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1	Background
A work item on “Enhancements of network energy savings for NR” was agreed in [1]. The objectives of the work item are the following:

	1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.
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
3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown
4. Specify the corresponding core requirements, for the above features [RAN4].



In this contribution, we discuss issues and high-level solutions for Objective 2 of the work item (highlighted above).
2	Information
RAN3#123bis Agreements:
Scenario1: UE obtains the UL WUS configuration from Cell A, and transmits UL WUS to NES Cell.
UL WUS configuration from NES Cell to Cell A via Xn, e.g., before entering on-demand SIB1 mode in the NES Cell or when the UL WUS configuration is changed.

RAN2#125bis Agreements:
· At least RAN2 starts scenario 1a. Other scenarios are not excluded.
· Scenario 1a: Cell A SIB assisted intra-cell WUS. And WUS and SIB1 is sent to/from NES cell. with below potential RAN2 impacts:
· Add WUS configuration in SIB of cell A.
· Cell reselection from cell A to NES cell, including trigger condition and cell barring changes. 
· Whether allow camping, paging and SIB update in NES cell.  
· Cell reselection from NES cell to cell A or normal cell.
· Contents of UL WUS
· RAN2 assumes that RACH procedure is reused for UE to request on-demand SIB1.
· UL WUS configuration includes at least below information:
· RACH configuration 
·  A UE needs to know a UL WUS configuration to request SIB1 of which cell.
· On-demand SIB1 acquisition procedure
· Existing Msg 1 based on-demand procedure is reused for on-demand SIB1 acquisition procedure. FFS on Msg 3. FFS if / when the UE monitors the OD-SIB1 upon reception of RAR. FFS: whether introduce specified UE behavior if RACH failure of OD-SIB1 request.
· The UE first should acquire valid SIB1 (e.g., via SIB1 request) for camping to NES cell (if the UE knows the cell doesn’t broadcast SIB1 and supports on-demand SIB1).

RAN1#116bis Agreements:
[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
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.
3	Discussion
In the following, we first discuss the main principles of inter- and intra-node communication to enable on-demand SIB1 transmission and later showcase the individual signaling steps in two flowcharts.
General scenario 
Figure 1 illustrates an example deployment scenario for on-demand SIB1 transmission, where “NES Cell” of gNB1 is to operate in on-demand SIB1 transmission mode and “Cell A” of gNB2 provides the Wake-Up Signal (WUS) configuration (for requesting SIB1 transmission(s) in NES Cell) to UEs.

[image: ]
[bookmark: _Ref161740030]Figure 1: An example deployment scenario for on-demand SIB1 transmission.

We assume that, before the NES Cell operates in on-demand SIB1 transmission mode, gNB1 provides the WUS configuration of the NES Cell to gNB2. In the following, gNB2 provides the WUS configuration of the NES Cell to UEs camping on or connected to Cell A. Upon need, a UE in RRC Idle/Inactive sends the WUS to the NES Cell and receives SIB1 from the NES Cell.
Xn-related considerations
[bookmark: _Hlk161754453]If the NES Cell operates in on-demand SIB1 transmission mode, UEs are not able to access it without the NES Cell’s WUS configuration. If UEs in the coverage area of the NES Cell cannot obtain the WUS configuration of the NES Cell, the NES Cell is as unreachable for them similar to a deactivated cell. Hence, before transferring a cell into on-demand SIB1 transmission mode, it must be ensured that the WUS configuration of the NES Cell is provided to, or can be acquired by, UEs in the coverage area of the NES Cell, e.g., by Cell A providing the WUS configuration. If this is not ensured, the NES Cell is not able to serve UEs while still consuming a considerable amount of energy due to periodic SSB transmission, resulting in a waste of energy.
Observation 1: Before operating a cell (NES Cell) into on-demand SIB1 transmission mode, it must be ensured the WUS configuration of the cell (NES Cell) can be acquired by UEs in the coverage area of the cell (e.g., via another cell (Cell A)).
[bookmark: _Hlk161758686]Returning to the scenario shown in Figure 1, we believe gNB1 must be sure and therefore be aware whether gNB2 provides indeed the WUS configuration of the NES Cell to UEs in Cell A, e.g., through some kind of coordination/feedback between gNB2 and gNB1. Only after the provisioning of the WUS configuration is ensured, gNB1 can change the NES Cell from periodic to on-demand SIB1 transmission mode. We thus propose RAN3 to discuss means to enable a gNB (gNB 1 in Figure 1) which provided a WUS configuration to another gNB (gNB 2 in Figure 1) through the Xn interface, to be aware of whether the WUS configuration is provided to UEs via a cell of the other gNB.
Proposal 1: RAN3 to discuss means to enable a gNB (gNB 1), which provided a WUS configuration to another gNB (gNB2), to be aware of whether the WUS configuration is provided to UEs via a cell of the other gNB (gNB2).
Regarding the above scenario, since gNB1 should get feedback whether gNB2 provides the WUS configuration of the NES Cell to UEs in Cell A, gNB1 cannot just provide this WUS configuration, e.g., as part of the Served Cell Information NR IE in the XN SETUP REQUEST message or the NG-RAN NODE CONFIGURATION UPDATE message, because the corresponding response messages are not suitable for providing such feedback. Also, it is not an option for gNB2 to send a corresponding failure message to gNB1 to indicate that it cannot provide said WUS configuration as this would cause critical system impact, such as a disruption of the Xn connectivity. 
In addition, we believe gNB1 should be able to request (or to indicate to) gNB2 to provide said WUS configuration in a specific cell(s) of gNB2, e.g., Cell A, which is not supported when reusing the Xn Setup procedure or the NG-RAN node Configuration Update procedure. 
Moreover, gNB2 may at one point in time suspend WUS configuration provision in Cell A, e.g., if it wants to shut off Cell A, or if it experiences very high load or an unexpected failure in Cell A. In that case, gNB2 must inform gNB1 about such WUS configuration provision suspension/disruption, so that gNB1 can change back the NES Cell to periodic SIB1 transmission mode to prevent unfavorable system impact. However, there is no apparent way for supporting such WUS configuration provision status updates reusing legacy procedures.
In summary, reusing the Xn Setup procedure or the NG-RAN node Configuration Update procedure for exchanging WUS configurations between NG-RAN nodes has several disadvantages, including:
· no means to obtain feedback on the status of WUS configuration provision from a neighboring NG-RAN node, and
· no means to indicate in which cell(s) of a neighboring NG-RAN node a provisioning of WUS configuration is needed or desired.
We therefore propose to discuss the introduction of (a) new procedure(s) to enable inter-node coordination for WUS configuration provision, e.g., a Class 1 procedure for requesting another NG-RAN node to start (or stop) providing a WUS configuration in certain cell(s), and a Class 2 procedure for receiving WUS configuration provision status updates from that other NG-RAN node.
Observation 2: Reusing the Xn Setup procedure or the NG-RAN node Configuration Update procedure for exchanging WUS configurations has several disadvantages, including: no feedback on the status of WUS configuration provision and no means to indicate in which cell(s) of a neighboring NG-RAN node a provisioning of WUS configuration is needed.
Proposal 2: RAN3 to discuss the introduction of a new procedure(s) to enable inter-node coordination for WUS configuration provision, including support for requesting starting (or stopping) WUS configuration provision in certain cell(s) and receiving WUS configuration provision status updates.
F1-related considerations
In split gNB architecture, the roles of gNB-CU and gNB-DU need to be considered. The gNB-DU owns SIB1, meaning that it decides the content of SIB1. A gNB-DU also schedules SIB1, so it knows how often SIB1 is transmitted, e.g., in case of on-demand SIB1 transmission. Considering that only the gNB-DU understands the NES gain of on-demand SIB1 transmission by the gNB-DU, which also depends on how often SIB1 is transmitted eventually, we believe the gNB-DU should decide on operating a cell in periodic or on-demand SIB1 transmission mode.
Observation 3: Only the gNB-DU part of a gNB understands the Network Energy Saving (NES) gain of on-demand SIB1 transmission at the gNB-DU, which also depends on how often SIB1 is transmitted.
Proposal 3: In split architecture, the gNB-DU decides on operating a cell in periodic or on-demand SIB1 transmission mode.
On the other side, only the gNB-CU is aware of the network deployment, neighbor relations, coverage situation, etc.. So only the gNB-CU knows which other cell(s) can or should provide the WUS configuration of a NES Cell to ensure that UEs in the coverage area of the cell can reliably access the cell. If those other cell(s) belong to other gNBs, the gNB-CU to operate a cell in OD-SIB1 mode also handles the required communication with the other gNBs and understands whether the other gNBs are providing the WUS configuration of the NES Cell in the other cells. We thus conclude that the gNB-DU cannot autonomously change a cell into on-demand SIB1 transmission mode without risking making such cell inaccessible for UEs and hence the gNB-DU requires assistance from the gNB-CU.
We also note that operating a cell into on-demand SIB1 transmission mode is equal to deactivating (or barring) the cell for legacy UEs, which means all legacy UEs must be served in other cells. A gNB-DU is aware of the load only in its own cells, not in other cells. Operating a cell in on-demand SIB1 transmission mode may cause overload in other cells, especially if the other cells were already moderately or highly loaded before. Hence, we believe a gNB-DU cannot autonomously start operating a cell in on-demand SIB1 transmission mode without risking causing overload in other cells. A gNB-CU, on the other hand, can be aware of the load in all neighboring cells.
Observation 4: The gNB-DU cannot autonomously start operating a cell in on-demand SIB1 transmission mode without risking making the cell inaccessible for legacy UEs or causing overload in neighboring cells (which take all legacy UE traffic).
To overcome this issue, we propose that the gNB-CU should indicate to a gNB-DU that a cell operation can (safely) be changed to on-demand SIB1 transmission mode, e.g., through a proper indication.
Proposal 4: In split architecture, the gNB-CU can indicate to the gNB-DU whether a cell operation can be changed to on-demand SIB1 transmission mode, e.g., through a proper signalling.
We believe, the gNB-CU Configuration Update procedure can be reused for this purpose, namely the GNB-CU CONFIGURATION UPDATE message may carry an indication that certain cell(s) can be operated in on-demand SIB1 transmission mode, like the (existing) indications that certain cell(s) are to be activated, deactivated, or barred.
Proposal 5: RAN3 to discuss reusing the gNB-CU Configuration Update procedure over F1 for sending from gNB-CU to gNB-DU an indication that certain cell(s) can be operated in on-demand SIB1 transmission mode.
We assume, a WUS configuration (for the purpose of requesting on-demand SIB1 transmission) will contain similar information as SIB1, e.g., a fraction of SIB1, at least RACH configuration (as per RAN1/2 agreements so far). For this reason, and also because a gNB-DU is the logical entity of a gNB receiving the WUS in the case of split architecture, the gNB-DU serving the NES cell should decide its WUS configuration. Besides, this is fully in line with legacy on-demand SI transmission. Hence, the gNB-DU must send the WUS configuration to its connected gNB-CU if it intends to operate a cell in on-demand SIB1 transmission mode. The gNB-CU would then first ensure that the WUS configuration is provided in an overlaid cell(s), e.g., Cell A, and subsequently indicate that the gNB-DU can operate the cell in on-demand SIB1 transmission, as discussed above.
[bookmark: _Hlk166065895]Proposal 6: The gNB-DU to decide the WUS configuration of its cell and send it to its gNB-CU if the gNB-DU intends to operate the cell in on-demand SIB1 transmission mode.
[bookmark: _Hlk166065996]We believe, the gNB-DU Configuration Update procedure can be reused to achieve this. For example, the Served Cell Information IE, conveyed via the GNB-DU CONFIGURATION UPDATE message, can include the WUS configuration of a certain cell. Since the Served Cell Information IE contains cell configuration information of a cell and the WUS configuration of a cell is simply part of the configuration of the cell, it seems natural to include the WUS configuration in the Served Cell Information IE.
Proposal 7: RAN3 to discuss reusing the gNB-DU Configuration Update procedure over F1 for sending the WUS configuration(s) of certain cell(s) from gNB-DU to gNB-CU.
At some point, however, the gNB-DU might find that on-demand SIB1 transmission mode is not preferable (anymore), e.g., if it gets so many requests for SIB1 during peak traffic hour that the NES gain is reduced. In such case, the gNB-DU should be able to indicate to its gNB-CU that it does not have (no longer has) interest in operating the cell in on-demand SIB1 transmission mode, and the gNB-CU does not have (no longer has) to ensure that the WUS configuration of the cell is provided in overlaid (a) cell(s).
Proposal 8: The gNB-DU can indicate to its gNB-CU that the gNB-DU has stopped operating a certain cell in on-demand SIB1 transmission mode.
Examples of signaling steps
In the following, we showcase the individual signaling steps for turning on and off on-demand SIB1 transmission in the case of split architecture. Note that, in the case of non-split architecture, the signaling steps between gNB-CU and gNB-DU (in both gNB1 and gNB2) are omitted while the signaling steps between gNB-CU1 and gNB-CU2 remain the same.

Figure 2 shows an example of the detailed signaling steps for on-demand SIB1 transmission start and temporary fallback to periodic SIB1 transmission, e.g., if the WUS configuration provision at the assisting neighbor gNB, here gNB2, is interrupted. 
In step 1, DU1 provides the WUS configuration of the NES Cell to CU1 and indicates interest to operate the NES Cell in on-demand SIB1 transmission mode. In step 2, gNB1 (CU1) requests gNB2 (CU2) to provide the WUS configuration of the NES Cell to UEs in Cell A. Note that CU2 acknowledges the request of CU1, but the WUS configuration provision has not started yet. Also note that we assume that WUS configuration(s) for neighboring cell(s) in NES mode are provided via a new, dedicated SIB, herein referred to as SIBx. In step 3, CU2 provides an initial or updated version of SIBx of Cell A, comprising the WUS configuration for the NES Cell, to DU2; updated or not depends on whether gNB2 is already providing the WUS configurations for other neighboring cells or not. In step 4, CU2 informs CU1 that the WUS configuration provision has started. In step 5, CU1 informs DU1 that it can now operate the NES Cell in on-demand SIB1 transmission mode. If the WUS configuration provision at gNB2 is interrupted for any reason, e.g., if Cell A is going to be shut off, CU2 informs CU1 that the WUS configuration provision in Cell A (concerning the NES Cell) has stopped and consequently CU1 informs DU1 that it can no longer operate the NES Cell in on-demand SIB1 transmission mode, e.g., CU1 withdraws the “on-demand SIB1 transmission permission” for the NES Cell.

[image: ]
[bookmark: _Ref165651702]Figure 2: An example of the detailed signaling steps for on-demand SIB1 transmission start and temporary fallback to periodic SIB1 transmission (considering split architecture).

Figure 3 shows an example of the detailed signaling steps for on-demand SIB1 transmission stop and revert to periodic SIB1 transmission until further notice. There are at least two possible reasons for this. One reason can be that operating the NES Cell in on-demand SIB1 transmission mode is no longer attractive from a NES perspective. This can only be detected and hence triggered by the gNB-DU. Another reason can be that overlaid neighbor cells suffer from too high load (from legacy UEs) during peak traffic hours, so that the NES Cell must operate in periodic/legacy SIB1 transmission mode to allow legacy UEs to be offloaded to it. This, however, can only be identified and hence triggered by the gNB-CU.
In step 1, in the DU-triggered case, DU1 indicates to CU1 that it no longer operates the NES Cell in on-demand SIB1 transmission mode and maybe revokes the WUS configuration of the NES Cell. In the CU-triggered case, CU1 tells DU1 that it can no longer operate the NES Cell in on-demand SIB1 transmission mode, as above. In step 2, CU1 indicates to CU2 that the WUS configuration provision in Cell A (concerning the NES Cell) can be stopped. In step 3, CU2 provides an updated version of SIBx of Cell A, without the WUS configuration for the NES Cell, to DU2, or CU2 revokes SIBx completely, in the case where gNB2 no longer needs to provide any WUS configuration for any neighboring cell in Cell A, i.e., the NES Cell was the only cell for which gNB2 was providing the WUS configuration.

[image: ]
[bookmark: _Ref165651703]Figure 3: An example of the detailed signaling steps for on-demand SIB1 transmission stop and revert to periodic SIB1 transmission until further notice (considering split architecture).

4	Proposals
In this contribution, we discussed issues and high-level solutions for Objective 2 of the work item mentioned above and made the following observations and proposals:
Observation 1: Before operating a cell (NES Cell) into on-demand SIB1 transmission mode, it must be ensured the WUS configuration of the cell (NES Cell) can be acquired by UEs in the coverage area of the cell (e.g., via another cell (Cell A)).
Observation 2: Reusing the Xn Setup procedure or the NG-RAN node Configuration Update procedure for exchanging WUS configurations has several disadvantages, including: no feedback on the status of WUS configuration provision and no means to indicate in which cell(s) of a neighboring NG-RAN node a provisioning of WUS configuration is needed.
Observation 3: Only the gNB-DU part of a gNB understands the Network Energy Saving (NES) gain of on-demand SIB1 transmission at the gNB-DU, which also depends on how often SIB1 is transmitted.
Observation 4: The gNB-DU cannot autonomously start operating a cell in on-demand SIB1 transmission mode without risking making the cell inaccessible for legacy UEs or causing overload in neighboring cells (which take all legacy UE traffic).
Proposal 1: RAN3 to discuss means to enable a gNB (gNB 1), which provided a WUS configuration to another gNB (gNB2), to be aware of whether the WUS configuration is provided to UEs via a cell of the other gNB (gNB2).
Proposal 2: RAN3 to discuss the introduction of a new procedure(s) to enable inter-node coordination for WUS configuration provision, including support for requesting starting (or stopping) WUS configuration provision in certain cell(s) and receiving WUS configuration provision status updates.
Proposal 3: In split architecture, the gNB-DU decides on operating a cell in periodic or on-demand SIB1 transmission mode.
Proposal 4: In split architecture, the gNB-CU can indicate to the gNB-DU whether a cell operation can be changed to on-demand SIB1 transmission mode, e.g., through a proper signalling.
Proposal 5: RAN3 to discuss reusing the gNB-CU Configuration Update procedure over F1 for sending from gNB-CU to gNB-DU an indication that certain cell(s) can be operated in on-demand SIB1 transmission mode.
Proposal 6: The gNB-DU to decide the WUS configuration of its cell and send it to its gNB-CU if the gNB-DU intends to operate the cell in on-demand SIB1 transmission mode.
Proposal 7: RAN3 to discuss reusing the gNB-DU Configuration Update procedure over F1 for sending the WUS configuration(s) of certain cell(s) from gNB-DU to gNB-CU.
Proposal 8: The gNB-DU can indicate to its gNB-CU that the gNB-DU has stopped operating a certain cell in on-demand SIB1 transmission mode.
5	Text Proposal
***************Start of the Text proposal to the baseline CR for TS 38.401 ************************
[bookmark: _Toc155906968]8.2x	Network Energy Saving 
The following clauses describe the overall procedures for Network Energy Saving involving multiple RAN entities.
[bookmark: _Toc155906969]8.2x.1	On-demand SIB1 transmission start and temporary fallback to periodic SIB1 transmission
Figure x below shows an example of the detailed signaling steps for on-demand SIB1 transmission start and temporary fallback to periodic SIB1 transmission, e.g., if the WUS configuration provision at the assisting neighbor gNB, here gNB2, is stopped or interrupted for any reason.
[image: ]
Figure x: An example of the detailed signaling steps for on-demand SIB1 transmission start and temporary fallback to periodic SIB1 transmission 
1.	gNB-DU1 provides the WUS configuration of the NES Cell to CU1 and indicates interest to operate the NES Cell in on-demand SIB1 transmission mode. 
2.	 gNB-CU1 requests gNB-CU2 to provide the WUS configuration of the NES Cell to UEs in Cell A. Note that gNB-CU2 acknowledges the request of gNB-CU1, but the WUS configuration provision has not started yet. Also note that we assume that WUS configuration(s) for neighboring cell(s) in NES mode are provided via a new, dedicated SIB, herein referred to as SIBx. 
3.	 gNB-CU2 provides an initial or updated version of SIBx of Cell A, comprising the WUS configuration for the NES Cell, to gNB-DU2; updated or not depends on whether gNB2 is already providing the WUS configurations for other neighboring cells or not.
4.	gNB-CU2 informs gNB-CU1 that the WUS configuration provision has started. 
5.	gNB-CU1 informs gNB-DU1 that it can now operate the NES Cell in on-demand SIB1 transmission mode. 
6.	If the WUS configuration provision at gNB2 is interrupted for any reason, e.g., if Cell A is going to be shut off, gNB-CU2 informs gNB-CU1 that the WUS configuration provision in Cell A (concerning the NES Cell) has stopped.
7.	gNB-CU1 informs gNB-DU1 that it can no longer operate the NES Cell in on-demand SIB1 transmission mode, e.g., gNB-CU1 withdraws the “on-demand SIB1 transmission permission” for the NES Cell.

8.2x.2	On-demand SIB1 transmission stop and revert to periodic SIB1 transmission until further notice
Figure y below shows an example of the detailed signaling steps for on-demand SIB1 transmission stop and revert to periodic SIB1 transmission until further notice. There are at least two possible reasons for this. One reason can be that operating the NES Cell in on-demand SIB1 transmission mode is no longer attractive from a NES perspective. This can only be detected and hence triggered by the gNB-DU1. Another reason can be that overlaid neighbor cells (e.g., Cell A) suffer from too high load (from legacy UEs) during peak traffic hours and wants to revoke the operation.
[image: ]
Figure y: An example of the detailed signaling steps for on-demand SIB1 transmission stop and revert to periodic SIB1 transmission until further notice.
1.	 In the gNB-DU-triggered case of stopping on-demad SIB1 operation , gNB-DU1 indicates to gNB-CU1 that it no longer operates the NES Cell in on-demand SIB1 transmission mode and revokes the WUS configuration of the NES Cell. In the gNB-CU-triggered case, gNB-CU1 indicates to gNB-DU1 that it can no longer operate the NES Cell in on-demand SIB1 transmission mode. 
2.	 gNB-CU1 indicates to gNB-CU2 that the WUS configuration provision in Cell A (concerning the NES Cell of gNB-DU1) can be stopped. 
3.	 gNB-CU2 provides an updated version of SIBx of Cell A, without the WUS configuration for the NES Cell, to gNB-DU2, or gNB-CU2 revokes SIBx completely, in the case where gNB2 no longer needs to provide any WUS configuration for any neighboring cell in Cell A, i.e., the NES Cell was the only/last cell for which gNB2 was providing the WUS configuration.
***************The End of the Text Proposal ************************

6	References
[1]	RP-234065	New WID: Enhancements of network energy savings for NR 

image1.png
At time tz > tl

WUS config of NES Cell (via Xn interface)

RRC Idle

NES Cell

NES Cell





image2.svg
     Cell A gNB 2 gNB 1 NES Cell               RRC Idle WUS config of NES Cell (via Xn interface) WUS config of NES  Cell  gNB 1 NES Cell          RRC Idle SIB1 of NES Cell   WUS for NES Cell  At time   𝑡  1  At time   𝑡  2  >  𝑡  1  


image3.png
gNB-CU 2 gNB-DU 2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

la. F1AP: gNB-DU Configuration Update

(WUS config(s), on-demand SIB1 transm. interest) 1. WUS config provision, on-demand

SIB1 transm. interest indication

1b. F1AP: gNB-DU Configuration Update Ack
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2a. XnAP: WUS Configuration Provision Request |
(WUS config provision to be started in cell(s) of gNB2,|e.g., Cell A) '
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2. WUS config provision start request
2b. XnAP: WUS Configuration Provision Response
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| 3a. F1AP: gNB-CU Configuration Update ,
: (SIBx = WUS config(s) for neighboring cell(s)) H
3. SIBx provision or update | >
' < 3b. F1AP: gNB-CU Configuration Update Ack !
-l )

< 4. XnAP: WUS Configuration Provision Status (operational, providing WUS config(s))

Sa. F1IAP: gNB-CU Configuration Update

’ \
1 1
1 1
' (On-demand SIBI transm. permission) i
! » | 5.On-demand SIBI transm. allowed
! i
1 1
\ 1

5b. F1AP: gNB-CU Configuration Update Ack

... Time passes...

7a. F1AP: gNB-CU Configuration Update
(On-demand SIB1 transm. permission revocation)

7. On-demand SIB1 transm. forbidden
7b. F1AP: gNB-CU Configuration Update Ack
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