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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#97e meeting, the revised SID for R18 low-power Wake-up Signal and Receiver for NR was agreed [1], and in RAN2#121bis-e and #122 meeting, we have the following relevant agreements on LP-WUS and LP-WUR:
	Confirm that we follow R1 and include RRC idle/inactive/connected.
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.
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. 
RAN2 expect that different coverage LR/MR may have RAN2 impact, e.g. UE need to stop using LP WUS when moving out of LR coverage, other aspects FFS. What to cover (if anything) in TS 38.304 is FFS.
For UE in RRC_IDLE/RRC_INACTIVE state, it is FFS to what extent the network is or need to be aware of which receiver the UE uses MR/LR or both (for paging reception etc). A potential drawback of not knowing could be increased LP WUS load, a potential drawback of awareness is increased signalling. 
RAN2 assumes that UE uses LP WUS when pre-configured condition(s) are fulfilled. 
(Other control methods not precluded)
RAN2 assumes that using subgrouping for LP-WUS could be beneficial to reduce false alarms rate (depend on L1 capacity to carry payload).


In this contribution, we will further discuss the detailed RRC_IDLE/RRC_INACTIVE procedures with LP-WUR, including wake up procedure, the entry and exit conditions for ultra-deep sleep state, LP-WUS subgroup, SI change notification and RRM and mobility aspects with LP-WUR considering RAN1’s progress.
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.


In RAN2#121bis meeting, we have agreed that ultra-deep-sleep is a power saving state in which MR may sleep/turn off, we will still use the terminology in this contribution for convenience.
2.2. Wake up procedure 
For legacy UEs in RRC_Idle/RRC_Inactive state, UE should periodically wake up to perform paging monitoring with DRX. In order to reduce the power consumption of paging monitoring, PEI (Paging Early Indication) was introduced in Rel-17. One PEI could be 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 and if PEI for this UE is detected, the UE will monitor the following PO. After UE receives its paging, it will perform RACH to set up/resume RRC connection. 
Observation 1: For legacy UE in RRC_Idle/RRC_Inactive state, it will wake up and monitor paging or PEI periodically, and perform RACH if UE’s paging is received.
For a UE equipped with LR, the MR can be in ultra-deep sleep state 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, LP-WUS will be sent to UE. If the UE receives LP-WUS via LR which indicates UE to wake up, the MR should exit the ultra-deep sleep state and wake up for normal data transmission. 
In this case, UE’s MR should perform legacy RRC_IDLE/RRC_INACTIVE behaviour, e.g. paging monitoring, SI reception, and RACH, etc. Thus, we need to discuss the detailed UE behaviour when UE wakes up from ultra-deep sleep state. In RAN1#111 meeting, the following agreements were achieved for latency evaluation:
	For IDLE/INACTIVE state, the latency is the time interval between the data arrival time at the gNB and the time of the first PO UE can [monitor/detect] the paging message
· FFS: if UE is not required to monitor a PO after wake-up, e.g., latency is the time interval between the data arrival time at the gNB and the time UE transmits the PRACH after LP-WUS detection.
· sync/re-sync for main radio is included


It could be observed that there are two possible way forwards on UE behaviour after waking up:
· Option 1: UE performs RACH directly.
· Option 2:  UE performs paging monitoring or UE performs PEI (if supported) and paging monitoring.
For option 1, it requires per-UE indication in LP-WUS, i.e. the unique UE identity in LP-WUS. Otherwise, too many UEs would perform RACH due to false alarm, which will lead unnecessary signaling overhead/congestion and power consumption. In our view, the UE identity in current paging message should be reused in this case, which is the NG-5G-S-TMSI with 48 bis for RRC_IDLE UEs and I-RNTI-Value with 40 bits for RRC_INACTIVE UEs. Hence, 48 bits should be reserved for UE_ID in LP-WUS, which will be a challenge for the LP-WUS design, and it is not feasible due to current RAN1 discussion. Besides, option 1 may also require the RACH configuration should be valid and stored by UE when UE is in ultra-deep sleep, which will bring additional complexity.
Observation 2: performing RACH directly after waking up by LP-WUS may require per-UE indication in LP-WUS and RACH configuration to be valid/stored.
While we think option 2 should be the baseline, i.e. it is straightforward that UE performs paging monitoring or PEI and paging monitoring related behaviour, instead of performing RACH procedure directly, after waking up. Whether needs to monitor PEI depends on the discussion on whether LP-WUS could be used together with PEI. Besides, after UE wakes up, whether/how to measure SSB and perform SI reception is FFS, depending on the discussion on RRM and mobility in section 2.6, e.g. whether need to maintain valid SI information during ultra-deep sleep state.
Proposal 1: UE’s MR should wake up (i.e. exit ultra-deep sleep power state) when UE receives LP-WUS which indicates the UE to wake up. 
Proposal 2: After waking up by LP-WUS, RAN2 assumes UE should perform paging (or possible PEI FFS) monitoring related behaviours, but not perform RACH procedure directly. 
If the way forward that UE monitors paging (or PEI and paging) after UE wakes up triggered by LP-WUS, the paging latency will be as follows based on the legacy PO:


Figure 1: Latency for LP-WUS based on legacy PO
Assuming the UE paging DRX is 1.28s, then UE needs to wait an average latency of 640ms when UE completes the ramp up and synchronization procedure. 
To reduce the latency, a dynamic PO solution could be considered, in which the first PO when UE wakes up from ultra-deep-sleep state to monitor paging is design as close to the SSB for synchronization and before the UE’s legacy PO, as follows:

 
Figure 2: Latency for LP-WUS based dynamic PO
It could be observed that the longer of the paging cycle is used, the more latency will be reduced by dynamic PO. Hence the dynamic PO is worth to be studied in RAN2. In our view, the following options could be considered for dynamic PO design:
· Option 1: Introducing new PO location, e.g. network configures additional PO location for LP-WUS based paging monitoring, or introducing fixed offset or dynamic offset via LP-WUS, in which the UE determines the new PO location based on the LP-WUS time location and offset, details could be further studied.
· Option 2: Legacy PO for any UE. In this case, when UE wakes up and after performing synchronization, it will monitor any PO regardless of whether the PO belongs to this UE or not.
Anyway, the details need further discussion. But legacy PO is for sure the baseline for LP-WUS design. 
Proposal 3: After waking up by LP-WUS, RAN2 assumes the baseline is the UE monitors the legacy PO, it is FFS whether/how to introduce dynamic PO, i.e. the first PO after UE wakes up from ultra-deep-sleep.
Proposal 4: RAN2 consider to capture the below options in TR regarding the dynamic PO design:
· Option 1: Introducing new PO configuration
· Option 2: Legacy PO for any UE
2.3. Entry/Exit conditions for using LP-WUS 
As discussed above, with LR, UE’s MR could enter the ultra-deep-sleep power state for power saving. Here, we further discuss the corresponding entry/exit conditions for using LP-WUS. 
2.2.1 Entry conditions 
In the RAN2#122 meeting, the following agreement has been reached.
	RAN2 assumes that UE uses LP WUS when pre-configured condition(s) are fulfilled. 
(Other control methods not precluded)


Thus, we need to discuss the condition(s) for using LP-WUS. We could naturally assume LP-WUS could be used when the UE is in the LP-WUS coverage.  According to the current RAN1 progress, it is very likely to support the scenario that the LP-WUS coverage may be smaller than the coverage of legacy SSB. In this case, we need to discuss how to determine whether the UE is in coverage or not. 
A most straightforward way is to define a quality threshold for the target Reference Signal measurement to determine the coverage. One entry condition for using LP-WUS could be pre-configured to UE based on this quality threshold. From network perspective, the threshold could be set based on the coverage of LP-WUS. With this threshold, LP-WUS could be used, and UE’s MR could enter ultra-deep-sleep power state when the quality of target Reference Signal is better than the threshold.
Before entry condition is fulfilled, UE should perform legacy measurement on serving cell based on legacy SSB, e.g. for cell (re)selection purpose. Hence, it is straightforward to use the legacy SSB as the target Reference Signal for pre-configured entry condition. That is, when the quality of the serving cell’s SSB measured by MR is better than a pre-configured threshold, UE considers the entry condition is fulfilled, then, LP-WUS could be used and MR could enter ultra-deep-sleep power state for power saving.
Alternatively, as RAN1 is discussing to introduce LP-SS for LR measurement, the pre-condition could be also defined based on the measurement on LP-SS via LR.  In this way, the target Reference Signal could be the LP-SS sent by the serving cell, i.e. when the quality of the LP-SS measured by LR is better than a pre-configured threshold, UE considers the entry condition for using LP-WUS is fulfilled. The solution requires the UE to perform measurement on LP-SS via LR before using LP-WUS. In this way, the UE needs to turn on its LR before entering ultra-deep- sleep power state, which may lead to extra power consumption, but it is not a issue as the power consumption of LR is very low. 
[bookmark: _Hlk142659546]Proposal 5: Entering condition of using LP-WUS is pre-configured by network, which includes at least good serving cell quality, e.g. the serving cell quality of LP-SS measured by LR and/or SSB measured by MR is better than pre-configured threshold(s). Other condition(s) is not precluded/FFS.  
2.2.2 Exit conditions 
In the RAN2#122 meeting, the following agreement has been reached.
	RAN2 expect that different coverage LR/MR may have RAN2 impact, e.g. UE need to stop using LP WUS when moving out of LR coverage, other aspects FFS. What to cover (if anything) in TS 38.304 is FFS.


According to the agreement, it is obvious that UE’s MR could stay in ultra-deep sleep power state only when UE is in the coverage of LP-WUS. When UE moves out of the coverage of LP-WUS, the network cannot wake up UE’s MR via LP-WUS. Hence, UE should turn on/wake up its MR when it moves out of the coverage of LP-WUS to avoid missing the paging message. 
Obviously, one of the exit conditions for using LP-WUS or ultra-deep- sleep power state should be that the UE is out of LP-WUS coverage. Similar to what has been already discussed in section 2.2.1, we think a quality threshold of target Reference Signal can be pre-configured to UE to define the exit condition for using LP-WUS. With this threshold, UE can stop using LP-WUS and exit the ultra-deep -sleep power state when the quality of target Reference Signal is lower than the threshold. 
During ultra-deep-sleep or when using LP-WUS, UE’s MR may not perform measurement as legacy. Thus, in order to be applicable for all cases, the pre-configured exit condition should be only based on the measurement of target Reference Signal by LR. During the discussion in RAN1, LP-SS may be optional for LP-WUS. In this case, legacy SSB could be the target Reference Signal to be measured by LR. The details could be further discussed based on RAN1 progress.   
Proposal 6: UE stops using LP-WUS when exit condition(s) pre-configured by the network is fulfilled, which includes at least out of coverage, e.g.  the serving cell quality of   LP-SS (if configured) measured LR is less than a pre-configured threshold. 
2.2.3 Network awareness of LP-WUS monitoring
As mentioned above, the UE may enter and exit ultra-deep sleep power state, i.e. monitor LP-WUS or not, dynamically, based on the measurement result and the pre-configured threshold. Thus, whether the network needs to be aware of LP-WUS monitoring, i.e. in ultra-deep sleep or not, should be discussed. 
On one hand, if the network is aware of UE monitoring of LP-WUS or not, it is beneficial for the network on resource efficiency. For example, the network needs not send LP-WUS signaling before paging a UE if the network knows the concerned UE is not monitoring LP-WUS. The radio resource for sending LP-WUS can be saved.
On the other hand, to make the network know whether the UE is monitoring LP-WUS or not, UE needs to report its state when entering/exiting condition is fulfilled. Besides, the reporting should be performed only after security has been established between UE and the network to avoid potential attacks from wicked UEs.  Hence, the reporting of monitoring LP-WUS will cause heavy signaling overhead and extra power consumption. 
Taking the above into account, we think the cost of reporting entering/exiting can not justify the gain. Hence, we propose:
Proposal 7: For UE in RRC_IDLE/RRC_INACTIVE state, there is no need for the network to be aware of whether the UE is monitoring LP-WUS or not.
2.4. [bookmark: _Hlk142659624]LP-WUS Subgrouping 
RAN2#122 meeting has agreed that: 
	RAN2 assumes that using subgrouping for LP-WUS could be beneficial to reduce false alarms rate (depend on L1 capacity to carry payload). 


We need to study the subgrouping methods for LP-WUS. In Rel-17 PEI, two subgrouping methods were introduced:
· CN assigned subgrouping:  UE's subgroup is assigned by CN taking into account the UE's characters, such as mobility pattern, and paging probabilities.
· UE_ID based subgrouping: UE's subgroup is formed based on UE_ID in RAN.
Similar to the PEI subgrouping, we may consider CN assigned and/or UE_ID based subgrouping for LP-WUS. Detailed subgrouping methods can be determined during WI phase.
Proposal 8: Subgrouping methods for LP-WUS include CN assigned and/or UE_ID based subgrouping, which are similar to the PEI subgrouping methods. Details determined during WI phase. 
Which subgrouping method(s) would be finally adopted is also related to whether LP-WUS could be used together with PEI discussed below. 
As discussed in section 2.2.2, LP-WUS could be used in the case of good serving cell quality defined above. When LP-WUS coverage is insufficient, UE’s MR needs to wake up to perform legacy operation. In this case, PEI could be also used as fallback mechanism to save UE power consumption for paging monitoring. It means, the network would configure and transmit both LP-WUS and PEI for the UE, especially when the network is not aware of UE’s entry/exit of LP-WUS monitoring. From UE perspective, LP-WUS could be used together with PEI if both LP-WUS and PEI are configured, to achieve more power saving gain. 
Proposal 9: LP-WUS could be used together with PEI for one UE if network configures both LP-WUS and PEI. 
In case LP-WUS and PEI are used together for one UE, the UE may save more power during paging monitoring. For example, UE monitors LP-WUS by LR and wakes up MR if LP-WUS indicates this. Considering the false alarms rate depends on the limited payload of LP-WUS designed by RAN1, the UE may monitor PEI by MR to further reduce false alarm rate for paging monitoring. For this purpose, two level of subgrouping needs be considered, e,g, the subgroup ID of LP-WUS and PEI should be independent. We may further study the details of two-level subgrouping, if we agreed LP-WUS is used together with PEI for one UE. 
Proposal 10: In case LP-WUS and PEI are used together, two-level of subgrouping is FFS.
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 at least could be used for this purpose. 
Proposal 11: Send an LS to RAN1 to check whether it is possible to include paging subgrouping information in LP-WUS, if yes, how many bits at least could be used for this purpose.
2.5. SI change and ETWS/CMAS notification
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, the 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. We have a little preference on Option 1 as it has less impact on wake up latency.
Proposal 12: UE maintains valid SI in case UE’s MR is in ultra-deep sleep state.  
If maintaining valid SI in case UE’s MR is in ultra-deep sleep state, one issue is how to notify the SI change for the UE in ultra-deep sleep state. The similar issue may also exist for ETWS/CMAS. ETWS/CMAS is regulatory requirement for UEs supporting ETWS/CMAS. Therefore, even for UE in ultra-deep sleep, the ETWS/CMAS massages should be ensured to be reachable if the UE is capable of ETWS/CMAS.
Proposal 13: ETWS/CMAS should be supported by UE with LP-WUR, if capable, i.e. UEs in ultra-deep sleep are reachable for ETWS/CMAS notification. 
In order to achieve the reachability, there could be two methods to notify the SI change or ETWS/CMAS for the UEs in ultra-deep sleep:
· Method 1: based on legacy indication in short message/paging, i.e. waking UE up by LP-WUS (e.g., wake up all the subgroups in LP-WUS), and receiving the notification of SI change or ETWS/CMAS as in legacy.
· Method 2: introduce direct notification indicator(s) in LP-WUS signal, i.e. waking the UE up to receive updated SI, or ETWS/CMAS directly. 
With Method 1, after receiving LP-WUS signal, the UE’s MR wakes up to monitor PDCCH in its PO. After receiving the ETWS/CMAS notification/SI change in short/paging message, the UE will receive ETWS/CMAS information and updated SI. According to RAN1’s evaluation, the wake-up time (i.e., from receiving LP-WUS signal to monitoring PDCCH) is about 400-600 ms. One issue is whether the UE has enough time to receive short message for SI change or ETWS/CMAS notification. According to current specification, the network sends the short message in all the POs within a modification period. A modification period is equal to modificationPeriodCoeff * defaultPagingCycle. 
BCCH-Config ::=                 SEQUENCE {
    modificationPeriodCoeff         ENUMERATED {n2, n4, n8, n16},
    ...
}
defaultPagingCycle                  PagingCycle,
PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}
According to the configuration, the shortest modification period is 320*2=640ms. If the UE receives the LP-WUS at the beginning of the modification period, in the worst case there is only 40ms left to monitor short message. It is possible that there is no PO of the UE in the left 40ms, as show in below figure. Then, the short message for SI change or ETWS/CMAS notification is missing, which causes that the UE will not receive the updated system information or ETWS/CMAS. For any other value combination of modificationPeriodCoeff and defaultPagingCycle, the left time is enough to obtain the short message. To address the issue, a simple method is up to network to ensure UEs using LP-WUS have enough length of modification period for short message reception, e.g. forbidding the shortest modification period in cells using LP-WUS.


Figure 3: Monitoring short message
With Method 2, the UE can immediately know via the notify indicator(s) that ETWS/CMAS or SI change occurs.
In summary, method 1 could save the overhead for the payload of WUS signal, but there may be the issue of missing short message in the worst case. Method 2 could reduce the latency for reception, especially for ETWS/CMAS, and also save some power due to no need to receive short message. But it needs more payload in LP-WUS, which would be the challenge of LP-WUS signaling design.
Proposal 14: RAN2 to discuss how to indicate the notification of ETWS/CMAS or SI change (if valid SI needs to be maintained) for UE in ultra-deep sleep, including: by legacy indication or direct notification indicator(s) in LP-WUS.
Proposal 15: Capture the below pros and cons in the TR on including the notification of ETWS/CMAS or SI change in LP-WUS:
· Pros: Reduce the latency for reception, especially for ETWS/CMAS, and more power saving gain due to no need to receive short message. 
· Cons: More payload in LP-WUS.
2.6. RRM and Mobility for UE with LR
In RAN1#113 meeting[2], the following agreements are reached:
	Agreement
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
· Periodic reference signal(s) is/are used for LR measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
· FFS: periodicity, content
· MR performs measurements 
· Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
· FFS: Condition for relaxation if any
· Can apply for both neighboring and serving cell
· Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
· FFS threshold.
· Above MR measurement under certain conditions can apply for both neighboring and serving cell
· Potentially with relaxation methods for MR neighboring cell measurement 
· Other alternatives are not precluded
· FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR



Observation 3: RAN1 has agreed to study using LP-WUR to perform RRM measurement of serving cell, i.e., offloading of RRM measurements of serving cell to LP-WUR under certain conditions, and study in this case MR performs relaxation of serving/neighboring cell RRM measurements.
Besides, in RAN 1#113, it has agreed the following simulation results on the power saving gain provided by LP-WUS in different scenarios:
	Agreement
Observations:
	For RRM with duty-cycled LP-WUS monitoring, the following observations are made with the assumption that 
· MR in ultra-deep sleep
· Effective per UE paging arrival rate <=1% 
· LP-WUR duty cycle ratio <=2%
· MR ramp-up time/transition energy option 1 (i.e., 400ms, 15000)
· RRM relaxation is assumed for both serving and neighbouring cells
Compared with i-DRX, LP-WUS operation with
· No RRM relaxed
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([-301%~-569%]) 
· MR relaxed < 8 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([-10%~7%)) 
· 8 times<= MR relaxed <=16 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([31%~60%]) 
· RRM relaxed > 16 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([60~92%]) 
· RRM offload RRM to LR
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([76%~92%]) 
Note: The ‘Effective per UE paging arrival rate’ is defined as (without taking FAR into account)
· Per UE paging probability RE if LP-WUS is per UE paging
· Per group paging probability RG = 1 – (1 – RE)N, if LP-WUS is per group paging (N is the number of UEs in the group)





It could be observed there would be no power saving gain if no RRM relaxation performed for UE’s MR. Thus, RRM relaxation of UE’s MR for both serving and neighbor cell measurements should be supported to achieve promising power saving gain in case of using LP-WUS. Details on how to trigger and perform RRM relaxation should further studied. 
Observation 4: When MR is in ultra-deep sleep power state, there is no power saving gain if no RRM relaxation of serving/neighboring cell RRM measurements on MR. 
Proposal 16: RAN2 supports RRM relaxation on MR for serving and neighboring cell measurement. Details FFS.
[bookmark: _Hlk142657515]Regarding whether LR needs to support RRM measurement, in our view, LR at least supports RRM measurement of serving cell. Since as we have discussed in section 2.2.2, UE needs to perform measurement on target Reference Signal to determine whether the exit condition is fulfilled. However, according to our above analysis, when MR is in ultra-deep sleep power state, it could only perform relaxed RRM measurement. If only depending on the RRM measurement result of MR for exit condition, it is very likely that the change of exit condition could not be detected at time by the UE since the interval of relaxed RRM measurement would be very long and in this case the UE becomes unreachable.  Hence, the measurement of serving cell in LP-WUR should be supported mandatorily. 
Another issue is whether LR needs to perform measurement on neighbour cells, e.g., for the purpose of cell selection/reselection. RAN1 also ffs the feasibility of RRM measurements of neighbor cells by LP-WUR, and considering it will be long time for RAN1 to perform simulation and evaluation, RAN2 could first study whether RRM measurement of neighbor cell by LR is feasible in RAN2 and study the procedure.
Proposal 17: RRM measurement of serving cell by LR is supported.  FFS for RRM measurement of neighbour cell by LR corresponding to cell selection/reselection. 
For UEs in ultra-deep sleep power state, the reachability should be guaranteed, i.e., idle/inactive UEs in ultra-deep sleep need to identify whether moving out of registration area (TA list) and inactive UEs in ultra-deep sleep need to identify whether moving out of RNA. Therefore, UEs in ultra-deep sleep power state need to acquire n the cell information, tracking area information and RAN area information during ultra deep sleep. 
When coverage of LR is smaller than MR, UE will wake up whenever UE is out of coverage and UE’s MR will acquire the cell information, tracking area information and RAN area information as legacy. Hence, the cell information, tracking area information, and RAN area information are not necessary to be included in LP-WUS. When coverage of LR is same as MR, the cell information, tracking area information, and RAN area information may be indicated in LP-WUS if measurement based on LR is used for cell reselection is agreeable, which needs further discussion.
Proposal 18: FFS whether Cell information, tracking area information and RAN area information should be included in for full coverage of LP-WUS.
3. Conclusion
In this contribution, we discuss the wake up procedure, the entry and exit conditions for ultra-deep sleep state, LP-WUS subgroup, SI change notification and RRM and mobility aspects. Based on the discussion, we have the following observations and proposals.
Observations are as follows:
Observation 1: For legacy UE in RRC_Idle/RRC_Inactive state, it will wake up and monitor paging or PEI periodically, and perform RACH if UE’s paging is received.
Observation 2: performing RACH directly after waking up by LP-WUS may require per-UE indication in LP-WUS and RACH configuration to be valid / stored.
Observation 3: RAN1 has agreed to study using LP-WUR to perform RRM measurement of serving cell, i.e., offloading of RRM measurements of serving cell to LP-WUR under certain conditions, and study in this case MR performs relaxation of serving/neighboring cell RRM measurements.
Observation 4: When MR is in ultra-deep sleep power state, there is no power saving gain if no RRM relaxation of serving/neighboring cell RRM measurements on MR. 
Proposals are as follows:
Wake up procedure 
Proposal 1: UE’s MR should wake up (i.e. exit ultra-deep sleep power state) when UE receives LP-WUS which indicates the UE to wake up. 
Proposal 2: After waking up by LP-WUS, RAN2 assumes UE should perform paging (or possible PEI FFS) monitoring related behaviours, but not perform RACH procedure directly. 
Proposal 3: After waking up by LP-WUS, RAN2 assumes the baseline is the UE monitors the legacy PO, it is FFS whether/how to introduce dynamic PO, i.e. the first PO after UE wakes up from ultra-deep-sleep.
Proposal 4: RAN2 consider to capture the below options in TR regarding the dynamic PO design:
· Option 1: Introducing new PO configuration
· Option 2: Legacy PO for any UE
Entry/Exit conditions for using LP-WUS
Proposal 5: Entering condition of using LP-WUS is pre-configured by network, which includes at least good serving cell quality, e.g. the serving cell quality of LP-SS measured by LR and/or SSB measured by MR is better than pre-configured threshold(s). Other condition(s) is not precluded/FFS.  
Proposal 6: UE stops using LP-WUS when exit condition(s) pre-configured by the network is fulfilled, which includes at least out of coverage, e.g.  the serving cell quality of   LP-SS (if configured) measured LR is less than a pre-configured threshold. 
Proposal 7: For UE in RRC_IDLE/RRC_INACTIVE state, there is no need for the network to be aware of whether the UE is monitoring LP-WUS or not.
LP-WUS Subgrouping 
Proposal 8: Subgrouping methods for LP-WUS include CN assigned and/or UE_ID based subgrouping, which are similar to the PEI subgrouping methods. Details determined during WI phase. 
Proposal 9: LP-WUS could be used together with PEI for one UE if network configures both LP-WUS and PEI. 
Proposal 10: In case LP-WUS and PEI are used together, two-level of subgrouping is FFS.
Proposal 11: Send an LS to RAN1 to check whether it is possible to include paging subgrouping information in LP-WUS, if yes, how many bits at least could be used for this purpose.
SI change and ETWS/CMAS notification
Proposal 12: UE maintains valid SI in case UE’s MR is in ultra-deep sleep state.  
Proposal 13: ETWS/CMAS should be supported by UE with LP-WUR, if capable, i.e. UEs in ultra-deep sleep are reachable for ETWS/CMAS notification. 
Proposal 14: RAN2 to discuss how to indicate the notification of ETWS/CMAS or SI change (if valid SI needs to be maintained) for UE in ultra-deep sleep, including: by legacy indication or direct notification indicator(s) in LP-WUS.
Proposal 15: Capture the below pros and cons in the TR on including the notification of ETWS/CMAS or SI change in LP-WUS:
· Pros: Reduce the latency for reception, especially for ETWS/CMAS, and more power saving gain due to no need to receive short message. 
· Cons: More payload in LP-WUS.
RRM and Mobility for UE with LR
Proposal 16: RAN2 supports RRM relaxation on MR for serving and neighboring cell measurement. Details FFS.
Proposal 17: RRM measurement of serving cell by LR is supported.  FFS for RRM measurement of neighbour cell by LR corresponding to cell selection/reselection. 
Proposal 18: FFS whether Cell information, tracking area information and RAN area information should be included in for full coverage of LP-WUS.
References
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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.


Power consumption [unit]

汇总	
-	-	-	-	0.01	0.05	0.1	0.5	1	2	4	I-DRX paging w PEI	I-DRX paging w/o PEI	eDRX w PEI	eDRX w/o PEI	LP-WUR	2.19	2.7690000000000001	0.19644	0.19646	3.2389000000000001E-2	7.2388999999999995E-2	0.12239	0.52239000000000002	1.0223500000000001	2.0223499999999999	4.0223500000000003	series 1: relative power of LP-WUR "ON" state
series 2: scheme 




Latency [ms]

汇总	
I-DRX paging w PEI	I-DRX paging w/o PEI	eDRX w PEI	eDRX w/o PEI	LP-WUR	646.48900000000003	646.48900000000003	26638.169000000002	26638.169000000002	1152.5808999999999	
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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 in 


RAN2#121bis


-


e


 


and #122 


meeting, we 


have the following 


relevant 


agreements on LP


-


WUS and LP


-


WUR:


 


Þ


 


Confirm that we follow R1 and include RRC idle/inactive/connected.


 


Þ


 


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.


 


Þ


 


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. 


 


Þ


 


RAN2 expect that different coverage LR/MR may have RAN2 impact, e.g. UE need to stop using LP 


WUS when moving out of LR coverage, other aspects FFS. What to cover (if anything) 


in TS 38.304 is 


FFS.


 


Þ


 


For UE in RRC_IDLE/RRC_INACTIVE state, it is FFS to what extent the network is or need to be 


aware of which receiver the UE uses MR/LR or both (for paging reception etc). A potential drawback of 


not knowing could be increased LP WUS lo


ad, a potential drawback of awareness is increased 


signalling. 


 


Þ


 


RAN2 assumes that UE uses LP WUS when pre


-


configured condition(s) are fulfilled. 


 


(Other control methods not precluded)


 


Þ


 


RAN2 assumes that using subgrouping for LP


-


WUS could be beneficial to re


duce false alarms rate 


(depend on L1 capacity to carry payload).


 


In this contribution, we will further discuss the 


detailed 


RRC_IDLE/RRC_INACTIVE procedures with LP


-


WUR, 


including 


wake up procedure


, 


the entry and exit conditions for ultra


-


deep sleep state


, 


LP


-


WUS subgroup, 


SI change 


notification and 


RRM and mobility aspects with LP


-


WUR considering RAN1’s progress.


 


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.
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