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1. Introduction
In RAN#97e meeting, the revised SID for R18 low-power Wake-up Signal and Receiver for NR was agreed [1], and the objectives are given below:
	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. 


RAN1 has discussed the topic and reached some agreements for both RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED states. In this contribution, we will discuss the RRC_IDLE/RRC_INACTIVE procedures with LP-WUR, including the entry and exit conditions for ultra-deep sleep state, paging enhancements, RRM and mobility aspects with LP-WUR considering RAN1’s progresses.
2. Discussion
2.1. General
According to the SID, UE could be equipped with an additional Rx module apart from the current Rx module. The corresponding terminologies were agreed by RAN1 as follows:
	Use the following terminology for future discussion,
· Main radio (MR): the Tx/Rx module operating for legacy NR signals/channels apart from signals/channel related to low-power wake-up. 
· LP-WUR (LR): The Rx module operating for receiving/processing signals/channel related to low-power wake-up.


To evaluate the power consumption of LP-WUR based solution, a new power state is introduced in RAN1, namely ultra-deep sleep according to the following agreement in RAN1#110 bis meeting as below. In the following discussion, we would also use this terminology. 
	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


For a UE equipped with LR, the MR can be in ultra-deep sleep with very low power level when there is no data exchange between UE and network, while the LR remains active to monitor Low-Power Wake-Up Signal (LP-WUS) in DRX or continuous manner. When there is downlink data/signaling to be sent to the UE, the network will wake up the MR by LP-WUS. At the UE side, LP-WUS will be received by LR, which will trigger the MR to wake up to monitor the following signal from the network. As LR would adopt a minimalistic design, the power consumption of LR is expected to be significantly lower than legacy PDCCH monitoring. 
Observation 1: For UEs with LR, the power consumption for MR will be significantly reduced when MR is in ultra-deep sleep. 
According to RAN1 discussion, it should be common understanding that UE’s LR will monitor LP-WUS signaling at least when UE’s MR is in ultra-deep sleep. While whether LR could monitor LP-WUS in other cases could be further studied. Besides, RAN1 has agreed to study the manners of LP-WUS monitoring as below. But anyway, the details are up to RAN1 discussion. 
	Agreement
Study further pros and cons of the following monitoring behaviors of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 


Proposal 1: UE’s LR monitors LP-WUS signaling at least when MR is in ultra-deep sleep. Details are up to further discussion in RAN1 and RAN2.  
2.2. Entry/Exit conditions for ultra-deep sleep 
As discussed above, with LR, UE’s MR could enter into the ultra-deep sleep power state for further power saving. RAN2 should study some principles for UE to determine when and how to enter or return back from ultra-deep sleep to make sure UE works well. For example, the corresponding conditions for Entry/Exit for ultra-deep sleep should be introduced. 
2.2.1 Entry conditions 
As UE’s LR monitors LP-WUS signaling MR is in ultra-deep sleep, network should be aware of whether the UE could enter into ultra-deep sleep, in order for network to send LP-WUS for UE with LR. Thus, whether UE’s MR could enter into ultra-deep sleep power state should be controlled by network. But whether network knows exactly when the MR enters into ultra-deep sleep, e.g. whether inform network when entering into ultra-deep sleep, could be further studied. 
Regarding the detailed approaches to control when UE’s MR could enter into the ultra-deep sleep state from normal state, the following two alternatives could be considered:
· Alt 1: Network indication, i.e., UE’s MR enters ultra-deep sleep state upon receiving the network indication.
· Alt 2: Pre-conditions configured by network, i.e. UE’s MR automatically enters into ultra-deep sleep state when UE fulfills the conditions configured by network.
For alternative 1, we should further study what signaling should be used for this indication and whether the signaling is dedicated or broadcasted. For alternative 2, RAN2 should further study what conditions should be defined for ultra-deep sleep state. There are existing conditions defined for power saving purposes in the current specification, e.g. in Rel16/Rel-17 RRM relaxation, low mobility, stationary, not at cell edge criterion are introduced for UE to determine whether UE could relax the RRM measurement. These criteria mainly involve the channel condition and UE mobility state, similarly, we could design the conditions for ultra-deep sleep state from these perspectives. Anyway, the detailed solutions could be further studied based on companies’ contributions. 
Proposal 2: UE’s MR enters into ultra-deep sleep state should be controlled by network, following examples could be considered, details are FFS. 
· Alt 1: via Network indication, i.e., UE enters ultra-deep sleep power state upon receiving the network indication
· Alt 2: UE automatically enters into ultra-deep sleep power state when pre-configured condition(s) are fulfilled
2.2.2 Exit conditions 
When UE’s MR enters into ultra-deep sleep state, it could be assumed that MR won’t perform the paging monitoring. Hence, it should be ensured that UE could detect LP-WUS via LR in this case. As a prerequisite, UE should be in the coverage of LP-WUS, i.e., a region in which the quality of received LP-WUS, e.g. the RSRP, RSRQ, SINR, or other metrics (detail is up to RAN1) of LP-WUS is strong enough for UE to process/decode LP-WUS correctly. 
According to the following agreement made in RAN1#111 meeting, RAN1 is studying the feasibility of UE performing the RRM measurement by LR based on the signals detected by LR and it is FFS on whether/how to perform the RRM measurement by MR. Hence UE may determine the LP-WUS coverage by measurement results performed by LR and/or MR.
	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)


[bookmark: _Hlk131157457]Observation 2: RAN1 is studying the RRM measurement performed by LR and it is FFS on whether/how to perform the RRM measurement by MR.
Besides, RAN1 is discussing the evaluation of the coverage of LP-WUS and expected to compare LP-WUS with at least PDCCH for paging, PUSCH and others not precluded, according to the agreement in RAN1#110bis meeting, since there is no conclusion for LP-WUS coverage, we could wait for RAN1 on the detail for LP-WUS coverage. 
	Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded. FFS: Target coverage of LP-WUS


Observation 3: The coverage of LP-WUS is being discussed in RAN1.
Anyway, when UE is in the coverage of LP-WUS, it could decode LP-WUS via LR and UE would not miss any paging notification, then, UE’s MR could continue to stay in ultra-deep sleep.
On the other hand, when UE moves out of the coverage of LP-WUS, the receiving power of LP-WUS wouldn’t be strong enough for LR to demodulate correctly. In this case, since UE couldn’t monitor paging notification from LP-WUS via LR, UE’s MR should be return back to normal state to monitor paging (or even PEI) as legacy directly, which means that UE’s MR exits the ultra-deep sleep state. After that, UE’s MR should perform legacy RRC_IDLE/RRC_INACTIVE behaviour, e.g. cell selection/reselection, SSB, SI, paging reception, etc.
Proposal 3: UE’s MR could stay in ultra-deep sleep power state only when UE is in the coverage of LP-WUS. UE’s MR should exit ultra-deep sleep power state when UE moves out of coverage of LP-WUS. The determination of whether UE is in coverage or out of coverage of LP-WUS could be based on the measurements performed by LR and/or MR, details are FFS. 
As discussed above, during ultra-deep sleep state, the LR will monitor LP-WUS. If the UE receives LP-WUS via LR and the LP-WUS indicates UE to wake up, UE’s MR should also exit the ultra-deep sleep state to perform legacy RRC_IDLE/RRC_INACTIVE behaviour, e.g. paging monitoring, SI reception, etc. 
Proposal 4: UE’s MR should exit ultra-deep sleep power state when UE receives LP-WUS which indicates the UE to wake up.
Besides, RAN2 could also study other scenarios to wake up UE’s MR from ultra-deep sleep state based on companies’ contributions.
2.3. Paging enhancements
2.3.1 Paging monitoring
For legacy UEs in RRC_Idle/RRC_Inactive state, UE should periodically wake up to perform paging monitoring with DRX. In addition, UE may wake up every paging cycle(s) to perform measurements/sync according to the defined requirements. These two behaviors contribute most of the power consumption for RRC_Idle/RRC_Inactive UEs.
Observation 4: For legacy UE in RRC_Idle/RRC_Inactive state, paging monitoring and measurement contribute most of the power consumption.
To reduce the power consumption of paging monitoring, PEI (Paging Early Indication) was introduced in Rel-17. One PEI is associated with one PO, which is used to indicate UEs whether need to monitor the following PO. A UE supporting PEI can monitor PEI associated with its PO. If no PEI is detected, the UE can skip the following PO monitoring. In this way, the power consumption of paging monitoring can be reduced by PEI. 
However, the PEI solution requires the MR to monitor PEI, which implies the MR cannot sleep for a duration longer than one DRX cycle. It could be micro/light/deep sleep according to the DRX cycle length. If LP-WUS is introduced, the LR can be applied to monitor the LP-WUS. Using LR to perform LP-WUS monitoring allows the MR to ultra-deep sleep for a duration longer than one DRX cycle. Besides, the power consumption of LR is expected to be significantly low. Thus, LP-WUS-based solution can consume much less power than legacy. 
Observation 5: For paging monitoring, LP-WUS-based solution can consume much less power than legacy.
As we known, eDRX is also another solution to reduce the power consumption of RRC_Idle/RRC_Inactive UE. With eDRX, the UE is required to monitor paging only in a PTW window for one eDRX cycle, i.e. the MR is allowed to sleep out of the PTW window. The drawback of the eDRX solution is long paging latency according to the eDRX cycle, which limits its applicability and is usually applied to devices with delay tolerant services, such as IoT, but is not suitable for the eMBB and IIoT use cases. In comparison, using LP-WUS could extend the sleep duration of the MR without increasing the paging latency.
Observation 6: Compared with eDRX, using LP-WUS could extend the sleep duration of the MR without increasing the paging latency.
To compare the power saving effects of various power saving solutions, RAN1 is evaluating the power evaluation for all legacy solutions. Here, we also provide some evaluation results on power saving gain in RRC_IDLE and RRC_INACTIVE state with LP-WUS in Annex, more detailed simulation assumptions and results could be found in [2]. It could be observed that the LP-WUS could achieve substantial power saving gain for RRC_IDLE and RRC_INACTIVE state in various scenarios. 
Taking the above observations into account, we suggest:
Proposal 5: RAN2 to study LP-WUS applicable for RRC_Idle/RRC_Inactive state to reduce power consumption and latency of paging monitoring. 
2.3.2 Subgrouping for LP-WUS
As justified in [1], if UE’s MR wakes up only when it needs to be triggered, e.g., for paging addressed to this UE, power consumption could be dramatically reduced. That is to say, LP-WUS FAR (False Alarm Rate) is also critical to UE power consumption. The LP-WUS FAR could be caused by channel condition or insufficient paging grouping. The former is to be addressed by RAN1, which is being discussed. The latter means the detection of an LP-WUS which is intended to wake up/alarm the LR of another UE within the same UE group. It is obvious that high FAR caused by insufficient grouping paging deteriorates UE power consumption as well.
Observation 7: High FAR caused by insufficient paging grouping deteriorates UE power consumption.
To address the high FAR issue caused by insufficient paging grouping, subgrouping for LP-WUS could be considered, similar as the paging subgrouping introduced in Rel-17. In Rel-17, paging subgrouping via PEI was introduced, where UEs monitoring paging on the same PO are divided into maximum 8 subgroups. In order to obtain more power saving gain, it is better to introduce subgrouping for LP-WUS. Especially in case there is no association between LP-WUS and PO, e.g. LP-WUS is common for all UE (i.e. no UE grouping based on the transmission time of LP-WUS), paging grouping is more beneficial for LP-WUS. Hence, we propose that: 
Proposal 6: RAN2 to discuss whether to introduce subgrouping for LP-WUS to reduce false alarms rate of waking up.
How to include subgrouping information in LP-WUS is an open issue needs further study. LP-WUS may include sync signal /sequence, payload and CRC as discussed in RAN1. The structure for LP-WUS is being discussed in RAN1, which highly depends on how many information bits can be conveyed. For example, sequence-based LP-WUS can be considered if limited information bits are conveyed, while control information payload may be required if more bits would be conveyed. 
Subgrouping information could be conveyed via LP-WUS sequence or payload. More bits for subgrouping information, less paging FAR. In PEI solution in Rel-17, up to 8 subgroups can be supported within one PO, i.e. 3 bits are used for subgrouping. Considering 10-bit UE ID is already used to determine the time location of PO, 13 bits in total are used for legacy paging subgrouping in PEI. If a LP-WUS can be monitored by all UEs in one cell, at least 13-bit paging subgrouping information is required in order to achieve similar subgrouping granularity as legacy. We may further investigate how to convey this paging subgrouping information by LP-WUS sequence and/or payload. However, this relies on the LP-WUS signaling design by RAN1. It would be better to send an LS to RAN1 to raise this paging subgrouping requirement, and check whether it is feasible to include paging subgrouping information in LP-WUS, if yes, how many bits could be used for this purpose. 
Proposal 7: Send an LS to RAN1 to check whether it is possible to include paging subgrouping information in LP-WUS, if yes, how many bits could be used for this purpose.
2.4. RRM and Mobility for UE with LR
In RAN1#111 meeting, the following agreements are reached:
	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)


RAN1 is studying the feasibility of RRM measurements performed by LR, while whether/how the measurement performed by MR is FFS. Since UE supporting LR may be a mobile UE, the UE needs to continuously perform measurement at least to decide whether it is in the coverage of LP-WUS as we discussed above. Otherwise, the LP-WUS signal couldn’t be detected if the UE moves out of the coverage of LP-WUS. In this case, the UE becomes unreachable, which is undesirable from mobility perspective. Thus, RAN2 should study the measurement based on LR at least for serving cell.
If the measurement is mainly performed by MR, the power saving gain will be very limited because the MR will anyway need to wake up periodically to perform measurement. Therefore, the measurement based on LR for serving cell should be considered for power saving purpose. In RAN1#112 meeting, RAN1 discussed synchronisation signal, and reached the following agreements:
	Agreement
Study synchronisation signal used by LP-WUR, if needed, based on 
· Option 1: aperiodic signal transmitted as part of LP-WUS
· FFS: Whether the signal can additionally be transmitted separately from LP-WUS 
· Option 2: periodic signal transmitted separately from LP-WUS
· Option 3: Option1 + Option2


In our understanding, the measurement performed by LR can be based on the above synchronisation signal, at least for serving cell measurement.
Another issue is whether LR needs to measure neighbour cells, e.g., for the purpose of cell selection/reselection. It may depend on RAN1’s progress, e.g., synchronisation signal design, whether the accuracy for the measurement performed by LR is enough, and whether LR can simultaneously measure synchronisation signals of multiple cells/frequencies (separately corresponding to serving cell and neighbour cells) or not. If eventually, it is feasible that cell selection/reselection could be based on the measurement by LR, UE’s MR doesn’t to wake up periodically for measurement. Otherwise, the MR may need to wake up and perform the measurement as legacy in some cases, e.g., the measurement result of serving cell from LR is not enough.
Proposal 8: Measurement based on LR at least for serving cell is supported. FFS for neighbour cell and corresponding cell selection/reselection. 
In legacy, the UE in RRC_IDLE/RRC_INACTIVE shall ensure having a valid (latest) version of system information of the current serving cell. The UE shall monitor SI change indication in its own paging occasion every DRX cycle in RRC_IDLE/RRC_INACTIVE state and the UE needs to acquire the updated SI upon receiving SI change indication. Moreover, UE needs to acquire the SI of the serving cell when UE performs cell selection/reselection. 
In case UE’s MR enters into ultra-deep sleep state, it should be studied whether the UE needs to maintain valid SI during ultra-deep sleep, including the scenarios of SI change or cell selection/reselection. The following options could be considered:
· Option 1: UE maintains valid SI during ultra-deep sleep.
· Option 2: UE doesn’t maintain valid SI during ultra-deep sleep.
Option 1 could achieve less paging latency with some power consumption since the MR may need to wake up to receive the updated SI, while option 2 has more power saving gain while the paging latency may be longer since the UE needs to receive SI after waking up before paging reception or initiating the RRC connection setup.
Proposal 9: RAN2 to discuss whether to maintain valid SI in case UE’s MR is in ultra-deep sleep state.  
3. Conclusion
In this contribution, we discuss the entry and exit conditions for ultra-deep sleep state, paging enhancements, RRM and mobility aspects with LP-WUR. Based on the discussion, we have the following observations and proposals.
The observations are：
Observation 1: For UEs with LR, the power consumption for MR will be significantly reduced when MR is in ultra-deep sleep. 
Observation 2: RAN1 is studying the RRM measurement performed by LR and it is FFS on whether/how to perform the RRM measurement by MR.
Observation 3: The coverage of LP-WUS is being discussed in RAN1.
Observation 4: For legacy UE in RRC_Idle/RRC_Inactive state, paging monitoring and measurement contribute most of the power consumption.
Observation 5: For paging monitoring, LP-WUS-based solution can consume much less power than legacy.
Observation 6: Compared with eDRX, using LP-WUS could extend the sleep duration of the MR without increasing the paging latency.
Observation 7: High FAR caused by insufficient paging grouping deteriorates UE power consumption.
The proposals are:
Proposal 1: UE’s LR monitors LP-WUS signaling at least when MR is in ultra-deep sleep. Details are up to further discussion in RAN1 and RAN2.  
Proposal 2: UE’s MR enters into ultra-deep sleep state should be controlled by network, following examples could be considered, details are FFS. 
· Alt 1: via Network indication, i.e., UE enters ultra-deep sleep power state upon receiving the network indication
· Alt 2: UE automatically enters into ultra-deep sleep power state when pre-configured condition(s) are fulfilled
Proposal 3: UE’s MR could stay in ultra-deep sleep power state only when UE is in the coverage of LP-WUS. UE’s MR should exit ultra-deep sleep power state when UE moves out of coverage of LP-WUS. The determination of whether UE is in coverage or out of coverage of LP-WUS could be based on the measurements performed by LR and/or MR, details are FFS. 
Proposal 4: UE’s MR should exit ultra-deep sleep power state when UE receives LP-WUS which indicates the UE to wake up.
Proposal 5: RAN2 to study LP-WUS applicable for RRC_Idle/RRC_Inactive state to reduce power consumption and latency of paging monitoring. 
Proposal 6: RAN2 to discuss whether to introduce subgrouping for LP-WUS to reduce false alarms rate of waking up.
Proposal 7: Send an LS to RAN1 to check whether it is possible to include paging subgrouping information in LP-WUS, if yes, how many bits could be used for this purpose.
Proposal 8: Measurement based on LR at least for serving cell is supported. FFS for neighbour cell and corresponding cell selection/reselection. 
Proposal 9: RAN2 to discuss whether to maintain valid SI in case UE’s MR is in ultra-deep sleep state.  
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Annex – Simulation results in RRC_idle/inactive
We provide the power evaluation results considering the following aspects which will do impact on power consumption and latency performance.  
· Baselines: PO monitoring with i-DRX, e-DRX, with or without PEI
· Assumed MR sleep state during LP-WUS monitoring: deep sleep or ultra-deep sleep 
· The relative power of LP-WUR “ON” state: [0.01/0.05/0.1/0.5/1/2/4/20/40] units
· MR Ramp-up time: [400ms] and Ramp-up and down transition energy: [15000]
· Sync/re-sync time X: X= [60, 100ms] and sync/re-sync energy: [2180, 3340]
· RRM: 
· For baselines: option 1: RRM measurement is only performed by MR.
· For LP-WUS scheme: 
Option 2: MR performs relaxed RRM measurement every X I-DRX cycles, where X can be 10 or 20. And LP-WUR performs assistant RRM measurement based on periodic lower power signal e.g., LP-SS.
Option 3: RRM measurement is totally performed by LP-WUR.
· The false-alarm rate (FAR) of LP-WUS: [0, 0.1%, 1%]
Note: Adopt Alt-2 of FAR target which is determined across a reference time duration (e.g., 1.28s) of one or multiple WUS attempts/trials.
· Per UE paging rate i.e., RE=RE, REF= [1%, 0.1%, 0.01% or 0.001%], Y=YREF = 1.28s
· Per group paging rate i.e., RG=1 – (1 – RE)N , N is the number of UEs in the group: [10, 20] 
· LP-WUS monitoring: 
a) Option 1: continuously monitoring; 
b) Option 2: discontinuously monitoring
· [200ms, 600ms, 1000ms] as the period for an on-and-off cycle, and for each cycle the duty cycle ratio is [0.1%, 2%, 10%, 40%].
· LP-WUR on-off transition time: 10ms.
Comparing i-DRX, e-DRX (with or without PEI) with LP-WUS scheme 
Figure 2 shows the simulation results with different baseline schemes under the configurations in Table 5.
[bookmark: _Ref127536500]Table 5. Configurations for evaluation with different baselines.
	Parameters
	Ramp-up time and transition energy
	Sync/re-sync time and energy
	FAR of LP-WUS
	LP-WUS monitoring configuration
	Per UE paging rate
	Assumed MR sleep state
	RRM

	Values
	400ms; 15000
	100ms; 3340
	0.1%
	continuous
	0.001%
	Ultra-deep sleep
	Option 1 for baseline scheme;
Option 3 for LP-WUS scheme.





[bookmark: _Ref127536488]Figure 2.  Initial simulation results of power consumption and latency for different schemes
According to the results, the following observations are given:
[bookmark: _Ref127561841]Observation 1: Compared with I-DRX paging, LP-WUR/WUS scheme with continuously monitoring configuration can achieve around 50%~98% power saving gain when the relative power of LP-WUR “ON” state is no more than 1 unit, with marginal latency increase.
[bookmark: _Ref127561871]Observation 2: Compared with eDRX, LP-WUR/WUS scheme with continuously monitoring configuration can largely reduce the paging latency (23x), with comparable UE power consumption.
[bookmark: _Ref127561877]Observation 3:  LP-WUR/WUS scheme provides a much better trade-off between latency and power consumption when relative power of LP-WUR “ON” state is no more than 1unit, compared with I-DRX paging and eDRX scheme.
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  3GPP TSG - RAN WG2 Meeting #121bis - e     R2 - 2302662   eMeeting, 1 7 th   Apr.   –   26 th   Apr. 2023   Source:   vivo   Title:   Discussion on LP - WUS/WUR in RRC_I DLE /I NACTIVE   Agenda Item:   7. 22 .2   Document for:   Discussion and Decision   1.   Introduction   In RAN#97e meeting, the revised SID for R18 low - power Wake - up Signal and Receiver for NR was agreed  [1] , and the  objectives are given below:  

The study item includes the following objectives:      Identify evaluation methodology (including the use cases) & KPIs [RAN1]   o   Primarily target low - power WUS/W UR 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]   o   Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary.    

RAN1 has discussed the topic and reached some agreements for both RRC_IDLE/RRC_INACTIVE and  RRC_CONNECTED states. In this  contribution, we will discuss the RRC_IDLE/RRC_INACTIVE procedures with LP - WU R , including the entry and exit conditions for ultra - deep sleep state,  paging   enhancements ,   RRM and  mobility aspect s   with LP - WU R   considering   RAN1’s  progress es .   2.   Discussion   2.1.   General   According to the SID,  UE   could   be equipped with  an additional  Rx module apart from  the  current Rx module.  The  corresponding  terminologies were agreed by  RAN1 as follows:  

Use the following terminology for future discussion,      Main radio  (MR) :  the Tx/Rx module operating for  legacy   NR  signals/channels  apart from  signals/channel  related to low - power wake - up .        LP - WUR  ( L R) : The Rx module operating for receiving/processing signals/channel related to low - power  wake - up.  

