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Introduction
This paper provides our views on the main aspects that should be discussed as part of the following objective to support on-demand SIB1 for idle/inactive UEs:
	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




High-level Procedure and Design Aspects
We have the following agreements on high-level design options for on-demand SIB1 in the last RAN1-116 meeting.
	RAN1-116 Agreement
· For discussion purpose, the following assumption will be used in RAN1
· 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

RAN1-116 Agreement
· For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 studies the following options.
· 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 
· Other options are not precluded


From above agreements and the WID, we have the following observations:
Observation 1: It is unclear whether NES cell or cell A will transmit on-demand SIB1 of NES cell when UE transmits UL WUS to Cell A.
Observation 2: If the design options consider both the target cell of UL WUS transmission and the source cell of on-demand SIB1 transmission, there could be the following options as illustrated in Figure 1:
· Option 1-1: UE transmits UL WUS to NES cell and receives on-demand SIB1 for NES cell from NES cell.
· Option 2-1: UE transmits UL WUS to cell A and receives on-demand SIB1 for NES cell from NES cell.
· Option 2-2: UE transmits UL WUS to cell A and receives on-demand SIB1 for NES cell from cell A.
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[bookmark: _Ref163122844]Figure 1: Options for on-demand OD-SIB1 operation
Observation 3: There are following concerns for Option 2-1:
· Option 2-1 requires upper layer coordination between cell A and NES cell, and the coordination can be slow if the cell A and NES cells belong to different DUs or different CUs.
· Option 2-1 may consume more UE’s power and latency, because UE may need to switch its configurations (in terms of time and/or frequency) to receive SIB1 from NES cell after sending UL-WUS to cell A. 
Observation 4: Option 2-2 may provide more potential network energy saving than with the other 2 options since
· NES cell with Option 2-2 does not need to transmit SIB1 while NES with Option 1-1 or Option 2-1 needs to transmit on-demand SIB1.
· NES cell with Option 2-2 does not need to periodically monitor UL for UL-WUS while NES cell with Option 1-1 needs to periodically monitor UL at least for reception of UL-WUS. Depending on design for UL-WUS and its relationship with PRACH resources for random access, there could be some additional network energy saving at NES cell with Option 2-2.  
Observation 5: Option 1-1 allows for further optimization among UL WUS and RACH procedure to speed up RRC connection setup and reduce UE power consumption. For example, UL WUS and PRACH msg1 for RRC connection setup can be shared. 

Based on observation 3/4/5, it makes sense to consider Option 1-1 and Option 2-2 and drop the Option 2-1 for design of on-demand SIB1. Hence, we propose the following proposal:  
Proposal 1:  For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 studies the following options.
· Option 1-1: UE transmits UL WUS to NES Cell and receives on-demand SIB1 from NES cell.
· Option 2-2: UE transmits UL WUS to Cell A and receives on-demand SIB1 from cell A. 
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Another aspect RAN1 should discuss is the relationship between Cell A and NES cell. From our perspectives, RAN1 should focus discussion on the deployment where a NES cell is fully or partially overlapped with cell A as shown on Figure 2.
Proposal 2: Support on-demand SIB1 operation for a NES cell that is fully or partially overlapped with cell A.

On-demand SIB1 Analysis: NES Gain, UE Impact and Spec Impact
In last RAN1-116 meeting, there are discussions on whether infrequent SIB1 is sufficient and whether on-demand SIB1 is really needed. In this section, we investigated the following 3 schemes:
· Legacy baseline periodic SIB1 transmission (with periodicity of 20ms or 160ms)
· OD-SIB1 design option 1-1 where both transmission of WUS and reception of SIB1 are target on NES cell.
· OD-SIB1 design option 2-2 where both transmission of WUS and reception of SIB1 are target on cell A.
We first compare the network energy savings at NES cell for OD-SIB1 over legacy baseline scheme at FR1 based on the simulations agreed in RAN1#116. Furthermore, idle/inactive UEs can camp on NES cell for both Option 1-1 and Option 2-2. The RO for UL WUS and initial access RACH is shared and an indicated PRACH preamble is used for UL WUS.
Table 1: OD-SIB1 over Perodic SIB1 at FR1: NES Gain 
	Baseline SIB1 periodicity
	OD-SIB1 design scheme
	NES gain
(no UEs requesting SIB1)
	NES gain
(UEs requesting SIB1 30% of the time)

	20ms
	Option 1-1 
	25%
	23%

	
	Option 2-2
	25%
	25%

	160ms
	Option 1-1 
	4%
	2%

	
	Option 2-2
	4%
	4%

	· FR1, 8 beams, 20ms SSB periodicity, NES cell with zero load
· PRACH config index 152 (Format B4, RO in SF4 and SF9, 20ms PRACH config. periodicity) 
· Requested SIB1 is transmitted over the beam corresponding to uplink beam for uplink WUS


It can be seen that 
· Both OD-SIB1 Option 1-1 and Option 2-2 have the same NES gain when there are no UEs sending SIB1 request and ROs are shared between uplink WUS and initial access RACH
· Option 2-2 has higher NES gain than Option1-1 when there are UEs requesting SIB1. For example, if UEs request SIB1 30% of the time in FR1, Option 2-2 has 2% higher NES gain than Option 1-1. 
For FR2, besides the NES gain, we also investigated the UE performance impact in term of UE power consumption and latency for SIB1 acquisition. Similar to FR1, we have assumed that:
· Idle/inactive UEs can camp on NES cell for both Option 1-1 and Option 2-2.
· RO for UL WUS and initial access RACH is shared and an indicated PRACH preamble is used for UL WUS.
· SSB/RMSI mux pattern 1, Coreset0 index=0, PDCCH SearchSpace index=7 in TS 38.213 table 13-12.
· TDD pattern: DDDSU
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Figure 3: UE Processing timeline in idle/inactive state.
For analyzing UE impact, we also made the following assumptions for UE’s processing at idle/inactive state in FR2:
· I-DRX cycle=1.28 sec
· 3 SSB processing for measurement of camped cell before PO
· UE finds a “better” cell during cell reselection.  During cell reselection, UE acquires SIB1 of the target “better” cell. 
· UE power model based on TR 38.840 
The UE processing timeline is shown in Figure 3, and the simulation results are shown in Table 2.
Table 2: OD-SIB1 over Perodic SIB1 at FR2: NES Gain and UE Power/Latency
	Baseline SIB1 periodicity
	OD-SIB1 (Number of SSB beams)
	NES gain
(no UEs requesting SIB1)
	UE power consumption gain for a NES cell 
	UE latency ratio 

	20ms
	16 beams 
	7.6%
	-13.6%
	14.12 times 

	
	32 beams 
	13.5%
	-10.6%
	12.10 times

	160ms
	16 beams 
	0.15%
	14%
	0.48 times

	
	32 beams 
	2%
	12.5%
	0.798 times

	· FR2, 20ms SSB periodicity, NES cell with zero load
· PRACH config index 75 (Format A3, 2ROs over every RACH slot, 2 valid RACH slots in every PRACH periodicity=10ms, 1-1 SSB to PRACH mapping). 


Note that comparing to periodic SIB1 with 20ms periodicity, OD-SIB1 costs more UE power consumption and larger latency due to UE transmission of UL-WUS. For periodic SIB1 with 160ms periodicity, UE does not know when the SIB1 is transmitted by NES cell within a period of 160ms, thus during the cell reselection procedure UE still needs to search the PDCCH Coreset0 at every 20ms with a period of 160ms until it decodes a scheduling DCI for SIB1 successfully. But for OD-SIB1, the offset of PDCCH Coreset0 that carries the DCI grant for SIB1 can be defined or configured relative to transmission of UL-WUS, therefore, UE only needs to search once for PDCCH Coreset0 during the cell reselection procedure, and there are significant power and latency savings for UE when using OD-SIB1 comparing to baseline periodic SIB1 with 160ms.
Observation 6: 
· Comparing with baseline periodic SIB1 with 20ms periodicity, OD-SIB1 has significant NES gain but at cost of more UE power consumption (e.g., up to ~14% additional UE power) and larger UE latency (~14 times higher latency).
· Comparing to baseline periodic SIB1 with 160ms, though OD-SIB1 achieves marginal gain for network energy saving, OD-SIB1 brings significant UE power and latency saving. 
Comparing between OD-SIB1 design Option 1-1 and design Option 2-2, Option 2-2 has the following advantages:
· Option 2-2 provides some NES gain over Option 1-1 when there are UEs requesting SIB1. 
· In case of UE traveling through multiple NES cells within the coverage of cell A, the cell A can provide SIB1 for multiple NES cells in one shot (i.e. using cell group specific signaling for UL-WUS) in Option 2-2; while for Option 1-1, the UE needs to send UL-WUS to multiple NES cells and acquire SIB1 from each NES cell one by one along its route, thus Option 1-1 may cost higher UE power consumption and latency than Option 2-2. This issue is severer for high mobility UEs.
· For Option 2-2, the SIB1 of NES cell can be part of other SIBs (i.e. SIB2 and above). Therefore, the current on-demand OSI procedure may work with a minor update on PRACH preamble assignment for requesting the SIB1 of NES cell. On the other hand, for Option 1-1, the spec impact is high unless the on-demand OSI procedure is reused.
Observation 7: OD-SIB1 design Option 2-2 has advantages over design Option 1-1 in terms of network energy saving, UE power consumption and latency (if cell-group specific signaling for UL-WUS is supported for Option 2-2), and specification effort.        
Proposal 3: Support OD-SIB1 design Option 2-2 where both the transmission of UL-WUS and reception of SIB1 for NES cell are targeted on cell A.
· FFS: Support cell group specific signaling for UL-WUS. 
· FFS: Whether OD-SIB1 design Option 1-1 is also supported.
NES Cell with On-demand SIB1
In general, the idle/inactive UEs may or may not be allowed to camp on the NES cell with on-demand SIB1. If camping is allowed, the UE can (re)select the NES cell after acquiring required information from the NES and/or cell A, and when the associated conditions are met. While the UE camps on the NES cell, the design should support paging of the UE, and methods to notify the UE whether there is any change in NES cell’s configuration (e.g., its on-demand SIB1 procedure). The camped UE should also be able to establish a connection to the NES cell, e.g., when it is paged and/or has an UL traffic.
If camping is not allowed, the UE cannot (re)select the NES cell while it is in idle/inactive mode. The UE may still acquire SIB1 for the NES cell (either from the NES cell or from the cell A) and measure its quality and strength, but needs to camp on another cell (e.g., cell A). In this case, the NES cell may not need to support paging (so more NES opportunity). In case the UE wants to establish a connection, e.g., in response to receive a paging message or upon arrival of UL traffic, the UE may attempt to establish a connection to the NES cell. For example, if the NES cell is a more appropriate cell to serve the UE, this procedure will allow a faster connection to the NES cell, compared to connected mode mobility (e.g., CA/DC or HO) at a later stage. Conditions/restrictions to select the NES cell for establishing connection should be further discussed. 
In existing spec, camping on a cell means that UE can do cell selection/reselection and receive paging on this cell. In the overlay deployment with one or more NES cells within cell A’s coverage area (e.g. NES cells in FR2 band, cell A in FR1 band), it may make sense to support paging only at cell A but not at NES cell to reduce power consumption of NES cell, but still to support cell selection/reselection function at NES cell. On the other hand, to relieve the paging load at cell A, we suggest the support of paging function at NES cell be configurable.
Observation 8: Camping on a NES cell, with on-demand SIB1, may or may not be allowed. Each alternative has its implications.
Observation 9: If Camping on a NES cell with on-demand SIB1 is allowed: the design should support
· Enable/disable of Paging function of the camped UEs on the NES cell,
· Efficient notification to the camped UEs about NES cell’s configuration change (including on-demand SIB1 procedure configuration).
Observation 10: If Camping on a NES cell with on-demand SIB1 is not allowed: 
· The UE should camp on another cell (e.g., cell A).
· NES cell may not need to support paging.
· The UE may still acquire SIB1 for the NES cell, and measure its quality/strength, and attempt to establish a connection when/if needed.
Proposal 4: RAN1 to consider the design implications for the cases where camping on the NES cell is or is not allowed. 
· Note. The final decision about the camping and related procedures is left to RAN2.

UL-WUS Design and Configuration
The following agreements have been made regarding UL-WUS design and configuration in RAN1-116.
	[bookmark: OLE_LINK190]RAN1-116 Agreement
· For study of UL WUS design, consider at least PRACH as a starting point
· FFS: Whether there is dedicated PRACH resource for SIB1 request 
· Other option(s) not precluded

RAN1-116 Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.


It is beneficial for the gNB to know the received PRACH is intended for UL-WUS. The indication of PRACH for UL WUS can be provided by a dedicated PRACH resource e.g., PRACH preamble in the same RO that is used for initial access RACH. However, for a scenario where such dedicated PRACH preamble is not available or gNB would like to share PRACH resource for UL WUS and existing RACH procedure, Msg3 based WUS can be supported in OD-SIB1 design Option 1-1. Additionally, the UE may request SIB1 (e.g., when SIB1 is invalid or expired) to perform RRC connection setup (for transition from idle/inactive state to connected state) and to perform RRC connected mode operation in NES cell. In this case, it is beneficial to support both SIB1 request and RRC connection setup request in the same RACH procedure. For example, PRACH resource can be common for both SIB1 request and RRC connection setup request. However, Msg3 can indicate whether the RACH is for both SIB1 request and RRC connection setup request.
Proposal 5: For PRACH resource configuration for uplink WUS, at least support the case where PRACH resource is dedicated for uplink WUS.
· [bookmark: _Hlk163206470]FFS: how to configure dedicated PRACH resource for uplink WUS. 
· FFS: the case where PRACH resource (e.g., preamble, RO etc.) for UL-WUS can be shared with existing RACH procedures
On triggering conditions for UE to send UL-WUS, we believe that condition(s) based on SSB of NES cell(s) (e.g., SSB-based quality metric used for cell (re)selection) could be the starting point. 
Proposal 6: Condition based on SSBs of NES cell(s) could be the starting point to determine whether the UE should send uplink WUS to request on-demand SIB1.
Delivery of the Required Configuration Info to the UE 
Prior to initiating the SIB1 request procedure, the UE must be provided with the required information (e.g., resources and configuration to send UL-WUS, etc.). RAN1-116 has agreed on the following two options on configuration provision for UL WUS transmission: 
· Option A: by the NES cell itself, 
· Option B: by cell A.
There are concerns with Option A about how exactly the required information can be provided by the NES cell prior to sending any system information. It is not possible to provide the full information via PBCH, unless many parameters are already fixed. This will be at the cost of losing implementation/configuration flexibility. Moreover, the possibility of PBCH modification seems to be precluded by the following note in the WID: “No modification of SSB will be discussed under this objective”. 
Observation 11: It is not possible to provide all the required configuration for UL WUS transmission via NES cell’s PBCH, unless many parameters are already fixed.
· Moreover, the support of MIB modification seems to be precluded by the WID.
Therefore, we propose Option B of cell A to primarily provide the required information to the idle/inactive UEs. This information should be provided in system information to be received by the UEs in the idle/inactive mode. The details of the signaling method (e.g., whether the associated info is broadcast or provided on-demand by cell A) should further be discussed.
Proposal 7: An idle/inactive UE can primarily receive the required configuration for UL WUS transmission for on-demand SIB1, from the system information sent by cell A. 
· FFS: details of signaling method (e.g., whether the info is broadcast or provided on-demand)
In addition to the proposed primary method for delivery of the associated information, other methods can be further discussed for the following examples,
· Idle/inactive UE camping (if allowed) on the NES cell with on-demand SIB1.
· Idle/inactive UE was connected to the NES cell, whose connection was released/suspended.
It can also be discussed whether the UE can acquire the information through other means, such as other UEs. 
Proposal 8: RAN1 to discuss other methods for providing a UE with configuration for UL WUS transmission for the following cases and examples:
· Idle/inactive UE camping (if allowed) on the NES cell with on-demand SIB1.
· Idle/inactive UE was connected to the NES cell, whose connection was released/suspended.
· UE may acquire the information through other means, such as other UEs.
RAN1 made the following agreements on how UL WUS configuration should be configured. It might not be possible to decide at this moment unless we know parameters to be included in UL WUS configuration. Hence, we suggest that RAN1 discusses parameters for UL WUS configuration first before determining whether UL WUS configuration is pre-defined or NES cell specific or NES cell group specific.
	RAN1-116 Agreement
[bookmark: OLE_LINK163]For the further study on UL WUS configuration among the following options:
· Option 1: Pre-defined UL WUS configuration
· Option 2: UL WUS configuration that applies to multiple NES cell 
· Option 3: UL WUS configuration that applies to a single NES cell


Proposal 9: RAN1 discusses parameters for UL WUS configuration first before determining whether UL WUS configuration is pre-defined or NES cell specific or NES cell group specific.

MIB Content of a NES Cell with On-demand SIB1
In the legacy, MIB content (a combination “pdcch-ConfigSIB1” and “k_SSB” value) indicates whether there is an associated SIB1 (CD-SSB), or not (non-CD-SSB). In the former case, MIB provides the required information for monitoring the associated SIB1 PDCCH, while in the latter case, MIB provides assisting information to the UE to find another frequency raster potentially with CD-SSB. RAN1 should discuss how the MIB content should be set, in case SIB1 is transmitted on-demand, considering the impact on the new and legacy UEs. 
Proposal 10: RAN1 to discuss how the MIB content is set, when the SIB1 is transmitted on-demand. 

Conclusion
The contribution has discussed our views on on-demand SIB1 operation for idle/inactive UEs. In particular, we make the following observations and proposals:
Observation 1: It is unclear whether NES cell or cell A will transmit on-demand SIB1 of NES cell when UE transmits UL WUS to Cell A.
Observation 2: If the design options consider both the target cell of UL WUS transmission and the source cell of on-demand SIB1 transmission, there could be the following options as illustrated in Figure 1:
· Option 1-1: UE transmits UL WUS to NES cell and receives on-demand SIB1for NES cell from NES cell.
· Option 2-1: UE transmits UL WUS to cell A and receives on-demand SIB1for NES cell from NES cell.
· Option 2-2: UE transmits UL WUS to cell A and receives on-demand SIB1for NES cell from cell A.
Observation 3: There are following concerns for Option 2-1:
· Option 2-1 requires upper layer coordination between cell A and NES cell, and the coordination can be slow if the cell A and NES cells belong to different DUs or different CUs.
· Option 2-1 may consume more UE’s power and latency, because UE may need to switch its configurations (in terms of time and/or frequency) to receive SIB1 from NES cell after sending UL-WUS to cell A.
Observation 4: Option 2-2 may provide more potential network energy saving than with the other 3 options since
· NES cell with Option 2-2 does not need to transmit SIB1 while NES with Option 1-1 or Option 2-1 needs to transmit on-demand SIB1.
· NES cell with Option 2-2 does not need to periodically monitor UL for UL-WUS while NES cell with Option 1-1 needs to periodically monitor UL at least for reception of UL-WUS. Depending on design for UL-WUS and its relationship with PRACH resources for random access, there could be some additional network energy saving at NES cell with Option 2-2.  
Observation 5: Option 1-1 allows for further optimization among UL WUS and RACH procedure to speed up RRC connection setup and reduce UE power consumption. For example, UL WUS and PRACH msg1 for RRC connection setup can be shared. 
Observation 6: 
· Comparing with baseline periodic SIB1 with 20ms periodicity, OD-SIB1 has significant NES gain but at cost of more UE power consumption (e.g., up to ~14% additional UE power) and larger UE latency (~14 times higher latency).
· Comparing to baseline periodic SIB1 with 160ms, though OD-SIB1 achieves marginal gain for network energy saving, OD-SIB1 brings significant UE power and latency saving. 
Observation 7: OD-SIB1 design Option 2-2 has advantages over design Option 1-1 in terms of network energy saving, UE power consumption and latency if cell-group specific signaling for UL-WUS is supported for design 2-2, and specification effort.        
Observation 8: Camping on a NES cell, with on-demand SIB1, may or may not be allowed. Each alternative has its implications.
Observation 9: If Camping on a NES cell with on-demand SIB1 is allowed: the design should support
· Enable/disable of Paging function of the camped UEs on the NES cell,
· Efficient notification to the camped UEs about NES cell’s configuration change (including on-demand SIB1 procedure configuration).
Observation 10: If Camping on a NES cell with on-demand SIB1 is not allowed: 
· The UE should camp on another cell, e.g. (cell A).
· NES cell may not need to support paging.
· The UE may still acquire SIB1 for the NES cell, and measure its quality/strength, and attempt to establish a connection when/if needed.
Observation 11: It is not possible to provide all the required configuration for UL WUS transmission via NES cell’s PBCH, unless many parameters are already fixed.
· Moreover, the support of MIB modification seems to be precluded by the WID.

Proposal 1:  For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 studies the following options.
· Option 1-1: UE transmits UL WUS to NES Cell and receives on-demand SIB1 from NES cell.
· Option 2-2: UE transmits UL WUS to Cell A and receives on-demand SIB1 from cell A. 
Proposal 2: Support on-demand SIB1 operation for a NES cell that is fully or partially overlapped with cell A.
Proposal 3: Support OD-SIB1 design Option 2-2 where both the transmission of UL-WUS and reception of SIB1 for NES cell are targeted on cell A.
· FFS: Support cell group specific signaling for UL-WUS. 
· FFS: Whether OD-SIB1 design Option 1-1 is also supported.
Proposal 4: RAN1 to consider the design implications for the cases where camping on the NES cell is or is not allowed. 
· Note. The final decision about the camping and related procedures is left to RAN2.
Proposal 5: For PRACH resource configuration for uplink WUS, at least support the case where PRACH resource is dedicated for uplink WUS.
· FFS: how to configure dedicated PRACH resource for uplink WUS
· FFS: the case where PRACH resource (e.g., preamble, RO etc.) for WUS can be shared with existing RACH procedures.
Proposal 6: Condition based on SSBs of NES cell(s) could be the starting point to determine whether the UE should send uplink WUS to request on-demand SIB1.
Proposal 7: An idle/inactive UE can primarily receive the required configuration for UL WUS transmission for on-demand SIB1, from the system information sent by cell A. 
· FFS: details of signaling method (e.g., whether the info is broadcast or provided on-demand)
Proposal 8: RAN1 to discuss other methods for providing a UE with configuration for UL WUS transmission for the following cases and examples:
· Idle/inactive UE camping (if allowed) on the NES cell with on-demand SIB1.
· Idle/inactive UE was connected to the NES cell, whose connection was released/suspended.
· UE may acquire the information through other means, such as other UEs.
Proposal 9: RAN1 discusses parameters for UL WUS configuration first before determining whether UL WUS configuration is pre-defined or NES cell specific or NES cell group specific.
Proposal 10: RAN1 to discuss how the MIB content is set, when the SIB1 is transmitted on-demand. 
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