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1	Introduction
The WID for NR Rel-19 “Enhancements of network energy savings for NR” [1] states the following:
2 . Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105

In this contribution, we discuss how the above objective should be approached. We further provide proposals in line with this objective.
[bookmark: _Ref178064866]

2	Discussion
2.1		Evaluations of NES gain potential
[bookmark: _Hlk158827569]RAN1#116-bis agreements:
[bookmark: OLE_LINK34]Agreement
[bookmark: OLE_LINK28][bookmark: OLE_LINK24]Companies to report at least the following key settings used in the evaluation/simulation of achievable NES gain with on-demand SIB1 in idle/inactive mode
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E: PRACH configurations (including PRACH configuration index in 38.211 Table 6.3.3.2-3) for WUS and initial/random access
· Setting F: Cat1/Cat2 BS
· Setting G: Number of SSB beams
· Setting H: NES gain/loss on Cell A
· Setting I: On-demand SIB1 transmission rate (how often UE requests on-demand SIB1)

Agreement
For further study of the NES gain/loss evaluation assumption on Cell A with on-demand SIB1 on NES cell for idle/inactive mode UE,
· Assume the following for network energy evaluation of Cell A in FR1:
· Company to report among empty/low/medium cell load as defined in 38.864
· Same Cat BS as the Non-NES cell
· 30kHz SCS, DDDSU TDD pattern
·  Same SSB period as the Non-NES cell and company to report SIB1 period
· Same number of SSBs in a SSB burst as the Non-NES cell with SSB pattern case C
· 20ms PRACH configuration periodicity for WUS and/or initial access RACH and company to report RACH configuration index in 38.211 Table 6.3.3.2-3
· Same SSB/CORESET0 multiplexing pattern and same SIB1 PDSCH time domain resource allocation as the Non-NES cell
· Same traffic model as the Non-NES cell
· Companies to report the assumption of WUS configuration provision or UL WUS monitoring or on-demand SIB1 transmission on Cell A if Case 2 (Option 1+B+X) or Case 3 (Option 2+B+Y) is considered

Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 focuses its studies on the following cases:
· Case 1: Option 1+A+X 
· Case 2: Option 1+B+X
· Case 3: Option 2+B+Y
Where the options 1/2/A/B/X/Y are defined below:
· On target cell of UL WUS transmission:
· Option 1: UE transmits UL WUS to NES Cell
· Option 2: UE transmits UL WUS to Cell A
· On configuration provision for UL WUS transmission
· Option A: UE obtains the UL WUS configuration from NES Cell
· Option B: UE obtains the UL WUS configuration from Cell A 
· On receiving of SIB1 
· Option X: UE receives on-demand SIB1 from NES Cell 
· Option Y: UE receives on-demand SIB1 from Cell A



2.1.1	SIB1 periodicity of Release 18 reference cell
The question if the baseline RAN1 evaluations (for the Release 18 reference cell) should focus on 20ms SIB1 repetition period was brought up on the reflector. The background for this was based on the formulation in TS 38.331, Sec. 5.2.1:

- the SIB1 is transmitted on the DL-SCH with a periodicity of 160 ms and variable transmission repetition periodicity within 160 ms as specified in TS 38.213 [13], clause 13. The default transmission repetition periodicity of SIB1 is 20 ms but the actual transmission repetition periodicity is up to network implementation. For SSB and CORESET multiplexing pattern 1, SIB1 repetition transmission period is 20 ms. For SSB and CORESET multiplexing pattern 2/3, SIB1 transmission repetition period is the same as the SSB period (TS 38.213 [13], clause 13). SIB1 includes information regarding the availability and scheduling (e.g. mapping of SIBs to SI message, periodicity, SI-window size) of other SIBs with an indication whether one or more SIBs are only provided on-demand and, in that case, the configuration needed by the UE to perform the SI request. SIB1 is cell-specific SIB;

However, the issue has been raised previously in R2-2207547 and R2-2209092 and discussed in TSG-RAN WG2 Meeting #119-electronic (August 2022), see R2-2209092. RAN2 agreed to the following:
· [010] From RAN2 perspective, UE assumes the SIB1 monitoring period is 20 ms for SSB and CORESET multiplexing pattern 1 (no spec change is required)
Since “SIB1 is transmitted on the DL-SCH with a periodicity of 160 ms” and “the actual transmission repetition periodicity is up to network implementation” holds [TS 38.331 Sec. 5.2.1], 160 ms SIB1 periodicity is a viable option and the simulation assumptions and reporting format for OD-SIB1 gains that was agreed at RAN1#116-bis should be kept. This also confirms that 20ms value is UE assumption for SIB1 monitoring period while the actual scheduling of PDSCH carrying SIB1 within a 160 ms period is up to network implementation. 
2.1.2	Evaluation results		
New simulations have been performed according to the agreements at RAN1#116-bis. In this section, we present observations regarding the evaluations, but the detailed evaluation results are presented in the Excel-sheet attached to this contribution (see R1-2405106 Study of on-demand SIB1 for UEs in idle inactive mode for NES Results.xls), according to the template prepared by the feature lead. 
As illustrated in Table 1, the simulations now consider the energy consumption of both an assisting coverage cell (Cell A) and capacity cell (non-NES cell / NES cell). The results depend on the role of the Cell A and the NES cell, i.e., which cell transmits UL WUS configuration, receives UL WUS etc.
[bookmark: _Ref165985397]Table 1: As per the RAN1#116-bis agreement, the energy consumption of both the coverage cell and the capacity cell shall be evaluated.
	
	Coverage cell
	Capacity Cell

	Release 18 reference system
	Cell A
	non-NES cell

	Release 19 OD-SIB1 system
	Cell A
	NES cell



We have performed evaluations with different on-demand SIB1 request rates. With the request rate 1%, we assume that SIB1 is transmitted, upon request, with periodicity 20 ms during 1% of the time, the rest of the time it is not transmitted. 
2.1.2.1 	Case 1: NES Cell standalone operation
When the on-demand SIB1 feature is activated, an UL WUS configuration signal must be broadcasted by the NES Cell. In our evaluations, the UL WUS configuration is assumed to be provided with 320ms periodicity using a procedure similar to the legacy acquisition of Other SI. PRACH occasions are scheduled every 20ms and SIB1 is transmitted upon request.
Release 18 baseline: Release 18 non-NES Cell transmits periodic SIB1 every 160ms, see the attached Excel-sheet for more details.
Test-cases in Excel-sheet: Ericsson 1,2,3
Observations on test-cases:
[bookmark: _Toc166249581]On-demand SIB1 with NES Cell standalone operation (Case 1) provides the following energy savings compared to a Rel. 18 reference case with 160 ms SIB1 periodicity:
- With 1% request rate and 1/4/8 SSBs: 0.3/1.0/1.8% reduced energy on NES cell.

2.1.2.2	Case 2: Cell A provides UL WUS config, NES cell receives the SIB1 request signal and transmits SIB1
Cell A transmits an UL WUS configuration with periodicity 320ms. This signal is assumed to be transmitted along the lines of legacy Other SI acquisition. The NES Cell listens for potential SIB1 requests in a PRACH occasion every 20ms and transmits SIB1 upon request. 
Release 18 baseline: Cell A transmits its own SSB, SIB1 and is listening to PRACH all with 20ms periodicity. NES Cell transmits SSB and PRACH with 20ms periodicity and SIB1 with 160ms periodicity.
Test-cases in Excel-sheet: Ericsson 4,5,6
Observations on test-cases:
[bookmark: _Toc166249582]On-demand SIB1 with Cell A providing UL WUS config and NES Cell receiving UL WUS and transmitting SIB1 (Case 2) provides the following energy savings compared to a Rel. 18 reference case with 160 ms SIB1 periodicity:
- With 1% request rate and 1/4/8 SSBs: 0.9/3.2/5.5% reduced energy on NES cell, 0.6/1.8/2.6% increased energy on Cell A. The reduced energy for Cell A and one NES cell combined is 0.1/0.5/1.7%.
2.1.2.3	Case 3: Cell A provides UL WUS config, receives UL WUS and transmits SIB1 
Cell A transmits an UL WUS configuration at periodicity 320ms, listens for potential SIB1 requests in a PRACH occasion every 20ms and transmits SIB1 upon request.
Release 18 baseline: The baseline scenario for comparison is a Cell A transmitting its own SSB, and SIB1 at 20ms periodicity and listening to PRACH every 20ms, while NES Cell transmits its own SSB at 20ms, SIB1 at 160s periodicity and listens to PRACH every 20ms. 
Test-cases in Excel-sheet: Ericsson 7,8,9
Observations on test-cases:
[bookmark: _Toc166064829][bookmark: _Toc166064852][bookmark: _Toc166064875][bookmark: _Toc166064937][bookmark: _Toc166065039][bookmark: _Toc166065061][bookmark: _Toc166079095][bookmark: _Toc166249583]On-demand SIB1 with Cell A providing UL WUS config, receiving UL WUS and transmitting SIB1 (Case 3) provides the following energy savings compared to a Rel. 18 reference case with 160 ms SIB1 periodicity:
- With 1% request rate and 1/4/8 SSBs: 1.0/3.5/6.0% reduced energy on NES cell, 0.7/2.1/3.2% increased energy on Cell A. The reduced energy for Cell A and one NES cell combined is 0.1/0.4/0.6%.

Observations 1-3 indicate very small potential energy savings that do not justify significant specification work and standard impact. Support of normative work requires evidence for more substantial network energy savings. 
Given the limited NES gains of the on-demand SIB1 feature and the fact that it makes the cell inaccessible for legacy UEs, only simple solutions that require minimal standardization changes should be considered.

2.2	Deployment Aspects
2.2.1	Identifying a NES Cell
RAN1#116-bis agreement:Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By WUS configuration
· Option 2: By PBCH payload of NES cell 


Option 1:
For Option 1 we assume that the WUS configuration is provided by cell A. This option can be beneficial for  UEs that are in proximity of NES cells but who has not received the SSBs of the NES cells. If UL WUS configuration is provided by Cell A, then the resources for UL WUS configuration acquisition will appear in the SIB1 of Cell A as Other SI. UEs receiving Cell A’s SIB1 and OSI can readily infer the presence of NES Cells in the vicinity by the additional entries for UL WUS configurations. When a UE acquires the UL WUS configuration it will also get the information to identify nearby NES cells “for free”.

Option 2: Option 2 appears to be the leanest way to introduce such identification of NES cell. No additional information exchange between network nodes is required and the latency for the NES Cell identification is minimized. In legacy, if a UE is unable to acquire SIB1 then the cell is considered as barred. There is not much space in the MIB, but it is sufficient to use, e.g., specific values of the ssb-SubcarrierOffset parameter or the spare BIT STRING of the MIB to indicate to the UE that SIB1 can be requested on-demand.

[bookmark: _Toc166249584]UE can identify a NES cell implicitly from UL WUS configuration provided by Cell A (Option 1). It is useful mainly when the UE has not yet received SSB from NES Cells.
[bookmark: _Toc166249585]Identification of NES cell by PBCH payload of NES cell (Option 2) maximizes the robustness and minimizes the latency and the required information exchange between network nodes of the NES Cell identification mechanism.

[bookmark: _Toc166064896][bookmark: _Toc166064958][bookmark: _Toc166064998][bookmark: _Toc166064898][bookmark: _Toc166064960][bookmark: _Toc166065000][bookmark: _Toc166064899][bookmark: _Toc166064961][bookmark: _Toc166065001][bookmark: _Toc166064907][bookmark: _Toc166064969][bookmark: _Toc166065009][bookmark: _Toc166064910][bookmark: _Toc166064972][bookmark: _Toc166065012][bookmark: _Toc163119915][bookmark: _Toc163119930][bookmark: _Toc163119916][bookmark: _Toc163119931][bookmark: _Toc166249594][bookmark: _Toc166064897][bookmark: _Toc166064959][bookmark: _Toc166064999][bookmark: _Toc166064900][bookmark: _Toc166064962][bookmark: _Toc166065002][bookmark: _Toc166064901][bookmark: _Toc166064963][bookmark: _Toc166065003][bookmark: _Toc166064902][bookmark: _Toc166064964][bookmark: _Toc166065004][bookmark: _Toc166064903][bookmark: _Toc166064965][bookmark: _Toc166065005][bookmark: _Toc166064904][bookmark: _Toc166064966][bookmark: _Toc166065006][bookmark: _Toc166064905][bookmark: _Toc166064967][bookmark: _Toc166065007][bookmark: _Toc166064906][bookmark: _Toc166064968][bookmark: _Toc166065008][bookmark: _Toc166064908][bookmark: _Toc166064970][bookmark: _Toc166065010][bookmark: _Toc166064909][bookmark: _Toc166064971][bookmark: _Toc166065011][bookmark: _Toc166064911][bookmark: _Toc166064973][bookmark: _Toc166065013]UE can identify a NES cell with on-demand SIB1 by both UL WUS configuration and PBCH payload of the NES cell. 

[bookmark: _Ref165291286]2.2.2	The role of Cell A and the NES cell
RAN1#116-bis agreement:
[bookmark: OLE_LINK271]Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 focuses its studies on the following cases:
· Case 1: Option 1+A+X 
· Case 2: Option 1+B+X
· Case 3: Option 2+B+Y
Where the options 1/2/A/B/X/Y are defined below:
· On target cell of UL WUS transmission:
· [bookmark: OLE_LINK191]Option 1: UE transmits UL WUS to NES Cell
· Option 2: UE transmits UL WUS to Cell A
· On configuration provision for UL WUS transmission
· [bookmark: OLE_LINK192]Option A: UE obtains the UL WUS configuration from NES Cell
· [bookmark: OLE_LINK283][bookmark: OLE_LINK277]Option B: UE obtains the UL WUS configuration from Cell A 
· On receiving of SIB1 
· Option X: UE receives on-demand SIB1 from NES Cell 
· Option Y: UE receives on-demand SIB1 from Cell A


Table 2 illustrates the possible combinations regarding which cell does what. Case 1, 2 and 3 remain for further study.

[bookmark: _Ref165989581]Table 2: Alternatives for the role of Cell A and the NES cell.
	
	Provides UL WUS configuration
	Receives UL WUS
	Send SIB1

	Case 1 
	NES Cell
	NES Cell
	NES Cell

	Case 2 
	Cell A
	NES Cell
	NES Cell

	
	NES Cell
	Cell A
	NES Cell

	
	Cell A
	Cell A
	NES Cell

	
	NES Cell
	NES Cell
	Cell A

	
	Cell A
	NES Cell
	Cell A

	
	NES Cell
	Cell A
	Cell A

	Case 3 
	Cell A
	Cell A
	Cell A



2.2.2.1	Configuration provision for UL WUS transmission
Regarding configuration provision for UL WUS transmission, we see a need to separate between: (1) the first time that the configuration is provided to the UE and (2) configuration updates.

First-time configuration provision for UL WUS:
Through the UL WUS configuration, the UE can understand when, where and how to send an on-demand SIB1 request for a NES cell. In Table 3, we have listed a set of parameters required for a MSG1-based WUS configuration. Even though some of these parameters may be optionally configured, our calculations show that a typical WUS configuration would be somewhere around 30 octets large. If the NES cell is to provide its own WUS configuration to the UE for the first time via the MIB, the provided configuration would be very limited since according to the current MIB description there is only one spare bit and very few code-points available that can be used to provide the UL WUS configuration. In contrast, Cell A can provide the UL WUS configuration for one or multiple NES cells in a new SIB. We note that the maximum payload for a SI message is 2976 bits, so one single SI message can fit the typical configurations of approximately 12 NES cells, which is well enough for all practical deployments.

[bookmark: _Toc166249586]The UL WUS configuration does not fit into the MIB of the NES cell.
[bookmark: _Toc166249587]The UL WUS configuration of multiple NES cells can fit into a single SI message when the legacy procedure for Other SI acquisition is followed.
Configuration update provision for UL WUS:
A UE that has received a first configuration of UL WUS may be camping in either Cell A or in the NES Cell. In the rare event that the configuration of UL WUS needs to be updated, the UE should not have to switch cell to receive the update. Hence, we propose that Cell A sends UL WUS configuration update for UEs that are camping in cell A and that the NES cell sends UL WUS configuration update for UEs that are camping in the NES cell. The UL WUS configuration update can be done via the legacy SI update procedure.

[bookmark: _Toc166249595]At least Cell A provides the UL WUS configuration for one or multiple NES cells to the UE in system information broadcast.
[bookmark: _Toc166249596]Provisioning of update of UL WUS configuration is done by the cell in which the UE is camping.
2.2.2.2	Target cell of UL WUS transmission and source cell of SIB1 transmission
We agree to the principle that the same cell that receives the UL WUS should also transmit the SIB1. With Case 2 the NES Cell performs both these tasks, with Case 3, Cell A performs both tasks.  We note that with Case 3, the Cell A and the NES Cell must exchange information to ensure the consistency of the information included in the SIB1 message. Moreover, a solution where Cell A receives the WUS and transmits the SIB1 also needs to ensure that the PRACH capacity of Cell A does not become a bottleneck if Cell A assists many NES cells. It is also not clear how to handle the case when Cell A assists multiple NES cells and different UEs simultaneously request SIB1 for different NES cells. Considering these aspects, we propose to have case 1 as baseline assumption for further studies.

[bookmark: _Toc166249597]For the further study of on-demand SIB1 for idle/inactive mode UEs, the baseline assumption is that Cell A provides UL WUS configuration and the NES cell receives the UL WUS and transmits the SIB1 (Case 2). 
2.3	Signal Design 
2.3.1	UL WUS configuration
RAN1#116-bis agreement:Agreement
For UL WUS design for SIB1 request, at least dedicated PRACH resource is the assumption for further study in RAN1
· FFS: Details on time, frequency, and/or PRACH preamble resources for UL WUS
· FFS: whether RACH resource for SIB1 request could be used for an initial access procedure and/or an on-demand SI procedure


Some configuration parameters that may be needed for the on-demand SIB1 acquisition are detailed in Table 3. An identifier of the cell(s) that the configuration applies to is needed. Parameters of the relevant RACH occasions must be specified. That is, time and frequency properties of the RACH occasions, offsets, correspondence between SSB beam and PRACH occasion, etc. Also, a predetermined preamble is necessary for the on-demand SIB1 request. That requires to specify at least the preamble index and its root sequence and to provide the parameters necessary for UL power control. Furthermore, PDCCH/PDSCH resources for the SIB1 acquisition must be specified. Feedback in response to a request is still under discussion: one option that has been proposed is that the gNB responds with RAR (or some other DCI) so that the UE can start the on-demand SIB1 acquisition. In that case, the corresponding RAR/DCI resources must be specified, either explicitly or via reference to default resources. 
[bookmark: _Toc166249588]UL WUS configuration for on-demand SIB1 request need to include parameters for: 
- Identification of cell(s) that the configuration applies to,
- RACH procedure specification similar to legacy MSG-1-based on-demand SI,
- time/frequency resources for SIB1 acquisition, and
- resources for random access response.
Notably, the structure of the UL WUS configuration described in Table 3 also addresses two other discussion points for on-demand SIB1: (1) whether an UL WUS configuration applies to multiple NES cells or a single NES cell, and (2) how a UE can identify a NES cell. If a list of NES cell identifiers is provided, then the same configuration can be used for all of them. Moreover, if the configuration is provided by Cell A, then it gives the UE an implicit identification of nearby NES cells.

[bookmark: _Toc166249589]UL WUS configuration provided by an assisting cell (Cell A) can apply to one or multiple NES cells.
[bookmark: _Toc166249590]UL WUS configuration provided by an assisting cell (Cell A) gives an implicit identification of nearby NES cells to the UE.


[bookmark: _Ref165987353]Table 3: Parameters for on-demand SIB1 request.
	Purpose
	Parameters

	To which cell does the config applies
	NES-CellId
	PhysCellId 

	
	
	ARFCN-ValueNR 

	WUS transmission
	SIB1-RequestConfig 
 
	ss-PBCH-BlockPower

	
	
	rach-OccasionsSIB1
	Prach-ConfigurationIndex

	
	
	
	msg1-FDM

	
	
	
	msg1-FrequencyStart

	
	
	
	zeroCorrelationZoneConfig

	
	
	
	preambleReceivedTargetPower

	
	
	
	preambleTransMax

	
	
	
	powerRampingStep

	
	
	
	ra-ResponseWindow

	
	
	
	ssb-perRACH-Occasion

	
	
	sib1-RequestPeriod


	
	
	sib1-RequestResource
	ra-PreambleStartIndex

	
	
	
	ra-AssociationPeriodIndex

	
	
	
	ra-ssb-OccasionMaskIndex

	
	
	rsrp-ThresholdSSB

	
	
	prach-RootSequenceIndex

	
	
	msg1-SubcarrierSpacing

	
	
	restrictedSetConfig

	
	
	tdd-UL-DL-ConfigurationCommon

	
	frequencyInfoUL
	frequencyBandList

	
	
	absoluteFrequencyPointA

	
	
	offsetToCarrier

	
	
	p-Max

	
	
	frequencyShift7p5khz

	SIB1 reception
	pdcch-ConfigSIB1
	ssb-SubcarrierOffset

	
	
	controlResourceSetZero

	
	
	searchSpaceZero

	RAR Reception
	pdcch-ConfigOD-SIB1-RAR
	controlResourceSet

	
	
	monitoringSlotPeriodicityAndOffset

	
	
	duration

	
	
	monitoringSymbolsWithinSlot

	
	
	aggregationLevels




2.4	Triggering conditions

RAN1#116-bis agreements:Agreement
Conditions for triggering UL WUS transmission is up to RAN2. Any related work in RAN1 to be triggered by RAN2 LS. Send an LS to RAN2. Final LS in R1-2403779.
Agreement
RAN1 to further study the following UE operation scenarios in the UL WUS design:
· Scenario 1: UE requests SIB1 to camp on NES cell
· Scenario 2: UE request SIB1 to perform random access procedure to make RRC connection to NES cell


Scenario 1: If on-demand SIB1 is introduced in Release 19, then the standardization impact should be minimized and special solutions that only applies to NES cells should be avoided –  NES cells should behave as other cells when possible. We think that Scenario 1 should be supported since it is normal operation that an IDLE or INACTIVE UE reads SIB1 to camp in a cell.
Scenario 2: This scenario corresponds to a procedure without any correspondence to Release 18, a new procedure which will combine request of SIB1, random access and request for transition to RRC_CONNECTED state. It is an optimization that comes at the cost of significant specification effort and a more complex standard, while the gains are not clear. We think that Scenario 2 has low priority. 
[bookmark: _Toc166064845][bookmark: _Toc166064868][bookmark: _Toc166064891][bookmark: _Toc166064952][bookmark: _Toc166065054][bookmark: _Toc166065077][bookmark: _Toc166079111][bookmark: _Toc166249591]Allowing a UE to camp on a cell after SIB1 acquisition is normal operation. Supporting this for NES cells (Scenario 1) requires no/minimal modification of the standard.
[bookmark: _Toc166249592][bookmark: _Toc166064847][bookmark: _Toc166064870][bookmark: _Toc166064893][bookmark: _Toc166064954][bookmark: _Toc166065056][bookmark: _Toc166065079][bookmark: _Toc166079113]A new procedure to support UE request SIB1 to perform random access procedure to make RRC connection to NES cell (Scenario 2) requires significant standardization effort and makes the standard more complex, while the gains are not clear.
[bookmark: _Toc166249598][bookmark: _Toc166064918][bookmark: _Toc166064980][bookmark: _Toc166065020][bookmark: _Toc166064919][bookmark: _Toc166064981][bookmark: _Toc166065021][bookmark: _Toc166064920][bookmark: _Toc166064982][bookmark: _Toc166065022][bookmark: _Toc166064921][bookmark: _Toc166064983][bookmark: _Toc166065023][bookmark: _Toc166064924][bookmark: _Toc166064986][bookmark: _Toc166065026][bookmark: _Toc166064927][bookmark: _Toc166064989][bookmark: _Toc166065029][bookmark: _Toc166064929][bookmark: _Toc166064991][bookmark: _Toc166065031]A UE requesting SIB1 can camp on NES cell.
2.5	Time domain behaviour
From RAN1#116-bis:Companies to consider the following for future meetings
· Option 1: SIB1 monitoring occasions within a time window
· FFS: The starting time and duration of the time window
· FFS: Interval between two SIB1 monitoring occasions in the time window
· FFS: How gNB informs UE the details related to the time window
· Option 2: Periodic SIB1 monitoring occasions until gNB turns off the SIB1 transmission
· FFS: The staring time of the SIB1 monitoring occasions
· FFS: How gNB informs UE the SIB1 transmission is turned off
· FFS: How gNB informs the UE the details related to periodicity
· Other options are not precluded
· FFS: Further details on SIB1 monitoring occasions



We are open to study both options, but for Option 2, explicit signaling from the gNB to inform the UE that SIB1 transmission is turned off should be avoided. That will add complexity and consume network power and we don’t think that it is needed.

A UE monitoring behavior similar to what is currently in the specification for acquisition of SI messages can be considered for on-demand SIB1. The UE monitors PDCCH for an SI message during an SI-window. If the UE fails to read the SI in one SI-window, then it continues to monitor during the next SI-window and so on. This is repeated for the duration of the SI modification period. Another possibility is that the UE repeats the request for SIB1 if it fails to read SIB1 during one time-window. A prohibit-timer or similar should then be considered to avoid waking up the gNB too often.

[bookmark: _Toc166249599]There should be no explicit signaling to inform the UE that SIB1 transmission is turned off.

Conclusion
In the previous sections we made the following observations: 
Observation 1	On-demand SIB1 with NES Cell standalone operation (Case 1) provides the following energy savings compared to a Rel. 18 reference case with 160 ms SIB1 periodicity: - With 1% request rate and 1/4/8 SSBs: 0.3/1.0/1.8% reduced energy on NES cell.
Observation 2	On-demand SIB1 with Cell A providing UL WUS config and NES Cell receiving UL WUS and transmitting SIB1 (Case 2) provides the following energy savings compared to a Rel. 18 reference case with 160 ms SIB1 periodicity: - With 1% request rate and 1/4/8 SSBs: 0.9/3.2/5.5% reduced energy on NES cell, 0.6/1.8/2.6% increased energy on Cell A. The reduced energy for Cell A and one NES cell combined is 0.1/0.5/1.7%.
Observation 3	On-demand SIB1 with Cell A providing UL WUS config, receiving UL WUS and transmitting SIB1 (Case 3) provides the following energy savings compared to a Rel. 18 reference case with 160 ms SIB1 periodicity: - With 1% request rate and 1/4/8 SSBs: 1.0/3.5/6.0% reduced energy on NES cell, 0.7/2.1/3.2% increased energy on Cell A. The reduced energy for Cell A and one NES cell combined is 0.1/0.4/0.6%.
Observation 4	UE can identify a NES cell implicitly from UL WUS configuration provided by Cell A (Option 1). It is useful mainly when the UE has not yet received SSB from NES Cells.
Observation 5	Identification of NES cell by PBCH payload of NES cell (Option 2) maximizes the robustness and minimizes the latency and the required information exchange between network nodes of the NES Cell identification mechanism.
Observation 6	The UL WUS configuration does not fit into the MIB of the NES cell.
Observation 7	The UL WUS configuration of multiple NES cells can fit into a single SI message when the legacy procedure for Other SI acquisition is followed.
Observation 8	UL WUS configuration for on-demand SIB1 request need to include parameters for:  - Identification of cell(s) that the configuration applies to, - RACH procedure specification similar to legacy MSG-1-based on-demand SI, - time/frequency resources for SIB1 acquisition, and - resources for random access response.
Observation 9	UL WUS configuration provided by an assisting cell (Cell A) can apply to one or multiple NES cells.
Observation 10	UL WUS configuration provided by an assisting cell (Cell A) gives an implicit identification of nearby NES cells to the UE.
Observation 11	Allowing a UE to camp on a cell after SIB1 acquisition is normal operation. Supporting this for NES cells (Scenario 1) requires no/minimal modification of the standard.
Observation 12	A new procedure to support UE request SIB1 to perform random access procedure to make RRC connection to NES cell (Scenario 2) requires significant standardization effort and makes the standard more complex, while the gains are not clear.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Given the limited NES gains of the on-demand SIB1 feature and the fact that it makes the cell inaccessible for legacy UEs, only simple solutions that require minimal standardization changes should be considered.
Proposal 2	UE can identify a NES cell with on-demand SIB1 by both UL WUS configuration and PBCH payload of the NES cell.
Proposal 3	At least Cell A provides the UL WUS configuration for one or multiple NES cells to the UE in system information broadcast.
Proposal 4	Provisioning of update of UL WUS configuration is done by the cell in which the UE is camping.
Proposal 5	For the further study of on-demand SIB1 for idle/inactive mode UEs, the baseline assumption is that Cell A provides UL WUS configuration and the NES cell receives the UL WUS and transmits the SIB1 (Case 2).
Proposal 6	A UE requesting SIB1 can camp on NES cell.
Proposal 7	There should be no explicit signaling to inform the UE that SIB1 transmission is turned off.
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