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Introduction
[bookmark: _GoBack]In RAN #103 meeting the latest WID has been agreed [1] on Low-power wake-up signal and it is the first meeting for RAN4 to discuss the core part in this meeting. The WID can be seen as below:
[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
In this paper we will continue to discuss the related issues and provide our views.
Discussion
2.1 Background
Since it is the first meeting on discussing the LPWUS in RAN4 RRM, we would like to clarify the related background and scenario in order to facilitate subsequent research. 
Based on the latest description in WID, the two signals have been involved. The first one is the LP-WUS with overlaid OFDM sequence over OOK symbol, the second one is the LP-SS with Yms, which is for synchronization and/or RRM for serving cell. In different RRC states, the LP-WUS has the different function. The LP-WUS is to wake up UE MR reception in IDLE/INACTIVE and monitor PDCCH in the CONNECTED state.
2.2 The discussion in IDLE/INACTIVE state
2.2.1 LP-WUS indicating paging monitoring
In R19 the LP-SS and LP-WUS have been introduced in RRC IDLE/INACTIVE state, we know that the LP-WUS will trigger the paging monitoring which is different from the legacy method. 
The legacy method for paging monitoring can be seen as below:
In order to reduce the power consumption of idle or inactive terminals, Rel-17 introduces the paging early indication (PEI) feature: that is, the UE first check the PEI. If the UE detects PEI, continue to listen for paging messages on the corresponding PO, otherwise skip listening for paging messages. The synchronization accuracy required for detecting PEI is relatively low, so the number of SSBs that the UE needs to process before detecting PEI is less than the number of SSBs that the UE needs to process directly when detecting paging messages. Additionally, since the UE is not actually paged during most of the time, the introduction of PEI can reduce the processing of SSBs at the UE, achieving the effect of power-saving. PEI can reduce terminal power consumption by 10% to 30%, but there is still a significant gap from the goal of increasing standby time. 
For LP-WUS triggering paging, there is a bit different from the legacy PEI. First of all, the NW shall configure the LP-WUS, UE shall detect the WUS and ready to monitoring paging occasion. However, there is a condition for LPWUS triggering the paging, if the paging monitoring is triggered by the LP-WUS, the LP-WUS coverage will be the key condition. After the NW configuration, UE has to judge the related conditions to enter the  LP-WUS coverage which is discussing in RAN1. 
Based on the above analysis, the paging monitoring triggered by LP-WUS is different from the legacy PEI, so the paging procedure is quiet different. If we use the LP-WUS to trigger the paging monitoring, the three cases will be occurred:
· If the paging monitoring is triggered by the LP-WUS, the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· If the paging monitoring is triggered by the LP-WUS, and the related conditions have not been satisfied to enter the LP-WUS coverage oe UE has not received the LP-WUS for a long time, it is suggested to consider fallback to legacy PO monitoring.
· If the UE supports the PEI and also the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.
Although the paging procedure is discussing in other working group, RAN4 shall analyze the related UE behavior and impact on paging monitoring. The latest agreement reached in RAN1 can be seen as below.
In the RAN1 #116 meeting, RAN1 has already reached the following agreements:
	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.



Form the above table, we know the UE behavior. If UE supports PEI and also receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not and the legacy POs shall be monitored.
Observation 1: In legacy, the paging monitoring is triggered by the PEI and for LP-WUS triggering paging, there is a bit different from the legacy PEI. 
Observation 2: 
If we use the LP-WUS to trigger the paging monitoring, the three cases will be occurred:
· If the paging monitoring is triggered by the LP-WUS, the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· If the paging monitoring is triggered by the LP-WUS, and the related conditions have not been satisfied to enter the LP-WUS coverage oe UE has not received the LP-WUS for a long time, it is suggested to consider fallback to legacy PO monitoring.
If the UE supports the PEI and also the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.
2.2.2 LP-SS for synchronization and/or RRM for serving cell
The LP-SS is involved and based on the latest WID we found that 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 in further RAN1’s meeting, that is, it is possible to specify the LP-SS with and without OFDM sequences. From our perspective, the possible impact is the measurement procedure and related measurement indicators. Since the WUR or LR has two different receivers: OOK receiver and OFDM receiver. For OOK receiver, it will receive LP-SS and LPWUS. For OFDM receiver: 
· If LP-SS without the OFDM sequence, UE will continue to receive the NR SSS to do the RRM measurement, existing PSS/SSS can be used for sync and RRM measurement instead of LP-SS. This situation has little difference to the legacy method.  
· If LP-SS with the OFDM sequence, the symbol of OOK-ON shall overlay the OFDM sequence which will be detected by UE. After the detection, the sync and the RRM measurement shall be based on the LP-SS instead of the legacy SSB.
Observation 3: Further down selection between with and without overlaid OFDM sequences is to be done in further RAN1’s meeting.
Observation 4: The WUR or LR has two different receivers: OOK receiver and OFDM receiver. 
For OOK receiver, it will receive LP-SS and LPWUS. 
For OFDM receiver: 
· If LP-SS without the OFDM sequence, UE will continue to receive the NR SSS to do the RRM measurement, existing PSS/SSS can be used for sync and RRM measurement instead of LP-SS. This situation has little difference to the legacy method.
· If LP-SS with the OFDM sequence, the symbol of OOK-ON shall overlay the OFDM sequence which will be detected and the sync and the RRM measurement shall be based on the LP-SS which is different from legacy.
Proposal 1: If LP-SS without OFDM sequence, the legacy method for sync and RRM measurements shall be reused.
However, the sync and the RRM measurement are held based on the OFDM sequence in legacy method and SSB is used. If the LP-SS with the overlaid OFDM sequence is used for sync and RRM measurement, I deem that the related RRM measurements based on the LP-SS can refer to the legacy method or the legacy SSB based sync and measurement can be the baseline. 
Proposal 2: If LP-SS overlaid with OFDM, RAN4 may consider the related RRM measurement requirements such as accuracy requirements based on LP-SS and the legacy can be the baseline.
Proposal 3: We RAN4 can actually wait for the other working groups’ discussion and the progress on LP-SS.
2.2.3 RRM measurement relaxation
As we mentioned before, there are two cases for LP-SS, the first one is the LP-SS with the overlaid OFDM sequence and the next one is the LP-SS without the OFDM sequence. 
For the LP-SS without the OFDM sequence, the sync and the RRM measurement is similar to the legacy, that is, the existing PSS/SSS can be used for the sync and measurement instead of the LP-SS. For this case, the UE MR is still considered. In order to achieve the UE power saving gain by LP-WUS/WUR, the RRM measurement on serving cell via MR shall be relaxed.
For the LP-SS with the overlaid OFDM sequence, the sync and measurement shall be based on the LP-SS instead of the SSB. In order to achieve the UE power saving, the RRM measurement on serving cell may be stopped when UE is in ultra-deep sleep.
The relaxation on RRM measurement may impact the performance of mobility performance in RRC_IDLE or RRC_INACTIVE. In order to avoid or minimize such impact, RAN4 shall consider such RRM measurement relaxation, the above RRM measurement relaxation on serving cell should be premised on the feasibility.
Proposal 4: Considering the UE power saving gained by LP-WUS or WUR, RAN4 shall consider different method for different LP-SS cases:
For the LP-SS without the OFDM sequence, the RRM measurement on serving cell via MR shall be relaxed.
For the LP-SS with the OFDM sequence, the RRM measurement on serving cell may be stopped when UE is in ultra-deep sleep.
Conclusion
In this paper we provided our views on LPWUS.
Observation 1: In legacy, the paging monitoring is triggered by the PEI and for LP-WUS triggering paging, there is a bit different from the legacy PEI. 
Observation 2: 
If we use the LP-WUS to trigger the paging monitoring, the three cases will be occurred:
· If the paging monitoring is triggered by the LP-WUS, the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· If the paging monitoring is triggered by the LP-WUS, and the related conditions have not been satisfied to enter the LP-WUS coverage oe UE has not received the LP-WUS for a long time, it is suggested to consider fallback to legacy PO monitoring.
If the UE supports the PEI and also the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.
Observation 3: Further down selection between with and without overlaid OFDM sequences is to be done in further RAN1’s meeting.
Observation 4: The WUR or LR has two different receivers: OOK receiver and OFDM receiver. 
For OOK receiver, it will receive LP-SS and LPWUS. 
For OFDM receiver: 
· If LP-SS without the OFDM sequence, UE will continue to receive the NR SSS to do the RRM measurement, existing PSS/SSS can be used for sync and RRM measurement instead of LP-SS. This situation has little difference to the legacy method.
· If LP-SS with the OFDM sequence, the symbol of OOK-ON shall overlay the OFDM sequence which will be detected and the sync and the RRM measurement shall be based on the LP-SS which is different from legacy.
Proposal 1: If LP-SS without OFDM sequence, the legacy method for sync and RRM measurements shall be reused.
Proposal 2: If LP-SS overlaid with OFDM, RAN4 may consider the related RRM measurement requirements such as accuracy requirements based on LP-SS and the legacy can be the baseline.
Proposal 3: We RAN4 can actually wait for the other working groups’ discussion and the progress on LP-SS.
Proposal 4: Considering the UE power saving gained by LP-WUS or WUR, RAN4 shall consider different method for different LP-SS cases:
For the LP-SS without the OFDM sequence, the RRM measurement on serving cell via MR shall be relaxed.
For the LP-SS with the OFDM sequence, the RRM measurement on serving cell may be stopped when UE is in ultra-deep sleep.
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