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1. Introduction
At the RAN1#116bis meeting, following agreements on the agenda item of on-demand SIB1 for idle/inactive mode UEs were achieved [1]. In this contribution, we provide our views on issues of on-demand SIB1 for idle/inactive mode UEs.  

	[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
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 
[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 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
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.



2. Discussion
2.1 Scenario and NES cell identification
For discussion purpose, we reuse the definition of following in this contribution. 
· Cell A: A cell that is periodically transmitting at least its own SIB1.
· NES Cell: A cell that may transmit SIB1 transmission in response to UL WUS from a UE.

2.1.1	Scenario
At RAN1#116bis meeting, following agreement was achieved. There are three cases on scenarios of on-demand SIB1 operation.    
	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


For Case 1, the NES Cell would receive UL WUS transmitted by UE and transmits on-demand SIB1. The configuration of UL WUS is obtained from NES cell. In this case, the standalone deployment of NES Cell is feasible without the assistance from other cell that can communicate with NES cell and UE. 
For Case 2, the only difference compared with Case 1 is that the configuration of UL WUS is obtained from Cell A which is accessible by UE. For Case 3, UE transmits WUS to Cell A and UE receives on-demand SIB1 of NES Cell transmitted by Cell A. For both Case 2 and Case 3, NES Cell should be deployed in the coverage of Cell A so that UE can communicate with both NES Cell and Cell A. It means that the standalone deployment of NES Cell is not achieved in Case 2 and 3. For Case 3, the SIB1 of NES Cell would be expected to be carried on system information of Cell A, so the procedure of request and reception of on-demand SIB1 of NES Cell can be based on the legacy on-demand OSI request and reception procedure. Then, the specification efforts can be minimized for Case3.
Based on above discussion, we prefer to support Case 1 to realize standalone deployment of NES Cell and Case 3 to realize NES Cell deployment with minimum impact.

Proposal 1:
· Support Case 1 for standalone deployment of NES cell which enables most flexible of NES cell deployment. 
· Case 1: Option 1+A+X
· Support Case 3 for non-standalone deployment of NES cell which may have smaller specification impact than Case 2 by reusing legacy on-demand OSI request procedure.   
· Case 3: Option 2+B+Y

2.1.2	UE identification of NES cell with on-demand SIB1
At RAN1#116bis meeting, following agreement was achieved.    
	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 


  In legacy operation, a UE may not receive SIB1 from a cell in some cases. First case is that the cell does not transmit SIB1. The second case is that UE could not detect SIB1 successfully due to low channel quality. For Rel-9 on-demand SIB1 transmission for idle/inactive mode UE, when a UE cannot receive SIB1 from a cell, the UE should identify whether it is the case of a Rel-19 NES Cell where on-demand SIB1 is not triggered yet (so that UE should send a request) or is one of above legacy cases (so that UE should not send a request and should search for another cell). 
 For approaches for identification of a NES cell with on-demand SIB1 operation, since we prefer to support standalone deployment of NES cell, it is preferable that a UE can identify whether a cell is a NES Cell or not based on the indication from the cell itself, which means the NES indication should be carried by PBCH of NES cell. If case 1 for standalone deployment is allowed, it is a natural way that (some parts of) WUS configuration will be sent via PBCH of NES cell. In this case, a UE may identify that a cell whose PBCH contains WUS configuration is a NES cell without explicit indication in PBCH. So, we can say that in Case 1 for standalone deployment PBCH of NES cell indicates information related to both WUS configuration and NES cell indication. Anyway, PBCH payload of NES cell should be used for NES cell indication in Case 1 for standalone deployment from our perspective.
The indication from NES cell itself would reduce access latency in some cases, e.g., a UE that does not have any information related to on-demand SIB1 in initial cell selection, can determine that the cell is legacy cell or Rel-19 NES cell before receiving associated SIB1.
 At the same time, when discussing the NES cell identification for Rel-19 NES-capable UEs, it would be discussed together whether or not to prohibit legacy UE’s access to NES cell even when (on-demand) SIB1 has already triggered and transmitted. To evaluate whether to support Option 1 or Option 2 for NES cell identification, it should be taken into account that some mechanism may or may not allow legacy UEs to access NES cell.

Proposal 2:
· For UE identification of NES cell with on-demand SIB1, support at least Option 2 in Case 1 for standalone deployment of NES cell
· Option 2: By PBCH payload of NES cell

2.2 Procedure of triggering on-demand SIB1
2.2.1	Confirmation of reception of UL WUS transmission
Once a UE sends the UL WUS for a NES Cell, the UE should know whether gNB successfully receives the UL WUS or not. If a UE could not identify whether the gNB could receive the UL WUS or not, the UE may transmit the UL WUS again. Following two approaches can be used for a UE to identify whether gNB could receive the UL WUS or not.  
· Option 1: UE receives an explicit response to the UL WUS requesting SIB1, which is sent prior to on-demand SIB1. 
· Option 2: UE tries to receive SIB1 after UL WUS transmission within a time window.  
For Option 1, it follows the legacy on-demand OSI procedure with a confirmation response to avoid the duplicated triggering. For Option 2, the delay of whole procedure of SIB1 requesting would decrease. In both options, in our understanding, anyway the UE should try to decode PDCCH that is associated with either of explicit response e.g., msg2 PDSCH or SIB1 PDSCH. At least for Case 1 where NES cell indicates WUS configuration, we cannot find much difference in terms of UE behavior on detecting PDCCH between option1 and option2, so cannot find any reason to increase unnecessary delay for requesting SIB1, i.e., support Option 2 in Case 1.

Proposal 3:
· Following two approaches can be considered for a UE to identify whether gNB could receive the UL WUS or not. 
· Option 1: UE receives an explicit response to the UL WUS requesting SIB1, which is sent prior to on-demand SIB1.
· Option 2: UE tries to receive SIB1 after UL WUS transmission within a time window.  
· Support at least Option 2 in Case 1 for standalone deployment of NES cell
[bookmark: _Hlk166231879]
2.2.2	Transmission property of triggered on-demand SIB1
At RAN1#116bis meeting, following was discussed.      
	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


 The time property of on-demand SIB1 transmission depends on the scenarios such as Case 1/2/3 discussed in section 2.1. For Case 1 and 2, the on-demand SIB1 is transmitted from NES cell, and it would be good from NES perspective that NW can stop SIB1 transmission without explicit indication to UE(s). The UEs that have triggered SIB1 should obtain SIB1 information within some occasion and maintain the information until SIB1 is updated or SIB1 is invalid.
For Case 3, the on-demand SIB1 of NES Cell is transmitted from Cell A, and as we discussed in section 2.1, the SIB1 of NES cell can be carried by system information of Cell A. Thus, we cannot find much difference in terms of UE behaviour of PDCCH monitoring between the legacy procedure of on-demand OSI and Rel-19 procedure of on-demand SIB1, i.e., the UE follows the legacy specification to monitor PDCCH on Cell A that schedules PDSCH of system information which may include (on-demand) SIB1 of NES cell.

Proposal 4:
· For Case 1 and Case 2 where a UE obtains SIB1 of NES cell via NES cell, support Option 1.
· Option 1: SIB1 transmission within a time window, i.e., from time instance A with a transmission duration T.  
· For Case 3 where a UE obtains SIB1 of NES cell via cell A, it is assumed that the UE follows the legacy specification of PDCCH monitoring procedure for receiving system information in Cell A which may include (on-demand) SIB1 of NES cell.

For the spatial property of on-demand SIB1 transmission after triggering, it is better to study the UE’s assumption of spatial (e.g., QCL) relationships among the following signals/channels considering different cases where which cell provides WUS config. and which cell receives UL WUS are different. 
· DL
· On-demand SIB1 PDCCH/PDSCH
· SSB
· UL
· UL WUS

Proposal 5:
· Study the UE’s assumption of spatial relationships among the following signals/channels considering different cases (Case 1/2/3).
· DL
· On-demand SIB1 PDCCH/PDSCH
· SSB
· UL
· UL WUS

After reception of on-demand SIB1, if a UE which does not have any SIB1 information, e.g., a UE during initial cell selection after turning on, the UE needs to perform random access procedure. In legacy, PRACH is transmitted by RRC_IDLE/IACTIVE mode UE as Msg.1 for random access. As PRACH can be considered as candidate for WUS to trigger on-demand SIB1 transmission, it would be beneficial to study whether the UE wake-up procedure can be part of random-access procedure to reduce the initial access delay. 

Observation 1:
· There can be a typical situation where a UE triggers on-demand SIB1 and subsequently performs random-access procedure for initial access. 

Proposal 6:
· Study whether the wake-up procedure can be part of random-access procedure to reduce the initial access delay.   
· Study in which condition that wake-up procedure can be part of random-access procedure.

3. Conclusion
In this contribution, we provided the following observations and proposals of on-demand SIB1 transmission for network energy saving.

Proposal 1:
· Support Case 1 for standalone deployment of NES cell which enables most flexible of NES cell deployment. 
· Case 1: Option 1+A+X
· Support Case 3 for non-standalone deployment of NES cell which may have smaller specification impact than Case 2 by reusing legacy on-demand OSI request procedure.   
· Case 3: Option 2+B+Y

Proposal 2:
· For UE identification of NES cell with on-demand SIB1, support at least Option 2 in Case 1 for standalone deployment of NES cell
· Option 2: By PBCH payload of NES cell

Proposal 3:
· Following two approaches can be considered for a UE to identify whether gNB could receive the UL WUS or not. 
· Option 1: UE receives an explicit response to the UL WUS requesting SIB1, which is sent prior to on-demand SIB1.
· Option 2: UE tries to receive SIB1 after UL WUS transmission within a time window.  
· Support at least Option 2 in Case 1 for standalone deployment of NES cell

Proposal 4:
· For Case 1 and Case 2 where a UE obtains SIB1 of NES cell via NES cell, support Option 1.
· Option 1: SIB1 transmission within a time window, i.e., from time instance A with a transmission duration T.  
· For Case 3 where a UE obtains SIB1 of NES cell via cell A, it is assumed that the UE follows the legacy specification of PDCCH monitoring procedure for receiving system information in Cell A which may include (on-demand) SIB1 of NES cell.

Proposal 5:
· Study the UE’s assumption of spatial relationships among the following signals/channels considering different cases (Case 1/2/3).
· DL
· On-demand SIB1 PDCCH/PDSCH
· SSB
· UL
· UL WUS

Observation 1:
· There can be a typical situation where a UE triggers on-demand SIB1 and subsequently performs random-access procedure for initial access. 

Proposal 6:
· Study whether the wake-up procedure can be part of random-access procedure to reduce the initial access delay.   
· Study in which condition that wake-up procedure can be part of random-access procedure.
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