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1. Introduction
[bookmark: _Hlk67479244]In RAN#97, a study on low-power Wake-up Signal and Receiver for NR has been agreed in SID [1]. And the objective about LP-WUS is the following:
	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 


In this paper, based on the RAN1 progress, we will identify the topics which need RAN2 decision and the corresponding RAN2 impacts in idle/inactive mode.
2. [bookmark: _Toc12718547]Discussion
[bookmark: OLE_LINK2]For idle/inactive mode, in RAN1# 110b meeting, it has been agreed to introduce ultra-deep sleep mode as below:
	Agreement
Take the following power model for main radio for evaluation in LP-WUS/WUR SI,
· For IoT and wearable cases, reuse TR38.875 power model as baseline.
· For eMBB and other cases, reuse TR38.840 power model as baseline.
· Introduce ‘Ultra-deep sleep’ power state for main radio of UEs with LP-WUS receiver 
· FFS: The details of ‘Ultra-deep sleep’ power state


And in RAN2#121bise meeting, the understanding about the Ultra-deep sleep mode has reached an agreement as below:
	=>Ultra-deep-sleep = R2 understands for now that this is a power saving state (introduced by R1) to denote a state when the Main Receiver (MR) may sleep/turn off.


As a summary, in idle/inactive mode, UE could enter into ultra-deep sleep mode for power saving. During the ultra-deep sleep mode, UE would turn off Main radio (MR), and monitor LP-WUS with LP-WUR (LR). 
2.1 Activation/Deactivation procedures of LP-WUS	
According to [2] in RAN1#112bise meeting, RAN1 is evaluating the supported mobility state, coverage and other metrics of LP-WUS. The agreements highlighted in yellow as below shows that the coverage of LP-WUS may be insufficient:
	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.


According to the above agreements, the utilization of LP-WUS may be restricted by several factors, e.g., coverage, UE’s mobility state and so on. Moreover, if the channel environment for a UE may dynamically change, e.g., UE may accelerate, it may cause the LP-WUS no longer to be available. 
In RAN2, in order to figure out the entry/exit conditions for using LP-WUS, RAN2 needs to consider the conditions of LP-WUS for a LP-WUS capable UE based on RAN1’ output.
Proposal 1: RAN2 needs to consider the conditions of using LP-WUS for a LP-WUS capable UE based on RAN1’ output.
From UE perspective, UE could determine whether the condition of using LP-WUS is satisfied. For example, considering the changed channel environment, if the condition of LP-WUS isn’t satisfied, UE’ MR could exit from ultra-deep sleep mode. And if the condition of LP-WUS is satisfied, UE’ MR could enter into ultra-deep sleep mode. By this way, a LP-WUS capable UE could determine whether the condition of LP-WUS is satisfied by itself.
Proposal 2: RAN2 needs to support that UE can determine by itself on whether the condition of using LP-WUS is satisfied.
From network perspective, in order to ensure the alignment between gNB and UE, gNB should control the utilization of LP-WUS. In other words, only if gNB activates LP-WUS for a LP-WUS capable UE, UE’ MR is allowed to enter into ultra-deep sleep mode and UE’LR could monitor the corresponding LP-WUS. Meanwhile, if gNB deactivates LP-WUS for a LP-WUS capable UE, UE’ MR cannot enter into ultra-deep sleep mode.
Proposal 3: Only if gNB activates LP-WUS for a LP-WUS capable UE, UE’ MR is allowed to enter into ultra-deep sleep mode and UE’LR could monitor the corresponding LP-WUS. Meanwhile, if gNB deactivates LP-WUS for a LP-WUS capable UE, UE’ MR cannot enter into ultra-deep sleep mode.
In general, there are two ways to activate or deactivate a LP-WUS for a LP-WUS capable UE: 
· Alt1: gNB could indicate a LP-WUS capable UE to enter into ultra-deep sleep mode and activate the common or grouped or dedicated LP-WUS via RRC release message. Upon reception of this message, the UE’ MR could enter into ultra-deep sleep mode immediately and UE’ LR starts to monitor the corresponding LP-WUS. And gNB could transmit the corresponding LP-WUS to wake up UE with the activated LP-WUS by RRC dedicated message. 
· Alt2: gNB could activate the common or grouped LP-WUS configuration via SIB. If SIB broadcasts the configuration of LP-WUS, a LP-WUS capable UE’ MR always enters into ultra-deep sleep mode in idle or inactive mode. And gNB always transmits LP-WUS to wake up a LP-WUS capable UE. 
In RAN2, both of two ways could be considered.
Proposal 4: RAN2 needs to consider activating or deactivating LP-WUS for a LP-WUS capable UE via RRC dedicated message or SIB.

In idle or inactive mode, because gNB couldn’t obtain the information about the change of channel environment in UE, gNB cannot know whether UE satisfied the condition of LP-WUS. If gNB can’t know whether UE satisfies the condition of LP-WUS, it couldn’t know whether to transmit LP-WUS to the UE. Moreover, if UE’MR enters into the ultra-deep sleep mode and woke up by LP-WUS, it requires at least a ramp up time (400 ms or 500 ms) for UE’ MR to turn on and receive paging message then. Since gNB also can’t know when UE is able to receive paging message, it couldn’t determine when to transmit paging message.
One solution is to allow UE inform gNB whether UE satisfied the condition of LP-WUS. But UE has to set up RRC connection frequently which will increase the UE power consumption and so is undesired. So we suggest not to pursue this solution.
Proposal 5: There is no need for UE in idle/inactive to inform gNB whether UE satisfied the condition of using LP-WUS in idle/inactive mode.
Another approach to address this issue is for the gNB to assume that, whenever the LP-WUS is activated by either RRC or SIB for a LP-WUS capable UE, gNB always transmits it to wake up the UE and transmits the paging message at a fixed time point after LP-WUS. By doing so, as soon as UE’MR enters into the ultra-deep sleep mode, UE is able to detect the LP-WUS and wake up accordingly. Moreover, if UE’MR exits from the ultra-deep sleep mode, UE could monitor paging message at a fixed time point after LP-WUS. This fixed time point can be determined by the ramp-up time and the time for synchronization.
Proposal 6a: If the LP-WUS is activated by RRC or SIB for a LP-WUS capable UE, gNB always transmits it to wake up the UE.
Proposal 6b: If the LP-WUS is activated by RRC or SIB for a LP-WUS capable UE, gNB transmits the paging message at a fixed time point after LP-WUS.

2.2 RRM measurements
In idle/inactive mode, UE could perform serving cell measurement and neighbor cell measurement. According to TS 38.133, clause 4.2.2, UE shall wake up MR to measure SSB of serving cell measurement at least once every M1*N1 DRX cycles. Moreover, if the condition of triggering neighbor cell measurement is satisfied according to TS 38.304, UE shall wake up MR to measure SSB of neighbor cell at least every Tmeasure,NR. It can be seen that the serving cell and neighbor cell measurement contributes a lot to power consumption of UE in idle/inactive mode. 
In RAN1, there is a common understanding that RRM measurements performed by MR would jeopardize power saving benefit from LP-WUS. Hence, in order to keep power saving benefit from LP-WUS, a new serving cell measurement or neighbor cell measurement in idle/inactive mode that requires lower power consumption is beneficial. Considering the low power of LP-WUS, RAN1 is discussing RRM measurements performed by LP-WUR instead of RRM measurements performed by SSB. And in RAN1#111 and 112 meetings, some agreements are reached as below:
	Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode, 
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)
Agreement
Study potential measurement metric used for RRM measurements performed by LP-WUR. 
· examples of measurement metric are signal quality, signal power, detection rate of LP-WUS/synch signal
· companies to report assumption of signal used for measurements


If UE performs the serving cell RRM measurements by LP-WUR, UE could avoid turning on MR to measure SSB every DRX cycle. However, as in proposal 1, UE has to check whether it satisfies the condition of LP-WUS. If the condition of LP-WUS is based on SSB measurement results, UE may occasionally need to turn on MR to measure SSB in serving cell. Alternatively, if the condition for LP-WUR is based on LP-WUR measurement results, the UE’MR may maintain in ultra-deep sleep mode. As above, this could result in a different serving cell measurement compared to legacy measurements. From RAN2 perspective, RAN2 needs to consider this potential impacts.
Proposal 7: RAN2 needs to consider the impacts on serving cell RRM measurement if it’s performed by LP-WUR in idle/inactive mode.
Moreover, RRM measurements performed by LP-WUR can only be performed if the condition of using LP-WUS is satisfied. Hence, the condition for LP-WUS also directly affects the condition of RRM measurements performed by LP-WUR. 
In addition, according to TS 38.304, if the condition of neighbor cell measurement, e.g. Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, is satisfied, UE starts the neighbor cell measurement performed by SSB. If the condition of the relaxed neighbor cell measurement, e.g. (SrxlevRef – Srxlev) < SSearchDeltaP, is satisfied, UE starts the relaxed neighbor cell measurement performed by SSB. If UE starts to measure the SSB in neighbor cell, UE will turn on MR, and it is natural for UE to also measure SSB in the serving cell. Hence, it can be deduced that the condition of neighbor cell measurement and the relaxed condition of neighbor cell measurement have some relationship with the condition of RRM measurements performed by LP-WUR. In final, RAN2 could consider the relationship between RRM measurements performed by LP-WUR and the (relaxed) neighbor cell measurement performed by SSB.
Proposal 8: RAN2 needs to consider the relationship between RRM measurements performed by LP-WUR and the (relaxed) neighbor cell measurement performed by SSB.
Furthermore, if UE measures LP-WUS, its measurement result could replace the SSB measurement result, RAN2 could consider the impacts on cell reselection if RRM measurements is performed by LP-WUR.
Proposal 9: RAN2 needs to consider the impacts on cell reselection if RRM measurements is performed by LP-WUR.
2.3 Paging mechanism 
In current TS 38.304, UE monitors one PEI occasion per DRX cycle in IDLE/INACTIVE mode. PEI could indicate the available POs and subgroups of a paging occasion. Based on PEI, UE could determine whether to monitor the coming PO for paging. If LP-WUS is introduced, LP-WUS is transmitted to wake up UE from the ultra-deep sleep mode before PO. Hence, the UE behavior after LP-WUS should be discussed.
After the discussion in RAN2#121bise meeting, an agreement has been reached as below:
	=>  In scope: Use LPWUS with Idle / Inactive UE camping with reception of paging and other necessary transmissions (from serving cell), reusing if possible/reasonable concepts from earlier releases, where the LPWUS either wakes the UE to receive by MR, or it conveys information by itself, or both. 


As above, the possible UE behavior after UE wakes up could be summarized as below:
· Option 1: perform PO monitoring, and afterwards follow legacy procedures
· Option 2: perform PEI monitoring, and afterwards follow legacy procedures
· Option 3: transmit PRACH for initial access, and follow legacy procedures
In order to clarify those procedure clearly, the following procedures could be illustrated in Fig.1.
[image: ]
Fig.1
Generally, the paging mechanism with LP-WUS could takes into account three key factors: access latency, false wake up and the complexity of design of LP-WUS. And the design of LP-WUS is mainly within the scope of RAN1. From RAN2 side, the extended access latency by LP-WUS is more severe than legacy paging mechanism. And the extended access latency will increase the access failure. Therefore, RAN2 could consider how to decrease the access latency in a paging mechanism with LP-WUS.
For option 1, its access latency is largest, but its possibility of the false wake up is relatively low. If UE detects LP-WUS, UE’MR will wake up, obtain synchronization, monitor PEI, and determine whether to monitor the coming its PO based on PEI. The procedure of monitoring PEI increases the access latency, but decreases the false wake up. However, UE may miss its PEI in the nearest DRX cycle after UE wakes up, illustrated in Fig.1. In this case, UE has to monitor the PEI in the next DRX cycle. Hence, in the worst case, the access latency of option 1 may be extended by more than a ramp up time.
For option 2, its access latency is medium, but its possibility of the false wake up is relatively high. If UE detects LP-WUS, UE’MR will wake up, obtain synchronization, and monitor the coming its PO. The absent procedure of monitoring PEI decreases the access latency. However, UE may miss its PO in the nearest DRX cycle after UE wakes up, illustrated in Fig.1. In this case, UE has to monitor the PO in the next DRX cycle. Hence, in the worst case, the access latency of option 2 may be extended by more than a ramp up time. In addition, in order to decrease the possibility of the false wake up, LP-WUS is required to carry some information to indicate a condition that UEs in a specific PO or group need to wake up. In this way, UE that matches with the condition will wake up, obtain synchronization and monitor its own PO. But the information carried in LP-WUS increases the complexity of design of LP-WUS. 
For option 3, its latency is shortest, but it requires LP-WUS to wake up a specific UE. In general, the UE specific LP-WUS is allocated by gNB in connected mode. And UE monitors its LP-WUS during ultra-deep sleep mode. If UE detects its LP-WUS, UE will wake up and initiate a RACH directly. The absent procedure of monitoring PEI and PO decreases the access latency. However, in idle/inactive mode, UE could move out of the serving cell, UE specific LP-WUS that allocated in serving cell may became invalid. Therefore, RAN2 could consider how to support UE specific LP-WUS in idle/inactive mode. 
Proposal 10: RAN2 needs to make choice among the above options for a paging mechanism with LP-WUS considering how to decrease the access latency.
Moreover, the grouped LP-WUS could decrease the possibility of the false wake up. Some related agreements from RAN1#121bise meeting are listed as below and marked with highlight yellow:
	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
· For CONNECTED 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
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.


In addition, the group mechanism of LP-WUS is within the scope of RAN2 discussion. And the group mechanism of LP-WUS is related to the procedure after LP-WUS. For example, if UE performs PO monitoring after LP-WUS, similarly as group WUS in NB-IoT, the group mechanism of LP-WUS could be based on the paging probability. If UE performs PEI monitoring after LP-WUS, the group mechanism could be based on UE ID. Therefore, RAN2 could consider the paging mechanism with grouped LP-WUS.
Proposal 11: RAN2 needs to consider the paging mechanism with grouped LP-WUS.

2.4 UE capability
UE capability about LP-WUS is essential for gNB. Initially, gNB needs to activate LP-WUS for a UE only if the UE supports it. Moreover, when gNB pages a UE, it needs to transmit LP-WUS to wake up the UE who supports LP-WUS and has LP-WUS activated. However, gNB couldn’t store UE context of a UE in idle mode. gNB needs to obtain UE capability about LP-WUS when it pages the UE. Hence, RAN2 could consider the  UE capability signaling for LP-WUS.
Proposal 12: RAN2 needs to consider the UE capability signaling for LP-WUS.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given:
Proposal 1: RAN2 needs to consider the conditions of using LP-WUS for a LP-WUS capable UE based on RAN1’ output.
Proposal 2: RAN2 needs to support that UE can determine by itself on whether the condition of using LP-WUS is satisfied.
Proposal 3: Only if gNB activates LP-WUS for a LP-WUS capable UE, UE’ MR is allowed to enter into ultra-deep sleep mode and UE’LR could monitor the corresponding LP-WUS. Meanwhile, if gNB deactivates LP-WUS for a LP-WUS capable UE, UE’ MR cannot enter into ultra-deep sleep mode.
Proposal 4: RAN2 needs to consider activating or deactivating LP-WUS for a LP-WUS capable UE via RRC dedicated message or SIB.
Proposal 5: There is no need for UE in idle/inactive to inform gNB whether UE satisfied the condition of using LP-WUS in idle/inactive mode.
Proposal 6a: If the LP-WUS is activated by RRC or SIB for a LP-WUS capable UE, gNB always transmits it to wake up the UE.
Proposal 6b: If the LP-WUS is activated by RRC or SIB for a LP-WUS capable UE, gNB transmits the paging message at a fixed time point after LP-WUS.

Proposal 7: RAN2 needs to consider the impacts on serving cell RRM measurement if it’s performed by LP-WUR in idle/inactive mode.
Proposal 8: RAN2 needs to consider the relationship between RRM measurements performed by LP-WUR and the (relaxed) neighbor cell measurement performed by SSB.
Proposal 9: RAN2 needs to consider the impacts on cell reselection if RRM measurements is performed by LP-WUR.

Proposal 10: RAN2 needs to make choice among the above options for a paging mechanism with LP-WUS considering how to decrease the access latency.
[bookmark: _GoBack]Proposal 11: RAN2 needs to consider the paging mechanism with grouped LP-WUS.
Proposal 12: RAN2 needs to consider the UE capability signaling for LP-WUS.
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