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1. Introduction
During the study period of LP-WUS, many issues are proposed [1] for the brand new low-power devices having extremely low energy consumption in idle, with the new type of hardware, LP-WUR, that is designed to receive only limited signals, LP-WUS. After the RAN plenary 112 meeting, the objective for the specification of LP-WUS and WUR architecture [2], for LP-WUS operation in Idle/Inactive modes was made as follows:

 (
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, 
R
AN1,
 
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)
)

After the meeting of RAN1 #116bis meeting, some agreements for this agenda are made as follows [3]:

 (
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
Agreement
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS:
LP-RSRP
LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
FFS: How to determine the received power of LP-SS in OOK ON symbols
)
 (
LP-RSRQ
LP-RSRQ = LP-RSRP/LP-RSSI
For the definition of LP-RSSI for determination of LP-RSRQ, further consider the following options:
Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.
FFS: LP-SINR
Note: The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.
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.
Conclusion
LP-SINR is not considered further as a metric for RRM serving cell measurement.
)

In this contribution, we focus on the design and operation of LP-WUS for the UE power-saving operation.


2. Configuration and allocation of LP-WUS

In NR, a UE in idle/inactive modes periodically wakes up during its PO based on the DRX cycle and decodes paging message or PEI. In the last meeting, RAN1 agreed to support that the UE monitors the legacy PO after receiving LP-WUS. But, as we all know, the legacy PO is configured once within a paging DRX cycle. A UE in LR mode can monitor LP-WUS with shorter interval than the paging DRX period or continuously. With shorter cycles, the UE can quickly decode the paging message or PEI after receiving LP-WUS on LR, but if the UE monitors the legacy PO, there could be still a delay in receiving paging message or PEI due to the long DRX cycle. If the UE is in LR mode, NW knows that the UE will wake up to monitor its PO after receiving LP-WUS. If the PO is dynamically configured with a time duration after the LP-WUS reception, it ensures constant delay regardless of the length of the DRX cycle. Thus, we propose that RAN1 support of UE monitoring dynamic PO. The starting point of the dynamic PO could be decided based on a specific time gap after receiving the LP-WUS.

Proposal 1: Support that the UE monitors the dynamic PO (Paging Occasion) after receiving LP-WUS.

Considering the time domain for LP-WUS, it is agreed to adopt at least the duty-cycle based transmission and reception, having LP-WUS occasion for monitoring has possible multiple monitoring occasions. In Idle/Inactive state, the operation is for the MR wake-up to receive paging at proper location of PO. Many options are discussed at previous meetings and summarized at [4]. In this case, many chances of LO/MO can reduce latency, however, is efficient only if PO is sufficiently dense. Multiple LOs to one PO may give additional flexibility for various capability of UEs, but it may cause only energy loss for multiple detection trial for individual UE with multiple LOs.

Proposal 2: For the duty-cycle based monitoring, at least in the UE side, only one-to-one mapping between LO and PO is supported.

On the other hand, the support of LP-WUS shall be managed as a capability information of UE. To support various type of services and corresponding devices, many receivers, like RF envelope detector and Homodyne/Heterdyne architecture, we give following as the additional capability information elements of LP-WUR. That is, multiple types of LP-WUR having various properties are supported.

Proposal 3: The followings are specified as capability information elements of UEs supporting LP-WUS related operation. 
· Operatable bands for the LP-WUS
· Operatable signal type of LP-WUS, e.g., decodability of harmonized OFDM sequence.
· Minimum time offset between LP-WUS and the MR signals intended to receive (PO or PDCCH)
The followings are further studied as possible capability information elements of UEs. 
· Coverage gap between MR and LR
· Information related to transition time to indicate minimum effective monitoring period expecting additional power saving gain.

Our last topic is about the payload of LP-WUS. The overlaid OFDM sequence of an LP-WUS is regarded as part of container for the payload. On the other hand, decoding the sequence is often divided to the LP-WUS detection and consequently have different decoding success probability. This indicates our last proposal in this section to achieve the essential operation with the decoding failure of the overlaid OFDM sequence.

Proposal 4. The payload contents carried by overlaid OFDM sequence of LP-WUS contains only part of the UE/subgroup ID information, with individual parity/CRC if needed.


3. Considerations on the operating bands for LP-WUS
The LP-WUS is intended to be received in different hardware, abbreviated as LP-WUR or LR, that may have different physical antennas or not, isolated system chip, that indicates independent radio link management with the main radio, abbreviated as MR. Since the LP-WUR is an additional hardware, it needs to be as light as possible.

Proposal 5: Operating bands for LR is specified as limited sets for the hardware simplification, consequently, not necessarily same with the capability of MR.

The following proposal is indicated from the above.

Proposal 6: BSs can configure both the same and different operating bands with MR for the LP-WUS.

The last view about this topic is for the shared spectrum. We expect the LP-WUS/WUR operation in shared spectrum may be beneficial, but some issues may be raised by the uncertainty of transmission.

Proposal 7: Discuss further to decide whether to support the operation of LP-WUS/WUR on the shared spectrum.


4. Conclusion
We give our proposals in this contribution as follows:

Proposal 1: Support that the UE monitors the dynamic PO (Paging Occasion) after receiving LP-WUS.

Proposal 2: For the duty-cycle based monitoring, at least in the UE side, only one-to-one mapping between LO and PO is supported.

Proposal 3: The followings are specified as capability information elements of UEs supporting LP-WUS related operation. 
· Operatable bands for the LP-WUS
· Operatable signal type of LP-WUS, e.g., decodability of harmonized OFDM sequence.
· Minimum time offset between LP-WUS and the MR signals intended to receive (PO or PDCCH)
The followings are further studied as possible capability information elements of UEs. 
· Coverage gap between MR and LR
· Information related to transition time to indicate minimum effective monitoring period expecting additional power saving gain.

Proposal 4. The payload contents carried by overlaid OFDM sequence of LP-WUS contains only part of the UE/subgroup ID information, with individual parity/CRC if needed.

Proposal 5: Operating bands for LR is specified as limited sets for the hardware simplification, consequently, not necessarily same with the capability of MR.

Proposal 6: BSs can configure both the same and different operating bands with MR for the LP-WUS.

Proposal 7: Discuss further to decide whether to support the operation of LP-WUS/WUR on the shared spectrum.
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