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1 Introduction

At RAN#103 meeting, a revised version for the WID for Low Power Wake-up Signal and Receiver was approved including the following objectives [1].


	[bookmark: _Hlk153295984]The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· 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)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
Specify necessary RRM requirements-	




At RAN2#125bis [3], the following agreements were made related to RRC Idle/Inactive mode.

The LP-WUS related configuration for IDLE/INACTIVE state is provided via system information. FFS if dedicated configuration is needed.
Working assumption: the LP-WUS configuration in SIB at least includes the following information:
-	LP-SS configuration
-	LP-WUS configuration
-	FFS on Entry/exit condition for LP-WUS monitoring 
The PEI subgrouping method is taken as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping. FFS the maximum number of subgroups.


In this contribution, we discuss our view on some RAN2 aspects related to configuration of LP-WUS triggered paging monitoring, including subgrouping, entry/exit criteria and latency aspects.

2 Discussions on RAN2 aspects for LP-WUS/WUR in RRC Idle/Inactive
In RRC Idle/Inactive UE power saving gain comes from that the UE can operate with DRX operation, i.e., only periodically monitoring for paging, System update and performing cell measurements. Still the monitoring using the Main Radio, (MR), consumes a non-negligible power consumption, especially for small devices, that requires rather short wake-up times. For this purpose, the use of a low power wake-up radio has been solution to reduce power consumption even further. 

Introducing such a low power wake-up radio (LP-WUR), requires that it is reachable from the network, i.e. it can react to paging or some wake-up signal. Furthermore, in order to not create false wake-up, some sort of subgrouping is needed, as well as a concept of whether the UE is in capacity to operate using LP-WUR or not.

2.1 Subgrouping
In earlier release starting form Rel-15, subgrouping have been defined for both LTE, NB-IoT, and NR (Rel-17). The concept of subgrouping may also be applicable for Rel-18/19 WUS/LP-WUR.
After waking up from LP-WUS, in case UE needs to monitor PO, the time offset between LP-WUS and the PO should be long enough to include the transition time to start up the main receiver to be ready for PDCCH monitoring, either all UEs could be triggered to wake up to monitor paging in associated PO(s), or just a subset of the UEs sharing the PO, so called LP-WUS UE subgrouping. The purpose of sub-grouping is to reduce the number of false wake-up of UEs that the paging was not intended for. [2]
Furthermore, the study clarifies that the LP-WUS UE subgrouping information corresponding to 2 bits or more. How to indicate the subgrouping information, e.g., included in the LP-WUS payload or from the use of multiple LP-WUS signals corresponding to different subgroups, etc., depends on the design of LP-WUS. This is up to RAN1 to define.

What RAN2 can discuss and propose is what type of subgrouping to be defined and how many bits that if reasonably for different scenarios, e.g., coverage area, max number of UEs per cell, paging rate etc.  

At the latest RAN2 meeting [3] it was agreed that PEI subgrouping is to be taken as baseline for LP-WUS subgrouping. It is, however, still FFS what should be the maximum number of subgroups. 

Proposal 1: Discuss the number of subgroups that is preferred to be supported and number of bits needed to support it based on UE-Identity, device type, or type of functionality.

Proposal 2: Discuss how coverage area, max number of UEs per cell, paging rate etc. could affect number of bits to be carried in LP-WUS for subgrouping. 

2.2 Network awareness
In the study [2] various scenarios have been discussed related to the situation where the LP-WUS coverage is smaller than the coverage for the Main Radio (MR). The question is to what extent the network needs to be aware of whether the UE is actually able to use the LP-WUR or not. If the UE could be moving in and out from the LP-WUS coverage area, without the gNB/network being aware of the change of coverage status, the gNB / network would not have knowledge of whether the LP-WUS is usable or not.

Observation 1: If the UE could be moving in and out from the LP-WUS coverage area, without the gNB/network being aware of the change of coverage status, the gNB / network would not have knowledge of whether the LP-WUS is usable or not.

So, further discussion is needed on whether the network needs to be informed when the UE is moving between inside and outside LP-WUS coverage.

We think that the entry and exit criteria can only be evaluated by the UE, hence the network is not aware of whether the UE is able to use LR or not to detect LP-WUS. 

One solution discussed in the study is that when the UE discovers it is out of LP-WUS coverage, it turns on the Main Radio and start monitoring legacy Paging Occasions (PO). 
For the case where the NW is not aware of whether the UE is monitoring LP-WUS or legacy PO, the NW must use both mechanisms to reach the UE.

One issue with such approach is if the UE in Idle/Inactive or in deep-sleep, is moving over large areas, since the NW would have to page the UE in potentially the whole PLMN covering a substantial number of cells, creating a lot of wake-up signalling in all those cells including using both LP-WUS and legacy paging.  

Hence, some mechanism would be needed to inform the network about the UE status. Such information would though require the Main Radio, MR, to be woken up. But when the Low-Power Radio (LR) gets out of coverage, the MR anyway has to be woken up. 
If the UE is within a limited area, the overhead of false paging in multiple cells can be acceptable, it the area covers a limited number of cells, a so called, LP-WUS validity area.

Observation 2: Depending on the validity area, (the area in which a certain LP-WUS configuration is valid) the UE could be able inform the network it has become out of coverage for LP-WUS, only when it also changed validity area (since the LP-WUS configuration or availability of LP-WUS may change anyway).

Proposal 3: Further discussion is needed on whether the network needs to be informed when the UE is moving between inside and outside LP-WUS coverage.

For the partial coverage case, UE’s MR could stay in ultra-deep sleep power state only when UE is in the coverage of LP-WUS. When UE moves out of the coverage of LP-WUS, the UE should start up its MR.
But there may be different situations. Both the case where the LP-WUS coverage is partial already by configuration and cell planning, but also the case where the intention is to have full LP-WUS coverage in the cell, but due to fading the LP-WUR cannot detect the LP-WUS, and hence it should be considered being out of coverage.

Observation 3: There could be a case where the LP-WUS is defined to have full cell coverage, still the LP-WUR may not be able to detect the LP-WUS.

In order to evaluate whether the LP-WUR is within LP-WUS coverage or not, measurements are needed. It can be discussed whether this should be done only via the LP-WUR or also via the MR (if/when needed).  To support this, there should be exit criteria for leaving LP-WUS mode based on measurement for at least the LP-WUR, but potentially also for the MR. As mentioned earlier, there could be a situation where the LP-WUR suddenly becomes out of coverage, even if being in the cell-center due to fading or channel conditions. Then the MR could be used temporarily just to verify that there should be coverage to use LP-WUR, and that the wake-up radio even unnecessary woke up the MR. The MR should then as soon as possible resume sleep mode and let LP-WUR continue measurements and monitor LP-WUS.

Proposal 4: It should be possible to use the MR to verify whether LP-WUS is actually out of coverage, or was just temporarily not able to satisfactory monitor for LP-WUS due to fast variations in channel condition.

2.3 Latency (duty-cycled vs always on)
When operating based on a duty-cycled scheme, the average communication delay from when data is available at the gNB until paging/data is correctly received by the UE depends on the sleep duration in the duty-cycle length, contributing error events such as false-alarm or miss-detection, and the transition time before the main receiver is ready for PDCCH reception.

The average communication delay in the LP-WUS/WUR scheme would be longer than the baseline scheme, i.e., Rel. 15/Rel. 16 scheme, if both are configured with the same duty-cycle length to fulfill a certain delay requirement. This is since the main radio goes to ultra-deep sleep state to further save power and therefore a longer transition time is needed to wake-up the main radio from ultra-deep sleep. In certain scenarios with extremely tight delay requirements, the communication delay time can become very significant and even the shortest DRX cycle can prevent the UE from meeting the tight delay requirement. This can happen, for instance, if the communication delay is required to be shorter than the length of “existing shortest possible” DRX configuration (320 msec) + the main radio transition and synchronization time. In these types of scenarios, the LP-WUR can instead be configured to monitor the channel continuously.

To address this, the operation of the LP-WUR can be configured as an adaptive operation where the LP-WUR can be adaptively operated according to a duty-cycled or an always-on scheme based on the communication delay requirement.

Observation 4: The long transition time to wake-up the main radio from ultra-deep sleep state together with the sleep time of the duty-cycle can prevent some UEs from meeting the delay requirement.

In the study [2], it was agreed that at least duty-cycled monitoring of LP-WUS is supported, but depending on use case and capabilities it should be possible to configure either always on or duty cycled monitoring.

Proposal 5: Support an adaptive configuration where the UE, depending on its delay requirement, can operate based on either always-on or a duty-cycle scheme.

To give more freedom for configuring the LP-WUS monitoring, and for subsequent action after detecting the LP-WUS, the LP-WUR could be configured with a DRX cycle that is totally independent from the legacy Paging DRX cycle that the Main Radion (MR) is configured with. This should also make it possible to trigger other activities after detection the LP-WUS, e.g., to data transmission/reception or initiating RACH procedure directly. 

Proposal 6: Support a configurable operation of duty-cycled LP-WUS monitoring to be done with respect to the existing DRX configuration and/or a stand-alone DRX configuration for LP-WUR.

3 Summary
In this contribution, we have discussed our views on aspects related to.

Proposal 1: Discuss the number of subgroups that is preferred to be supported and number of bits needed to support it based on UE-Identity, device type, or type of functionality.

Proposal 2: Discuss how coverage area, max number of UEs per cell, paging rate etc. could affect number of bits to be carried in LP-WUS for subgrouping.

Observation 1: If the UE could be moving in and out from the LP-WUS coverage area, without the gNB/network being aware of the change of coverage status, the gNB / network would not have knowledge of whether the LP-WUS is usable or not.

Observation 2: Depending on the validity area, (the area in which a certain LP-WUS configuration is valid) the UE could be able inform the network it has become out of coverage for LP-WUS, only when it also changed validity area (since the LP-WUS configuration or availability of LP-WUS may change anyway).

Proposal 3: Further discussion is needed on whether the network needs to be informed when the UE is moving between inside and outside LP-WUS coverage.

Observation 3: There could be a case where the LP-WUS is defined to have full cell coverage, still the LP-WUR may not be able to detect the LP-WUS.

Proposal 4: It should be possible to use the MR to verify whether LP-WUS is actually out of coverage, or just temporarily not able to detect LP-WUS due to channel condition.

Observation 4: The long transition time to wake-up the main radio from ultra-deep sleep state together with the sleep time of the duty-cycle can prevent some UEs from meeting the delay requirement.

Proposal 5: Support an adaptive configuration where the UE, depending on its delay requirement, can operate based on either always-on or a duty-cycle scheme.

Proposal 6: Support a configurable operation of duty-cycled LP-WUS monitoring to be done with respect to the existing DRX configuration and/or a stand-alone DRX configuration for LP-WUR.
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