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Introduction
[bookmark: _Ref178064866]In this contribution, we will discuss LP-WUS/LP-WUR in RRC_IDLE/INACTIVE from RAN2 perspective.
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
[bookmark: _Hlk146275786]Dedicated LP-WUS configuration
If the LP-WUS configuration is provided via system information without any UE dedicated configuration, all LP-WUS capable UEs will try to monitor LP-WUS according to the configuration regardless of its own characteristics. However, if the paging probability of a certain UE is particularly high and applying LP-WUS to such UE makes other UEs encounter frequent false alarm, the network may not want send the LP-WUS when the paging for such UE is generated. Besides, if LP-WUS is designed to be sent prior to PEI, using LP-WUS may delay paging reception by UE, e.g., paging arrives in RAN between LP-WUS and PEI. If so, UE which is less sensitive to power consumption may prefer to enjoy high performance rather than saving its power. Therefore, network should be able to selectively apply the LP-WUS to each individual LP-WUS capable UE, e.g., based on the paging probability or the sensitivity to power of each UE.
Observation 1	LP-WUS may not be appropriate for some UEs, e.g., depending on the paging probability or the sensitivity to power.
Proposal 1	Network can determine whether to apply the LP-WUS to each individual LP-WUS capable UE, e.g., based on the paging probability or the sensitivity to power of each UE.
Network awareness of using LP-WUS
The LP-WUS may have a smaller coverage than PDCCH/PDSCH. When the channel condition of LP-WUS is not good enough, the UE needs to fallback to legacy operation based on main receiver. Accordingly, RAN2 captured the pros/cons for supporting of NW awareness of using LP-WUS in the draft TR [1].
In the first option in which NW doesn’t know whether UE is monitoring LP-WUS or not, UE is not required to consume additional power to report whether it is monitoring LP-WUS. However, even if paging for UEs not monitoring LP-WUS is generated, the LP-WUS indicating the presence of paging is transmitted, and it increases false wake-up of UEs actually monitoring LP-WUS. On the other hand, if network knows whether UE is monitoring LP-WUS or not, network can reduce the transmission of false LP-WUS and it can increase the opportunity for UEs monitoring LP-WUS to maintain the ultra-deep-sleep mode.
Based on the pros/cons of each option, RAN2 needs to discuss the selective reporting of LP-WUS monitoring state that can reduce effectively the false LP-WUS. For instance, if only UEs of which the LP-WUS monitoring state is not changed frequently or UEs having high paging probability are configured to report the LP-WUS monitoring state, it would be advantageous in terms of amount of power consumed by all LP-WUS capable UEs in a cell.
Observation 2	The selective reporting of LP-WUS monitoring state, e.g., only UEs of which the LP-WUS monitoring state is not changed frequently reports the LP-WUS monitoring state to network, would be advantageous in terms of amount of power consumed by all LP-WUS capable UEs in a cell.
Proposal 2	Discuss the selective reporting of LP-WUS monitoring state that can reduce effectively the false LP-WUS in WI phase.
Entry/Exit condition of using LP-WUS
When RRC procedure required to perform in RRC_INACTIVE is initiated, e.g., RRM measurements on neighbour cells or SI acquisition, no matter how good the channel condition of LP-WUS is, UE will activate the main receiver as non-sleep mode. While the main receiver is active normally, UE may not need to monitor the LP-WUS using low power receiver.
However, the power saving gain UE can get by not monitoring LP-WUS while monitoring the main receiver would be marginal. Besides, if the channel condition of LP-WUS is good enough, there is no reason to prevent UE from monitoring/using LP-WUS while monitoring main receiver. Determining the use LP-WUS based on the activity of main receiver only complicate UE’s behaviour without any practical benefit for UE and network.
Observation 3	Determining the use LP-WUS based on the activity of main receiver only complicates UE’s behaviour without any practical benefit for UE and network.
Therefore, we propose not to consider the activity of main receiver as entry/exit condition of using LP-WUS. 
Proposal 3	Do not consider the activity of main receiver, e.g., RRM measurements on neighbour cell or SI acquisition, as entry/exit condition for using LP-WUS.
UE behaviour upon waking-up by LP-WUS
Regarding UE behaviour upon waking-up by LP-WUS, Alt 1.1 and Alt 1.2 below are captured as solutions but it is FFS whether to capture Alt 2 also in the TR:
· Alt 1.1: UE could monitor paging DCI/paging;
· Alt 1.2: UE could monitor PEI, if configured and supported; FFS details on using LP-WUS and PEI together, e.g., subgrouping
· FFS Alt 2: UE could perform random access directly, FFS on whether and what condition/requirement is needed. R2 assumes that this require that LP-WUS includes UE_ID or equivalent. (Depends on LP-WUS capacity to carry information)
In order to enable UE to perform Random Access directly without paging monitoring, a unique UE identifier should be included in the LP-WUS payload to avoid wrong RRC state transition of other UEs. However, in scenario that network is not aware of whether each UE is monitoring the LP-WUS or not, the network should assume the UE is always monitoring the LP-WUS and blindly send the LP-WUS including UE specific information when the paging is generated for the UE. It is so wasteful of Uu resource. Besides, LP-WUR will consume more power to receive a sizable LP-WUS, compared to LP-WUS with small payload. On the other hand, the gain Alt 2 is not clear. It can just enable UE to transition to RRC_CONNECTED a little more quickly. 
Observation 4	If a unique UE identifier is included in the LP-WUS payload, the power saving gain UE can get will decrease and the Uu resource waste will increase, while the gain is not clear.
Therefore, we propose to exclude the Alt 2 from the tentative solutions.
Proposal 4	Exclude following solution: After waking up by a LP-WUS, UE could perform Random Access directly.
UE subgrouping
For Rel-17 UE subgrouping, 8bits of PEI DCI are reserved for UE subgroup indicator. If the paging subgroup indicator is included in LP-WUS payload, it can help reduce the false wake-up of main receiver, but reserving 8 bits of the LP-WUS payload for subgroup information may be burdensome. Since allocating just 2 or 3bits for subgrouping can significantly reduce the false wake-up of main receiver, we need to consider the LP-WUS supporting fewer than 8 subgroups to make it easier to utilize the UE subgrouping using LP-WUS.
Though different number of subgroups are used in LP-WUS and PEI, it just requires UE to maintain two subgroup IDs, i.e., one for LP-WUS and another for PEI. When LP-WUS is detected, UE will determine whether to wake up based on the subgroup ID associated with LP-WUS, and then, UE can determine whether to monitor the following paging occasion based on the subgroup indicator in PEI and the subgroup ID associated with PEI.
Observation 5	Though different number of subgroups are used in LP-WUS and PEI, it just requires UE to maintain two subgroup identities.
Proposal 5	Capture following in TR: different number of subgroups can be used in LP-WUS and PEI.
RRM measurements using LP-WUR
RAN1 is studying the feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR, but it is still FFS need for neighbour cells. The neighbour cell measurements using LP-WUR in RRC_IDLE/INACTIVE is needed, only when the UE is allowed to perform ranking of neighbour cells based on the measurements performed by LP-WUR. 
Although UE can perform RRM measurements on neighbour cells using LP-WUR, unless all neighbour cells around the UE support LP-SS, the UE still needs to turn-on the main receiver very often to measure neighbour cells which do not support LP-SS, and the power saving gain the UE can get by performing RRM measurements on some neighbour cells using LP-WUR would not be so significant. Furthermore, the RRM measurements performed by LP-WUR will be less accurate than those performed by main receiver, e.g., due to the narrower bandwidth of LP-SS than that of SSB, and the mobility decision based on measurements performed by LP-WUR can cause improper UE mobility.
When UE is in situation that the mobility is not needed, i.e., if the serving cell quality is better than configured threshold, the neighbour cell measurements do not need to be performed by the UE. The serving cell measurements using LP-WUR would be useful in this case. While the serving cell quality measured by LP-WUR is better than threshold, the UE doesn’t need to turn-on the main receiver for RRM measurement purpose. When the serving cell quality is lower than the threshold and the UE needs to move to another cell, it is desirable for UE to turn on the main receiver and perform RRM measurements using it to make an appropriate mobility decision, rather than trying to save its power. If LP-SS based ranking is not supported, RRM measurements on neighbour cells using LP-WUR do not need to be supported from RAN2 perspective.
Observation 6	Unless all neighbour cells support LP-SS, the power saving gain to be made from RRM measurements on neighbour cells using LP-WUR would be marginal.
Proposal 6	Do not consider cell re-selection using LR-SS, such as LR-SS based Ranking.
Proposal 7	From RAN2 perspective, RRM measurements based on LP-SS is not appropriate for neighbour cells.
The proper time for UE to perform RRM measurements using LP-WUR is when the serving cell quality is good enough and the neighbour cell measurements do not need to be performed. To determine precisely whether to omit the neighbour cell measurements, the UE needs to compare the configured threshold and the measurements results performed by main receiver. Though the serving cell quality measured by main receiver is good enough, it doesn’t guarantee the measurement results using LP-WUR is also good, so the serving cell quality measured by LP-WUR also should be considered as an entry condition of using the measurements performed by LP-WUR for RRM purpose.
While UE is performing RRM measurements using LP-WUR, the main receiver will be turned-off for power saving. UE can determine to stop RRM measurements using LP-WUR only based on the serving cell quality measured by LP-WUR.
Proposal 8	Specify the entry/exit condition of RRM measurement using LP-WUR as follows:
· [bookmark: _Hlk146099821][bookmark: _Hlk146099838]Entry condition of performing RRM measurements using LP-WUR includes at least that the serving cell quality measured by LR and MR is better than configured threshold.
· Exit condition of performing RRM measurements using LP-WUR includes at least that the serving cell quality measured by LR is less than the configured threshold.
System information handling
If the exit condition of using LP-WUS is met during ultra-deep sleep mode, UE should stop using LP-WUS and turn-on the main receiver. When the SIB including the exit condition is changed, UE in ultra-deep sleep should wake up immediately to acquire the new exit condition. Therefore, if network doesn’t wake up UE using LP-WUS when the SIB changes, UE has to wake up and read SIB1 at least once every SI modification period to check whether the exit condition is changed or not. Such UE behaviour will cause a severe power consumption for the UE. Furthermore, if UE doesn’t have valid SIB1 when it wakes up by LP-WUS, UE should read SIB1 first to acquire valid PCCH configuration in above Alt 1.1 and 1.2. Then, the paging monitoring can be delayed for up to maximum repetition periodicity of SIB1, 160ms. Therefore, network should wake up UE using LP-WUS upon SI change, and UE should maintain valid system information during ultra-deep sleep state.
Proposal 9	NW should wake-up UE using LP-WUS upon SI change, and UE maintains valid system information during ultra-deep sleep state.
Though SI change notification or PWS notification is included in the LP-WUS payload, anyway UE should turn on the main radio upon receiving the LP-WUS including such notification. It cannot reduce the wake up of main receiver. Only the information which can help reduce the wake up of main receiver should be included in the LP-WUS payload, such as subgroup indicator.
Proposal 10	Do not consider LP-WUS including SI change notification/PWS notification.
Conclusion
Observation 1	LP-WUS may not be appropriate for some UEs, e.g., depending on the paging probability or the sensitivity to power.
Proposal 1	Network can determine whether to apply the LP-WUS to each individual LP-WUS capable UE, e.g., based on the paging probability or the sensitivity to power of each UE.
Observation 2	The selective reporting of LP-WUS monitoring state, e.g., only UEs of which the LP-WUS monitoring state is not changed frequently reports the LP-WUS monitoring state to network, would be advantageous in terms of amount of power consumed by all LP-WUS capable UEs in a cell.
Proposal 2	Discuss the selective reporting of LP-WUS monitoring state that can reduce effectively the false LP-WUS in WI phase.
Observation 3	Determining the use LP-WUS based on the activity of main receiver only complicates UE’s behaviour without any practical benefit for UE and network.
Proposal 3	Do not consider the activity of main receiver, e.g., RRM measurements on neighbour cell or SI acquisition, as entry/exit condition for using LP-WUS.
Observation 4	If a unique UE identifier is included in the LP-WUS payload, the power saving gain UE can get will decrease and the Uu resource waste will increase, while the gain is not clear.
Proposal 4	Exclude following solution: After waking up by a LP-WUS, UE could perform Random Access directly.
Observation 5	Though different number of subgroups are used in LP-WUS and PEI, it just requires UE to maintain two subgroup identities.
Proposal 5	Capture following in TR: different number of subgroups can be used in LP-WUS and PEI.
Observation 6	Unless all neighbour cells support LP-SS, the power saving gain to be made from RRM measurements on neighbour cells using LP-WUR would be marginal.
Proposal 6	Do not consider cell re-selection using LR-SS, such as LR-SS based Ranking.
Proposal 7	From RAN2 perspective, RRM measurements based on LP-SS is not appropriate for neighbour cells.
Proposal 8	Specify the entry/exit condition of RRM measurement using LP-WUR as follows:
· Entry condition of performing RRM measurements using LP-WUR includes at least that the serving cell quality measured by LR and MR is better than configured threshold.
· Exit condition of performing RRM measurements using LP-WUR includes at least that the serving cell quality measured by LR is less than the configured threshold.
Proposal 9	NW should wake-up UE using LP-WUS upon SI change, and UE maintains valid system information during ultra-deep sleep state.
Proposal 10	Do not consider LP-WUS including SI change notification/PWS notification.
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