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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#101 meeting, the revised SID for R18 low-power Wake-up Signal and Receiver for NR was agreed [1], and in RAN2#123 meeting, we have made some progress on LP-WUS and LP-WUR in RRC_IDLE/RRC_INACTIVE mode, while some FFS are still open for further discussion. 
	FFS via RRC dedicated signaling, e.g. by RRC release.
Entry condition(s) of using LP-WUS include at least good serving cell quality, e.g. the serving cell quality measurement on LR and/or serving cell quality measurement on MR is better than configured threshold(s) in SIB. Other condition(s) is not precluded/FFS.  
UE stops using LP-WUS when exit condition(s) configured in SIB is fulfilled. The exit condition(s) includes at least out of coverage of LP signaling, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB, FFS on measurement on MR.
FFS the serving cell quality measurement on LR is based on LP-SS and/or SSB (pending RAN1 decision).
After waking up by a LP-WUS, capture the below solutions in the TR:
Alt 1.1: UE could monitor paging DCI/paging;
Alt 1.2: UE could monitor PEI, if configured and supported; FFS details on using LP-WUS and PEI together, e.g. subgrouping
FFS Alt 2: UE could perform random access directly, FFS on whether and what condition/requirement is needed. R2 assumes that this require that LP-WUS includes UE_ID or equivalent. (Depends on LP-WUS capacity to carry information)
For Alt.1 above, after waking up by a LP-WUS, RAN2 assumes the baseline is the UE monitors the legacy PO. 
The number of subgroups depends on the decision on payload of LP-WUS in RAN1.
For UE in RRC_IDLE/RRC_INACTIVE state, FFS on whether there is need for the network to be aware of whether the UE is monitoring LP-WUS or not.
R2 assumes In ultra-deep-sleep, RRM measurement on serving cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,. 
R2 assumes In ultra-deep-sleep, RRM measurement on neighboring cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,.
FFS: RRM measurement for neighboring cell by LR as well as corresponding cell (re-) selection.
FFS to what extent UE maintains valid SI in case UE’s MR is in ultra-deep sleep state.  
R2 assumes that the Network may have the need to wake up UE by LP-WUS from ultra-deep sleep whenever there is ETWS/CMAS information etc, applicability to SI change notification FFS


In this contribution, we will further discuss the remaining issues for RRC_IDLE/RRC_INACTIVE procedures with LP-WUR, including wake up procedure, the entry and exit conditions, network awareness, RRM and mobility, system information related 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 
2.2.1 Perform random access directly
In RAN2#123 meeting, we discussed the UE behaviour after waking up by LP-WUS and reached the following agreements:
	After waking up by a LP-WUS, capture the below solutions in the TR:
FFS Alt 2: UE could perform random access directly, FFS on whether and what condition/requirement is needed. R2 assumes that this require that LP-WUS includes UE_ID or equivalent. (Depends on LP-WUS capacity to carry information)



We have agreed to capture the Alt 1.1. and Alt 1.2 in TR. However, whether to capture Alt 2 in TR is still FFS. In our view, Alt 2 could decrease the paging response latency, e.g. for an average of 600ms in typical case with 1.28s DRX cycle, by skipping the paging monitoring procedure compared to Alt 1.1 and Alt 1.2. Hence, Alt 2 is also worth to be further studied in SI and it could also be captured in the TR as an alternative. 
Regarding the condition/requirement of Alt 2, it has been identified that Alt 2 requires per-UE indication in LP-WUS, i.e. the unique UE identity in LP-WUS. Otherwise, several UEs in one group would perform RACH due to false alarm, which will lead to unnecessary signaling overhead/congestion and power consumption. Generally, the UE_ID 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 big challenge for the payload design for LP-WUS in RAN1, or RAN2 could further study other optimizations to reduce the needed bits for UE_ID.
Besides, since the paging reception is skipped in Alt 2, the other information carried by paging PDCCH or paging message should also be included in LP-WUS, e.g., the paging cause, MT-SDT cause, access type to fit the following procedure as in legacy.
Furthermore, Alt 2 may also require the RACH configuration maintained by UE when UE is in ultra-deep sleep. Otherwise, UE needs to perform SI reception when UE is waked up by LP-WUS before UE performs RACH procedure. But this is related to the discussion on SI in section 2.6, e.g. whether need to maintain valid SI information during ultra-deep sleep state.
Proposal 1: Capture the below solutions in the TR: 
· Alt 2: After waking up by a LP-WUS, UE could perform random access directly. 
Proposal 2: After waking up by LP-WUS, the solution performing RACH directly requires the following design related to RAN1/RAN2:
· Per-UE indication in LP-WUS
· Other paging information, e.g. paging cause, MT-SDT cause
· RACH configuration/RACH association with SSB to be valid/stored, depending on SI maintenance
2.2.2 Dynamic PO
Regarding the above Alt.1, i.e. UE could monitor paging DCI/paging after waking up by LP-WUS, we have the following conclusion:
	For Alt.1 above, after waking up by a LP-WUS, RAN2 assumes the baseline is the UE monitors the legacy PO. 


For Alt 1, 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 designed closer to the SSB for synchronization after waking up than UE’s legacy PO, as follows:

 
Figure 2: Latency for LP-WUS based dynamic PO
There is no doubt that the dynamic PO could be used to reduce the paging response latency, and the longer of the paging cycle is used, the more latency will be reduced by dynamic PO. Considering current paging DRX cycle could be 320ms, 640ms, 1280ms, 2560ms or the typical case with 1.28s DRX cycle, the dynamic PO solution could reduce paging response latency for an average of 600 ms, hence the dynamic PO is also worth to be studied in RAN2. 
[bookmark: _Hlk146819042]Proposal 3: RAN2 assumes dynamic PO is beneficial for the latency of paging reception after waking up by LP-WUS. 
In our view, the following options could be considered for dynamic PO design:
· Option 1: Introducing additional PO location in addition to legacy PO. In detail, network configures additional PO locations for UEs configured/supported LP-WUS. For example, the new PO location has a fixed offset to LP-WUS and the offset could be carried by the LP-WUS, then, the UE could determine the new PO based on the LP-WUS time location and offset. Other solutions could be further studied.
· Option 2: Using legacy PO location for any UE to monitor paging after waking up by LP-WUS. For example, when UE wakes up and after performing synchronization, it will monitor any PO regardless of whether the PO belongs to its UE_ID or not. Or the UE could monitor any legacy PO which has a configured offset away from the LP-WUS.
Compared to the solutions that UE monitors legacy PO after waking up by LP-WUS, the Pros and Cons of the solutions that UE could monitor dynamic PO are summarized in Table 1 below:
Table1: The pros and cons of dynamic PO solutions compared to legacy PO solution
	        Dynamic PO solutions

Pros and cons
	Option 1: Introducing additional PO location in addition to legacy PO
	Option 2: Using legacy PO location for any UE to monitor paging after waking up by LP-WUS

	Pros
	Reduce the paging response latency, with an average 600 ms in typical case with 1.28s DRX cycle 

	

Cons 
	In case whether UE monitors LP-WUS is transparent for NW
	More Uu resource consumption: NW needs to send paging signal in the dynamic PO in addition to legacy PO;

	
	
	
	More false alarm rate: accordingly, the UEs shared a dynamic PO are also impacted with each other.

	
	In case whether UE monitors LP-WUS is known to NW
	No impact if UE monitors one PO per DRX cycle, i.e, either dynamic PO or legacy PO; else more Uu resource consumption if UE monitors both dynamic PO and legacy PO per DRX cycle since the network needs to send paging in more than one paging occasion per DRX cycle.


	
	
	
	More false alarm rate:


Proposal 4: RAN2 consider to capture the below options as well as the corresponding pros/cons in TR regarding the dynamic PO design:
· Option 1: Introducing additional PO location in addition to legacy PO. 
· Option 2 Using legacy PO location for any UE to monitor paging after waking up by LP-WUS.
Furthermore, the specification impacts of the two options for dynamic PO are summarized in Table 2 below:
Table 2: The spec impact of dynamic PO solutions 
	        Dynamic PO solutions

Specification impact
	Option 1: Introducing additional PO location in addition to legacy PO
	Option 2: Using legacy PO location for any UE to monitor paging after waking up by LP-WUS

	
	

	RRC and physical specification
	The additional PO associated parameters should be configured, e.g. 
if the additional PO is with same configuration as legacy PO, the new “nAndPagingFrameOffset”, “ns” may be configured in RRC spec. Else if the additional PO is offset to the LP-WUS, the offset related parameters will be configured in RRC or physical spec.
	The additional PO associated parameters may need to be configured, e.g. 
the dynamic PO is a legacy PO which has an offset to the LP-WUS occsion.

	TS 38.304
	New PO monitoring mechanism should be specified in TS 38.304, for example UE monitors either legacy PO or dynamic PO or monitors both legacy PO and dynamic PO after waking up by LP-WUS.


Proposal 5: RAN2 considers to capture the above specification impacts on different options for dynamic PO design.
2.2.3 Co-existence of LP-WUS with PEI
RAN2#123 meeting has agreed that: 
	RAN2 consider the subgrouping methods for LP-WUS (if supported) includes the CN assigned and/or UE_ID based subgrouping, which are similar to the PEI subgrouping methods. Details determined during WI phase. 
After waking up by a LP-WUS, capture the below solutions in the TR:
Alt 1.1: UE could monitor paging DCI/paging;
Alt 1.2: UE could monitor PEI, if configured and supported; FFS details on using LP-WUS and PEI together, e.g. subgrouping
FFS Alt 2: UE could perform random access directly, FFS on whether and what condition/requirement is needed. R2 assumes that this require that LP-WUS includes UE_ID or equivalent. (Depends on LP-WUS capacity to carry information)


Regarding the details on using LP-WUS and PEI together (as highlighted Alt 1.2), the scenario of using LP-WUS and PEI together, and the subgrouping methods should be discussed. 
As agreed in RAN2#123 meeting, LP-WUS could be used based on the pre-configured condition(s), i.e. in cell centre with good serving cell quality. In this case, PEI could be considered to be used for the fallback case. For example, when LP-WUS coverage is insufficient, UE’s MR needs to wake up to perform legacy operations. 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 6: LP-WUS could be used together with PEI for one UE if network configures both LP-WUS and PEI. 
As agreed in RAN2#123 meeting, the subgrouping methods for LP-WUS include the CN assigned and/or UE_ID based subgrouping, which are similar to the PEI subgrouping methods. It is also related to whether LP-WUS could be used together with PEI discussed below. 
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 alarm 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 to be considered, e,g, the subgroup ID of LP-WUS and PEI should be independent. We may use different bits in UE_ID for PEI subgrouping and LP-WUS subgrouping.
Proposal 7: In case LP-WUS and PEI are used together, two level of subgrouping is needed. the subgroup ID of LP-WUS and PEI should be independent (i.e. not the same). 
How to include subgrouping information in LP-WUS is an open issue that 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 are conveyed. 
More bits for subgrouping information, less paging false alarm rate. It was agreed in RAN2#123 meeting that “the number of subgroups depends on the decision on payload of LP-WUS in RAN1.”  Regarding how and how much paging subgrouping information is conveyed by LP-WUS sequence and/or payload, this could be determined during WI phase.
Proposal 8: The number of subgroups depending on the payload design in RAN1 is determined during WI. 
2.3. Entry/Exit conditions for using LP-WUS
In RAN2#123 meeting, the following agreements on entry condition(s) and exit condition(s) of using LP-WUS have been reached.
	· Entry condition(s) of using LP-WUS include at least good serving cell quality, e.g. the serving cell quality measurement on LR and/or serving cell quality measurement on MR is better than configured threshold(s) in SIB. Other condition(s) is not precluded/FFS.  
· UE stops using LP-WUS when exit condition(s) configured in SIB is fulfilled. The exit condition(s) includes at least out of coverage of LP signaling, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB, FFS on measurement on MR.



There is still a remaining issue on exit condition(s), i.e., whether the exit condition(s) includes the serving cell quality measured by MR is less than the configured threshold. According to the following agreement in RAN2#123 meeting, the MR will perform relaxed RRM measurement, or no measurement on serving cell. 
	· [bookmark: OLE_LINK142][bookmark: OLE_LINK137][bookmark: OLE_LINK135]R2 assumes In ultra-deep-sleep, RRM measurement on serving cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition. 


Which means that the MR may not perform RRM measurement on serving cell when LR performs RRM measurement. For this case, the exit condition(s) can only be based on the serving cell quality measured by LR.
For the case that RRM measurement on serving cell via MR is also performed with relaxation, considering the measurement accuracy of MR is higher than that of LR, it is better that the exit condition(s) could also be based on the MR measurement, even it is a relaxed one. 
Proposal 9: The exit condition for using LP-WUS could also rely on the measurement on MR, if MR measurement is available, e.g. relaxed measurement. 
For the serving cell measurement via LR for the entry/exit condition of using LP-WUS, we have the following remaining issue:
	· FFS the serving cell quality measurement on LR is based on LP-SS and/or SSB (pending RAN1 decision).


Due to RANP discussion in [1], the SID was revised due to the conclusion of RAN1 study with below:
	· To review the outcome of RAN1 studies on serving cell RSRP/RSRQ measurement offloading to LP-WUR for IDLE/INACTIVE mode for feasibility verification [RAN4]. 
· Consider different LP-WUR architectures:
· LP-SS based RRM measurement for envelop detection-based LP-WUR
· SSS based RRM measurement for OFDM based LP-WUR


It could be found that different LP-WUR architectures could be considered during study item. In this case, the serving cell measurement could be based on LP-SS or SSB for different LP-WUR architectures, i.e. for the LP-WUR which supports to measure SSS, then it could perform serving cell measurement based on SSB, while for the LP-WUR which doesn’t support to measure SSS, then it could only perform serving cell measurement based on LP-SS
Proposal 10: The serving cell quality measurement on LR is based on:
· LP-SS, for LP-WUR not capable of existing PSS/SSS reception.
· SSB, for LP-WUR capable of existing PSS/SSS reception.
Besides, when the configured entry condition of using LP-WUS is fulfilled, one issue is whether UE’s MR should enter ultra-deep sleep power state, or not. In RAN1’s evaluation, UE could also enter a deep sleep state (not an ultra-deep sleep state), which benefits for shorter wake up latency. We think that different UEs may have different implementation ways in order to cope with different power saving/latency requirements. RAN2 should allow the flexibility of different UE implementation ways. Thus, when the configured entry condition of using LP-WUS is fulfilled, either entering ultra-deep sleep or deep sleep or even not entering any sleep state is up to UE implementation.
Proposal 11: When entry condition of using LP-WUS is fulfilled, whether UE’s MR enters ultra-deep sleep or deep sleep or not enter any sleep, is up to UE implementation. 
2.4. 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 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 power 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 ultra-deep sleep power state cannot justify the gain. Hence, we propose:
Proposal 12: 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.
2.5. RRM measurement for UE with LR
[bookmark: _Hlk142657515]In RAN2#123 meeting, RAN2 reached the following conclusions regarding RRM measurement:
	R2 assumes In ultra-deep-sleep, RRM measurement on serving cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,. 
R2 assumes In ultra-deep-sleep, RRM measurement on neighboring cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,.


According to the agreement on entry/exit condition of using LP-WUS, it could be found that the serving cell quality measurement on LR should be supported for UE with LP-WUR.
Observation 1: The serving cell quality measurement on LR is supported. 
Details on how to trigger and perform RRM relaxation should be further studied.
Regarding the issue of in which condition the RRM measurement on serving cell via MR could be relaxed, we think a similar mechanism on the condition of using LP-WUS could be considered. In detail, when the configured condition is fulfilled, RRM measurement on serving cell via MR could be relaxed. Since there is already RRM measurement on serving cell via LR, it should be supported that there is no RRM measurement via MR when UE is very close to the base station in order to achieve better power saving gain. Besides, since whether UE enters ultra-deep sleep, deep sleep, or not is up to UE implementation, the RRM measurement relaxation on serving cell via MR should be independent of the MR sleep state. While, whether the condition for RRM measurement relaxation is the same as or separate from the entry condition for using LP-WUS, can be determined during WI phase. The detailed relaxation, e.g. factor or relaxed requirement could be further determined during WI phase, with cooperation with RAN1/RAN4. 
Proposal 13: RRM measurement on serving cell via MR could be relaxed (including no measurement) based on the configured criterion regardless of the MR sleep state (e.g. ultra-deep sleep, deep sleep). FFS the configured condition is same as or different from the entry condition for using LP-WUS. The detailed relaxation is determined during WI phase. 
The RRM measurement relaxation on neighboring cells via MR is similar to that of serving cell. Moreover, with the introduction of LR, the UE could be aware of whether the UE is leaving the cell center through the serving cell measurement via LR. Therefore, RRM measurement on neighboring cells via MR could be further relaxed than Rel-16 PowSav or Rel-17 RedCap. But the detailed relaxation, e.g. factor or relaxed requirement could be further determined during WI phase, with cooperation with RAN1/RAN4
Proposal 14: RRM measurement on neighboring cell via MR could be relaxed (including no measurement), i.e. further relaxed than Rel-16 PowSav or Rel-17 RedCap, based on the configured criteria regardless of the MR sleep state (e.g. ultra-deep sleep, deep sleep). FFS the configured condition is same as or different from the entry condition for using LP-WUS. The detailed relaxation is determined during WI phase.
2.6. Valid SI, SI change and ETWS/CMAS notification
In RAN2#123 meeting, RAN2 reached the following conclusions:
	FFS to what extent UE maintains valid SI in case UE’s MR is in ultra-deep sleep state.  
R2 assumes that the Network may have the need to wake up UE by LP-WUS from ultra-deep sleep whenever there is ETWS/CMAS information etc, applicability to SI change notification FFS


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 per 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 latency may be longer since the UE needs to receive SI after waking up before paging reception or initiating the RRC connection setup. Moreover, Option 2 is not consistent with the legacy and more specification changes are foreseen.
Proposal 15: RAN2 assumes UE maintains valid SI during UE using LP-WUS, i.e., UEs in ultra-deep sleep are reachable for SI change, is beneficial to latency for waking up.  
Proposal 16: RAN2 assumes UE is not required to maintain valid SI (other than LP-WUS/SS configuration) during UE using LP-WUS/WUR, i.e., UE always needs to receive SI whenever wake up from LP-WUS, is beneficial to power saving gain.  
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. A similar issue may also exist for ETWS/CMAS. ETWS/CMAS is a 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.
In order to achieve the reachability, there could be two alternatives to notify the SI change or ETWS/CMAS for the UEs in ultra-deep sleep:
· Alt 1: based on legacy indication in short message/paging, i.e. waking UE up by LP-WUS (e.g., waking up all the subgroups in LP-WUS), and receiving the notification of SI change or ETWS/CMAS as in legacy.
· Alt 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 Alt 1, after receiving LP-WUS signal, the UE’s MR wakes up to monitor PDCCH in its PO and 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 shown in below figure. Then, the short message for SI change or ETWS/CMAS notification is missing, which causes 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 Alt 2, the UE can immediately know via the notify indicator(s) that ETWS/CMAS or SI change occurs.
In summary, Alt 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. Alt 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 17: For UE using LP-WUS/WUR, RAN2 considers to indicate the notification of ETWS/CMAS or SI change:
· Alt1: by legacy indication, i.e. after waking up by LP-WUS, the ETWS/CMAS or SI change notification could be obtained by short message.
· Alt2:  in LP-WUS, i.e. include the notification of ETWS/CMAS or SI change in LP-WUS directly.
Proposal 18: Capture the below pros and cons in the TR on including the notification of ETWS/CMAS or SI change in LP-WUS (i.e. for Alt2):
· 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.
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: The serving cell quality measurement on LR is supported. 
Proposals are as follows:
Wake up procedure 
Proposal 1: Capture the below solutions in the TR: 
· Alt 2: After waking up by a LP-WUS, UE could perform random access directly. 
Proposal 2: After waking up by LP-WUS, the solution performing RACH directly requires the following design related to RAN1/RAN2:
· Per-UE indication in LP-WUS
· Other paging information, e.g. paging cause, MT-SDT cause
· RACH configuration/RACH association with SSB to be valid/stored, depending on SI maintenance
Proposal 3: RAN2 assumes dynamic PO is beneficial for the latency of paging reception after waking up by LP-WUS. 
Proposal 4: RAN2 consider to capture the below options as well as the corresponding pros/cons in TR regarding the dynamic PO design:
· Option 1: Introducing additional PO location in addition to legacy PO. 
· Option 2 Using legacy PO location for any UE to monitor paging after waking up by LP-WUS.
Proposal 5: RAN2 considers to capture the above specification impacts on different options for dynamic PO design.
Proposal 6: LP-WUS could be used together with PEI for one UE if network configures both LP-WUS and PEI. 
Proposal 7: In case LP-WUS and PEI are used together, two level of subgrouping is needed. the subgroup ID of LP-WUS and PEI should be independent (i.e. not the same). 
Proposal 8: The number of subgroups depending on the payload design in RAN1 is determined during WI. 
Entry/Exit conditions for using LP-WUS
Proposal 9: The exit condition for using LP-WUS could also rely on the measurement on MR, if MR measurement is available, e.g. relaxed measurement. 
Proposal 10: The serving cell quality measurement on LR is based on:
· LP-SS, for LP-WUR not capable of existing PSS/SSS reception.
· SSB, for LP-WUR capable of existing PSS/SSS reception.
Proposal 11: When entry condition of using LP-WUS is fulfilled, whether UE’s MR enters ultra-deep sleep or deep sleep or not enter any sleep, is up to UE implementation. 
Network awareness of LP-WUS monitoring
Proposal 12: 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.
RRM and Mobility for UE with LR
Proposal 13: RRM measurement on serving cell via MR could be relaxed (including no measurement) based on the configured criterion regardless of the MR sleep state (e.g. ultra-deep sleep, deep sleep). FFS the configured condition is same as or different from the entry condition for using LP-WUS. The detailed relaxation is determined during WI phase. 
Proposal 14: RRM measurement on neighboring cell via MR could be relaxed (including no measurement), i.e. further relaxed than Rel-16 PowSav or Rel-17 RedCap, based on the configured criteria regardless of the MR sleep state (e.g. ultra-deep sleep, deep sleep). FFS the configured condition is same as or different from the entry condition for using LP-WUS. The detailed relaxation is determined during WI phase.
SI change and ETWS/CMAS notification
Proposal 15: RAN2 assumes UE maintains valid SI during UE using LP-WUS, i.e., UEs in ultra-deep sleep are reachable for SI change, is beneficial to latency for waking up.  
Proposal 16: RAN2 assumes UE is not required to maintain valid SI (other than LP-WUS/SS configuration) during UE using LP-WUS/WUR, i.e., UE always needs to receive SI whenever wake up from LP-WUS, is beneficial to power saving gain.  
Proposal 17: For UE using LP-WUS/WUR, RAN2 considers to indicate the notification of ETWS/CMAS or SI change:
· Alt1: by legacy indication, i.e. after waking up by LP-WUS, the ETWS/CMAS or SI change notification could be obtained by short message.
· Alt2:  in LP-WUS, i.e. include the notification of ETWS/CMAS or SI change in LP-WUS directly.
Proposal 18: Capture the below pros and cons in the TR on including the notification of ETWS/CMAS or SI change in LP-WUS (i.e. for Alt2):
· 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.
References
[1] [bookmark: _Hlk146643527][bookmark: _Ref35851607][bookmark: _Ref34411460]RP-232672, Revised SID: Study on low-power Wake-up Signal and Receiver for NR, vivo
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