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Introduction
In RAN#102, a new work item “Enhancements of network energy savings for NR” was agreed [1]. The one objective of the work item is the following:
	1. [bookmark: OLE_LINK3]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 analyse potential RAN3 impact and high-level solution based on RAN1 progress.
Discussion
[bookmark: OLE_LINK29][bookmark: OLE_LINK19]2.1 RAN1 progress
[bookmark: _Hlk162514378]In RAN1#116, RAN1 has on-demand SIB1 operation, and it was agreed:
	- 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
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 
[bookmark: OLE_LINK190]- For study of UL WUS design, consider at least PRACH as a starting point
· FFS: Whether there is dedicated PRACH resource for SIB1 request 
- For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.
- For the study of on-demand SIB1 for idle/inactive mode UE, RAN1 to further study whether feedback from gNB in response to the SIB1 request is supported including associated details.


[bookmark: _Hlk162556294]Based on RAN1 agreement, we have following observations.
Observation 1: UE obtains the UL WUS configuration from NES Cell or non-NES Cell (Cell A).
Observation 2: UE transmits UL WUS to NES Cell or Cell A for requesting SIB1 of NES cell.
Observation 3: At least PRACH is considered as a starting point for ULWUS design.
2.2 on-demand SIB1 procedure
Based on RAN1 agreements, we analyse the possible issues of the UL WUS configuration provision procedure and the SIB1 request procedure based on UL WUS and potential RAN3 impacts. 
UL WUS configuration provision procedure 
[bookmark: _Hlk162559502]Issue1. Regardless of obtaining the UL WUS configuration from NES Cell from Cell A or NES Cell for UE, which node to determine to use on-demand SIB1 for a NES cell.
[bookmark: _Hlk163035706]One possibility is that it’s up to CU for determining which cells use on-demand SIB1 and transmits the command to DU to enable the on-demand SIB1 function via gNB-CU Configuration Update procedure, accordingly DU enable on-demand SIB1. Another possibility is DU determines which cells use on-demand SIB1. And which cells are allowed to use on-demand SIB1 may be configured by OAM or determined by CU. Since CU has overview of the load and coverage of cells, we slightly prefer the former. After DU enables on-demand SIB1 for an NES cell, DU may further inform the CU of the enabling status of on-demand SIB1. 
Proposal 1: CU determines which cells to use on-demand SIB1 and transmits the command to DU to enable the on-demand SIB1 function. 
Issue 2. Regardless of obtaining the UL WUS configuration from NES Cell from Cell A or NES Cell, which node to determine UL WUS configuration.
Based on RAN1 agreement, the UL WUS may be designed from PRACH resource. Legacy RACH config in SIB1 is determined by DU. For simplicity, DU generates UL WUS config and then transmits it to CU e.g., via F1 SETUP REQUEST or gNB-DU CONFIGURATION UPDATE message. CU may further transmit it to another node providing Cell A(s) if the Cell A can provide it to UE for NES Cell. Otherwise, CU can generate UL WUS config based on RACH config in SIB1, and then transmits it to DU. We slightly prefer the former.
Proposal 2: DU of a NES cell determines UL WUS config for the NES cell and transmits it to CU for further providing it to Cell A if needed. 
Issue 3. If NES cell supports of broadcasting UL WUS config, which node to determine to broadcast the config.
Since CU has overview of the load and coverage of cells and capability of Cell A supporting of providing the WUS config, one possibility is that it’s up to CU for determining which cells providing the UL WUS config. For example, if no Cell A can provide the WUS config of the NES cell, CU can control DU of the NES cell to broadcast the config. And further DU may inform the CU of broadcasting status of UL WUS config.
Proposal 3: If NES cell supports of broadcasting UL WUS config, DU of a NES cell determines to broadcast UL WUS config for the NES cell based on command from CU.
Issue 4. To support of providing UL WUS config to UE from Cell A, how to provide UL WUS config to CU2 of Cell A from CU1 of NES cell, and further provide it to DU of Cell A.
The NG-RAN of NES cell transmits UL WUS config for a set of NES cell in the NG-RAN NODE CONFIGURATION UPDATE message to the neighbour NG-RAN node by means of the NG-RAN node Configuration Update procedure. Depending on whether the NG-RAN of Cell A support to transmit UL WUS config for NES cell, it can accept or reject the UL config of a NES cell.  Since additional power is consumed if NG-RAN of Cell A provides UL WUS config of the NES cell to UE. It should be allowed to not provide the WL WUS config for an NES cell and notify the decision to NES cell after Cell A has accepted the UL WUS config. 
[bookmark: _Hlk162565458]In case of CU-DU split, after NG-RAN CU of Cell A receives the WL WUS config of a set of NES cells, it may further determine separate UL WUS config(s) of some NES cells per Cell A and transmits the UL WUS config(s) and the corresponding NES cell(s) per Cell A to NG-RAN DU.
Proposal 4: NG-RAN of cell A receives UL WUS config for a set of NES cells from NG-RAN of NES cell via NG-RAN node Configuration Update procedure. 
Proposal 5: NG-RAN CU of cell A determines separate UL WUS config(s) per Cell A and transmits the UL WUS config(s) and the corresponding NES cell(s) per Cell A to NG-RAN DU via gNB-CU Configuration Update procedure. 

SIB1 request procedure based on UL WUS 
Issue 5. If the target cell of UL WUS is NES cell, which node handles UL WUS from UE.
The handling mechanism is similar as on-demand other SI. It depends on MSG1 based solution or Msg3 based solution for SIB1 request, which solution is decided by RAN1. If receiving request via MSG1, DU can response via MSG2 and broadcasts SIB1. This has no RAN3 impact.  If receiving request via MSG3 with an RRC message, CU controls DU to broadcast SIB1 via a command. 
Proposal 6: If the target cell of UL WUS is NES cell and the NES cell receives SIB1 request via MSG3 with an RRC message, CU controls DU to broadcast SIB1 via a command. 
Issue 6. If the target cell of UL WUS is Cell A, which node handles UL WUS from UE.
[bookmark: _Hlk162567296]The handling mechanism is similar as on-demand other SI. It depends on MSG1 based solution or Msg3 based solution for SIB1 request, which solution is decided by RAN1. If receiving WUS for SIB1 request via MSG1, DU determines the requested NES cell and notifies it to Cell A.  If receiving SIB1 request via Msg3, CU determines the requested NES cell and notify it to Cell A. If the Cell A and NES cell is in different NG-RAN nodes, the NG-RAN of Cell A notifies the NG-RAN of NES cell the SIB1 request via Cell Activation procedure. The NES cell broadcasts SIB1 after receiving the request. And UE reselects to the NES cell after obtaining SIB1 of NES cell. The notification via backhaul brings some delay. Compared to the method to transmits UL WUS to NES cell, the method can have more energy saving for NES cell by avoiding the UL WUS monitoring operation.
Proposal 7: If the target cell of UL WUS is Cell A, and Cell A receives SIB1 request of an NES cell, NG-RAN of Cell A notify the NG-RAN of the NES cell the SIB1 request of an NES cell via Cell Activation procedure. 
Conclusion
In summary, we have following observations and proposals for on-demand SIB1 for Idle/Inactive UE:
Observation 1: UE obtains the UL WUS configuration from NES Cell or non-NES Cell (Cell A).
Observation 2: UE transmits UL WUS to NES Cell or Cell A for requesting SIB1 of NES cell.
Observation 3: At least PRACH is considered as a starting point for ULWUS design.
Proposal 1: CU determines which cells to use on-demand SIB1 and transmits the command to DU to enable the on-demand SIB1 function. 
Proposal 2: DU of a NES cell determines UL WUS config for the NES cell and transmits it to CU for further providing it to Cell A if needed. 
Proposal 3: If NES cell supports of broadcasting UL WUS config, DU of a NES cell determines to broadcast UL WUS config for the NES cell based on command from CU.
Proposal 4: NG-RAN of cell A receives UL WUS config for a set of NES cells from NG-RAN of NES cell via NG-RAN node Configuration Update procedure. 
Proposal 5: NG-RAN CU of cell A determines separate UL WUS config(s) per Cell A and transmits the UL WUS config(s) and the corresponding NES cell(s) per Cell A to NG-RAN DU via gNB-CU Configuration Update procedure. 
Proposal 6: If the target cell of UL WUS is NES cell and the NES cell receives SIB1 request via MSG3 with an RRC message, CU controls DU to broadcast SIB1 via a command. 
Proposal 7: If the target cell of UL WUS is Cell A, and Cell A receives SIB1 request of an NES cell, NG-RAN of Cell A notify the NG-RAN of the NES cell the SIB1 request of an NES cell via Cell Activation procedure. 
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