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Introduction
The Release 19 WI for Network Energy Saving (NES) was approved in RAN#102 [1]. One of the objectives is the following study:
	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.
· [bookmark: _Hlk158404814]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



This contribution focuses on some of the relevant aspects concerning the above mentioned study on on-demand SIB1 transmissions for UEs in idle/inactive mode. 
[bookmark: _Ref158475960]Overview of on-demand SIB-1 and its potential
Both on-demand SSB and on-demand SIB-1 are discussed in [1]. However, it's crucial to comprehend the commonalities and distinctions between the two approaches. On-demand SSB typically involves omitting both SSB and SIB-1 transmissions, with restoration triggered by an uplink wake-up signal and for Rel-19 it is only limited to the Scell. In contrast, on-demand SIB-1 entails regular SSB transmission while SIB-1 is transmitted only upon UE trigger, e.g. using a uplink wake-up signal. Notably, on-demand SIB-1 offers practical advantages over on-demand SSB such as unaffected initial cell selection and re-selection, ensuring seamless discovery. Also, as SSBs are still transmitted, designing an uplink wake-up signal for on-demand SIB-1 may incorporate time and frequency synchronization to streamline operations. In addition, UE can report the measurements of the neighboring cells even during on-demand SIB-1 transmission phases.
Given these characteristics defining and standardizing on-demand SIB-1 for idle/inactive operation could be much simpler than standardizing on-demand SSB for idle/inactive operation. The potential of omitting SIB-1 was mostly investigated in Rel-18 SI on the context of SIB-1-less operation with a cross-carrier SIB-1 transmitted in another co-located cell. The energy savings potential of on-demand SIB-1 goes beyond that as additional energy is consumed to transmit SIB-1 on the other carrier. Instead, SIB-1 is only transmitted when strictly needed. 
To understand the energy-saving benefits of omitting SIB-1, it is important consider its characteristics:
· SIB-1 requires robust modulation and coding, transmitted separately in time on each analog beamforming direction.
· During SIB-1 transmission, the system's bandwidth isn't fully available.
· SIB-1 size can be substantial, occupying an entire time slot.
· This time occupancy is significant, especially considering repetitions for analog beamforming and initial beam selection.
In essence, while SIB-1 may not consume many physical resource blocks (PRBs), its time occupancy is considerable, particularly in scenarios with multiple analog beamforming directions. This time consumption greatly contributes to energy consumption, especially during periods of low load. 
Observation 1: SIB-1 transmissions may occupy resources for a considerable time. Consequently, SIB-1 transmission is a main contributor to gNB energy consumption at zero and low load.
Figure 1 shows potential energy saving gains for on-demand SIB-1 based on system-level simulations. Details are found in [3].  The energy savings grow significantly as the number of beams increase (up to more than 40%) and even if some data needs to be provisioned for on-demand SIB-1 (the 1-symbol DCI case), the energy savings are considerable. 
[image: ]
[bookmark: _Ref158404935]Figure 1 – Potential energy saving gains for on-demand SIB-1 at zero load with additional 1-symbol DCI transmission, for different SSB/SIB-1 beam configurations. Full omission or SIB1-less operation is also shown for comparing the impact of the additional DCI. (See [3] for details.)
On-demand SIB-1 and legacy UEs
A cell which is saving energy by omitting SIB-1 poses no backward compatibility to legacy UEs. Although a legacy UE cannot access a cell not transmitting SIB-1, the behavior defined in the RRC specification (TS 38.331) in the absence of essential system information (section 5.2.2.5) guarantees that a legacy UE treats an NES cell without SIB-1 as a barred cell. Therefore, the UE will continue normal idle/inactive behavior and re-select another cell where SIB-1 is not omitted. 
Observation 2: A legacy UE will treat a cell not transmitting SIB-1 as a barred cell. Therefore, this cell poses no backward compatibility to legacy UEs.
Also, if a legacy UE reads SIB-1 by chance when SIB-1 transmission is triggered by a Rel-19 UE this should poses no issue to the legacy UE. In this case the legacy UE may camp on the NES cell and even access it normally. Only, when trying to re-acquire SIB-1 (after validity is expired), it may realize that it cannot read SIB-1 and then re-select to another cell.
On-demand SIB-1 scenarios and solution architecture
Based on discussions and agreements from RAN1#116, different solutions for UEs to demand SIB-1 from an NES-cell have been identified as potential options. The two main possibilities are:
1. The solution involves to only the NES-cell (with SIB-1 transmission on-demand) and the UEs. The NES-cell provides the UL wake-up signal configuration to the UEs and can receive the UL wake-up signal.  
2. There is involvement of another cell acting as an anchor cell (Similar to SIB-1-less based on anchor cell). In different variants, the UL wake-up signal configuration and/or the wake-up signal reception may be performed in such anchor cell instead of the NES cell.  
Since on-demand SIB-1 is to be studied for UEs in RRC_IDLE/RRC_INACTIVE, it is important to consider whether a UE (demanding SIB-1 from an NES cell) should first discover the NES cell or the (another) anchor cell. The easier and less time-consuming variant is having the UE discovering first the NES cell. Then, the UE proceeds with obtaining the UL wake-up signal configuration from the NES cell and sending the UL wake-up signal to the NES cell, i.e. without any involvement of another cell. In this way the whole procedure is generic, fast and applicable to any scenario (non CA , co-located CA, non co-located CA). The only disadvantage is that sending wake-up signal configuration and receiving wake-up signals results in slightly extra energy consumption compared to just sending SSBs.
Observation 3: On-demand SIB-1 procedure can be carried out exclusively in the NES cell (no need for participation of an anchor cell). In this case, the procedure is generic, fast and applicable to any scenario (non CA, co-located CA, non co located CA).
Proposal 1: As a baseline, On-demand SIB-1 signaling and wake-up signal reception is done on the NES cell itself. 
If the UE first discovers the anchor cell transmitting SIB-1 as in legacy, in most cases the UE can directly access that cell instead on the NES cell. If the UE re-selects a NES cell, it could be beneficial that the UE has some information in advance about the on-demand SIB-1 status of the NES cell. 
If the procedure relies on an anchor cell it becomes cumbersome for the UE to first detect SSBs from the NES cell and identify that on-demand SIB1 mode is configured, then re-select to anchor cell (switching frequency and re-synchronizing another cell) to obtain the UL wake-up signal information, followed by sending the wake-up signal (possibly, again switching frequency and re-synchronizing another cell) and finally read the SIB1 from the NES cell. The whole procedure thus becomes very complex, and it is not applicable to all scenarios (e.g. isolated cell). The only advantage in this case is that the NES cell could fully stop reception or at least not send any extra information other than SSBs. 
Observation 4: On-demand SIB-1 relying on multiple cells can be quite complex and it is not applicable to all scenarios. It has some advantage of slight decreased energy consumption on NES cells.
Proposal 2: On-demand SIB-1 relying on multiple cells to be down-prioritized.
Conclusions
In this contribution, we discussed some aspects of on-demand SIB1 for NES. The following observations and proposals have been made:

Observation 1: SIB-1 transmissions may occupy resources for a considerable time. Consequently, SIB-1 transmission is a main contributor to gNB energy consumption at zero and low load.
Observation 2: A legacy UE will treat a cell not transmitting SIB-1 as a barred cell. Therefore, this cell poses no backward compatibility to legacy UEs.
Observation 3: On-demand SIB-1 procedure can be carried out exclusively in the NES cell (no need for participation of an anchor cell). In this case, the procedure is generic, fast and applicable to any scenario (non CA, co-located CA, non co located CA).
Observation 4: On-demand SIB-1 relying on multiple cells can be quite complex and it is not applicable to all scenarios. It has some advantage of slight decreased energy consumption on NES cells.
Proposal 1: As a baseline, On-demand SIB-1 signaling and wake-up signal reception is done on the NES cell itself. 
Proposal 2: On-demand SIB-1 relying on multiple cells to be down-prioritized.
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