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1 Introduction
[bookmark: _Hlk127258902]The Rel-18 work item on network energy savings related to RAN1 aims to specify the techniques for RRC connected and user specific signals and channels. To further reduce energy consumption of common signal and channel for UEs in idle/inactive mode, in the WID of Rel-19 network energy saving [1], the following objective has been specified:
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
In this contribution, we first discuss possible scenarios of on-demand SIB1 operation for UEs in idle/inactive mode and, then, discuss necessary enhancements to support on-demand SIB1 operation for each possible scenario.
2 Study on on-demand SIB1 for UEs in idle/inactive mode
1 
1.1 
1.2 
Generally, the gNB transmits system information block type 1 (SIB1) periodically for initial access and scheduling other SIBs for UEs in idle/inactive mode. However, even if there is no demand from UEs or there isn’t any UE camping on the cell, it should be transmitted always. Due to the reason, for network energy saving, study on on-demand SIB1 for UEs in idle/inactive mode has been included in Rel-19 WID to identify the benefit of network energy saving by reducing unnecessary SIB1 transmission and the associated PRACH monitoring, and thus providing more opportunities in sleep mode to the network. 
On-demand SIB1 operation assumes that SSB is periodically transmitted on the serving cell for the support of the initial access of idle/inactive UEs. Additionally, gNB may keep monitoring UL wake-up-signal (WUS) periodically which will consume additional network energy. Even if unnecessary transmissions of periodic SIB1 and PRACH monitoring can be avoided for network energy saving, the gain can be marginal because of periodic SSB transmission and WUS monitoring. 
Observation 1: The energy saving gain of on-demand SIB1 may be limited because of periodic SSB transmission and UL WUS monitoring.
Therefore, the gain of on-demand SIB1 operation for network energy saving should be justified. Furthermore, the on-demand SIB1 can be operated in a single cell as well as in conjunction with other cells. In this objective, we need to justify the gain of on-demand SIB1 for both single cell scenario and multi-cells scenario.
Proposal 1: Need to justify the gain of on-demand SIB1 operation for both single-cell scenario and multi-cell scenario.
3 Multi-cell operation for on-demand SIB1
For on-demand SIB1 operation in multi-cell scenario, the configuration of UL WUS and SIB1 of one cell can be obtained from anther cell. An example of on-demand SIB1 operation in a multi-cell scenario is illustrated in Figure 1. In this example, there are two types of cells. One is anchor cell, for example, Cell#A in the figure and the other is non-anchor cell or on-demand SIB1 cell, for example, Cell#B/C/D in the figure. The anchor cell transmits SSB and SIB1 periodically and the on-demand SIB1 cell only transmits SIB1 base on a request from a UE. The anchor cell provides the configuration of UL WUS and SIB1 for the neighboring on-demand SIB1 cells. 


[bookmark: _Ref127258835][bookmark: _Ref127258825]Figure 1 Illustration of an example on-demand SIB1 operation in multi-cell scenario
For multi-cell scenario, the key issue for on-demand SIB1 operation is how the UE can figure out whether a cell is an on-demand SIB1 cell or an anchor cell. To access the on-demand SIB1 cell, at least the UE should detect one anchor cell to acquire the configuration of UL WUS and SIB1 of the on-demand SIB cell. Therefore, to check the feasibility of multi-cell scenario, it is necessary to justify the method how the UE can know whether the cell is an on-demand SIB1 cell, or an anchor cell.
Proposal 2: Need to justify how to identify whether the cell is an on-demand SIB1 cell, which doesn’t transmit SIB1, or anchor cell, which provides the configuration of UL WUS and SIB1 for other cells.
With regard to the UL WUS, one important issue is which cell the UE will transmit the UL WUS to. The design of the UL WUS can be different depending on whether the UE transmits the WUS signal to the on-demand SIB1 cell or the anchor cell. For example, if the UE transmits the WUS signal to the on-demand SIB1 cell for triggering on-demand SIB1, PRACH can be considered as a design of WUS for UEs in idle/inactive mode, which may not be established with uplink synchronization. On the other hand, when WUS is transmitted to the anchor cell, other UL channels, e.g. PUCCH and PUSCH, in addition to PRACH, may be taken into account for WUS.
Proposal 3: Discuss design of wake-up-signal to trigger on-demand SIB1 depending on whether the UE transmits the WUS signal to the on-demand SIB1 cell or the anchor cell.
Last but not least, one additional issue is which information should be set from an anchor cell to a UE for supporting on-demand SIB1 operation. In relation to the configuration of WUS and on-demand SIB1, the anchor cell should include respective configuration information for one or multiple on-demand SIB1 cells and be able to configure the information to a UE. In addition, part of the information included in SIB1 corresponding to the on-demand SIB1 cell can be configured before receiving SIB1 to check accessibility of the cell. Therefore, the following information related to on-demand SIB1 can be set from an anchor cell to a UE:
· Cell index for on-demand SIB1 cell,
· Partial information of on-demand SIB1, e.g. cell access related information,
· Time/frequency resource for WUS transmission,
· Power control parameter, if WUS is transmitted on on-demand SIB1 cell.
Proposal 4: For on-demand SIB1 in multi-cell scenario, discuss which information will be transmitted on anchor cell to a UE, e.g.
· PCI of an on-demand SIB1 cell.
· Partial information of on-demand SIB1 for accessibility.
· Time/frequency resource for WUS transmission.
· Power control parameter, if WUS is transmitted on on-demand SIB1 cell.
4 Single-cell operation for on-demand SIB1
A single cell scenario can also be considered for on-demand SIB1 for UEs in idle/inactive mode. When a UE tries to access a cell that does not transmit SIB1 periodically, the UE can transmit a UL WUS (e.g., PRACH) to the corresponding on-demand SIB1 cell (i.e. Cell#A) as shown in Figure 2.


Figure 2 Illustration of an example on-demand SIB1 operation in single-cell scenario
Similar to the multi-cell scenario, it is an important issue to determine whether or not a cell performs an on-demand SIB1 operation in the single-cell scenario. The UE should be able to determine whether the cell is an on-demand SIB1 cell through the SSB or other DL signal(s) (e.g. PDCCH scheduling SIB1) transmitted from the on-demand SIB1 cell. Therefore, we would like to discuss a method for determining an on-demand SIB1 cell to check the feasibility of a single cell operation.
Proposal 5: Discuss how a UE gets to know whether a cell is on-demand SIB1 cell which does not transmit SIB1 periodically, through the SSB or other DL signal(s) from the on-demand SIB1 cell.
Unlike the multi-cell scenario, in the single cell scenario, the UE should be able to determine UL WUS resources in the corresponding cell to transmit a UL WUS. Time/frequency information for UL WUS transmission in the corresponding on-demand SIB1 cell needs to be pre-configured or fixed. Therefore, we would like to discuss a feasible method for acquiring UL WUS transmission related configuration information for triggering on-demand SIB1 in a single cell operation.
Proposal 6: Discuss how to acquire UL WUS transmission related configuration for triggering on-demand SIB1.
2 
3 
4 
5 Conclusion
In this contribution, we discussed issue of on-demand SIB1 for single-cell scenario and multi-cell scenario. The following proposals were made:
Observation 1: The energy saving gain of on-demand SIB1 may be limited because of periodic SSB transmission and UL WUS monitoring.
Proposal 1: Need to justify the gain of on-demand SIB1 operation for both single-cell scenario and multi-cell scenario.
Proposal 2: Need to justify how to identify whether the cell is an on-demand SIB1 cell, which doesn’t transmit SIB1, or anchor cell, which provides the configuration of UL WUS and SIB1 for other cells.
Proposal 3: Discuss design of wake-up-signal to trigger on-demand SIB1 depending on whether the UE transmits the WUS signal to the on-demand SIB1 cell or the anchor cell.
Proposal 4: For on-demand SIB1 in multi-cell scenario, discuss which information will be transmitted on anchor cell to a UE, e.g.
· PCI of an on-demand SIB1 cell.
· Partial information of on-demand SIB1 for accessibility.
· Time/frequency resource for WUS transmission.
· Power control parameter, if WUS is transmitted on on-demand SIB1 cell.
Proposal 5: Discuss how a UE gets to know whether a cell is on-demand SIB1 cell which does not transmit SIB1 periodically, through the SSB or other DL signal(s) from the on-demand SIB1 cell.
Proposal 6: Discuss how to acquire UL WUS transmission related configuration for triggering on-demand SIB1.
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