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1	Introduction
This contribution discusses the RRC Idle/Inactive aspects of the ongoing RAN1 led SI ‘Study on low-power wake-up signal and receiver for NR’ [1]. In Section 2 a set of SI recommendations are proposed, which are motivated by the discussion in Section 3. Finally, Section 4 contains a text proposal as an update to the rapporteur’s RAN2 input to the SI TR [3], incorporating these SI recommendations and other proposed updates.
2	Study Item Recommendations
RAN2#124 is the last meeting for RAN2 to treat LP-WUS/WUR and would be good if RAN2 could agree on some recommendations for the SI output. Based on the discussion in Section 3, our proposed SI recommendations are the following:
[bookmark: _Toc149841420]For Idle/Inactive, the following recommendations are captured in RAN2’s input to SI TR:
· [bookmark: _Toc149841421]UEs in Idle/Inactive should not report whether they are in LP-WUS coverage or not (i.e., no entry/exit conditions for LP-WUS rely on dedicated RRC signalling).
· [bookmark: _Toc149841422]LP-WUS with full coverage should be supported to minimize specification impact and complexity from UE mobility measurements and potential UE-NW state mismatch.
· [bookmark: _Toc149841423]Using LP-WUR for serving cell measurements will result in larger overall gain from the feature since MR relaxation is only applicable to a fraction of UEs which can fulfil the stationary criterion. 
· [bookmark: _Toc149841424]Further, extensive MR relaxation will lead to paging performance deterioration from missed paging (e.g., to more than every 8th DRX cycle).
· [bookmark: _Toc149841425]LP-SS periodicity should be half the length of shortest DRX cycle in the cell if existing RAN4 measurement definition applies (and even shorter if more than 2 samples for RRM measurements are required).
· [bookmark: _Toc149841426]WUS UE subgroups should be indicated using LP-WUS for false paging reduction.
· [bookmark: _Toc149841427]A common UE subgroup should be supported for LP-WUS/WUR (for SI update notification, CMAS/ETWS, etc., and any future need).

3	Discussion
3.1	WUR Entry/exit Conditions
Regarding enabling and disabling WUR operation for a UE, the following was agreed in RAN2#123:
	Proposal 1. Entry/exit condition(s) of using LP-WUS is configured in SIB. 
[bookmark: _Hlk146111152]Proposal 2: FFS via RRC dedicated signaling, e.g. by RRC release.
Proposal 3: 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.  
Proposal 4: 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.
Proposal 5: FFS the serving cell quality measurement on LR is based on LP-SS and/or SSB (pending RAN1 decision).



In our view, Rel-15 WUS for NB-IoT/LTE-M and Rel-17 PEI should be the baseline for WUR operation in Idle/Inactive. Regarding the agreed “Proposal 1”, this would mean the entry/exit conditions for WUR are implicit from the WUR configuration in SI. I.e., if the UE supports WUR (and is configured by NAS to support WUR), and WUR in enabled in the cell according to SI, then the UE will monitor paging using WUR in the cell. This avoids all explicit signalling which is the preferred mode of operation for Idle mode procedures. Idle/Inactive mode procedures should not rely on explicit signalling between UE and gNB, and explicit signalling is only motivated upon a move to Connected, either by paging or random access. The same principle should apply for LP-WUS/WUR operation and it is therefore not feasible to signal e.g., any LP-WUS/WUR state change such as moving in and out of WUS coverage. Therefore, the FFS in “Proposal 2” does not add any benefits but only drawbacks in terms of increased control overhead.

[bookmark: _Toc149841428]Entry/exit condition(s) of using LP-WUS via RRC dedicated signalling is not supported in Idle/Inactive.


[image: ]
[bookmark: _Ref146189049]Figure 1: Illustration of A) full WUS coverage in cell vs. B) partial WUS coverage.

Regarding the agreements in “Proposal” 3+4+5, the interpretation of these depends on whether WUS will have full or partial coverage in the cell. RAN1 has evaluated the coverage aspects of WUS [2], and based on this all responding companies[footnoteRef:2] in RAN#101 September plenary think LP-WUS coverage in the full cell should be targeted in Rel-19 WI (see Moderator’s summary in RP-232616). [2:  [QC], [CMCC], [FW], [HW], [MTK], [vivo], [E///], [Xiaomi]] 

[bookmark: _Toc149841407]Rel-19 WI will most likely target full LP-WUS coverage in the cell, and entry/exit conditions for WUR based on serving cell quality measurement should therefore not give different result than legacy cell (re-)selection.
For the SI, RAN2 should analyse the two different solution tracks for coverage, full LP-WUS coverage in the cell or partial LP-WUS coverage, state the conclusions in the TR and, if possible, also include a recommendation. For WUS coverage, the main difference is the specification impact from RAN2 point of view for the two solutions, and this should be included in the RAN2 input to the TR. 
[bookmark: _Toc149841429]RAN2 specification impact difference for solutions with full LP-WUS coverage and partial LP-WUS coverage is captured in TR: full coverage has the same impact as Rel-17 PEI or Rel-15 WUS for NB-IoT/LTE-M, and for partial coverage the following issues will in addition have spec impact:
· [bookmark: _Toc149841430]Procedures for the UE moving in and out of WUS coverage in the cell, e.g., the serving cell quality measurement on LR, or MR, and/or serving cell quality measurement is better than configured threshold(s) in SIB.
· [bookmark: _Toc149841431]gNB awareness of if UE is in WUS coverage or not, i.e., how should a gNB determine if it should transmit legacy paging or WUS to reach the UE.
· [bookmark: _Toc149841432]Recovery from UE becoming unreachable in the DL if the UE incorrectly assumes that it is within WUR coverage due to RSRP measurement inaccuracy.

Therefore, we think the FFSs in Proposal 3+4 could addressed in the following way (again stressing that this is a SI where solution options should be listed, analysed, and compared).
[bookmark: _Toc149841433]Entry condition(s) of using LP-WUS can consider the following:
· [bookmark: _Toc149841434]Good serving cell quality, e.g., the serving cell quality above a threshold
· [bookmark: _Toc149841435]UE WUR capability
· [bookmark: _Toc149841436]UE have been configured for WUR operation via NAS
· [bookmark: _Toc149841437]WUR being configured in the cell
· [bookmark: _Toc149841438]No ongoing MR activity (e.g., RRM measurement, RA, etc.)

[bookmark: _Toc149841439]Exit condition(s) of using LP-WUS can consider the following:
· [bookmark: _Toc149841440]Insufficient serving cell quality, e.g., the serving cell quality below a threshold
· [bookmark: _Toc149841441]Cell change
· [bookmark: _Toc149841442]UE being de-configured for WUR operation via NAS
· [bookmark: _Toc149841443]WUR being de-configured in the cell
· [bookmark: _Toc149841444]Start of MR activity (e.g., RRM measurement, RA, etc.)

Regarding the FFS in “Proposal 5”, RAN2 should consider serving cell measurements both on LP-SS and SSB for the input to the SI TR. However, this is more related to RRM than moving in and out of partial WUS coverage in the cell and is therefore covered below in the RRM Section. Note also that signal strength is used for RRM and this is captured in Proposal 6 below.
[bookmark: _Toc149841445]For the SI, RAN2 considers serving cell signal strength and quality measurement for RRM on LR to be based on LP-SS or SSB.

3.2	UE Behaviour Upon WUS Detection

[image: ]
Figure 2: UE procedure with group indication, or common sequence, in WUS.

[image: ]
Figure 3: UE procedure with full UE identifier in WUS

The UE behaviour upon WUS detection and the triggered WUS procedure will depend to how much information can be carried in WUS. Regarding the UE behaviour, the following was agreed in RAN2#123:
	Proposal 6: 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)
Proposal 7: For Alt.1 above, after waking up by a LP-WUS, RAN2 assumes the baseline is the UE monitors the legacy PO. 



It is suggested to refine “Proposal 6” with further details and the requirement that a unique UE_ID must be carried in WUS for Alt 2.
[bookmark: _Toc149841446]After waking up by a LP-WUS, capture the below solutions in the TR:
· [bookmark: _Toc149841447]Alt 1: Full unique UE_ID not included in WUS. UE subgrouping is beneficial for false paging reduction:
· [bookmark: _Toc149841448]Alt 1.1: UE could monitors legacy paging, i.e., DCI/paging [WUS(LR) + PDCCH(MR) + PDSCH(MR)];
· [bookmark: _Toc149841449]Alt 1.2: UE could monitors PEI, if configured and supported; FFS details on using LP-WUS and PEI together, e.g. subgrouping [WUS(LR) + PDCCH(MR) + PDCCH(MR) + PDSCH(MR)]
· [bookmark: _Toc149841450]FFS Alt 2: Full unique UE_ID included in WUS. No false paging.
· [bookmark: _Toc149841451]UE could performs 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) [WUS(LR)]

3.3	NW Awareness
Regarding the network awareness of if UE is using WUR or not, the following was agreed in RAN2#123:
	Proposal 11: Capture the below pros/cons in the TR on whether there is necessarity for the network to be aware of whether an idle/inactive UE is monitoring LP-WUS or not. Details to be updated during TR drafting. 
Baseline (for further update): 
	
	Network knows whether UE monitors LR or MR
	Network does not know whether UE monitors LR or MR

	Pros
	Reduce Uu resource consumption:
NW only sends LP-WUS when the target UE is monitors LP-WUS;

Lower false wake-up rate:
When LP-WUS is not sent, the other UE monitoring LP-WUS, which is in the same group with the target paging UE, will not be waken up as a result of false wake up.
	Since the UE needs not to inform the NW whether its MR is monitoring or not, the 
signalling overhead, Uu resource consumption, UE power consumption caused by MR state report does not exist.


	Cons
	More signalling overhead:
UE needs to inform the NW when it starts/stops monitoring with MR.

Uu resource consumption caused by more signalling overhead.

More UE power consumption caused by more signalling overhead.
	More Uu resource consumption：NW always send LP-WUS signal given it always assume the target UE is monitoring the LP-WUS.

More alarm rate of LP-WUS: in case the target UE is not monitoring LP-WUS, the other UE(monitoring the same LP-WUS as the target UE) will be waken up.



Proposal 12: 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.



In our view, and also related to Proposal 1 in Section 2.1, it is a violation of the Idle mode principles to have explicit signalling back and forth to UEs in Idle/Inactive due to the signalling overhead (‘Network knows whether UE monitors LR or MR’ option). In addition, gNB has no way to address UEs in Idle/Inactive (no C-RNTI), and therefore when a UE reports to the network if it is using LR or MR it must go through the entire RRC connection setup procedure and move to RRC_CONNECTED. Note that this means that whenever a WUR UE selects, or re-selects, cells it must perform RRC connection setup and move to Connected to inform the network if it is using LR or MR to monitor LP-WUS. This is not a feasible solution in our view and must be captured in the table to be included in the TR.
[bookmark: _Toc149841452]Capture in TR that for Network to be aware of whether the UE is monitoring LP-WUS or not, all UEs in Idle/Inactive must perform RRC Connection Setup and move to Connected upon LR/MR monitoring change, and upon cell selection and re-selection, which significantly increases the signalling overhead.
Therefore, we propose to address the FFS in “Proposal 12” by capturing the following RAN2 recommendation in the TR:  
[bookmark: _Toc149841453]For UE in RRC_IDLE/RRC_INACTIVE state, RAN2 recommendation is that there is no need for the network to be aware of whether the UE is monitoring LP-WUS or not.
Note that the network awareness of whether the UE is monitoring LP-WUS or not (FFS in Proposal 12 from RAN2#123) is in practice a pre-requisite of the entry/exit condition(s) of using LP-WUS via dedicated RRC signalling (FFS in Proposal 2 from RAN2#123 covered above in Section 2.1).
[bookmark: _Toc149841408]In practice, network awareness of whether the UE is monitoring LP-WUS or not is a pre-requisite for LP-WUS entry/exit condition(s) via dedicated RRC signalling.
As stated in Proposal 1 and Proposal 8 of this contribution, we don’t think there is support for any of these FFSs.
3.4	Mobility and RRM measurements
Regarding the RRM mobility measurements when using WUR, the following was agreed in RAN2#123:
	Proposal 14-1: 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,. 
Proposal 14-2: 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,.
Proposal 15: FFS: RRM measurement for neighboring cell by LR as well as corresponding cell (re-) selection.



Again, this is a SI in which solution alternatives should be identified and compared. RAN1 has already done that and produced the following evaluation results and observations which RAN2 must take into account (duty-cycled WUR) [2]:
	[bookmark: _Toc142303989][bookmark: _Toc144508377]8.1.1.5.2	Observations

For RRM with duty-cycled LP-WUS monitoring, the following observations are made with the assumption that 
· I-DRX cycle = 1.28s
· MR in ultra-deep sleep
· Effective per UE paging arrival rate <=1% 
· LP-WUR duty cycle ratio <=1%
· MR ramp-up time, transition energy = 400ms, 15000unit
· FAR<=1% (0%, 0.001%, 0.1%, 1%)

Observations:
1) For (Effective per UE paging arrival rate, LP-WUR on state power, FAR) = (<=1%, <=1unit, <=1%)
Compared with i-DRX, LP-WUS operation with
· No MR RRM relaxed
· Results in [8A-3], [8A-8], [8A-11], [8A-12], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: -211%, range: -624%~-5%), assuming MR enters ultra-deep sleep
· Results in [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provides power saving gain 21%, assuming MR enters deep sleep
· MR relaxed < 8 times
· Results in [8A-1], [8A-3], [8A-8], [8A-9], [8A-15], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 4%, range: -18%~50%) 
· 8 times<= MR relaxed <=16 times
· Results in [8A-1], [8A-3], [8A-4], [8A-8], [8A-9], [8A-11], [8A-12], [8A-13], [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 40%, range: -18%~60%) 
· MR relaxed > 16 times
· Results in [8A-1], [8A-3], [8A-4], [8A-8], [8A-11], [8A-13], [8A-15], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 60%, range: 22%~90%) 
· MR offload RRM to LR
· Results in [8A-3], [8A-4], [8A-5], [8A-7], [8A-8], [8A-10], [8A-11], [8A-15], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 83%, range: 76%~94%) 




The conclusion is the following:
[bookmark: _Toc149841409]To achieve significant UE power saving gains either RRM measurement relaxations need to be substantial (>16 times) using the MR [average gain 60%], or the WUR/LR must be used for RRM measurements. [average gain 83%].
One aspect, which is not captured by RAN1 is that in order to relax MR RRM measurements (relaxation defined by RAN4), the UE must first fulfil a certain condition (defined by RAN2), see ‘low mobility’, ‘not at cell edge’ and ‘RedCap’ conditions in 5.2.4.9 in TS 38.304. This aspect is not covered by RAN1 and should be included in the RAN2 input to the SI TR:
[bookmark: _Toc149841454]Capture in RAN2 input to SI TR the WUR gains from MR RRM measurements using relaxations would only be applicable to the fraction of UEs which can fulfil the relaxed measurement criterion (e.g., as in 5.2.4.9 of TS 38.304). 
There should also be a feasibility analysis for the size of the RRM relaxation. For NR, no serving cell measurement relaxations have been specified, but for NB-IoT and LTE-M relaxation of serving cell measurements of up to every 8th DRX cycle was introduced for stationary UEs (see parameter numDRX-CyclesRelaxed in TS 36.331). 
[bookmark: _Toc149841410]A RRM measurement relaxation of >8 times was not found feasible for NB-IoT and LTE-M, and the impact from a >8 times for NR must be evaluated.
As seen from the RAN1 results above, the biggest gain is achieved using WUR/LR for the RRM measurements, and for this there are two possible solutions:
A. OOK-based WUR measuring on LP-SS.
B. OFDM-based WUR measuring on legacy SSS (i.e., capable if I/Q sampling).
Solution B is a more capable WUR, for which the drawback is somewhat higher power for reception. How much higher is unclear and RAN1 input to the TR states “OFDM-based-WUS (e.g., P_WUR=4, 10)”. This may lead to a somewhat lower average WUR gain of 66%, if PWUR=10 units is assumed for B, compared to 80% for solution A PWUR=0.5 units. However, if PWUR=4 units is assumed for B, the average WUR gain is instead 83% and higher than for solution A (See ‘8.1.1.3.2 and Annex 8.5.6 in [2]).
The drawback of solution A is that it requires the introduction of a new always-on broadcast signal, LP-SS, which results in additional NW overhead and NW energy consumption. Avoiding new always-on signals is one of the key considerations from NW operation perspective, and in this case, it would be required to support one single feature and the small subset of UEs which support WUR. 
[bookmark: _Toc149841411]For OOK-based WUR, the additional increase in network energy consumption from LP-SS broadcast can be up to 11.4% for 320ms periodicity (TR [2], Section 8.4.2).
[bookmark: _Toc149841412]For OFDM-based WUR, reusing SSB for RRM measurements has zero additional overhead and network power consumption.
To limit the negative impact from additional LP-SS overhead and network energy consumption, some companies in RAN1 have claimed that a ~1s periodicity would be sufficient for the LP-SS. In RAN1#112bis, the following LP-SS periodicities were agreed for evaluation: {320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms} (see Appendix A1). However, TS 38.133 states that UEs should filter over at least 2 samples per serving cell measurement: “The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements.”. This means an RRM measurement would take double the time of the LP-SS periodicity used. Further, as shown in our RAN1 contribution, WUR measuring on LP-SS (OOK-based measurement) may have worse RRM measurement accuracy and therefore averaging over more samples than 2 may be required to achieve the same measurement accuracy as in legacy. For example, if 4 samples are needed, with the LP-SS periodicities agreed for evaluation, a RRM measurement using LP-SS would take from 1.28s up to 40s. RAN2 should investigate the feasibility for the upper time limit for RRM measurements.
[bookmark: _Toc149841455]A feasible upper time limit for RRM measurement should be captured in SI TR, which is helpful to determine the required LP-SS periodicity.
Second, a UE must perform serving cell measurement once every or every 2nd DRX cycle (in FR1). Serving cell measurements for UEs in RRC_IDLE are defined in TS 38.133 Clause 4.2.2.2, and an extract is given below:
	The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 [1] for the serving cell at least once every M1*N1 DRX cycle; where:
	M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second,
	otherwise M1=1.


SS-RSRP and SS-RSRQ are measured on SSS and in FR1 the Scaling Factor N1 is equal to 1. Therefore, a UE must perform serving cell measurements either every DRX cycle or every 2nd DRX cycle in FR1 (somewhat more relaxed in FR2).
[image: ]
Figure 4: WUR power saving gain compared to a DRX baseline, for Duty-cycled WUR and Continuous (Always-on) WUR.

Plotting WUR power saving gain as a function of the DRX/duty-cycle length (Figure 1), it is seen that the WUR gain compared to DRX baseline is the biggest for shorter DRX cycles, i.e., shorter than 1s or even 0.5s. Such relatively short DRX cycles will therefore likely be what will be used for WUR in practice, but the agreed LP-SS periodicity agreed for evaluation cannot fulfil the existing TS 38.133 requirements of performing serving cell measurements every or every 2nd DRX cycle (see above) for such short DRX cycles. That is, with a 160ms duty/DRX cycle for WUR, serving cell measurements would have to be done every 160ms or 320ms (in FR1), which is not possible even if the UE monitors all LP-SS occurrences since one measurement takes 2 samples and therefore 640ms to 20s (i.e., for 2 samples and LP-SS periodicity in the range 320ms to 10240ms). 
[bookmark: _Toc149841413]The LP-SS periodicity range agreed for evaluation, from 320ms to 10240ms, may not be able to fulfil the RAN4 requirements in TS 38.133 on how often serving cell measurements should be performed by the UE. 
[bookmark: _Toc149841456]Capture in TR that LP-SS periodicity must be at least half of the shortest DRX cycle applied in a cell to fulfil the serving cell measurement requirements of TS 38.133 (even shorter than DRX/2 if measurement accuracy is worse for OOK-based signals).

3.6	System Information
Regarding system information monitoring when using WUR, the following was agreed in RAN2#123:
	Proposal 18: FFS to what extent UE maintains valid SI in case UE’s MR is in ultra-deep sleep state.  
Proposal 19: 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



For “Proposal 18”, any expiration of SI (e.g, when SI has become outdated or upon cell change) would trigger UE initiated acquisition of SI. In this case the UE initiates the acquisition of SI, for which the MR needs to be started, and therefore this procedure is not impacted by the use of WUR. 
[bookmark: _Toc149841414]There is no impact from WUR on UE initiated SI acquisition.
However, this is not the case for a gNB notification of SI update, and it must be possible to notify also WUR UEs about an upcoming SI change in the cell. For reference, in Rel-16 GWUS for NB-IoT/LTE-M this is done by a subgroup common to all UEs (configured by the parameter commonSequence), whereas for Rel-17 PEI the gNB must transmit PEI to all subgroups separately and upon the reception of PEI UEs continue to, as in legacy operation, monitor for the systemInfoModification and systemInfoModification-eDRX in the Short Messages transmitted on PDCCH using P-RNTI. For LP-WUS/WUR, potential solutions are therefore the following:
A. Common UE subgroup in WUS: gNB can address all UEs in WUS, and UEs wake up to check the legacy systemInfoModification, or other notifications, in Short Message using the main receiver.
B. SI change notification in WUS: gNB can indicate a system information change directly in the WUS payload. (Limited to SI update).
C. No common indication in WUS: gNB need to address each UE subgroup individually with a separate WUS, and UEs wake up to check the legacy systemInfoModification in Short Message using the main receiver. (Does not work with unique UE_ID in WUS payload).
For solution A (used for Rel-16 GWUS), the common UE indication can be reused for anything where all UEs must be addressed, i.e., CMAS/ETWS mentioned in “Proposal 19” and everything covered by the Short Message Service, also covering any future need (unlike solution B which is limited to SI update). For solution B, SI update notification is specifically indicated in WUS, but for any other need where all UEs must be addressed (CMAS/ETWS, etc.), the gNB would need to rely on the same solution as in solution C. The benefit of B compared to A is that UEs can directly acquire the updated SI without the need to monitor legacy paging and the Short Message, but since SI update is rare in practice this will likely not have noticeable impact on UE energy consumption. For solution C (used for Rel-17 PEI), the gNB would upon SI update need to address each UE subgroup with a separate WUS, which increases the control signalling overhead, and for some configurations it may even not be possible to do so during one BCCH modification period. (Note that this is for the case without a unique UE_ID in the WUS payload and using subgrouping. The case with a unique UE_ID in the WUS payload is not feasible for solution C since the gNB would have to individually address every UE in the entire network since it doesn’t know which Idle and Inactive UEs are currently in the cell.)
[bookmark: _Toc149841457]Capture the following solution options for SI change notification in SI TR:
A. [bookmark: _Toc149841458]Common UE subgroup in WUS: gNB can address all UEs in WUS, and UEs wake up to check the legacy systemInfoModification, or other notifications, in Short Message using the main receiver.
B. [bookmark: _Toc149841459]SI change notification in WUS: gNB can indicate a system information change directly in the WUS payload. (Limited to SI update).
C. [bookmark: _Toc149841460]No common indication in WUS: gNB need to address each UE subgroup individually with a separate WUS, and UEs wake up to check the legacy systemInfoModification in Short Message using the main receiver. (Does not work with unique UE_ID in WUS payload).

4	Text proposal
Based on the above discussion we propose the following changes (in red) to the RAN2 rapporteur’s text proposal for TR 38.869 [3].
[bookmark: _Toc149841461]Consider the following updates to the RAN2 text proposal for TR 38.869.

	
7.3.1 RRC_IDLE/INACTIVE mode

7.3.1.1	RRC_IDLE/INACTIVE mode procedures 
In RRC_IDLE and RRC_INACTIVE states, UEs shall perform RRC_IDLE/INACTIVE mode procedures defined in TS 38.304 and TS 38.331, which specify how UEs shall monitor paging, keep system information up to date, receive ETWS/CMAS information, and perform RRM measurements and corresponding cell selection/re-selection to ensure that UE is camping on the best cell. These procedures may need to be modified to accommodate operation using LP-WUS/WUR. 
Editor's Notes: FFS whether there is need for the network to be aware of whether the UE is monitoring LP-WUS or not.
The corresponding pros/cons for whether it is necessary for the network/gNB to be aware of whether an RRC_IDLE/INACTIVE UE is monitoring LP-WUS or not are listed as below:
Table X: Pros and Cons for network awareness of using LP-WUS
	
	Network knows whether UE monitors LR or MR
	Network does not know whether UE monitors LR or MR

	Pros
	Reduce Uu resource consumption:
NW only sends LP-WUS when the target UE monitors LP-WUS (legacy paging PDCCH+PDSCH is always sent);

Lower false wake-up rate:
When LP-WUS is not sent, the other UE monitoring LP-WUS, which is in the same UE subgroup with the target paging UE, will not be waken up as a result of false wake up (false paging reduction if UE is out of LP-WUS coverage).
	Dedicated RRC signalling to UEs in Idle/Inactive not required.
Since the UE needs not to inform the NW whether its MR is monitoring or not, the 
signalling overhead, Uu resource consumption, UE power consumption caused by MR state report does not exist.


	Cons
	More signalling overhead:
UE needs to inform the NW when it starts/stops monitoring with MR, i.e., through dedicated RRC signalling and RRC Connection Setup upon MR/LR monitoring change and upon entering or leaving the cell.

Increased Uu resource consumption caused by more and signalling overhead caused by UE WUS coverage reporting.

More Additional UE power consumption caused by UE WUS coverage reporting more signalling overhead.
	More Uu resource consumption：NW always send LP-WUS signal given it always assume the target UE is monitoring the LP-WUS. Up to NW implementation whether to page UE using LP-WUS or only legacy paging procedure (potentially unnecessary transmission of LP-WUS if the UE is out of WUS coverage).

More alarm rate of LP-WUS: iIn case the target UE is not monitoring LP-WUS, false paging could be reduced by not sending LP-WUS upon paging (either through NW implementation or more reliably if UE knows whether UE is monitoring using MR or LR) the other UE (monitoring the same LP-WUS as the target UE) will be waken up.



With LP-WUS/WUR, the Main Receiver (MR) of a UE could enter ultra-deep sleep state, which denotes a state when the MR may sleep or turn off and WUR is used for DL monitoring. Such ultra-deep sleep state WUR operation could be entered when predefined condition (e.g. for LP-WUS monitoring in association to POs, or quality of LP-SS and/or SSB is better than the threshold) is fulfilled. An operation like the one for Mobile Initiated Communication Only (MICO), where both monitoring of the downlink and RRM measurements are stopped until there is a subsequent uplink transmission, is however not feasible for LP-WUS/WUR. This since the point with LP-WUS/WUR is to reduce UE power consumption while maintaining some downlink monitoring functionality, and this is not possible if either the UE stops monitoring in downlink or if the UE does not detect that it has moved into a new cell/area and therefore apply the incorrect configuration for downlink monitoring. According to TS 38.300, the functionality to be supported over Uu interface in RRC_IDLE and RRC_INACTIVE includes PLMN selection, SI reception, cell re-selection mobility, and paging, etc. Therefore, it is feasible to introduce LP-WUS/WUR as a power saving feature for UEs in RRC_IDLE and RRC_INACTIVE state, while ultra-deep sleep state as a power saving state for RRC_IDLE and RRC_INACTIVE.
7.3.1.3	LP-WUS monitor and wake up procedure
Paging reception in RRC_IDLE and RRC_INACTIVE is supported both with discontinuous reception (DRX), and from Rel-17 and Rel-18, respectively, with extended DRX (eDRX). LP-WUS/WUR could also be supported with or without duty-cycled operation, i.e., as ‘continuous WUR’ or as ‘duty-cycled WUR’. Since the LP-WUS/WUR feature is introduced to lower the UE energy consumption, it is for these two options feasible to introduce support for the LP-WUR option which can introduce the greatest UE energy consumption reduction compared to baseline as discussed above in section 6. If the gain is similar, the magnitude of implementation complexity, specification impact, and latency impact should be the determining factors for which LP-WUR option to support. 
Currently, paging monitoring in RRC_IDLE/INACTIVE mode is based on the configured I-DRX, as well as PEI is also designed as ‘duty-cycled WUR’ associated with legacy PO. The specification impact for ‘continuous WUR’ and ‘duty-cycled WUR’ depends on the detailed design. While, a potential benefit of ‘continuous WUR’ is shorter downlink latency. That is, since the UE monitors the downlink continuously the downlink latency could potentially be shorter.
Due to the transition time to start up the main receiver however, LP-WUR operation may always have worse latency performance than legacy, i.e., comparing to legacy continuous monitoring or DRX. ‘Continuous WUR’ could still provide shorter downlink latency compared to ‘duty-cycled WUR’, comparing at the same UE energy consumption reduction gain. This however depends on the UE procedure triggered by LP-WUS and the LP-WUS payload content and size. [FFS That is, if a unique UE identifier can be included in the LP-WUS payload, e.g., the 48-bit 5G-S-TMSI or 24/40-bit I-RNTI, a UE need not monitor paging in the PO after waking up via LP-WUS but can directly from the LP-WUS reception determine that it is being paged and immediately trigger access establishment. For ‘continuous WUR’, the achievable downlink latency is in this case therefore determined by the MR transition time from the sleep state and the PRACH resource periodicity, and only if the latter periodicity is shorter than the periodicity for downlink monitoring applied for ‘duty-cycled WUR’, there could be latency gain proportional to this difference (the duty-cycled WUR periodicity also need to be considerably longer than the MR transition time). However, including such a large payload in LP-WUS can be challenging for LP-WUS link performance and coverage.] [If a unique UE identifier cannot be included in the LP-WUS payload, the UE cannot directly from the LP-WUS reception determine that itself, and not another UE, is being paged]. In this case, UE subgroup indication in LP-WUS is beneficial to reduce false paging, i.e., unnecessary wake up of the UE upon paging for another UE. 
Editor's Notes: 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)
On one hand, aAfter waking up by LP-WUS, the legacy paging monitoring procedure shcould be triggered for the main receiver. That is, if the UE detects LP-WUS it would start up its main receiver to monitor legacy paging, i.e., the PDCCH scheduling of the paging message on PDSCH, and at first after finding its own PagingRecord in the paging message the UE could determine that it is being paged (similar to Rel-15 WUS for NB-IoT/LTE-M or Rel-17 PEI). In this case, the downlink latency will be determined by the periodicity of the legacy paging occasions (POs). Alternatively, the configuration of the WUR duty-cycle is de-coupled from the legacy default paging cycle, in which case the downlink latency will be determined by the WUR duty-cycle length.
· In some caseIf a unique UE identifier cannot be included in the LP-WUS payload, ‘continuous WUR’ may not have latency benefit compared to ‘duty-cycled WUR’. That is, even if LP-WUS is immediately received using ‘continuous WUR’ the UE might anyway need to wait for the subsequent PO (i.e., likely the maybe a same PO as if ‘duty-cycled’ is used). 
· If a unique UE identifier can be included in the LP-WUS payload, ‘Continuous WUR’ could have latency benefit since the UE immediately knows it is being paged and can trigger Random Access (i.e., the UE can omit waiting for the subsequent PO to check if it is being paging). In some other case, the beneficial part comes from the margin that LP-WUS could be received earlier in case ‘continuous’ than ‘duty-cycled’, which would wake up the main receiver earlier and an earlier PO will be monitored by main receiver after waking up by LP-WUS.
· On the other hand, aAfter waken up by LP-WUS, the main receiver could also in an alternative solution monitor legacy PEI defined in Rel-17, if it is configured by network and it is supported by UE. Especially for the case that LP-WUS doesn’t have full coverage compared to legacy signalling, e.g. SSB, main receiver needs to wake up to perform legacy operation out of LP-WUS coverage. In this case, network could still configure PEI for the use of 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 may be used together with PEI if both LP-WUS and PEI are configured, to achieve more power saving gain.
Editor's Notes: FFS details on using LP-WUS and PEI together, e.g. subgrouping
After waking up from LP-WUS, in case UE needs to monitor PO, the time offset between LP-WUS and the PO should be long enough to include the transition time to start up the main receiver to be ready for PDCCH monitoring, which depends on the design of LP-WUR and the detailed procedure after waking up. After waking up from LP-WUS, some PO(s) needs to be monitored. Whether there is association between LP-WUS and PO, and how to define the association if yes, depends on the detailed procedure. For reference, in legacy, Rel-17 PEI supports mapping of up to 8 POs (configured the parameter po-NumPerPEI), and Rel-15 WUS and Rel-16 GWUS for NB-IoT/LTE-M supports mapping of up to 4 POs, but only when the UE is configured with eDRX.
Furthermore, after waking up from LP-WUS, either all UEs could be triggered to wake up to monitor paging in the associated PO(s), or just a subset of the UEs sharing the PO, so called LP-WUS UE subgrouping. The latter can be used to reduce the negative impact from false alarm rate for paging, i.e., unnecessary energy consumption in the UE caused by paging intended for another UE. In the latter case, LP-WUS UE subgrouping information corresponding to 2 bits or more, [e.g. x bits], would to be indicated by LP-WUS. How to indicate the subgrouping information, e.g. included in the LP-WUS payload or from the use of multiple LP-WUS signals corresponding to different subgroups, etc., depends on the design of LP-WUS. For reference, both Rel-17 PEI and Rel-16 GWUS for NB-IoT/LTE-M support up 8 subgroups per PO (configured by the parameters subgroupsNumPerPO and GWUS-NumGroups, respectively). 
Editor's Notes: The number of subgroups depends on the decision on payload of LP-WUS in RAN1.
Both these features Rel-17 PEI and Rel-15 WUS rely on I-DRX and UEs already being distributed over the different POs in the cell, and the UE subgrouping therefore refers to further subgrouping of the UEs already divided into the same PO. This would be the same for ‘duty-cycled’ WUR operation. For ‘continuous WUR’ operation, UE should monitor the downlink continuously. false paging could apply to all UEs in the cell since all UEs are monitoring the downlink continuously. False paging would therefore be much more severe for ‘continuous WUR’ and a larger number of LP-WUS/WUR UE subgroups would be required to achieve the same false paging rate as for ‘duty-cycled WUR’. 
A summary of the impact from carrying a unique UE identifier in the LP-WUS payload or UE subgroup indication in the LP-WUS is given in Table 1.
Table x: Impact from the inclusion of a unique UE_ID or UE subgroup information in the LP-WUS payload.
	
	Unique UE_ID in LP-WUS payload:
	UE subgroup indication in LP-WUS:

	Procedure triggered by LP-WUS reception:
	[FFS Random Access]
	Legacy monitoring of paging in PO or PEI

	gNB transmission upon paging:
	WUS
Or LP-WUS and legacy paging (PDCCH+PDSCH) e.g. in partial LP-WUS coverage
	LP-WUS and legacy paging (PDCCH+PDSCH). 

	False paging:
	No false paging.
	False paging among all UEs in the cell using ‘Continuous’, and among all UEs sharing a PO using ‘duty-cycled’.
False paging is reduced by use of UE subgrouping and an increasing number of UE subgroups.

	Latency impact:
	[FFS DL latency determined by PRACH resource periodicity]
	DL latency determined by I-DRX cycle length and PRACH periodicity.



In Rel-17 PEI, two subgrouping methods were introduced, which includes: CN assigned and UE_ID based subgrouping. For CN assigned subgrouping, UE's subgroup is assigned by CN taking into account the UE's characters, such as mobility pattern, paging probabilities, etc. While for UE_ID based subgrouping, UE's subgroup is formed based on UE_ID and the subgroup number in RAN. UE supporting CN assigned subgrouping in RRC_IDLE or RRC_INACTIVE state can be assigned a subgroup ID by AMF through NAS signalling. The UE belonging to the assigned subgroup ID monitors its associated PEI which indicates the paged subgroup(s). Paging with UE_ID based subgrouping is used in the cell which supports UE_ID based subgrouping. It is up to network configuration to determine which subgrouping should be used.  
Similar as PEI, the subgrouping methods for LP-WUS could include the CN assigned, and UE_ID based subgrouping. Details, e.g. which one/both should be supported, how to support/provide the configuration, etc., could be further determined during WI phase.
7.3.1.3 LP-WUS coverage and trigger condition
DueAccording to evaluation above, LP-WUS link performance is considerably worse than legacy physical channels (e.g., PDCCH or PUSCH), and there wcould be partial LP-WUS coverage in the cell. Another possible scenario is LP-WUS could also have same coverage as legacy cell, while the details depend on the signaling and LP-WUR design. For the partial coverage case, UE may need to keep track of whether it moves in and out of LP-WUS coverage in the cell, this to be able to fall back to monitoring paging using the main receiver when the coverage of LP-WUS is not sufficient (see NW awareness in 7.3.1.1 above). The UE could determine this based on the measured RSRP, e.g., compared to an RSRP threshold in system information. And gNB may need some ways to handle the case that the UE moves in or out of LP-WUS coverage in the cell.
That isFor partial LP-WUS coverage, the 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 start up its MR when it moves out of the coverage of LP-WUS to avoid missing the paging message. In this way, one of the exit conditions for using LP-WUS or ultra-deep sleep power state for partial LP-WUS coverage cshould be that the UE is out of LP-WUS coverage. 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 based on the measurement of target Reference Signal by LR. 
Editor's Notes: FFS exit condition(s) based on the measurement on MR. 
Similarly, the measurements and trigger conditions would need tocould be defined for using LP-WUS as one condition for partial coverage LP-WUS. OneA 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 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 this 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 could be used 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, LP-SS could be introduced 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 an issue as the power consumption of LR is very low.
Editor's Notes: FFS the entry/exit condition(s) of using LP-WUS is configured via RRC dedicated signalling, e.g. by RRC release.
Editor's Notes: FFS on other entry/exit condition(s) of using LP-WUS. 
Editor's Notes: FFS the serving cell quality measurement on LR is based on LP-SS and/or SSB (pending RAN1 decision).
As described above, since for a solution with partial LP-WUS coverage both the UE and the network must consider that the UE moves in and out of LP-WUS coverage, the specification impact will be considerably higher than for a solution with full LP-WUS coverage. That is, procedures for if the UE is within LP-WUS coverage must be introduced, e.g., UE checking if measured RSRP is above a configured threshold, and even cell selection and re-selection criteria may have to be changed since the UE is effectively camping on a smaller LP-WUS cell. The gNB awareness of whether the UE is within LP-WUS coverage or not, as discussed above, is only a concern for the solution with partial LP-WUS coverage, not for the solution with full LP-WUS coverage. New open issues would also have to be resolved, e.g., recovery from the UE becoming unreachable in the DL if the UE incorrectly assumes that it is within WUR coverage due to RSRP measurement inaccuracy. 
From the network perspective, if a unique UE identifier (e.g., 48-bit 5G-S-TMSI or 24/40-bit I-RNTI) is not carried in the LP-WUS payload, [FFS a gNB anyway need to always transmit both LP-WUS and the associated legacy PDCCH and PDSCH for the paging message.] In this case, the gNB would in principle not need to consider whether the UE is within LP-WUS coverage in the cell or not, but in case it is not there would be some unnecessary control signalling overhead from the transmission of LP-WUS. If instead a unique UE identifier is carried in the LP-WUS payload, the gNB could either transmit LP-WUS or legacy paging depending on if the UE is within LP-WUS coverage or not. However, without any signalling from the UE upon LP-WUS coverage change, or from being in the cell or not, this would have to be done blindly and would be left to the gNB implementation (similar to paging the UE in two different cells, i.e., up to trial and error). With partial coverage, the most severe error case would be if the UE from inaccurate measurements incorrectly concludes that it is in LP-WUS coverage when it is not, and therefore becomes unreachable in the downlink (the UE only monitors using LP-WUR but is outside LP-WUS coverage). 
The following entry condition(s) of using LP-WUS can be considered:
· Good serving cell quality, e.g., the serving cell quality above threshold
· UE WUR capability
· UE having been configured for WUR operation via NAS
· WUR being configured in the cell
· No ongoing MR activity (e.g., RRM measurement, RA, etc.)
The following exit condition(s) of using LP-WUS can be considered:
· Insufficient serving cell quality, e.g., the serving cell quality below threshold
· Cell change
· UE de-configured for WUR operation via NAS
· WUR de-configured in the cell
· Start of MR activity (e.g., RRM measurement, RA, etc.)
7.3.1.4 Configuration
Regarding the LP-WUS configuration, both UE and gNB must have a common understanding of when LP-WUS should be applied to avoid that UEs become unreachable in the downlink, as mentioned above in 7.2.3.1.3. Both UE and gNB could apply LP-WUS if LP-WUS has been configured in the cell in SI. This would further determine the conditions for entering and leaving LP-WUS monitoring operation as being tied to the monitoring of paging in a cell: A UE enables LP-WUS monitoring if it is configured with LP-WUS and camp on a cell in RRC_IDLE or RRC_INACTIVE state in which LP-WUS is configured, for example when re-selecting a cell in in which LP-WUS is configured or being released from RRC_CONNECTED in a cell in which LP-WUS is configured. 
7.3.1.5 System information update and PWS
Reception of system information (SI) broadcast and ETWS/CMAS are RRC_IDLE mode procedures which must be supported for UE with LP-WUS/WUR. When the UE initiates the acquisition of SI, for example when SI has become outdated or upon cell change, the UE anyway needs to start up the main receiver for the reception of the SI message(s). However, this is not the case for a gNB notification of SI update and it must be possible to notify also UEs with LP-WUR about an upcoming SI change in the cell. For reference, in Rel-16 GWUS for NB-IoT/LTE-M this is done by a subgroup common to all UEs (configured by the parameter commonSequence), whereas for Rel-17 PEI the gNB must transmit PEI to all subgroups separately and upon the reception of PEI UEs continue to, as in legacy operation, monitor for the systemInfoModification and systemInfoModification-eDRX in the Short Messages transmitted on PDCCH using P-RNTI. 
For LP-WUS/WUR there are three options for SI update and other common notification to UEs:
A. Common UE subgroup in WUS: gNB can address all UEs in WUS, and UEs wake up to check the legacy systemInfoModification, or other notifications, in Short Message using the main receiver.
B. SI change specific notification in WUS: gNB can indicate a system information change directly in the WUS payload but not any other common indication.
C. No common indication in WUS: gNB need to address each UE subgroup individually with a separate WUS, and UEs wake up to check the legacy systemInfoModification in Short Message using the main receiver. (Note, does not work with unique UE_ID in WUS payload).
Editor's Notes: FFS to what extent UE maintains valid SI in case UE’s MR is in ultra-deep sleep state.
ETWS/CMAS is regulatory requirement for UEs supporting ETWS/CMAS. Therefore, even for UE in ultra-deep sleep, the ETWS/CMAS messages should be ensured to be reachable if the UE is capable of ETWS/CMAS. As in legacy, the gNB would upon ETWS/CMAS information need to wake up UE by LP-WUS from ultra-deep sleep and this is possible using solution A or C above. 
Editor's Notes: FFS whether indicate the notification of ETWS/CMAS or SI change in LP-WUS.
7.3.1.6 Mobility and RRM
To ensure a UE in RRC_IDLE or RRC_INACTIVE is camping on the best cell it needs to perform mobility measurements as specified in TS 38.304. RRM measurement for mobility includes serving cell measurements and neighbour cell measurements, which can be intra-frequency or inter-frequency (including inter-RAT) measurements. In general, the neighbour cell measurements however only need to be performed by the UE if the serving cell is not strong enough, i.e., when the intra-frequency cell re-selection criterion (Srxlev > SIntraSearchP and Squal > SIntraSearchQ) or the inter-frequency cell re-selection criterion (Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ) is not fulfilled. For the majority of UEs, and in a well deployed network without coverage holes, it is therefore the serving cell measurements that need to be performed the most frequently, and therefore they will also have the biggest impact on UE energy consumption. 
For a UE operating with LP-WUR, infrequently starting up the main receiver (MR) for neighbour cell measurements is not expected to have any significant impact on UE energy consumption. However, using the MR for serving cell measurements has a significant impact on UE energy consumption and reduce the LP-WUS/WUR gain according to the observations from the study evaluation results. This since according to Clause 4.2.2.2 in TS 38.133, serving cell measurements must be performed every or every second I-DRX cycle in FR1 (and somewhat more relaxed in FR2). Starting the main receiver for RRM measurements every I-DRX cycle removes a large part of the UE energy consumption reductions from LP-WUS/WUR. As seen from Section 8.1.1.5.2, even for serving cell measurement relaxation of up to every 16th time using the main receiver (MR) the average UE power saving gain is at most 60%, compared to 83% when the serving cell measurement is offloaded to the LP-WUR. Currently serving cell measurement relaxation is not supported for NR but support for relaxation up to at most every 8th DRX cycle was introduced for NB-IoT/LTE-M for UEs that fulfil the relaxed monitoring criterion as specified in Section 4.6.2.1A (NB-IoT) and 4.7A.2.1.1A  (LTE-M) of TS 36.133. Note that the latter means the UE power saving gain from MR serving cell measurement relaxation is only applicable to the fraction of UEs which are stationary, which is not the case for offloading serving cell measurements to the LP-WUR. Further, the feasibility of the measurement relaxation must be investigated since if the UE moves to another cell after it has met the relaxed monitoring criterion it will become unreachable in the downlink for the duration of the relaxation, e.g., 8 or 16 DRX cycles, which negatively impacts paging performance. 
In order to achieve the UE power saving gain by LP-WUS/WUR, the RRM measurement on serving cell and neighbouring cell via MR is relaxed or may be stopped when UE is using LP-WUS or MR is in ultra-deep sleep. In Rel-16/17 PowSav and RedCap WI, RRM measurement relaxation on neighbouring cell was introduced. But here, more relaxation or even no measurement could be considered considered. The relaxation on RRM measurement may impact the performance of mobility performance in RRC_IDLE or RRC_INACTIVE. In order to avoid or minimize such impact, the RRM measurement on LP-WUR could be considered. Thus, the above RRM measurement relaxation on serving cell and neighbouring cell should be premised on the feasibility or support of RRM measurement on LR.
For serving cell measurements offloaded to LP-WUR, for an OFDM-based LP-WUR legacy SSS signals could be reused for measurements, whereas an OOK-based LP-WUR would need the broadcast of a new LP-SS (see Section 9.2). According to the existing measurement definition in TS 38.133, at least 2 samples are required for every UE measurement, which means that if a measurement is required every DRX cycle, e.g., in FR1, the LP-SS periodicity must half of the DRX cycle length. However, if LP-SS detection performance using LP-WUR is worse than detecting SSS using the main receiver, even more than 2 samples per measurement may be required, in which case LP-SS periodicity must be even shorter. Therefore, the LP-SS periodicity range from 320ms to 10240ms used by RAN1 for link evaluation may be too long to be feasible for serving cell measurements.  
Editor's Notes: FFS the details on how to perform RRM measurement relaxation on serving cell and/or neighbouring cell when UE is monitoring LP-WUS or MR is in ultra-deep sleep. 
Editor's Notes: FFS the details on in which condition RRM measurement relaxation is allowed on serving cell and neighbouring cell when UE is monitoring LP-WUS or MR is in ultra-deep sleep. 
Editor's Notes: FFS RRM measurement for neighbouring cell by LR as well as corresponding cell (re-) selection. 
<text omitted>
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RAN2 has studied LP-WUS/WUR procedures for RRC Idle/Inactive and reached the following conclusions:
· UEs in Idle/Inactive should not report whether they are in LP-WUS coverage or not (i.e., no entry/exit conditions for LP-WUS rely on dedicated RRC signalling).
· LP-WUS with full coverage should be supported to minimize specification impact and complexity from UE mobility measurements and potential UE-NW state mismatch.
· Using LP-WUR for serving cell measurements will result in larger overall gain from the feature since MR relaxation is only applicable to a fraction of UEs which can fulfil the stationary criterion. 
· Further, extensive MR relaxation will lead to paging performance deterioration from missed paging (e.g., to more than every 8th DRX cycle).
· LP-SS periodicity should be half the length of shortest DRX cycle in the cell if existing RAN4 measurement definition apply (and even shorter if more than 2 samples for RRM measurements are required).
· WUS UE subgroups should be indicated using LP-WUS for false paging reduction.
· A common UE subgroup should be supported for LP-WUS/WUR (for SI update notification, CMAS/ETWS, etc., and any future need). 




5	Conclusion
In the previous sections we made the following observations: 
Observation 1	Rel-19 WI will most likely target full LP-WUS coverage in the cell, and entry/exit conditions for WUR based on serving cell quality measurement should therefore not give different result than legacy cell (re-)selection.
Observation 2	In practice, network awareness of whether the UE is monitoring LP-WUS or not is a pre-requisite for LP-WUS entry/exit condition(s) via dedicated RRC signalling.
Observation 3	To achieve significant UE power saving gains either RRM measurement relaxations need to be substantial (>16 times) using the MR [average gain 60%], or the WUR/LR must be used for RRM measurements. [average gain 83%].
Observation 4	A RRM measurement relaxation of >8 times was not found feasible for NB-IoT and LTE-M, and the impact from a >8 times for NR must be evaluated.
Observation 5	For OOK-based WUR, the additional increase in network energy consumption from LP-SS broadcast can be up to 11.4% for 320ms periodicity (TR [2], Section 8.4.2).
Observation 6	For OFDM-based WUR, reusing SSB for RRM measurements has zero additional overhead and network power consumption.
Observation 7	The LP-SS periodicity range agreed for evaluation, from 320ms to 10240ms, may not be able to fulfil the RAN4 requirements in TS 38.133 on how often serving cell measurements should be performed by the UE.
Observation 8	There is no impact from WUR on UE initiated SI acquisition.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For Idle/Inactive, the following recommendations are captured in RAN2’s input to SI TR:
	UEs in Idle/Inactive should not report whether they are in LP-WUS coverage or not (i.e., no entry/exit conditions for LP-WUS rely on dedicated RRC signalling).
	LP-WUS with full coverage should be supported to minimize specification impact and complexity from UE mobility measurements and potential UE-NW state mismatch.
	Using LP-WUR for serving cell measurements will result in larger overall gain from the feature since MR relaxation is only applicable to a fraction of UEs which can fulfil the stationary criterion.
o	Further, extensive MR relaxation will lead to paging performance deterioration from missed paging (e.g., to more than every 8th DRX cycle).
	LP-SS periodicity should be half the length of shortest DRX cycle in the cell if existing RAN4 measurement definition applies (and even shorter if more than 2 samples for RRM measurements are required).
	WUS UE subgroups should be indicated using LP-WUS for false paging reduction.
	A common UE subgroup should be supported for LP-WUS/WUR (for SI update notification, CMAS/ETWS, etc., and any future need).
Proposal 2	Entry/exit condition(s) of using LP-WUS via RRC dedicated signalling is not supported in Idle/Inactive.
Proposal 3	RAN2 specification impact difference for solutions with full LP-WUS coverage and partial LP-WUS coverage is captured in TR: full coverage has the same impact as Rel-17 PEI or Rel-15 WUS for NB-IoT/LTE-M, and for partial coverage the following issues will in addition have spec impact:
	Procedures for the UE moving in and out of WUS coverage in the cell, e.g., the serving cell quality measurement on LR, or MR, and/or serving cell quality measurement is better than configured threshold(s) in SIB.
	gNB awareness of if UE is in WUS coverage or not, i.e., how should a gNB determine if it should transmit legacy paging or WUS to reach the UE.
	Recovery from UE becoming unreachable in the DL if the UE incorrectly assumes that it is within WUR coverage due to RSRP measurement inaccuracy.
Proposal 4	Entry condition(s) of using LP-WUS can consider the following:
	Good serving cell quality, e.g., the serving cell quality above a threshold
	UE WUR capability
	UE have been configured for WUR operation via NAS
	WUR being configured in the cell
	No ongoing MR activity (e.g., RRM measurement, RA, etc.)
Proposal 5	Exit condition(s) of using LP-WUS can consider the following:
	Insufficient serving cell quality, e.g., the serving cell quality below a threshold
	Cell change
	UE being de-configured for WUR operation via NAS
	WUR being de-configured in the cell
	Start of MR activity (e.g., RRM measurement, RA, etc.)
Proposal 6	For the SI, RAN2 considers serving cell signal strength and quality measurement for RRM on LR to be based on LP-SS or SSB.
Proposal 7	After waking up by a LP-WUS, capture the below solutions in the TR:
	Alt 1: Full unique UE_ID not included in WUS. UE subgrouping is beneficial for false paging reduction:
o	Alt 1.1: UE could monitors legacy paging, i.e., DCI/paging [WUS(LR) + PDCCH(MR) + PDSCH(MR)];
o	Alt 1.2: UE could monitors PEI, if configured and supported; FFS details on using LP-WUS and PEI together, e.g. subgrouping [WUS(LR) + PDCCH(MR) + PDCCH(MR) + PDSCH(MR)]
	FFS Alt 2: Full unique UE_ID included in WUS. No false paging.
o	UE could performs 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) [WUS(LR)]
Proposal 8	Capture in TR that for Network to be aware of whether the UE is monitoring LP-WUS or not, all UEs in Idle/Inactive must perform RRC Connection Setup and move to Connected upon LR/MR monitoring change, and upon cell selection and re-selection, which significantly increases the signalling overhead.
Proposal 9	For UE in RRC_IDLE/RRC_INACTIVE state, RAN2 recommendation is that there is no need for the network to be aware of whether the UE is monitoring LP-WUS or not.
Proposal 10	Capture in RAN2 input to SI TR the WUR gains from MR RRM measurements using relaxations would only be applicable to the fraction of UEs which can fulfil the relaxed measurement criterion (e.g., as in 5.2.4.9 of TS 38.304).
Proposal 11	A feasible upper time limit for RRM measurement should be captured in SI TR, which is helpful to determine the required LP-SS periodicity.
Proposal 12	Capture in TR that LP-SS periodicity must be at least half of the shortest DRX cycle applied in a cell to fulfil the serving cell measurement requirements of TS 38.133 (even shorter than DRX/2 if measurement accuracy is worse for OOK-based signals).
Proposal 13	Capture the following solution options for SI change notification in SI TR:
A.	Common UE subgroup in WUS: gNB can address all UEs in WUS, and UEs wake up to check the legacy systemInfoModification, or other notifications, in Short Message using the main receiver.
B.	SI change notification in WUS: gNB can indicate a system information change directly in the WUS payload. (Limited to SI update).
C.	No common indication in WUS: gNB need to address each UE subgroup individually with a separate WUS, and UEs wake up to check the legacy systemInfoModification in Short Message using the main receiver. (Does not work with unique UE_ID in WUS payload).
Proposal 14	Consider the following updates to the RAN2 text proposal for TR 38.869.
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