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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#102 [1], a new WID has been approved with requirements for on-demand SIB1 for UEs in Idle/Inactive mode as following:
Study procedures and signalling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: 
· 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 RAN1#116bis, the following agreements were made [2]:
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


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

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
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
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
In this contribution, we discuss the issues to support on-demand SIB1 for UEs in idle/inactive mode, such as indication of on-demand SIB1, wake-up-signal configuration and our view on isolated NES cell.
[bookmark: _Ref129681832]Discussion
On-demand SIB1
It has been proposed in [1] that SIB1 transmissions by an NES cell may be avoided or reduced when there are no UEs in RRC IDLE/INACTIVE mode being present. 

The NES cell can be either a capacity cell or non-anchor cell, or it can be a target cell for cell re-selection. An idle/inactive mode UE may send an uplink wake-up signal to request transitioning of a NES cell from no or reduced transmission of SIB1 to active transmission of SIB1 for a specified duration. 

Regarding the UE assumption on SIB1 transmission on a cell supporting on-demand SIB1 operation, the following cases can be considered:
· No always-on SIB1 on the cell
· Always-on SIB1 is periodically transmitted on the cell with longer periodicity

When receiving the WUS based on-demand SIB1 request, the network may need to decide the time duration for SIB1 to be sent to the UE. For example, when on-demand SIB1 is requested, SIB1 can be transmitted by the network for one or more legacy SIB1 periodicity. Like random access procedure, UE would need to perform WUS power ramping until gNB detects it. Acknowledgement from gNB (like RAR) would be needed to finish WUS transmissions. UE may expect on-demand SIB1 transmission(s) to start from the first period of configured on-demand SIB1 transmissions after the acknowledgement from gNB.
[bookmark: _Hlk158798096]The monitoring window can be defined in WUS configuration or in the response message to WUS request.  
gNB may inform UE the SIB1 resource allocation via the transmission of DCI format 1_0. The length of the time window can also be implicitly known to the UE with a default value or indicated to the UE via DCI format 1_0. The interval between two SIB1 monitoring occasions in the time window could be unchanged, i.e. same as the legacy.

[bookmark: _Hlk166066595]Proposal 1: Upon SIB1 on-demand request, SIB1 may be monitored for a specified duration (i.e. Option 1: SIB1 monitoring occasions within a time window), from the first period after WUS acknowledgement from gNB.

Proposal 2: The length of the time window can be one or more legacy SIB1 periodicity which may be defined implicitly or via DCI format 1_0.

[bookmark: _Hlk158194041]WUS configuration provisioning
The idle or inactive mode UE may send a wake-up signal (WUS) to the target cell after its cell selection or reselection process. In Case 2, WUS request is sent to NES cell. An anchor cell may send the WUS configuration for the NES cell. The anchor cell (or Cell A) may provide WUS configuration via cross-carrier system information (such as SIB1) of the anchor cell, however, the reduced SIB1 transmissions would simply be added to the anchor cell from the NES cell. As the idle/inactive UE would also be receiving paging information, it is beneficial to include the WUS configuration in the paging information. In this case, the WUS configuration may be sent when the UE is present, hence achieving power saving on both the anchor cell and the NES cell.  
[bookmark: _Hlk158795728]Proposal 3: Paging information on Cell A may include the WUS configuration for the UE to be camped on NES cell in idle or inactive mode.
[bookmark: _Hlk67056900]Indication of on-demand SIB1
[bookmark: _Hlk134806529][bookmark: _Hlk134739865]UE in idle/inactive state needs to determine whether to transmit WUS (if SIB1 is on-demand) or whether to receive SIB1 using the legacy procedure. In order to enable the on-demand SIB1 transmission by the network, there can be the following signalling options: 
Option-1: Use the spare bit in MIB to indicate if SIB1 is on-demand
On-demand SIB1 indication may use 1 bit, e.g. we can define the name of the bit as ‘SIB1BroadcastStatus’. If SIB1 is for on-demand based transmission, it can be set to ‘notBroadcasting’. The bit can be always set or set every multiple of 160ms, which is the periodicity of legacy SIB1. 
Option-3: Use k_ssb in MIB to indicate if SIB1 is on-demand
Refer to section 13 of TS 38.213. For example, k_ssb =30 for FR1 and k_ssb=14 for FR2 could be defined with the value of 16×controlResourceSetZero +searchSpaceZerorequest + ‘On-demand SIB1’ indication. 
Proposal 4: Support indication of on-demand SIB1 via MIB.
[bookmark: _Hlk158390887][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]WUS resource allocation
If SIB1 is provided on-demand then WUS configuration should include the resource allocation information for the UE to perform on-demand SIB1 request.

Wake-up signal (WUS) may be requested by the UE via random access PRACH preamble, or if the UE is already synchronized in UL, via Scheduling Request on PUCCH, such as PUCCH Format 0.

WUS resource allocation can be configured as following:

In the time domain, WUS signal for on-demand SIB1 may have a pre-defined offset towards the DL signal such as DRS/SSB, e.g. WUS signal for on-demand SIB1 may be transmitted after nwus slot (>minimum UE processing time) after the latest DRS or SSB reception.  

In the frequency domain, WUS signal for on-demand SIB1 may be transmitted with a pre-defined offset relative to the position of SS/PBCH. 

For FDD, there is a known offset between UL ARFCN and DL ARFCN for ‘Point A’, so the offset to the start of frequency domain position of SS/PBCH block may be specified, and can be used to determine an initial UL frequency position for resource allocation of WUS. Therefore, in case that the idle UE is in initial cell selection, WUS signal may be transmitted with an offset to the start of frequency domain position of the SSB or its associated CORESET Type 0 Common Search Space Set.

Furthermore, the following IEs which were present in SIB1 can be provided to the UE for UL resource allocation of WUS. 

frequencyBandList        MultiFrequencyBandListNR-SIB        OPTIONAL,   -- Cond FDD-OrSUL
absoluteFrequencyPointA  ARFCNValueNR                        OPTIONAL,   -- Cond FDD-OrSUL

Proposal 5: WUS resource allocation can be based on a pre-defined offset from the latest SSB reception in time domain and a fixed offset towards the frequency domain position of the SSB or its associated CORESET Type 0 Common Search Space Set. 

For the single cell case, e.g. where a UE camps on a NES cell during initial cell selection with on-demand SIB1 transmissions, DCI format 1_0 may be transmitted to the UE from the NES cell which can be used to indicate the WUS configuration to the UE.

WUS configuration for on-demand SIB1 on the NES cell may be transmitted to the UE from DCI format 1_0 with CRC scrambled by SI-RNTI. Note that currently, it has 15 reserved bits. Furthermore, if Msg1 is used for WUS, PDSCH resources for SIB1 as allocated by legacy TDRA in DCI format 1_0 may be included in Msg2 (wake-up-signal response), to indicate the location and duration of on-demand SIB1.
[bookmark: _Hlk158812427]Proposal 6: DCI format 1_0 may send the WUS configuration to the UE.
Proposal 7: WUS configuration response may indicate the length and location of on-demand SIB1.
For the multi-cell case, e.g. where a UE has camped on the anchor cell, WUS configuration for on-demand SIB1 on the NES cell may also be dynamically transmitted to the UE via DCI format 1_0 from the anchor cell. The anchor cell may update the UE with the WUS configuration for the NES cell. UE could then send WUS request to the NES cell according to the WUS configuration.

DCI format 1_0, which is transmitted from Common Search Space Type 0, may also just send a pointer to a PDSCH which contains the WUS configuration. For example, when 'On-demand SIB1' bit is set, DCI format 1_0 may allocate a PDSCH which contains the WUS configuration information.
Proposal 8: In multi-cell case, the anchor cell may update the WUS configuration for the NES cell via DCI format 1_0.
Proposal 9: DCI format 1_0 may send the WUS configuration to the UE via a pointer to a PDSCH.

Wake-up-signal configuration indicated via MIB
It is also possible to re-purpose some limited fields in MIB to jointly specify a selection of predefined WUS Configuration. For example, there may be the following options:

Option-1: Consider the following example as shown in Table 1, in which the field ‘pdcch-ConfigSIB1’ in MIB is redefined to jointly indicate CORESET0 and WUS configuration. 

	pdcch-ConfigSIB1

	controlResourceSetZero
	searchSpaceZero
	wusConfig

	0
	0
	WUS config-1

	0
	1
	WUS config-2

	1
	0
	WUS config-3

	…
	
	


Table 1 pdcch-ConfigSIB1 in MIB

Option-2: The value of K_ssb is derived from Ssb_SubcarrierOffset in MIB. K_ssb (e.g. k_ssb=30 or k_ssb=14) may also be used to jointly specify a selection of ‘WUS_Configuration’.

Proposal 10: WUS configuration for on-demand SIB1 may be provisioned via pdcch-ConfigSIB1 or K_ssb in MIB from the NES cell.
Isolated NES cell
Isolated NES cell with on-demand SIB1 transmission without associated Cell A was discussed in RAN1#116. As pointed out by companies, an isolated NES cell may create a coverage hole for UE without capability of on-demand SIB1, because such UE cannot perform initial access to the cell due to lack of SIB1. RAN1 should firstly discuss if isolated cell could be an applicable scenario.

Proposal 11: Consider the impact of isolated NES cell to legacy procedure, before discussing details for the case of isolated cell. RAN1 should discuss if isolated cell is applicable for the scenario of on-demand SIB1 for further study.

Conclusion
From the discussion, we have the following proposals:
Proposal 1: Upon SIB1 on-demand request, SIB1 may be monitored for a specified duration (i.e. Option 1: SIB1 monitoring occasions within a time window), from the first period after WUS acknowledgement from gNB.

Proposal 2: The length of the time window can be one or more legacy SIB1 periodicity which may be defined implicitly or via DCI format 1_0.

Proposal 3: Paging information may include the WUS configuration to be sent to the UE in idle or inactive mode.
Proposal 4: Support indication of on-demand SIB1 via MIB or DCI format 1_0 from the NES cell.
Proposal 5: WUS resource allocation can be based on a pre-defined offset from the latest SSB reception in time domain and a fixed offset towards the frequency domain position of the SSB or its associated CORESET Type 0 Common Search Space Set. 
Proposal 6: DCI format 1_0 may send the WUS configuration to the UE.
Proposal 7: WUS configuration response may indicate the length and location of on-demand SIB1.
Proposal 8: In multi-cell case, the anchor cell may update the WUS configuration for the NES cell via DCI format 1_0.
Proposal 9: DCI format 1_0 may send the WUS configuration to the UE via a pointer to a PDSCH.
Proposal 10: WUS configuration for on-demand SIB1 may be provisioned via pdcch-ConfigSIB1 or K_ssb in MIB from the NES cell.
Proposal 11: Consider the impact of isolated NES cell to legacy procedure, before discussing details for the case of isolated cell. RAN1 should discuss if isolated cell is applicable for the scenario of on-demand SIB1 for further study.

References
[bookmark: _Ref534892461][1] RP-234065 New WID: Enhancements of network energy savings for NR
replaced by RP-240170
[2] Chairman's notes RAN1#116bis
