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1	Introduction
This contribution discussed the RRC Idle/Inactive aspects of the ongoing RAN1 led SI ‘Study on low-power wake-up signal and receiver for NR’ [1]. 
2	Discussion
2.1	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: _Toc146871358]Entry/exit condition(s) of using LP-WUS via RRC dedicated signalling is not supported in Idle/Inactive.
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[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: _Toc146871328]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 be no different 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 p.o.v. for the two solutions, and this should be included in the RAN2 input to the TR. 
[bookmark: _Toc146871359]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: _Toc146871360]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: _Toc146871361]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: _Toc146871362]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: _Toc146871363]Entry condition(s) of using LP-WUS can consider the following:
· [bookmark: _Toc146871364]Good serving cell quality, e.g., the serving cell quality above threshold
· [bookmark: _Toc146871365]UE WUR capability
· [bookmark: _Toc146871366]UE having been configured for WUR operation via NAS
· [bookmark: _Toc146871367]WUR being configured in the cell
· [bookmark: _Toc146871368]No ongoing MR activity (e.g., RRM measurement, RA, etc.)

[bookmark: _Toc146871369]Exit condition(s) of using LP-WUS can consider the following:
· [bookmark: _Toc146871370]Insufficient serving cell quality, e.g., the serving cell quality below threshold
· [bookmark: _Toc146871371]Cell change
· [bookmark: _Toc146871372]UE de-configured for WUR operation via NAS
· [bookmark: _Toc146871373]WUR de-configured in the cell
· [bookmark: _Toc146871374]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.
[bookmark: _Toc146871375]For the SI, RAN2 considers serving cell quality measurement for RRM on LR to be based on LP-SS or SSB.

2.2	UE Behaviour Upon WUS Detection

[image: ]
Figure 2: UE procedure with group indication, or common sequence, in WUS.
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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: _Toc146871376]After waking up by a LP-WUS, capture the below solutions in the TR:
· [bookmark: _Toc146871377]Alt 1: Full unique UE_ID not included in WUS. UE subgrouping is beneficial for false paging reduction:
· [bookmark: _Toc146871378]Alt 1.1: UE could monitors legacy paging, i.e., DCI/paging [WUS(LR) + PDCCH(MR) + PDSCH(MR)];
· [bookmark: _Toc146871379]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: _Toc146871380]FFS Alt 2: Full unique UE_ID included in WUS. No false paging.
· [bookmark: _Toc146871381]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)]

2.3	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: _Toc146871382]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: _Toc146871383]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: _Toc146871329]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.
2.4	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: _Toc146871330]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%].

[bookmark: _Toc146871384]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: _Toc146871385]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). 

[bookmark: _Toc146871386]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: _Toc146871331]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.

[bookmark: _Toc146871387]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:
[bookmark: _Toc146871388]OOK-based WUR measuring on LP-SS.
[bookmark: _Toc146871389]OFDM-based WUR measuring on legacy SSS (i.e., capable if I/Q sampling).
[bookmark: _Toc146871390]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]).
[bookmark: _Toc146871391]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: _Toc146871332]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: _Toc146871333]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: _Toc146871392]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. 
[bookmark: _Toc146871334]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: _Toc146871393]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).

2.6	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: _Toc146871335]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: _Toc146871394]Capture the following solution options for SI change notification in SI TR:
A. [bookmark: _Toc146871395]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: _Toc146871396]SI change notification in WUS: gNB can indicate a system information change directly in the WUS payload. (Limited to SI update).
C. [bookmark: _Toc146871397]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).

3	Text proposal
Based on the above discussion we propose the following text proposal for inclusion in the RAN2 input to TR 38.869 (this part is a resubmission from the August meeting).
[bookmark: _Toc146871398]Use the following text proposal as baseline for LP-WUS/WUR operation in Idle/Inactive for the RAN2 input to TR 38.869.
	7.3.1 RRC_IDLE/INACTIVE mode
7.3.1.1 Idle mode procedures and RRC state
In RRC_IDLE and RRC_INACTIVE states UE-specific configuration is not possible. Further, UEs shall perform idle/inactive mode procedures defined in TS 38.304 and TS 38.331, which specify how UEs shall monitor for paging, keep system information up to date, and perform cell selection and re-selection to ensure that UE is camping on the strongest cell. These procedures may need to be modified to accommodate operation using LP-WUS/WUR.
To avoid unnecessary control signalling overhead, Idle/Inactive mode procedures should not rely on signalling between UE and gNB unless there is paging for the UE.. 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.
In principle, a new state, RRC or other, for operation using LP-WUS/WUR could be introduced. A sub-state to RRC_IDLE like the one used 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 improve UE energy consumption while maintaining the 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 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 are PLMN selection, SI reception, cell re-selection mobility, and paging. Therefore, it is feasible to introduce LP-WUS/WUR as a power saving feature for RRC_IDLE and RRC_INACTIVE.
7.3.1.2 WUR mode and triggered 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 WUR option which can introduce the greatest UE energy consumption reduction compared to baseline. If the gain is similar, the magnitude of the specification impact should be a determining factor for which WUR option to support. Currently there is no support for continuous monitoring of paging in Idle/Inactive and therefore ‘continuous WUR’ may have a larger specification impact to TS 38.304 than ‘duty-cycled WUR’ (for which PEI text can be reused).
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, WUR operation will 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 WUS and the WUS payload content and size. That is, if a unique UE identifier can be included in the 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 but can directly from the 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 PRACH resource periodicity, and if this periodicity is shorter than the periodicity for downlink monitoring applied for ‘duty-cycled WUR’, there could be latency gain proportional to this difference. However, including such a large payload in WUS can be challenging for WUS link performance and coverage. If a unique UE identifier cannot be included in the WUS payload, the UE cannot directly from the WUS reception determine that itself, and not another UE, is being paged and therefore WUS detection would have to trigger the legacy paging monitoring procedure. That is, if the UE detects 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) and therefore ‘continuous WUR’ will not have a latency benefit compared to ‘duty-cycled WUR’. That is, even if WUS is immediately received using ‘continuous WUR’ the UE would anyway need to wait for the subsequent PO (i.e., same PO as if ‘duty-cycled WUR’ is used).
In the case a unique UE identifier cannot be included in the WUS payload, the mapping of WUS occasion to PO must also be defined. In the simplest case, similar to Rel-17 PEI, a WUS monitoring occasion could be associated with each PO, and a occur with a certain time offset before the PO (which must be long enough to include the transition time to start up the main receiver). Alternatively, a WUS monitoring occasion could be configured to trigger the UE to monitor multiple POs, or even an entire paging time window (PTW) when using eDRX. Such mapping could increase the network flexibility and reduce signalling overhead when paging several UEs but could at the same time have a negative impact on UE energy consumption and the WUR gain since upon each WUS reception, false alarm, or false paging the UE would have to keep the main receiver on for a longer time. For reference, 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.
Further, if a unique UE identifier cannot be included in the WUS payload, either all UEs could be triggered to wake up to monitor paging in the associated PO, or just a subset of the UEs sharing the PO, so called WUS UE subgrouping. The latter can be used to reduce the negative impact from false paging, i.e., unnecessary energy consumption in the UE caused by paging intended for another UE. In the latter case, WUS UE subgrouping information corresponding to 2 bits or more would have to be included in the WUS payload or from the use of multiple WUS signals corresponding to different subgroups. 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). Both these features rely on 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. However, for ‘continuous WUR’, 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.
A summary of the impact from carrying a unique UE identifier in the WUS payload or UE subgroup indication in the WUS is given in Table 1.
[bookmark: _Ref134437600]Table 1: Impact from the inclusion of a unique UE_ID or UE subgroup information in the LP-WUS payload.
	
	Unique UE_ID in WUS payload:
	UE subgroup indication in WUS:

	Procedure triggered by WUS reception:
	Random Access
	Legacy monitoring of paging in PO

	gNB transmission upon paging:
	WUS[footnoteRef:3] [3:  WUS and legacy paging (PDCCH+PDSCH) in partial LP-WUS coverage.] 


	WUS and legacy paging (PDCCH+PDSCH). 

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

	Latency impact:
	DL latency determined by PRACH resource periodicity. 
	DL latency determined by DRX cycle length and PRACH periodicity.



7.3.1.3 Full or partial LP-WUS coverage
The Rel-17 PEI and Rel-15 WUS for NB-IoT/LTE-M procedure works for WUR if there is full LP-WUS coverage in the cell. However, if LP-WUS link performance is considerably worse than legacy physical channels (e.g., PDCCH or PUSCH) there would only be partial WUS coverage in the cell and the complexity of the solution will be considerably higher. That is, UE and gNB may need to keep track of when the UE 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 using WUR is not sufficient. The UE could determine this from measured RSRP, e.g., compared to an RSRP threshold in the WUR configuration in system information, but measurements and trigger conditions would need to be defined both for using the WUR, for moving out of LP-WUS coverage, and for the main receiver, for moving into LP-WUS coverage. For the gNB, if a unique UE identifier (e.g., 48-bit 5G-S-TMSI or 24/40-bit I-RNTI) is not carried in the WUS payload, a gNB anyway always need to 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 WUS. If instead a unique UE identifier is carried in the WUS payload, the gNB should either transmit LP-WUS or legacy paging depending on if the UE is within LP-WUS coverage or not (since the UE directly can trigger RA). However, without any signalling from the UE upon WUS coverage change, or from being in the cell or not (see above), 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 WUR but is outside LP-WUS coverage). 
7.3.1.4 Configuration
Regarding the WUR configuration, both UE and gNB must have a common understanding of when WUR should be applied to avoid that UEs become unreachable in the downlink (see above). Rel-17 PEI and Rel-15 WUS for NB-IoT/LTE-M could be considered as baseline in which case both UE and gNB apply WUR monitoring for paging if both 1) the UE has been configured with WUS according to the radio paging capabilities included in the paging request from AMF to gNB, and 2) WUR has been configured in the cell according to system information broadcast. This would further determine the conditions for entering and leaving WUR operation as being tied to the monitoring of paging in a cell: A UE enables WUR monitoring of paging if it is configured with WUR and camp on a cell in RRC_IDLE or RRC_INACTIVE state in which WUR is configured, for example when re-selecting a cell in in which WUR is configured or being released from RRC_CONNECTED in a cell in which WUR is configured. Regarding the conditions leaving WUR operation, a UE would continue to apply WUR for monitoring of paging until it either is de-configured with WUR, the cell de-configures WUR according to system information broadcast, or the UE re-selects another cell in which WUR is not configured. Procedures in the cell not related to monitoring of paging, for example connection establishment and transfer to RRC_CONNECTED, would already be covered by existing procedures in TS 38.304 and the use of WUR would not apply to them (except for RRM measurements, see below).
7.3.1.5 System information update
[bookmark: _Hlk146189643]Reception of system information (SI) broadcast is another Idle mode procedure which must be supported with LP-WUS/WUR. For UE initiated acquisition of SI there is no need to involve the WUR. That is, 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 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 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. 
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.
For solution A, the common UE indication can be reused for anything where all UEs must be addressed, i.e., CMAS/ETWS 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 covered in WUS, but for any other need to address all UEs 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, 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. 
7.3.1.6 Mobility measurements
To ensure a UE in RRC_IDLE or RRC_INACTIVE is camping on the strongest cell it needs to perform mobility measurements as specified in TS 38.304. Mobility measurements include serving cell measurements and neighbour cell measurements, which can be intra-frequency or inter-frequency 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 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 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 DRX cycle in FR1 (and somewhat more relaxed in FR2). Starting the main receiver for RRM measurements every DRX cycle removes a large part of the UE energy consumption reductions from WUR. There are three options for performing serving cell measurements using WUR, and the WUR UE energy consumption reduction will depend on which option is adopted:
A. [bookmark: _Hlk127482759]WUR measurement on legacy SSB 
B. WUR measurement on a new WUR-specific reference signal (LP-SS)
C. MR measurement on legacy SSB 
Using WUR for RRM measurements (Options A and B) has a considerable larger UE power saving compared to using the MR for RRM measurements, [-301%~-569%] compared to [76%~92%]. For option A, a somewhat more advanced WUR is required which is capable of legacy SSS reception, since SS-RSRP and SS-RSRQ are used for serving cell measurements (see TS 38.133). For option B, a new broadcast signal, here referred to as the low-power sync-signal (LP-SS), must constantly be transmitted in cell which support LP-WUS/WUR, which increases the control signalling overhead, increases the network implementation complexity for WUR, and makes the NR signalling less lean. For option C, the WUR gains would be insignificant without a considerable amount of serving cell measurement relaxations. Only with a RRM relaxations to more than 16 times the WUR gain ([60~92%]) start to be similar to using WUR for RRM measurements. Support for serving cell measurement relaxations has not been introduced in NR, but for reference NB-IoT and LTE-M support serving cell measurements relaxations of up to every 8th DRX cycle (see parameter numDRX-CyclesRelaxed in TS 36.331). For WUR even such large relaxation would still reduce the WUR gain significantly ([31%~60%]), and the serving cell relaxation would only apply to UEs fulfilling a ‘stationary’ relaxed measurement criterion, which further limits the WUR gain to only a fraction of all UEs.
[bookmark: _Hlk142558254]For the LP-SS the additional overhead will depend on the broadcast periodicity of the LP-SS. According to TS 38.133 “The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2“. If the UE is required to perform serving cell measurements every DRX cycle (according to TS 38.133 the UE must perform serving cell measurements every or every 2nd DRX cycle in FR1), which is likely the case for at least one UE in the cell, and 2 samples are required for each measurement, the LP-SS periodicity must be at least half of the DRX cycle length. In practice this means that to be compliant with TS 38.133 and current RAN4 requirements, the LP-SS periodicity must half of the shortest DRX cycle in use in the cell. The largest WUR UE power saving gains are achieved for shorter DRX cycles compared to baseline, i.e., shorter than around 1s. In addition, the RRM measurement accuracy may be worse for OOK-based measurements, which is a likely implementation of LP-SS. If so, more than 2 samples of LP-SS may be required for a RRM measurement to achieve the same accuracy as a measurement of legacy SSS, which means the LP-SS periodicity must be even shorter than half of the shortest DRX cycle length applied in the cell.



4	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 be no different 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	Entry/exit condition(s) of using LP-WUS via RRC dedicated signalling is not supported in Idle/Inactive.
Proposal 2	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 3	Entry condition(s) of using LP-WUS can consider the following:
	 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.)
Proposal 4	Exit condition(s) of using LP-WUS can consider the following:
	 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.)
Proposal 5	For the SI, RAN2 considers serving cell quality measurement for RRM on LR to be based on LP-SS or SSB.
Proposal 6	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 7	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 8	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 9	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 10	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 11	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 12	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 13	Use the following text proposal as baseline for LP-WUS/WUR operation in Idle/Inactive for the RAN2 input to TR 38.869.
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Appendix
A1	RAN1 RRM & LP-SS agreements
The following was agreed in RAN1#112bis:
	Agreement
The period of synchronization signal that LP-WUR used for at least power evaluation can be
· Existing SSB periodicity can be used from gNB transmission perspective for evaluations assuming SSB, companies to report how often used for LP-WUR
· For evaluations assuming LP-SS
· {320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms}
· Companies to report other important assumptions if any, e.g., durations of LP-SS to achieve enough T/F accuracy
· Other values are not precluded




The following was agreed in RAN1#113:
	Agreement
For reference setting for further study on LP-SS performance and resource overhead (including sync and/or measurement), companies to report the following used in their evaluations
· the number of slots or symbols per period
· the periodicty
· the functionality of the LP-SS 




Agreement
Observations:
	For RRM with duty-cycled LP-WUS monitoring, the following observations are made with the assumption that 
· MR in ultra-deep sleep
· Effective per UE paging arrival rate <=1% 
· LP-WUR duty cycle ratio <=2%
· MR ramp-up time/transition energy option 1 (i.e., 400ms, 15000)
· RRM relaxation is assumed for both serving and neighbouring cells
Compared with i-DRX, LP-WUS operation with
· No RRM relaxed
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([-301%~-569%]) 
· MR relaxed < 8 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([-10%~7%)) 
· 8 times<= MR relaxed <=16 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([31%~60%]) 
· RRM relaxed > 16 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([60~92%]) 
· RRM offload RRM to LR
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([76%~92%]) 
Note: The ‘Effective per UE paging arrival rate’ is defined as (without taking FAR into account)
· Per UE paging probability RE if LP-WUS is per UE paging
· Per group paging probability RG = 1 – (1 – RE)N, if LP-WUS is per group paging (N is the number of UEs in the group)



	Agreement
For the LP WUR architectures analysis, in addition to LP-WUS detection, consider the following functions when necessary:
· Synchronization signal processing and time/frequency synchronization for LP-WUR
· RRM measurement at least for the serving cell




	Agreement
· For at least RRM serving cell measurement performed by LP-WUR based on reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc)
· LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
· FFS RSSI resource.
· LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
· FFS resource of reference signal(s) or signal(s) parts
· LP-SINR = LP-RSRP/(power of interference and noise) 
· FFS how to define “power of interference and noise”
· LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
· Accounting AGC accuracy, ADC of at least 4 bits is required. 
· Note: Reference signal for performing measurements can be e.g. SSB (PSS/SSS/PBCH DMRS), LP-WUS-waveform sequence, LP-SS
Note: The definition of metrics could be further refined based on future study



	Agreement
The following observations are to be captured in the TR
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial for the following functionality.
· RRM measurements by LP-WUR, if supported 
· at least coarse time synchronization of LP-WUR. 
· at least coarse frequency synchronization of LP-WUR.
· Additional periodic LP-SS system overhead depends on LP-SS periodicity, system BW, # of beams, and resource required to fulfil the target functionality, etc. Periodic signal if used for coarse synchronization may reduce overhead of signal preceding LP-WUS, if any. LP-SS can be designed to be common among UE groups (cell-specific) and such further reduce system overhead. 
· For LP-WUR that can receive existing PSS/SSS potentially assisted by PBCH DMRS/TRS for synchronization, existing PSS/SSS potentially assisted by PBCH DMRS/TRS may be used for above functionality. 
· Periodic LP-SS coverage should be equal or better than that of LP-WUS.
· For fine time and frequency synchronization, a signal (e.g. preamble) preceding or part of LP-WUS may be used.

Agreement
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
· Periodic reference signal(s) is/are used for LR measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
· FFS: periodicity, content
· MR performs measurements 
· Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
· FFS: Condition for relaxation if any
· Can apply for both neighboring and serving cell
· Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
· FFS threshold.
· Above MR measurement under certain conditions can apply for both neighboring and serving cell
· Potentially with relaxation methods for MR neighboring cell measurement 
· Other alternatives are not precluded
· FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR




A2	RAN1 agreements on WUR activation & deactivation
The following was agreed in RAN1#113:
	Agreement
· For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
· Alt 1a: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 1b: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 2: 
· activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
· Paging misdetection performance shall not be impacted.
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