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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	Discussion
Figure 1 illustrates an example deployment scenario for on-demand SIB1 transmission, where “NES Cell” of gNB1 operates 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.
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[bookmark: _Ref161740030]Figure 1: An example deployment scenario for on-demand SIB1 transmission.

We assume that before NES Cell operates in on-demand SIB1 transmission mode, gNB1 provides the WUS configuration of NES Cell to gNB2. In the following, gNB2 provides the WUS configuration of NES Cell to UEs camping on or connected to Cell A. Upon need, a UE in RRC Idle/Inactive sends WUS for NES Cell and receives SIB1 of NES Cell.
[bookmark: _Hlk161754453]If NES Cell operates in on-demand SIB1 transmission mode, UEs are not able to access it without its WUS configuration. If UEs in the coverage area of NES Cell cannot obtain the WUS configuration of NES Cell, NES Cell is as unreachable for them as 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 via another cell. If this is not ensured, however, the 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 putting 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 (NES Cell 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 the WUS configuration of NES Cell to UEs in Cell A, e.g., through some kind of coordination/feedback from gNB2 to gNB1. Only after this is ensured, gNB1 can switch NES Cell from periodic to on-demand SIB1 transmission mode. We thus propose RAN3 to discuss means to enable a gNB, which provided a WUS configuration to another gNB 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 should discuss means to enable a gNB (gNB 1), which provided a WUS configuration to another gNB (gNB 2), to be aware of whether the WUS configuration is provided to UEs via a cell of the other gNB (gNB2).
Moreover, for the case of split architecture, the roles of gNB-CU and gNB-DU need to be considered. The DU owns SIB1, meaning that it gets to decide the content of SIB1; and it schedules SIB1, so it knows how often SIB1 is transmitted in case of on-demand SIB1 transmission. Considering that only the DU understands the Network Energy Saving (NES) gain of on-demand SIB1 transmission, which also depends on how often SIB1 is transmitted eventually, we believe the DU should decide on a cell in periodic or on-demand SIB1 transmission mode.
Observation 2: Only the DU understands the Network Energy Saving (NES) gain of on-demand SIB1 transmission, which also depends on how often SIB1 is transmitted eventually.
Proposal 2: The DU should decide on a cell in periodic or on-demand SIB1 transmission mode.
However, only the CU is aware of the network deployment, neighbor relations, coverage situation, etc., so only the CU knows which other cell(s) can or must provide the WUS configuration of a 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 CU also handles the required communication with the other gNBs and understands whether the other gNBs are providing the WUS configuration of the cell in the other cells. We thus conclude that the DU should not autonomously put a cell into on-demand SIB1 transmission mode without risking making the cell inaccessible for UEs and hence requires assistance from the CU.
We also note that putting 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. The DU is aware of the load only in its own cells, not in other cells. Putting a cell into on-demand SIB1 transmission mode may cause overload at other cells, especially if the other cells were already moderately or highly loaded before. Hence, we believe the DU should not autonomously put a cell into on-demand SIB1 transmission mode without risking causing overload in other cells. The CU, on the other hand, can be aware of the load in all neighboring cells.
Observation 3: The DU cannot autonomously put a cell into on-demand SIB1 transmission mode without risking making the cell inaccessible for UEs or causing overload in neighboring cells.
To overcome this issue, we propose that the CU should indicate to the DU that a cell can (safely) be put into on-demand SIB1 transmission mode, e.g., through a proper indication.
Proposal 3: The CU should indicate to the DU whether a cell can be put into on-demand SIB1 transmission mode, e.g., through a proper indication.
We assume a WUS configuration (to request on-demand SIB1 transmission) will contain similar information as SIB1, perhaps a fraction of the information of SIB1, e.g., a RACH configuration. Therefore, the DU serving the NES cell should decide its WUS configuration. This means the DU must send the WUS configuration to its connected CU if it intends to put a cell into on-demand SIB1 transmission mode. The CU would then first ensure that the WUS configuration is provided in overlaid (a) cell(s) and subsequently indicate that the DU can put the cell into on-demand SIB1 transmission, as discussed above.
Proposal 4: The DU should decide the WUS configuration of a cell and send it to the CU if it intends to put a cell into on-demand SIB1 transmission mode.
At some point, however, the 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 strongly reduced. In such case, the DU should be able to indicate to the CU that it does not have (no longer has) interest in operating the cell in on-demand SIB1 transmission mode, and the CU does not have (no longer has) to ensure that the WUS configuration of the cell is provided in overlaid (a) cell(s).
Proposal 5: The DU should be able to indicate to the CU that it does not have (no longer has) interest in operating the cell in on-demand SIB1 transmission mode.

3	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 putting 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 (NES Cell via another cell (Cell A).     
Observation 2: Only the DU understands the Network Energy Saving (NES) gain of on-demand SIB1 transmission, which also depends on how often SIB1 is transmitted eventually.
Observation 3: The DU cannot autonomously put a cell into on-demand SIB1 transmission mode without risking making the cell inaccessible for UEs or causing overload in neighboring cells.
Proposal 1: RAN3 should discuss means to enable a gNB (gNB 1), which provided a WUS configuration to another gNB (gNB 2), to be aware of whether the WUS configuration is provided to UEs via a cell of the other gNB (gNB2).
Proposal 2: The DU should decide on a cell in periodic or on-demand SIB1 transmission mode.
Proposal 3: The CU should indicate to the DU whether a cell can be put into on-demand SIB1 transmission mode, e.g., through a proper indication.
Proposal 4: The DU should decide the WUS configuration of a cell and send it to the CU if it intends to put a cell into on-demand SIB1 transmission mode.
Proposal 5: The DU should be able to indicate to the CU that it does not have (no longer has) interest in operating the cell in on-demand SIB1 transmission mode.
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