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Introduction
In the RAN1 #116-bis meeting, the agreements listed in appendix on on-demand SIB1 were achieved [1]. 
In this contribution, we further share our views on procedures and signaling design on on-demand SIB1 for UEs in idle/inactive state.

Discussion on single cell and multi-cell operation

In the previous meeting below agreements were made for single cell and multi-cell operation for on-demand SIB1.
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











Single cell operation
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Figure.1	Single-cell operation for On-demand SIB1 (Option 1+A+X)

Case 1 (Option 1+A+X) can be a single cell operation where NES cell carries out tasks of providing UE with UL-WUS configuration, receiving UL-WUS, and transmitting SIB1 without requiring any support from Cell A. This could be useful for local 5G system like private networks. In such a scenario, a UE can receive only SSB from NES cell. However, MIB cannot be used for transmitting UL-WUS configuration or NES Cell identification as there is not enough spare bits available. Nevertheless, case 1 can also be viewed as multi-cell scenario if NES cell is already active following case 2 or case 3 and then NES cell can deliver UL-WUS configuration or update to the UE similar to transmission of UL-WUS configuration from Cell A and without using MIB or PBCH payload. 
[bookmark: _Hlk166162482]Observation 1: Case 1 can be useful for local private networks, but MIB cannot be used for transmitting UL-WUS or NES cell identification.
Proposal 1: When NES cell has been already active then UL-WUS configuration or update can be sent from NES cell (case 1) but without using MIB or PBCH payload.

Multi-cell operation
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	a.  Case 2 (Option 1+B+X)			b. Case 3 (Option 2+B+Y)	
Figure.2	multi-cell operation for On-demand SIB1

In the above agreement case 2 and case 3 require co-operation from Cell A. In case 2, Cell A provides UL WUS configuration to the UE but NES cell receives UL WUS as well as transmits SIB1. Whereas in case 3, Cell A provides UL WUS configuration to the UE, receives UL WUS as well as transmits SIB1 in response. In case 2, NES cell is required to monitor UL-WUS and transmit SIB1, which does not allow NES cell to have a longer sleep time. On the contrary, in case 3 a NES cell can have longer sleep duration since NES cell is not required to transmit UL-WUS configuration, monitor UL-WUS or transmit SIB1. Furthermore, power consumption of Cell A for providing UL-WUS configuration and receive UL-WUS would be marginal depending on the load and UL-WUS configuration. 
In both case 2 and case 3 co-ordination is required between Cell A and NES cell to manage proper alignment of timing among providing UE the UL-WUS configuration, receiving UL-WUS and transmitting SIB1. Case 3 is observed to require the most stringent backhaul co-ordination among the above cases in the agreement.  
[bookmark: _Hlk166162979]Observation 2: Case 3 leads to more NES gain as NES cell does not need to monitor UL-WUS or transmit SIB1, thus has longer sleep time. 
Observation 3: Energy loss for Cell A can be marginal depending on the load and UL-WUS configuration.
Observation 4: Case 2 and Case 3 require co-ordination between Cell A and NES cell. Case 3 has more stringent constraints on backhaul coordination.
Proposal 2: Case 3 where Cell A provides UL WUS configuration to the UE, receives UL WUS as well as transmits SIB1 in response should be supported as it promises more NES gain.

On UL WUS and related procedure design
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





In our view the most energy saving solution would be case 3 with scenario 2. Cell A provides UE with UL-WUS configuration, receives UL-WUS, and transmits SIB1. Subsequently, UE acquires SIB1, launches random access procedure and establishes RRC connection to NES cell. When the UE is able to acquire UL-WUS configuration or update from NES cell when it is active, combination of case 1 and scenario 2 would also work and has energy saving gain. 
For scenario 1, valid reason for the UE to camp on NES cell rather than camping in Cell A needs further clarification such as poor channel conditions in Cell A or other technical aspects. 
[bookmark: _Hlk166162990]Observation 5: The most energy saving procedure of on-demand SIB1 triggered by UL WUS is that UE obtaining UL-WUS configuration from Cell A, transmitting UL-WUS to Cell A and receiving on-demand SIB1 (for NES cell) on cell A and subsequently using this SIB1 to perform random access procedure.
Proposal 3: At least to support Scenario 2 that UE requests on-demand SIB1 to perform random access procedure to NES cell. 
Proposal 4: For Scenario 1 that UE requests on-demand SIB1 to camp on NES cell, further discussion is needed. 
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 






A UE can identify NES cell with on-demand SIB1 based on UL-WUS configuration provided to the UE (by Cell A or NES cell if already active). This option is straightforward and has less specification impact. NES cell does not require to necessarily have always-on SSB and it can be linked to the SSB of a reference cell, which is similar to SSB-less SCell operation. This operation can be transparent to the UE. Furthermore, using the spare bit or altering other fields in the PBCH payload has larger specification impact. Thus, there is no clear merit for such specification efforts to use PBCH payload to identify NES cell even when NES cell is transmitting SSB. 
[bookmark: _Hlk166163006]Observation 6: NES cell with on-demand SIB1 is not necessarily required to have always-on SSB and can be linked to the SSB of a reference cell.
Observation 7: Using the spare bit in MIB or altering other fields in the PBCH payload has larger specification impact.
Proposal 5: NES cell with on-demand SIB1 can be identified by the UE from UL-WUS configuration.
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






For UL WUS design for SIB1 request, the assumption on PRACH resource can be different based on if the UL-WUS is sent to Cell A or to the NES cell. If UL-WUS is sent to NES cell, the corresponding PRACH resource can be dedicated only for SIB1 request. There will be no issue of overlap with legacy PRACH resource as there is no legacy PRACH resource usage (e.g., for random access procedure) before NES cell is active with SIB1 transmission. Furthermore, if legacy UEs are barred from camping on NES cell, there is no issue of legacy UEs contending for PRACH resources in NES cell. 
However, when UL-WUS is sent to Cell A, different UEs may be requesting on-demand SIB1 for different NES cells. A resource set must take these into consideration, which is separate from the legacy PRACH resource. Further, legacy PRACH resources in Cell A can be used by both new UEs and legacy UEs. If active or non-active in cell level are distinguished commonly with network and UEs, the dedicated PRACH resource for SIB1 request can be overlapped with legacy PRACH resources. Overlapping in time domain but FDM between legacy PRACH resources and dedicated PRACH resources (for UL-WUS) is an option which is good for NES gain. 
On the details on time, frequency, and/or PRACH preamble resources for UL-WUS, it is feasible to choose from the current table for PRACH resource mapping. Further, it is possible to use Msg3 and/or Msg5 for on-demand SIB1 request (UL-WUS transmission), which is beneficial at least for case 3 (Cell A receives UL-WUS and transmits SIB1). 
[bookmark: _Hlk166163019]Observation 8: The assumption on PRACH resource can be different based on if UL-WUS is sent to Cell A or NES cell.  
Proposal 6: On the details on time, frequency, and/or PRACH preamble resources for UL-WUS, it is feasible to choose from the current table for PRACH resource mapping.
Proposal 7: It is possible to use Msg3 and/or Msg5 for on-demand SIB1 request.

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 details of SIB1 monitoring occasions depend on the NES cell behavior after SIB1 is triggered. If the NES cell operates like a legacy cell after becoming active, which accommodates both IDLE/INACTIVE mode and CONNECTED mode UE, periodic SIB1 monitoring occasions until gNB turns off the SIB1 transmission (option 2) is better. However, after becoming active, if the NES cell serves only the UEs that transit to CONNECTED mode, SIB1 monitoring occasions within a time window (option 1) is sufficient. Therefore, it is important that the scenarios and NES cell behavior are discussed and clarified first. If both options are to be supported, it can be up to the SIB or RRC configuration in Cell A. 
[bookmark: _Hlk166163032]Observation 9: Details of SIB1 monitoring occasions depend on the NES cell behavior after SIB1 is triggered, whether it turns to legacy cell accommodating both IDLE/INACTIVE and CONNECTED mode UEs or only serves UE transiting to CONNECTED mode. 
Proposal 8: The behavior of NES cell and scenarios after SIB1 is triggered are to be discussed and clarified first. 

Evaluation on NES gain
 Following non-NES cells are baselines in RAN1#116 agreement.
· Case A: 20ms SSB period with 20ms SIB1 period
· Case C: 20ms SSB period with 160ms SIB1 period
· Case D: 20ms SSB period with 40ms SIB1 period
· 
The NES cell is case 1 in RAN1#116 agreement.
· Case 1: 20ms SSB period with no SIB1 transmitted.

The evaluation assumptions are shown in Table 1.
Table.1 Evaluation assumptions for NES gain
	BS category
	BS category 1

	Reference configuration for BS power consumption model
	Set 1 FR1 (TDD SCS 30kHz) in 38.864

	TDD pattern
	DDDSU (slot based in SCS 30kHz) and (D,G,U)=(10,2,2)  in S slot

	load
	Empty load

	The number of SSB indexes
	1, 4, 7

	SSB pattern
	Case C

	SSB/CORESET0 multiplexing pattern
	Pattern 1

	PRACH monitoring period for non-NES cell
	20msec / 160msec for a SSB index
An SSB and a PRACH time domain are 1 to 1 mapping.

	RACH preamble foramt
	A3 

	UL WUS momitorign period for NES cell
	20msec / 160msec for an SSB / No



In this evaluation, an SSB index and a PRACH time domain occasion are assumed as1 to 1 mapping. When 4 SSB indexes are configured, 4 PRACH time domain occasions are configured within 20/160msec based on current PRACH configuration. In TDD pattern with DDDSU (slot based in SCS 30kHz) and (D,G,U)=(10,2,2) in S slot, there is no sufficient resource for the 8th SSB in the S slot. Therefore, we used 7 SSB indexes instead of 8 SSB indexes in the evaluations.
Table 2 shows the gain of NES cell with/without WUS compared to the baselines. The WUS periodicity is same as PRACH periodicity. For NES cell with WUS, the power saving gain is due to no SIB1 transmission. For the cases without WUS, more gain is observed due to no WUS monitoring duration and thus the chance and duration of light sleep (>=6msec) is longer. For larger number of SSB indexes, skipping SIB transmission and WUS reception is more effective for NES gain.
Table.3 The gain of NES cell with/without WUS compared to the baselines.
	The number of 
SSB indexes
	Baseline
	Non NES cell(baseline)
	20msec PRACH

	160msec PRACH

	
	
	NES cell
	20msec WUS
	w/o WUS
	160msec WUS
	w/o WUS

	1
	Case A
	
	21.2%
	26.9%
	22.3%
	23.2%

	
	Case D
	
	11.9%
	18.2%
	12.6%
	13.6%

	
	Case C
	
	3.3%
	10.1%
	3.5%
	4.6%

	4
	Case A
	
	22.1%
	42.6%
	27.5%
	28.7%

	
	Case D
	
	12.4%
	35.5%
	15.9%
	17.3%

	
	Case C
	
	3.4%
	28.9%
	4.5%
	6.1%

	7
	Case A
	
	13.3%
	50.2%
	31.3%
	33.2%

	
	Case D
	
	7.1%
	46.7%
	18.5%
	20.8%

	
	Case C
	
	1.9%
	43.7%
	5.4%
	8.0%



From this evaluation result for empty load, we observed SIB1 and WUS skipping is effective for larger number of SSB indexes. As also discussed in section 2 and section 3, Case 3 (Cell A receives UL-WUS and transmits SIB1) has more NES gain.
[bookmark: _Hlk166163052]Observation 10: For empty load, SIB1 and WUS skipping is effective to show NES gain for larger number of SSB indexes.
Conclusion
Based on the discussion, the following proposals are highlighted: 
Observation 1: Case 1 can be useful for local private networks, but MIB cannot be used for transmitting UL-WUS or NES cell identification.
Proposal 1: When NES cell has been already active then UL-WUS configuration or update can be sent from NES cell (case 1) but without using MIB or PBCH payload.
Observation 2: Case 3 leads to more NES gain as NES cell does not need to monitor UL-WUS or transmit SIB1, thus has longer sleep time. 
Observation 3: Energy loss for Cell A can be marginal depending on the load and UL-WUS configuration.
Observation 4: Case 2 and Case 3 require co-ordination between Cell A and NES cell. Case 3 has more stringent constraints on backhaul coordination.
Proposal 2: Case 3 where Cell A provides UL WUS configuration to the UE, receives UL WUS as well as transmits SIB1 in response should be supported as it promises more NES gain.
Observation 5: The most energy saving procedure of on-demand SIB1 triggered by UL WUS is that UE obtaining UL-WUS configuration from Cell A, transmitting UL-WUS to Cell A and receiving on-demand SIB1 (for NES cell) on cell A and subsequently using this SIB1 to perform random access procedure.
Proposal 3: At least to support Scenario 2 that UE requests on-demand SIB1 to perform random access procedure to NES cell. 
Proposal 4: For Scenario 1 that UE requests on-demand SIB1 to camp on NES cell, further discussion is needed.
Observation 6: NES cell with on-demand SIB1 is not necessarily required to have always-on SSB and can be linked to the SSB of a reference cell.
Observation 7: Using the spare bit in MIB or altering other fields in the PBCH payload has larger specification impact.
Proposal 5: NES cell with on-demand SIB1 can be identified by the UE from UL-WUS configuration.
Observation 8: The assumption on PRACH resource can be different based on if UL-WUS is sent to Cell A or NES cell.  
Proposal 6: On the details on time, frequency, and/or PRACH preamble resources for UL-WUS, it is feasible to choose from the current table for PRACH resource mapping.
Proposal 7: It is possible to use Msg3 and/or Msg5 for on-demand SIB1 request.
Observation 9: Details of SIB1 monitoring occasions depend on the NES cell behavior after SIB1 is triggered, whether it turns to legacy cell accommodating both IDLE/INACTIVE and CONNECTED mode UEs or only serves UE transiting to CONNECTED mode. 
Proposal 8: The behavior of NES cell and scenarios after SIB1 is triggered are to be discussed and clarified first. 
Observation 10: For empty load, SIB1 and WUS skipping is effective to show NES gain for larger number of SSB indexes.
Reference
[1] 3GPP RAN1#116-bis meeting Chairman’s notes

Appendix:

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

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
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

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.

In RAN1 #116-bis, the following are discussed during online session of AI 9.5.2, but not agreed yet. It may serve as a starting point for further discussions in future RAN1 meetings:
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
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