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1. Introduction
In ‎[1], a new WID for network energy saving has been approved. This Rel-19 work item aims to specify and study on-demand SIB1 for UEs in idle/inactive mode as follow.
	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 the mechanism for on-demand SIB1 transmission including procedure and signalling methods.
2. Benefits and feasibility
Based on the agreed simulation parameters so far, we performed the simulation for Cat 2 BS and 8 SSBs in an SSB burst. Initial simulation results have been summarized in R1-2402030 [2]. In addition, the NES gain for 5% OD-SIB1 transmission rate is also simulated with OD-SIB1 over 8 SSB beams. The NES gains are shown in the following tables.
[bookmark: _Hlk162605950]Table 1 NES gains for RU=0%, Cat 2 BS, 8 SSBs
	SSB period (ms)
	SIB1 period (ms)
	UL WUS/PRACH monitoring period (ms)
	NES gain of NES cell

	
	
	
	OD-SIB1 transmission rate = 0%
	OD-SIB1 transmission rate = 5%

	20
	20
	20
	39.34%
	36.87%

	
	40
	
	24.40%
	22.57%

	
	160
	
	7.40%
	6.28%

	40
	40
	40
	25.46%
	24.24%

	160
	160
	160
	7.76%
	7.44%



Table 2 NES gains for RU=15%, Cat 2 BS, 8 SSBs
	SSB period (ms)
	SIB1 period (ms)
	UL WUS/PRACH monitoring period (ms)
	NES gain of NES cell

	
	
	
	OD-SIB1 transmission rate = 0%
	OD-SIB1 transmission rate = 5%

	[bookmark: _Hlk166176319]20
	20
	20
	28.77%
	27.47%

	
	40
	
	17.72%
	17.05%

	
	160
	
	5.57%
	5.26%



Table 3 NES gains for RU=30%, Cat 2 BS, 8 SSBs
	SSB period (ms)
	SIB1 period (ms)
	UL WUS/PRACH monitoring period (ms)
	NES gain of NES cell

	
	
	
	OD-SIB1 transmission rate = 0%
	OD-SIB1 transmission rate = 5%

	20
	20
	20
	15.47%
	15.3%

	
	40
	
	10.10%
	9.94%

	
	160
	
	4.13%
	4.02%



Furthermore, according to the discussion in RAN1#116bis, the detailed parameters and gains are shown in appendix A.

In view of all the results from previous RAN1 meeting, we have the following observations:

Observation 1: For Cat 2 BS, case 2 (Option 1+B+X)
· 20ms SIB1 period, 8 SSBs, 
· empty load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 39.34%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 36.87%.
· low load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate=0%, the NES gain of NES cell is about 28.77%.
· OD-SIB1 transmission rate=5%, the NES gain of NES cell is about 27.47%.
· medium load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate=0%, the NES gain of NES cell is about 15.47%.
· OD-SIB1 transmission rate=5%, the NES gain of NES cell is about 15.3%
· 40ms SIB1 period, 8 SSBs, 
· empty load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate=0%, the NES gain of NES cell is about 25.46%.
· OD-SIB1 transmission rate=5%, the NES gain of NES cell is about 24.24%.
· low load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 17.72%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 17.05%.
· medium load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 10.1%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 9.94%.
· 160ms SIB1 period, 8 SSBs, 
· empty load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 7.76%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 7.44%.
· low load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 5.57%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 5.26%.
· medium load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 4.13%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 4.02%.

Observation 2: For Cat 2 BS, case 2 (Option 1+B+X)
· 20ms SIB1 period, 8 SSBs,
· empty load, TDMed SSB and SIB1, the NES gain of cell A is about -0.38%.
· 160ms SIB1 period, 8 SSBs,
· empty load, TDMed SSB and SIB1, the NES gain of cell A is about -0.07%.

In the following part, we discuss the mechanism for on-demand SIB1 transmission and corresponding impacts.

3. PHY layer aspects for on-demand SIB1 transmission
In RAN1#116bis meeting, RAN1 discussed the following cases for further study.
	[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



In the following section, we analysed for each case and give our views accordingly.
3.1 Case 1/2/3 for on-demand SIB1
For case 1 (Option 1+A+X), for UEs who haven’t received the WUS configuration before e.g. the UE is powered on, designing a new MIB to carry the WUS configurations for those UEs will have major changes to the specifications and UE implementation. And designing a new pre-SIB1 to carry WUS configurations is not useful in terms of NES gains. 
For case 2 (Option 1+B+X) and case 3 (Option 2+B+Y), SIB1 and/or SIBx of Cell A can be used for the WUS configuration provisioning depending on the size of UL WUS configurations for one or more NES Cells. And based on our simulation, the energy increase for Cell A due to the UL WUS configuration provisioning is marginal.
Observation 3: For case 1 (Option 1+A+X), defining a new MIB or pre-SIB1 for WUS configuration provisioning from NES Cell is not beneficial in terms of NES gains and its specification impact is expected to be large.

Observation 4: For case 2 (Option 1+B+X) and case 3 (Option 2+B+Y), using SIB for WUS configuration provisioning from Cell A is feasible and beneficial in terms of NES gains and its specification impact is expected to be small.

Based on this, we have the following proposal:
Proposal 1: RAN1 further focus on the following cases:
· Case 2 (Option 1+B+X): UE obtains the UL WUS configuration from Cell A, and transmits UL WUS to NES Cell, then receives on demand SIB1 from NES Cell
· Case 3 (Option 2+B+Y): UE obtains the UL WUS configuration from Cell A, and transmits UL WUS to Cell A, then receives on demand SIB1 from Cell A.

3.2 UL WUS configuration for SIB1 request
In the legacy on-demand SI, the UE first receives SIB1. SIB1 configures the number of SIBs included in each SI and whether each SI is broadcasted or not. For on-demand SI, SIB1 also configures the dedicated PRACH time and frequency resources including prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart. For the association between SSB and RO, the SIB1 can configure number of SSBs per RO by ssb-perRACH-Occasion. And it can also configure the periodicity of the SI-Request configuration in number of association periods by si-RequestPeriod, the association period index by ra-AssociationPeriodIndex and RO index by ra-ssb-OccasionMaskIndex which can be used for on demand SI request. For the preamble resources, the SIB1 can configure the preamble index by ra-PreambleStartIndex. The detailed configuration is shown below.
	SI-RequestConfig ::=                SEQUENCE {
    rach-OccasionsSI                    SEQUENCE {
        rach-ConfigSI                       RACH-ConfigGeneric,
        ssb-perRACH-Occasion                ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
    }                                                                                                       OPTIONAL,   -- Need R
    si-RequestPeriod                    ENUMERATED {one, two, four, six, eight, ten, twelve, sixteen}       OPTIONAL,   -- Need R
    si-RequestResources                 SEQUENCE (SIZE (1..maxSI-Message)) OF SI-RequestResources
}

SI-RequestResources ::=             SEQUENCE {
    ra-PreambleStartIndex               INTEGER (0..63),
    ra-AssociationPeriodIndex           INTEGER (0..15)                                                     OPTIONAL,   -- Need R
    ra-ssb-OccasionMaskIndex            INTEGER (0..15)                                                     OPTIONAL    -- Need R
}



	RACH-ConfigGeneric ::=              SEQUENCE {
    prach-ConfigurationIndex            INTEGER (0..255),
    msg1-FDM                            ENUMERATED {one, two, four, eight},
    msg1-FrequencyStart                 INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    zeroCorrelationZoneConfig           INTEGER(0..15),
    preambleReceivedTargetPower         INTEGER (-202..-60),
    preambleTransMax                    ENUMERATED {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},
    powerRampingStep                    ENUMERATED {dB0, dB2, dB4, dB6},
    ra-ResponseWindow                   ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},
    ...,
    [[
    prach-ConfigurationPeriodScaling-IAB-r16    ENUMERATED {scf1,scf2,scf4,scf8,scf16,scf32,scf64}              OPTIONAL,   -- Need R
    prach-ConfigurationFrameOffset-IAB-r16      INTEGER (0..63)                                                 OPTIONAL,   -- Need R
    prach-ConfigurationSOffset-IAB-r16          INTEGER (0..39)                                                 OPTIONAL,   -- Need R
    ra-ResponseWindow-v1610                     ENUMERATED { sl60, sl160}                                       OPTIONAL,   -- Need R
    prach-ConfigurationIndex-v1610              INTEGER (256..262)                                              OPTIONAL    -- Need R
    ]],
    [[
    ra-ResponseWindow-v1700                     ENUMERATED {sl240, sl320, sl640, sl960, sl1280, sl1920, sl2560} OPTIONAL    -- Need R
    ]]
}



While in on-demand SIB1 procedure, it was agreed that at least dedicated PRACH resource is the assumption for further study in RAN1.
	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



Case 2 (Option 1+B+X)
For case 2 (Option 1+B+X), the PRACH is transmitted in NES cell. The dedicated PRACH resources configuration can be the same as the legacy dedicated PRACH resource configuration for on demand SI. For instance, prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart can be included in the UL WUS configuration for the PRACH resources. In addition, the UL WUS configuration should also include the information related to UL BWP 0, SSB pattern, SSB power for the UL WUS transmission. And NES Cell ID should also be included since the UE needs to know the UL WUS is for which NES Cell.
[bookmark: _Hlk165901639]Proposal 2: For Case 2 (Option 1+B+X), UL WUS configuration includes at least the following information 
· Time domain PRACH resources e.g. prach-ConfigurationIndex
· Frequency domain PRACH resources e.g. msg1-FDM and msg1-FrequencyStart
· PRACH preamble resources e.g. ra-PreambleStartIndex
· UL BWP 0
· SSB pattern
· SSB power
· NES cell ID
FFS other information.

Case 3 (Option 2+B+Y)

For case 3 (Option 2+B+Y), the UL WUS is transmitted to Cell A. Cell A’s SIB1 already broadcast the PRACH configuration for e.g. on-demand SI. If the PRACH configuration for UL WUS can reuse the PRACH configuration for on demand SI, then perhaps only dedicated preamble for UL WUS is needed for UL WUS transmission. Otherwise, the PRACH configuration for UL WUS should be separate with the legacy PRACH configuration in Cell A’s SIB1.

Proposal 3: For Case 3 (Option 2+B+Y), RAN1 further study whether the PRACH configuration for UL WUS (e.g. prach-ConfigurationIndex) can reuse the legacy PRACH configuration in cell A’s SIB1.

3.3 UE identification of NES cell
	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



During the cell search , assuming no prior knowledge from the UE about cells A and NES cells, the UE will detect the SSB blindly in the synchronization raster. After an SSB is detected, the UE can get the PBCH payload.

If some signaling in PBCH payload indicates that the cell is a NES cell with on-demand SIB1 (i.e. option 2), then the UE can know this is NES cell and it could decide to stop the monitoring of the scheduling DCI of SIB1 in CORESET for type0-CSS to save its power (depending on UE implementation). However, the UE still cannot send UL WUS immediately because the UE may not have the UL WUS configuration at this moment. In order to receive the UL WUS configuration, the UE may need to perform further blind detection for cell A’s SSB since the UE didn’t know the location of cell A’s SSB in this case. If the cell A’s SSB is detected, the UE would receive the corresponding UL WUS configuration. But at the same time the NES cell(s) can also be identified if some information e.g. the cell ID is included in the UL WUS configuration (i.e. option 1).

Observation 5: During the cell search, assuming no prior knowledge from the UE about cells A and NES cells, the UE will detect the SSB blindly in the synchronization raster. 
· If the detected SSB corresponds to NES cell and the PBCH payload indicates the cell is a NES cell (i.e. option 2), the UE may or may not save power and latency due to SIB1 reception. However, the UE still needs to perform further blind detection for cell A’s SSB. 
· If the detected SSB corresponds to cell A, the UE can receive the UL WUS configuration then the NES cell can be identified.

If the PBCH payload has no such signaling, i.e. the PBCH payload is the same as the legacy. The detected SSB may or may not have the CORESET for type0-CSS. In case the detected SSB has the CORESET for type0-CSS, the UE will monitor type0-CSS for SIB1 reception. If SIB1/SIBx is received correctly then the UE can perform initial access in this cell. Moreover, the NES cell can also be identified if UL WUS configuration is transmitted in SIB1/SIBx of this cell. While if SIB1/SIBx reception is failed due to poor SINR or no SIB1 transmission in the NES cell, the UE will consider this cell as if it is “barred” according to the spec in appendix B. So, the UE will perform further SSB blind detection. While if the detected SSB does not have the CORESET for type0-CSS, the UE will perform further SSB blind detection. It is the same as the legacy.

Observation 6: During the cell search, assuming no prior knowledge from the UE about cells A and NES cells, when an SSB is detected, if there is no signaling in PBCH payload to indicate the NES cell, the UE may or may not perform further blind detection depending on whether the detected SSB corresponds to cell A or not.
· If the detected SSB corresponds to cell A, the UE can receive the UL WUS configuration then the NES cell can be identified.
· If the detected SSB corresponds to NES cell, the UE will perform further SSB blind detection.


Proposal 4: At least, option 1 can be the assumption for further study in RAN1 for the UE identification of NES cell with on-demand SIB1.

3.4 Camping
	Agreement
RAN1 to further study the following UE operation scenarios in the UL WUS design:
· [bookmark: _Hlk165192123]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



Case 2 (Option 1+B+X)

In case 2 (Option 1+B+X) the idle UE received OD-SIB1 from NES Cell. So we think this idle UE can camp on NES cell. That is, the UE can monitor the paging channel, short messages transmitted with P-RNTI over DCI and relevant system information in NES cell. After the UE received its paging then the UE can perform initial access in NES cell. And after the UE receive the short messages, the UE can also receive the updated system information in NES cell. The UE behaviour is almost the same as the legacy after OD-SIB1 is received from NES cell. Additionally, if the UE has UL data and to reduce UL latency, the UE can request SIB1 for both performing random access procedure to make RRC connection and camping (after data transmission is finished and while the UE is in idle/inactive mode). 

Observation 7: For case 2 (Option 1+B+X), camping on NES cell enables the idle UE to monitor the paging channel, short messages transmitted with P-RNTI over DCI and relevant system information in NES cell. The UE behaviour is almost the same as the legacy after OD-SIB1 is received from NES cell.

Proposal 5: At least, Scenario 1 is the assumption in RAN1 for further study for case 2 (Option 1+B+X).

Case 3 (Option 2+B+Y)
In case 3 (Option 2+B+Y) the idle UE received OD-SIB1 from cell A. In this case if the idle UE camps on NES cell, then when the SIB1 of NES cell is changed, the idle UE may need to switch back to cell A to receive the updated SIB1. After that, the UE will switch to NES cell again to camp on NES cell. This is not friendly for the UE implementation due to the cell switching.

Observation 8: For case 3 (Option 2+B+Y) if the UE camps on NES cell, the UE may need to switch to Cell A to receive the updated SIB1 and then switch back to NES cell for camping.

When the UE has UL data and it has stronger connection with NES cell than cell A, the UE can request SIB1 from cell A, for performing random access procedure to make RRC connection with NES cell. Hence, we propose : 
Proposal 6: Scenario 2 is the assumption in RAN1 for further study for case 3 (Option 2+B+Y).

3.5 Feedback from gNB in response to the SIB1 request
In last meeting, SIB1 monitoring occasions were discussed as shown below.
	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



Case 2 (Option 1+B+X)
In option 2, there is an FFS how gNB informs UE the SIB1 transmission is turned off. This turn off indication can be explicit or implicit. If it is explicit e.g. by DCI, the UE may miss this DCI and would assume the SIB1 is always transmitted but actually it is not from gNB perspective. If it is implicit e.g. by defining a time window, then it is the same as option 1.

In option 1, the OD-SIB1 is transmitted in a window. For example, the window including the starting time and the duration can be similar as the RAR window, then gNB only transmits the OD-SIB1 during this window which can same more power from gNB perspective. And during the window the SIB1 can be transmitted periodically from UE perspective.

Case 3 (Option 2+B+Y)
In case 3, the OD-SIB1 is transmitted from cell A. The OD-SIB1 can be treated as a new SIB in cell A, so the legacy SI window mechanism can be reused for this new SIB transmission. This new SIB can be combined with other SIBs to form an SI. While this new SIB can also form an SI without any other SIBs. 

Proposal 7: For case 2 and case 3, option 1(i.e., SIB1 monitoring occasions within a time window) is the assumption for SIB1 monitoring in RAN1 for further study. 

4. Conclusions
The paper discussed how to design on demand SIB1, with the following observations and proposals:
Observation 1: For Cat 2 BS, case 2 (Option 1+B+X)
· 20ms SIB1 period, 8 SSBs, 
· empty load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 39.34%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 36.87%.
· low load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate=0%, the NES gain of NES cell is about 28.77%.
· OD-SIB1 transmission rate=5%, the NES gain of NES cell is about 27.47%.
· medium load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate=0%, the NES gain of NES cell is about 15.47%.
· OD-SIB1 transmission rate=5%, the NES gain of NES cell is about 15.3%
· 40ms SIB1 period, 8 SSBs, 
· empty load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate=0%, the NES gain of NES cell is about 25.46%.
· OD-SIB1 transmission rate=5%, the NES gain of NES cell is about 24.24%.
· low load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 17.72%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 17.05%.
· medium load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 10.1%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 9.94%.
· 160ms SIB1 period, 8 SSBs, 
· empty load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 7.76%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 7.44%.
· low load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 5.57%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 5.26%.
· medium load, TDMed SSB and SIB1, 
· OD-SIB1 transmission rate =0%, the NES gain of NES cell is about 4.13%.
· OD-SIB1 transmission rate =5%, the NES gain of NES cell is about 4.02%.

Observation 2: For Cat 2 BS, case 2 (Option 1+B+X)
· 20ms SIB1 period, 8 SSBs,
· empty load, TDMed SSB and SIB1, the NES gain of cell A is about -0.38%.
· 160ms SIB1 period, 8 SSBs,
· empty load, TDMed SSB and SIB1, the NES gain of cell A is about -0.07%.

Observation 3: For case 1 (Option 1+A+X), defining a new MIB or pre-SIB1 for WUS configuration provisioning from NES Cell is not beneficial in terms of NES gains and its specification impact is expected to be large.

Observation 4: For case 2 (Option 1+B+X) and case 3 (Option 2+B+Y), using SIB for WUS configuration provisioning from Cell A is feasible and beneficial in terms of NES gains and its specification impact is expected to be small.

Observation 5: During the cell search, assuming no prior knowledge from the UE about cells A and NES cells, the UE will detect the SSB blindly in the synchronization raster. 
· If the detected SSB corresponds to NES cell and the PBCH payload indicates the cell is a NES cell (i.e. option 2), the UE may or may not save power and latency due to SIB1 reception. However, the UE still needs to perform further blind detection for cell A’s SSB. 
· If the detected SSB corresponds to cell A, the UE can receive the UL WUS configuration then the NES cell can be identified.

Observation 6: During the cell search, assuming no prior knowledge from the UE about cells A and NES cells, when an SSB is detected, if there is no signaling in PBCH payload to indicate the NES cell, the UE may or may not perform further blind detection depending on whether the detected SSB corresponds to cell A or not.
· If the detected SSB corresponds to cell A, the UE can receive the UL WUS configuration then the NES cell can be identified.
· If the detected SSB corresponds to NES cell, the UE will perform further SSB blind detection.

Observation 7: For case 2 (Option 1+B+X), camping on NES cell enables the idle UE to monitor the paging channel, short messages transmitted with P-RNTI over DCI and relevant system information in NES cell. The UE behaviour is almost the same as the legacy after OD-SIB1 is received from NES cell.

Observation 8: For case 3 (Option 2+B+Y) if the UE camps on NES cell, the UE may need to switch to Cell A to receive the updated SIB1 and then switch back to NES cell for camping.

Proposal 1: RAN1 further focus on the following cases:
· Case 2 (Option 1+B+X): UE obtains the UL WUS configuration from Cell A, and transmits UL WUS to NES Cell, then receives on demand SIB1 from NES Cell
· Case 3 (Option 2+B+Y): UE obtains the UL WUS configuration from Cell A, and transmits UL WUS to Cell A, then receives on demand SIB1 from Cell A.

Proposal 2: For Case 2 (Option 1+B+X), UL WUS configuration includes at least the following information 
· Time domain PRACH resources e.g. prach-ConfigurationIndex
· Frequency domain PRACH resources e.g. msg1-FDM and msg1-FrequencyStart
· PRACH preamble resources e.g. ra-PreambleStartIndex
· UL BWP 0
· SSB pattern
· SSB power
· NES cell ID
FFS other information.

Proposal 3: For Case 3 (Option 2+B+Y), RAN1 further study whether the PRACH configuration for UL WUS (e.g. prach-ConfigurationIndex) can reuse the legacy PRACH configuration in cell A’s SIB1.

Proposal 4: At least, option 1 can be the assumption for further study in RAN1 for the UE identification of NES cell with on-demand SIB1.

Proposal 5: At least, Scenario 1 is the assumption in RAN1 for further study for case 2 (Option 1+B+X).

Proposal 6: Scenario 2 is the assumption in RAN1 for further study for case 3 (Option 2+B+Y).

Proposal 7: For case 2 and case 3, option 1(i.e., SIB1 monitoring occasions within a time window) is the assumption for SIB1 monitoring in RAN1 for further study. 
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Appendix A



	A (SIB1 period of non-NES cell)
	B1 (Cell load of NES cell and non-NES cell)
	B1X (Cell load of Cell A)
	B2 (Traffic model)
	C (SIB1 PDSCH TDRA) 
(Row index, S, L)
	D (CORESET0/SSB mux pattern) (controlResourceSetZero, searchSpaceZero)
	E (PRACH configuration index of NES cell and non-NES cell)
	E1 (PRACH configuration index of cell A)
	F (BS power model cat.)
	G (Num of SSB)
	H (NES gain of Cell A, should be <= 0%)
	I (On-demand SIB1 transmission rate)
	NES gain of NES cell
	Notes

	20ms
	Empty
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	0%
	39.34%
	20ms SSB

	40ms
	Empty
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	0%
	24.4%
	20ms SSB

	160ms
	Empty
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	0%
	7.4%
	20ms SSB

	20ms
	Low
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	0%
	28.77%
	20ms SSB

	40ms
	Low
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	0%
	17.72%
	20ms SSB

	160ms
	Low
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	0%
	5.57%
	20ms SSB

	20ms
	Medium
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	0%
	15.47%
	20ms SSB

	40ms
	Medium
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	0%
	10.10%
	20ms SSB

	160ms
	Medium
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	0%
	4.13%
	20ms SSB

	40ms
	Empty
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 2
	Index = 2
	Cat 2 BS
	8
	
	0%
	25.46%
	40ms SSB

	160ms
	Empty
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 0
	Index = 0
	Cat 2 BS
	8
	
	0%
	7.76%
	160ms SSB

	20ms
	Empty
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	5%
	36.87%
	20ms SSB

	40ms
	Empty
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	5%
	22.57%
	20ms SSB

	160ms
	Empty
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	5%
	6.28%
	20ms SSB

	20ms
	Low
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	5%
	27.47%
	20ms SSB

	40ms
	Low
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	5%
	17.05%
	20ms SSB

	160ms
	Low
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	5%
	5.26%
	20ms SSB

	20ms
	Medium
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	5%
	15.3%
	20ms SSB

	40ms
	Medium
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	5%
	9.94%
	20ms SSB

	160ms
	Medium
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 3
	Index = 3
	Cat 2 BS
	8
	Case 2 (Option 1+B+X)

-0.38% for 20ms SIB1 of cell A

-0.07% for 160ms SIB1 of cell A
	5%
	4.02%
	20ms SSB

	40ms
	Empty
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 2
	Index = 2
	Cat 2 BS
	8
	
	5%
	24.24%
	40ms SSB

	160ms
	Empty
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Index = 0
	Index = 0
	Cat 2 BS
	8
	
	5%
	7.44%
	160ms SSB





Appendix B

	TS 38.331
[bookmark: _Toc162894047]5.2.2.5	Essential system information missing
The UE shall:
1>	if in RRC_IDLE or in RRC_INACTIVE or in RRC_CONNECTED while T311 is running:
2>	if the UE is unable to acquire the MIB:
3>	consider the cell as barred in accordance with TS 38.304 [20];
3>	perform barring as if intraFreqReselection, or intraFreqReselectionRedCap for RedCap UEs, or intraFreqReselection-eRedCap for eRedCap UEs or intraFreqReselection2RxXR for 2Rx XR UEs, is set to allowed;
2>	else if the UE is unable to acquire the SIB1:
3>	consider the cell as barred in accordance with TS 38.304 [20];
3>	if the UE is a RedCap UE:
4>	perform barring as if intraFreqReselectionRedCap is set to allowed;
3>	else if the UE is an eRedCap UE:
4>	perform barring as if intraFreqReselection-eRedCap is set to allowed;
3>	else if the UE is a 2Rx XR UE:
4>	perform barring as if intraFreqReselection2RxXR is set to allowed;
3>	else:
4>	perform cell re-selection to other cells on the same frequency as the barred cell as specified in TS 38.304 [20].
NOTE 1:	The SIB19 is essential for NTN access. If UE is unable to acquire the SIB19 for NTN access, the action is up to UE implementation (e.g., cell re-selection to other cells).
NOTE 2: The SIB22 is essential for ATG access. If UE is unable to acquire the SIB22 for ATG access, the action is up to UE implementation (e.g., cell re-selection to other cells).
TS 38.304
When cell status "barred" is indicated or to be treated as if the cell status is "barred",
-	The UE is not permitted to select/reselect this cell, not even for emergency calls.
-	The UE shall select another cell according to the following rule:
-	If the cell is to be treated as if the cell status is "barred" due to being unable to acquire the MIB:
-	the UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds.
-	the UE may select another cell on the same frequency if the selection criteria are fulfilled.
-	else:
-	If the UE is a RedCap UE, the UE shall acquire SIB1 and, in the remainder of this procedure, consider 'intraFreqReselection in MIB' to be 'intraFreqReselectionRedCap in SIB1', if available;
[bookmark: _Hlk120536368]-	If the UE is an eRedCap UE, the UE shall acquire SIB1 and, in the remainder of this procedure, consider 'intraFreqReselection in MIB' to be 'intraFreqReselection-eRedCap in SIB1', if available;
-	If the UE is a 2Rx XR UE, the UE shall acquire SIB1 and, in the remainder of this procedure, consider 'intraFreqReselection in MIB' to be 'intraFreqReselection2RxXR in SIB1', if available:
-	If the cell is to be treated as if the cell status is "barred" due to being unable to acquire the SIB1:
-	the UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds.
-	the UE may select another cell on the same frequency if the selection criteria are fulfilled.
-	If the cell status "barred" is indicated in MIB but the UE is unable to acquire the SIB1; or
-	If the cell is to be treated as if the cell status is "barred" due to not supporting (e)RedCap UEs; or
-	If the cell is to be treated as if the cell status is "barred" due to not supporting 2Rx XR UEs:
-	the UE shall exclude the barred cell as a candidate for cell selection/reselection for 300 seconds.
-	the UE may select another cell on the same frequency if re-selection criteria are fulfilled.
-	If the UE is neither a RedCap UE nor an eRedCap UE nor a 2Rx XR UE, or if the UE is a RedCap UE and intraFreqReselectionRedCap in SIB1 is available, or if the UE is an eRedCap UE and intraFreqReselection-eRedCap in SIB1 is available, or if the UE is a 2Rx XR UE and intraFreqReselection2RxXR in SIB1 is available:
-	If the field intraFreqReselection in MIB message is set to "allowed":
-	the UE may select another cell on the same frequency if re-selection criteria are fulfilled;
-	If the cell is to be treated as if the cell status is "barred" due to being unable to acquire the SIB1:
-	the UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds;
-	else:
-	the UE shall exclude the barred cell as a candidate for cell selection/reselection for 300 seconds.
-	If the field intraFreqReselection in MIB message is set to "not allowed":
-	If the cell is to be treated as if the cell status is "barred" due to being unable to acquire the SIB1:
-	the UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds;
-	If the cell operates in licensed spectrum:
-	the UE shall not re-select to another cell on the same frequency as the barred cell and exclude such cell(s) as candidate(s) for cell selection/reselection for 300 seconds;
-	else:
[bookmark: _Hlk81556465]-	the UE may select to another cell on the same frequency if the reselection criteria are fulfilled.
-	else:
-	If the cell operates in licensed spectrum, or if this cell belongs to a PLMN which is indicated as being equivalent to the registered PLMN or the selected PLMN of the UE, or if this cell belongs to an SNPN which is equal to or indicated as being equivalent to the registered SNPN or the selected SNPN of the UE:
-	the UE shall not re-select to another cell on the same frequency as the barred cell and exclude such cell(s) as candidate(s) for cell selection/reselection for 300 seconds;
-	else:
-	the UE may select to another cell on the same frequency if the reselection criteria are fulfilled.
-	the UE shall exclude the barred cell as a candidate for cell selection/reselection for 300 seconds.
The cell selection of another cell may also include a change of RAT.
NOTE 2:	If barring of a cell is triggered by the condition of trackingAreaCode and trackingAreaList not being provided, as specified in TS 38.331 [3], the barring only applies to this PLMN and the UE can re-evaluate the barring condition again due to selection of another PLMN.




