and stops the legacy paging monitoring,
· LR performs serving cell measurement.
· For serving cell measurement relaxation performed by MR and offloading of serving cell measurement from MR to LR,
· Option 1: MR does not perform serving cell measurement
· Option 2: MR performs serving cell measurement with relaxation
· Option 3: both Option 1 and Option 2 are supported. They may be subject to different conditions
· Neighbor cell measurement by MR is relaxed subject to conditions.
· FFS the exact conditions


[bookmark: _Hlk166233846]It was agreed as a working assumption in last meeting [4] about the conditions for a UE to entry/exit LP-WUS monitoring in idle/inactive mode. According to the WA, UE may start LP-WUS monitoring if the corresponding condition is reached, and UE monitoring the legacy PO and may stop LP-WUS monitoring if the corresponding condition is reached. If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE received LP-WUS indicating wake-up, and it also implies that the UE may not stop the legacy PO monitoring. When UE monitors both legacy PO and LP-WUS, how to perform measurement by MR and/or LR should be defined. Also, MR measurement can be relaxed to saving power. That can be don’t by certain factor of increasing the measurement periodicity. The LR measurement can be introduced to assist the serving cell measurement. In the last meeting, we have LR measurement definition introduced, e.g., LP-RSRQ and LP-RSRP. Further, the LR measurement periodicity can be introduced. Incase of LP-WUS monitoring, the combination of LR/MR measurement should be introduced.  

Proposal 7: When UE monitors the legacy PO (and may monitor PEI) and monitors LP-WUS at the same time, the UE behavior is to be clarified. When the UE starts LP-WUS monitoring and stops the legacy paging monitoring, the combination of LR/MR measurement should be introduced.

1.5 UE behavior after receiving LP-WUS
	RAN1#116
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


The above agreements were achieved in RAN1#116 meeting [3] for the UE behavior after receiving LP-WUS. It is up to UE implementation whether to monitor PEI or not after indicated by LP-WUS. After the MR is woken up, the MR is monitoring legacy PO. If there is no paging to be transmitted to the MR, or if the UE/MR is false alarmed by the LP-WUS, MR is wasting its power for monitoring PO. Some mechanism can be studied to switch MR back to sleep if it is false alarmed for the purpose of power saving.
It was also discussed whether to support monitoring dynamic PO. First of all, the definition of dynamic PO should be clearly defined. One definition is to introduce extra PO as the dynamic PO in addition to legacy configured PO. Another definition is that by maintaining the legacy configured PO, the MR can monitor the nearest PO as the dynamic PO if its expected corresponding PO is not arrived. However, it seems like such dynamic PO is not necessary. LP-WUS and PO are all scheduled by gNB, and the ramp-up time is well known by gNB as well. It can be up to gNB’s implementation/scheduling to avoid the gap between LP-WUS and the corresponding PO is too long to wait and consume extra power. To introduce dynamic PO leads to higher paging overhead and more monitoring occasions, or each PO has to contain extra information in order be as a dynamic PO.
Proposal 8: Study the mechanism to switch MR back to sleep when it is woken up by false alarm.
Proposal 9: Dynamic PO is not supported and the power saving gain can be up to gNB’s implementation for scheduling.

1.6 LP-WUS payload size and content
	-	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


The agreements in RAN1#112bis-e and captured in TR TR 38.869 [2] as copied above, the content of LP-WUS should consider the following candidates. Targeted UE(s) information is contained in LP-WUS and received by LP-WUR to indicate UE to turn on MR to receive the upcoming paging information. From UE’s perspective, UE-ID can help each UE to save much power of MR since the LP-WUS can indicate per-UE. However, it consumes large mount of signaling when the number of UE receiving LP-WUS is very large. Group or sub-group can help to find a tradeoff that a part of UEs can be wakened up together by using the same LP-WUS. How to divide the UEs into different groups/sub-groups should also be considered. Furthermore, PEI information can also be considered to be contained by LP-WUS, e.g. Pos and TRS availability. With the help of PEI information in LP-WUS, the latency can be reduced after the MR wake-up and monitoring legacy paging.
[bookmark: _Hlk159199645]In addition, some other information, such as cell information, SI change and ETWS/CMAS information, tracking area information and RAN area information can be indicated to LP-WUR. Considering this information may have large payload sizes, and LP-WUS has limited payload size that cannot contain all of them, this information can be contained by LP-SS, or the overlaid OFDM sequences.
The LP-WUS is considered to contain limited payload size, and OOK sequence is used to convey the payload information, therefore LP-WUS is not expected to have large size. It was agreed that it is up to UE implementation to monitoring PEI or not, the subgroup number is at least the same as the subgroup in PEI, which means up to 8 subgroups per PO. larger subgroup number as well as larger payload size are also considered and discussed in last meeting. Whether the payload size of LP-WUS is fixed or configurable is also considered. Refined grouping requires more LP-WUS information overhead, and configurable payload size needs more configuration signaling. The tradeoff between potential benefit and cost should be discussed. At least 8 bits can be supported as the baseline for design.
Proposal 10: LP-WUS should at least contain the information on which user(s) is/are target by the LP-WUS, and UE group/sub-group information should be considered.
Proposal 11: Additional information, such as cell information, SI change and ETWS/CMAS information, tracking area information and RAN area information, can be contained by LP-SS or with the overlaid OFDM sequences.
Proposal 12: For idle/inactive mode, the maximum payload size of LP-WUS with 8 bits can be the starting point.

Conclusion
In this contribution, LP-WUS operation in IDLE/INACTIVE mode is discussed with following observations and proposals:
Proposal 1: A unified LP-WUS design can be used for IDLE/INACTIVE mode, as well as CONNECTED mode.
For wake-up information, A UE group is assigned with single bit in the LP-WUS for indication of wake-up in IDLE/INACTIVE modes.
Proposal 2: The periodicity of LP-SS can use 320ms as baseline. It can be further studied 80ms, 160ms and 640ms as additional periodicity.
Observation 1: LP-SS without overlaid OFDM sequences can provide simple design for all types of LP-WUR. And it can only be used for coarse time/frequency synchronization of LP-WUR
Observation 2: LP-SS with overlaid OFDM sequences can provide additional useful information in addition to synchronization, which is beneficial for LP-WUR, e.g. on LP-WUS monitoring, PCI indication, group/sub-group indication.
Proposal 3: LP-SS is overlaid with same type of sequences same as that for LP-WUS. Further consider information carried by overlaid OFDM sequences.
Proposal 4: A UE can monitor one LO in each LO period.
Proposal 5: The LO periodicity is the same as the iDRX periodicity.
Proposal 6: Each LO consists of N * K LP-WUS MOs, where K is the number of LP-WUS MOs for each beam, and K = 1.
Proposal 7: When UE monitors the legacy PO (and may monitor PEI) and monitors LP-WUS at the same time, the UE behavior is to be clarified. When the UE starts LP-WUS monitoring and stops the legacy paging monitoring, the combination of LR/MR measurement should be introduced. 
Proposal 8: Study the mechanism to switch MR back to sleep when it is woken up by false alarm.
Proposal 9: Dynamic PO is not supported and the power saving gain can be up to gNB’s implementation for scheduling.
Proposal 10: LP-WUS should at least contain the information on which user(s) is/are target by the LP-WUS, and UE group/sub-group information should be considered.
Proposal 11: Additional information, such as cell information, SI change and ETWS/CMAS information, tracking area information and RAN area information, can be contained by LP-SS or with the overlaid OFDM sequences.
Proposal 12: For idle/inactive mode, the maximum payload size of LP-WUS with 8 bits can be the starting point.
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