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Introduction
In last RAN2 meeting, some high-level procedures for RRC_IDLE/INACTIVE have been discussed, but companies seem to have different understanding on the corresponding UE behaviour of LR and MR, e.g. after receiving LP-WUS paging. Thus in this contribution, we will focus on the essential functions of LP-WUS in RRC_IDLE / RRC_INACTIVE state including paging and mobility, and discuss the corresponding MR/LR UE behaviours from RAN2 perspective.
Discussion
According to RAN1 discussion in previous meeting as well as RAN2 last meeting discussion, it should be the common understanding that the purpose of introducing LP-WUS is to save UE power consumption, and the step one use case of LP-WUS is that after UE is release to RRC_IDLE/INACTIVE state, based on some trigger condition, the UE can switch on LR and move MR to ultra-deep sleep state which means UE stops all the DL reception and UL transmission via MR. Here we would like to further refine the LR and MR behaviour.
Proposal 1: From RAN2 perspective, a UE in RRC_IDLE/INACTIVE state, based on some trigger conditions, can switch on LR to receive LP-WUS, meanwhile stop all the DL reception and UL transmission via MR.
After UE switches on LR, the most important purpose to receive LP-WUS is for paging, and once the UE determine it might be paged, it should resume DL reception and UL transmission on MR. The key points from RAN2 point of view, are what info should be delivered by LP-WUS and which existing procedures should be performed when UE resumes MR.
Proposal 2: From RAN2 perspective, once UE is paged via LP-WUS on LR, its MR should be turned on and resume legacy idle/inactive behaviour. FFS what info in LP-WUS for paging, what procedures are performed by MR.
Another important aspect in RAN2 is mobility. The LP-WUR is designed to keep the UE staying in LR as long as possible, so as to lower the power consumption. However, if the UE loses a good LP-WUS coverage, it should turn on MR. This is also related to RAN1 discussion on coverage. Form RAN2 perspective, some AS criteria similar to cell (re)selection should be defined, which impact UE behaviour on both of LR and MR.
Proposal 3: From RAN2 perspective, the AS criteria of LP-WUS similar to cell (re)selection should be defined for mobility scenarios, FFS UE behaviour impact on both of LR and MR.
In the following subsections, we will discuss the FFS points.
Assumptions on LP-WUS coverage and paging capacity
First, we want to clarify the assumption of coverage and paging capacity, to better understand the mobility and paging requirements for the detailed solutions.
Coverage of LP-WUS
For the coverage of LP-WUS, RAN1 is studying techniques to ensure LP-WUS has a comparable coverage as PDCCH for paging, PUSCH for Msg3 or other channels [1]. Based on the existing progress, it is not clear for now whether the LP-WUS will have the same or smaller coverage compared with the current cell coverage. Besides, RAN1 also mentions the fallback from LR to MR in case of insufficient LR coverage. Therefore, RAN2 studies should involve these possible scenarios.
	RAN1#112bis-e
Agreement
RAN1 further study the designs [target]/techniques of LP-WUS to have a comparable coverage as NR channel X. The NR channel X is
· Option #1: PDCCH for paging
· Option #2: PUSCH for message3
· FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
· The final design will jointly consider the coverage with other KPIs
· FFS additional detail assumptions for NR channels, e.g., the message size for MSG3 and etc.

Agreement
· Study techniques/mechanisms to enhance coverage performance of LP-WUS
· Study potential gains available as well as drawback(s) of the technique(s)/mechanisms(s), e.g. system overhead, increased complexity network energy consumption etc…
· Study potential issues and corresponding solutions for the case when LP-WUS coverage is insufficient 
· At least study fallback mechanisms where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, e.g. below threshold.



Proposal 4: The scenarios that LP-WUS coverage is smaller than or the same as Uu/MR cell coverage should be considered by RAN2.
Paging capacity of LP-WUS
RAN1 is discussing the design of LP-WUS receiver and the corresponding signal, where the OOK/FSK waveform and OFDM sequence are candidates under evaluation. The specific information capacity of the LP-WUS depends on the receiver architecture and signal, which is not yet clear, but based on RAN1 agreements [1], LP-WUS to carry information of UE (sub)groups and UE IDs are both considered. 
	RAN1#112bis-e
Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information



Therefore, for paging via LP-WUS, we think both the per-UE wake-up by UE-specific LP-WUS and the per-group wake-up by UE subgroup based LP-WUS should be studied in RAN2.
Proposal 5: Solutions for both per-UE paging and per-group paging via LP-WUS are to be studied in RAN2.
LP-WUS paging design
To ensure the UEs in RRC_IDLE/INACTIVE state are reachable in LR mode, the basic assumption in RAN1 is that LP-WUS should carry information/indication for paging. In this section, we discuss possible paging procedure designs for LP-WUS. As illustrated above, there can be two types of paging based on the granularity of the carried paging info, and here we deliver further analysis on the pros and cons of each option as well as the subsequent UE behaviour after the UE is paged in LR. 
Option 1: per-UE wake-up by UE-specific LP-WUS
As presented in Fig.1, LP-WUS can carry specific UE paging related information (e.g. UE ID) to replace legacy paging messages, where a UE can be waked up without ambiguity. 
In this option, the MR is waked up in response to the UE-specific info received in the LR via LP-WUS. This enables UE to directly perform initial access to enter connected mode, instead of performing legacy paging operations, e.g., monitoring PDCCH in the upcoming PO to receive the paging message. 
The benefit of this option mainly lies in no paging false alarm since the UE can be precisely awakened, thus the power consumption of unnecessary paging monitoring is minimized. Moreover, UE-specific paging can also reduce access latency by skipping paging/PEI monitoring in MR.
However, sending UE-specific LP-WUS requires a high data rate in LR which is subjected to the PHY design of the wake-up signal. This leads to a basic issue of the UE ID design, impacting paging capacity and thus the overall effect of the LP-WUS function. The current UE ID used for legacy paging, i.e., 5G-S-TMSI, seems a baseline choice but it is not clear yet the data rate can be supported to what extent by using a simple modulation and waveform/sequence (e.g. OOK) in LR. Hence, further study of UE ID design for reducing overhead and increasing paging capacity may be needed.
Observation 1: UE-specific LP-WUS has better performance in terms of paging false alarm rate, but requires a high data rate in LR, which may impact paging capacity and thus the overall effect of the LP-WUS function.
Proposal 6: RAN2 to support per-UE paging via LP-WUS: Upon detecting per-UE paging via LP-WUS by LR, the LR can stop LP-WUS monitoring, and MR starts legacy RACH procedure, i.e. skipping NR paging. FFS the design of UE ID used for paging, e.g. whether the length of UE ID can be reduced.
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Fig.1 UE-specific paging via LP-WUS
Option 2: per-group wake-up by UE subgroup based LP-WUS
UE subgroup based paging is another solution where LP-WUS indicates paged UE subgroups. 
In this option, LR receives UE subgroup based LP-WUS and then triggers MR to wake up, followed by a legacy paging operation. The LP-WUS does not wake up a UE specifically and paging monitoring and reception are still needed in MR to confirm whether the UE is paged or not.
Compared with Option 1, the advantage of Option 2 is that UE subgroup based LP-WUS requires lower signalling overhead and thus may support more LP-WUS UEs staying in LR since less information for UE identification is carried. The challenge, however, is UEs may suffer from unnecessary wake-up (i.e. paging false alarm), resulting in extra UE power consumption brought by the transition between LR and MR as well as paging monitoring related operations.
Observation 2: UE subgroup based LP-WUS has the paging false alarm issue, but it is a better trade-off between overhead and performance.
UE subgroup design is one of the main issues to be considered in Option 2. Considering that various UE subgrouping mechanisms, such as the CN controlled subgroup and the UE_ID based subgrouping, have been introduced by the UE power saving WI or NB-IoT WI in former releases, which seem sufficient for supporting different subgrouping requirements, these solutions may be reused as a baseline. New subgrouping mechanisms can be considered if the necessity and gain are justified.
Proposal 7: RAN2 to support per-group paging via LP-WUS, by taking existing subgrouping mechanisms (e.g., CN controlled subgrouping and UE_ID based subgrouping) as a baseline.
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Fig.2 UE subgroup based paging via LP-WUS
As for the specific paging operation after MR has been waked up, there could be two alternatives.
LP-WUS + PO monitoring:
One straightforward way is that the LP-WUS replaces the function of PEI to indicate whether there is paging for certain UE subgroups. As presented in Fig.3, after ramping up, MR needs to monitor PO and receive paging messages subsequently in order to finally determine whether the UE is paged.
[image: ]
Fig.3 LP-WUS replacing PEI
LP-WUS + PEI:
Combining LP-WUS with PEI is another way. After ramping up, MR further monitors the R17 wake-up signal PEI and decides whether to monitor the associated PO based on the indication via PEI. 
Through such a combination, the paging false alarm issue of UE subgroup based LP-WUS can be improved since the UEs waked up by LP-WUS can be refined by PEI, which provides a chance for UEs that are actually not paged to avoid unnecessary PO monitoring. However, the benefit comes with the cost of complexity and potentially larger paging latency, considering that additional time should be reserved for PEI monitoring.
[image: ]
Fig.4 LP-WUS combined with PEI
Proposal 8: For per-group paging via LP-WUS, both LP-WUS with legacy PO monitoring and LP-WUS with PEI can be considered as candidate solutions for further study.
Mobility management after LR is switched on
Fallback from LR to MR
As analysed in section 1, the LP-WUS coverage area may be smaller than the legacy cell coverage. Thus in this scenario, for the UE with mobility, once it moves out of the LP-WUS coverage (e.g. signal strength of LP-WUS is below threshold) but still within the coverage of the cell/MR, as presented in Fig. 5, MR should be waked up for the legacy idle/inactive procedures including paging monitoring. Then whether LR should be kept on or switched off should be discussed.
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Fig.5 LP-WUS coverage smaller than NR cell coverage
In practical usage, the channel condition of LP-WUS may change dramatically when a UE moves. For instance, the UE can encounter a situation of signals being blocked by obstacles. In this case, the UE needs to turn on MR following the above fallback mechanism, but the LR can be kept on in case the UE returns to good channel condition of the LP-WUS, which means after LP is switched on, as long as the signal strength of LP-WUS is good enough, the UE does not need to perform legacy idle/inactive procedures on MR. 
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Fig.6 Blockage in LP-WUS coverage
Proposal 9: RAN2 to support the following fallback mechanism considering LP-WUS coverage area may be smaller than the legacy cell coverage:
· After LR is switched on,
· If the signal strength of LP-WUS is below a thresholdFB, the MR should perform legacy idle/inactive behaviour including paging monitoring, meanwhile LR continues LP-WUS reception.
· If the signal strength of LP-WUS is above a thresholdFB, the MR can stop all legacy idle/inactive behaviour, and the UE performs LP-WUS reception on LR.
Stay on LR when moving
As shown in Fig.7, UE may stay in LP-WUS coverage when moving between legacy NR cells. For the greatest amount of power saving, the UE should rely on LR while stop/skip MR procedures as much as possible. 
UE
Legacy NR cell
LP-WUS coverage


[bookmark: _Ref114582585]Fig.7 LP-WUS coverage area is as same as NR cell
The ideal procedure would be as long as signal strength of LP-WUS is above a threshold for LR mobility, the UE stay on LR mode while turn off MR, which assumes the UE can evaluate signalling strength of LP-WUS of serving cell and neighbour cell, and can work on LR mode even after cell changes. However, according to RAN1 discussion, currently RAN1 is more focusing on offloading RRM measurement of serving/camping cell to LR, while keeping RRM measurement of neighbour cells on MR. This means the UE can identify cell info via LP-WUS, so that it only evaluates signal strength for its serving cell’s LP-WUS. Once the signal strength of LP-WUS is below a threshold, the UE should turn on MR to perform RRM measurement including measurement of neighbour cells which may lead to cell reselection. The question is when MR performing RRM, whether LR continues the LP-WUS reception. Our view is LR should continue LP-WUS reception for paging, so that MR only need to perform RRM. After cell reselection, the MR should perform legacy idle/inactive procedure to obtain system information and perform TAU/RNAU as legacy. Only when the new cell enables LR, the UE can turn off MR and rely on LR. 
Proposal 10: From RAN2 perspective, the following AS criteria can be supported for LR mobility:
· 1. Assuming LP-WUS can be used for RRM of serving cell and neighbour cells: if signal strength of LP-WUS is above a thresholdMob, the UE stays on LR mode and does not need to resume legacy procedures on MR, if LP-WUS can provide info to make sure UE can work on LR mode after cell changes. 
· 2. Assuming LP-WUS can be used for RRM of serving cell but not neighbour cells: if signal strength of LP-WUS is below a thresholdMob, the UE starts RRM measurement by MR, meanwhile LR continues LP-WUS reception, e.g. for paging. MR performs cell reselection based on RRM measurement as legacy. 
Other necessary transmission via LR
In legacy Uu interface, the UEs in RRC_IDLE/INACTIVE state needs to maintain valid system information of the camped cell, so it needs to monitor short message for change of system information as well as ETWS and CMAS notification. Furthermore, the UE needs to perform TAU/RNAU when TA/RAN area is changed after cell reselection. For LP-WUS monitoring in LR mode, the design target should allow the UEs to stay at LR mode as much as possible to reduce power consumption, which may require LP-WUS to carry more information apart from paging related info. But the feasibility is also subject to L1 signal design.
Observation 3: To reduce UE power consumption, the goal should be to allow UEs to stay at LR mode as much as possible which may require LP-WUS to carry more information than paging related info.
Tracking area code(s) and RAN area code(s) are used for the RAN notification area, and paging is transmitted within a tracking area/RAN area. When the UE moves to a new tracking area/RAN area without performing TAU or RNAU procedure, the network may not be able to reach the UE. Hence, if there is the case that UE moves to a new tracking area/RAN area while keeps staying in LR, it is necessary that LP-WUS carries tracking area/RAN area information to let UE know whether the tracking area/RAN area changes. But if the UE will always switch to MR when moves to a new cell, the legacy indication for tracking area/RAN area change in MR can be used without additional specification impact.
SI change indication can also be considered to be included in LP-WUS to notify the UE whether the essential SI has been changed, such as the update of LP-WUS related SI if any, RACH parameters or paging parameters, etc. For example, if there is LP-WUS related SI, once it changes, it should be informed to the UE in case the UE uses the wrong LP-WUS related configuration and cannot detect the LP-WUS correctly. As another example, if the UE early knows that RACH parameters has not changed, it can directly use the stored RACH parameters to perform initial access when the UE is waked up by UE-specific LP-WUS, which can reduce the access latency.
In addition, LP-WUS can also carry information about emergency notification which is urgent for the UE, such as ETWS information, CMAS information, etc.
Proposal 11: The following information can be considered to be delivery via LP-WUS in addition to paging information if possible according to RAN1/4 signalling design:
· RNAC/TAC
· SI change notification
· ETWS/CMAS information
Conclusion
[bookmark: OLE_LINK3]In this paper, we discuss scenario assumption as well as designs of paging procedure, transition between radios, mobility management and essential information for supporting LP-WUS in idle mode. Observations and proposals are summarized as follows.
Proposal 1: From RAN2 perspective, a UE in RRC_IDLE/INACTIVE state, based on some trigger conditions, can switch on LR to receive LP-WUS, meanwhile stop all the DL reception and UL transmission via MR.
Proposal 2: From RAN2 perspective, once UE is paged via LP-WUS on LR, its MR should be turned on and resume legacy idle/inactive behaviour. FFS what info in LP-WUS for paging, what procedures are performed by MR.
Proposal 3: From RAN2 perspective, the AS criteria of LP-WUS similar to cell (re)selection should be defined for mobility scenarios, FFS UE behaviour impact on both of LR and MR.
Assumptions on LP-WUS coverage and paging capacity:
Proposal 4: The scenarios that LP-WUS coverage is smaller than or the same as Uu/MR cell coverage should be considered by RAN2.
Proposal 5: Solutions for both per-UE paging and per-group paging via LP-WUS are to be studied in RAN2.
LP-WUS paging design:
Observation 1: UE-specific LP-WUS has better performance in terms of paging false alarm rate, but requires a high data rate in LR, which may impact paging capacity and thus the overall effect of the LP-WUS function.
Proposal 6: RAN2 to support per-UE paging via LP-WUS: Upon detecting per-UE paging via LP-WUS by LR, the LR can stop LP-WUS monitoring, and MR starts legacy RACH procedure, i.e. skipping NR paging. FFS the design of UE ID used for paging, e.g. whether the length of UE ID can be reduced.
Observation 2: UE subgroup based LP-WUS has the paging false alarm issue, but it is a better trade-off between overhead and performance.
Proposal 7: RAN2 to support per-group paging via LP-WUS, by taking existing subgrouping mechanisms (e.g., CN controlled subgrouping and UE_ID based subgrouping) as a baseline.
Proposal 8: For per-group paging via LP-WUS, both LP-WUS with legacy PO monitoring and LP-WUS with PEI can be considered as candidate solutions for further study.
Mobility management after LR is switched on:
Proposal 9: RAN2 to support the following fallback mechanism considering LP-WUS coverage area may be smaller than the legacy cell coverage:
· After LR is switched on,
· If the signal strength of LP-WUS is below a thresholdFB, the MR should perform legacy idle/inactive behaviour including paging monitoring, meanwhile LR continues LP-WUS reception.
· If the signal strength of LP-WUS is above a thresholdFB, the MR can stop all legacy idle/inactive behaviour, and the UE performs LP-WUS reception on LR.
Proposal 10: From RAN2 perspective, the following AS criteria can be supported for LR mobility:
· 1. Assuming LP-WUS can be used for RRM of serving cell and neighbour cells: if signal strength of LP-WUS is above a thresholdMob, the UE stays on LR mode and does not need to resume legacy procedures on MR, if LP-WUS can provide info to make sure UE can work on LR mode after cell changes. 
· 2. Assuming LP-WUS can be used for RRM of serving cell but not neighbour cells: if signal strength of LP-WUS is below a thresholdMob, the UE starts RRM measurement by MR, meanwhile LR continues LP-WUS reception, e.g. for paging. MR performs cell reselection based on RRM measurement as legacy. 
Other transmission via LR:
Observation 3: To reduce UE power consumption, the goal should be to allow UEs to stay at LR mode as much as possible which may require LP-WUS to carry more information than paging related info.
Proposal 11: The following information can be considered to be delivery via LP-WUS in addition to paging information if possible according to RAN1/4 signalling design:
· RNAC/TAC
· SI change notification
· ETWS/CMAS information
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