[bookmark: _top][bookmark: _Hlk142559464]3GPP TSG RAN WG1 #116-bis			R1-2403138
Changsha, Hunan Province, China, April 15th – 19th, 2024

Agenda item:	9.6.2
Source:	KT Corp.
Title:	Views on LP-WUS operation in IDLE/INACTIVE modes
Document for:	Discussion and decision


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 #116 meeting, some agreements for this agenda are made as follows [3]:

 (
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 
monitor
s
 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
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
)

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. 
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Figure 1. LP-WUS configuration and operation

For the configuration of the monitoring period, the capability of UE about the transition time from the sleep to wake-up of LR may be affected since it may be highly involved to determine the service latency. We support to specify the contiguous monitoring to support high-end hardware or the connected mode operation.

Proposal 2: The monitoring period for the duty-cycled LP-WUS can be configured to zero or same with the monitoring time. That is, the contiguous monitoring 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.
The followings are further studied as possible capability information elements of UEs. 
· Coverage gap between MR and LR
· Required time gap between LP-WUS and the first MR signals
· Information related to transition time to indicate minimum effective monitoring period expecting additional power saving gain.


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 4: 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 5: 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 6: 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: The monitoring period for the duty-cycled LP-WUS can be configured to zero or same with the monitoring time. That is, the contiguous monitoring 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.
The followings are further studied as possible capability information elements of UEs. 
· Coverage gap between MR and LR
· Required time gap between LP-WUS and the first MR signals
· Information related to transition time to indicate minimum effective monitoring period expecting additional power saving gain.

Proposal 4: Operating bands for LR is specified as limited sets for the hardware simplification, consequently, not necessarily same with the capability of MR.

Proposal 5: BSs can configure both the same and different operating bands with MR for the LP-WUS.

Proposal 6: Discuss further to decide whether to support the operation of LP-WUS/WUR on the shared spectrum.
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