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Introduction
[bookmark: _Hlk66110521]After the completion of the first phase (i.e., Release-18) of the Network Energy Saving (NES) Work Item (WI), the second phase (i.e., Release-19) of the NES WI was kicked off in February 2024, along with the latest Work Item Description (WID) RP-234065 [1]. It can be known from the WID that 3GPP will study the procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode.

	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



This paper discuss the impacts of the on-demand SIB1 from RAN2 perspective, and analyze different options on providing the idle/inactive UEs with the uplink wake-up-signal. Other impacts are also studied with the remedies being proposed, in order to make progress on this feature from RAN2 perspective.  
Discussion 
On-demand SIB1 means SIB1 is no longer always-on and can be turned off by the gNB for the NES purpose. Then upon receiving an uplink (cell) wake-up-signal (WUS) from a UE, gNB can turn on the SIB1 transmission in a cell for a period of time. But before transmitting the uplink WUS, the UE needs to know if SIB1 is transmitted or not in a cell. More precisely, the UE needs to know whether the SIB1 not present in a cell is an on-demand SIB1 or not, and hence the UE can determine whether to trigger the transmission of the uplink WUS. 
In NR, it can be already indicated whether SIB1 is present in a cell or not by configuring a specific value(s) in ssb-SubcarrierOffset (see TS 38.213, clause 13 [2]), combined with other settings in MIB. However, such legacy signaling does not provide additional information on whether the SIB1 not transmitted is an on-demand SIB1 or not, and hence the new UE (Rel-19 UE) does not know whether it can transmit the uplink WUS or not. 
[bookmark: _Toc163123213]The existing fields in MIB can indicate SIB1 is not transmitted, but cannot indicate whether the absence of SIB1 is due to the Rel-19 on-demand SIB1 feature.
The indication on whether the absent SIB1 is an on-demand SIB1 or not should be provided to the UE prior to the SIB1 transmission, and hence MIB probably is the only choice to carry such an indication. There is one spare bit in MIB we can utilize for such a purpose. For instance, if the spare bit is set as ‘nonBroadcasting’ as shown in the following, it indicates SIB1 is not transmitted but can be provided upon request. 
MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
spare                               BIT STRING (SIZE (1))
SIB1_status							ENUMERATED {broadcasting, notBroadcasting}
}

Alternatively, the spare bit is only used to indicate whether the uplink WUS is available or not, and the presence/absence of SIB1 is still indicated through the legacy signaling (i.e., SubcarrierOffset), as shown in the following.
MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
spare                               BIT STRING (SIZE (1))
uplink_WUS							ENUMERATED {available, unavilable}
}
[bookmark: _Toc163123216][bookmark: _Toc163123600][bookmark: _Toc163123653][bookmark: _Toc163123729]It can be discussed whether to use the spare bit in MIB to indicate that SIB1 is not transmitted but can be provided upon request.
As the target users of the cell WUS are the UEs in the idle/inactive state, PRACH resources are considered as the ideal candidate for the cell WUS. RAN1 also made an agreement in RAN1#116, considering PRACH as a starting point for the uplink WUS. However, as some basic PRACH configuration are provided in SIB1, how to provide the PRACH configuration to the UEs in idle/inactive state without SIB1 becomes an important issue. The most simple option is to have a predefined/default PRACH configuration serving for the uplink WUS purpose, but this would make it less efficient in terms of uplink resource utilization. To allow more configuration flexibility, one option is to provide the uplink WUS configuration in other cells rather than the cell not transmitting SIB1. This option has the least impact to the legacy UE, but probably only works in the cell reselection scenario (i.e., does not work for the UE just powered on). Another option is to provide the uplink WUS configuration in the MIB of the cell not broadcasting SIB1, using all the bits or part of the bits in the pdcch-ConfigSIB1 IE to index the uplink WUS configurations. This option may have significant impact to the legacy UE, but it works for both the cell selection and cell reselection scenarios. Yet another option is to provide the uplink WUS configuration in a new SIB of the cell not transmitting SIB1, where the new SIB can be transmitted much less frequently (e.g., once per 200 ms) compared to SIB1. This option is our preferred option, as it has the least impact to the legacy UE, and works in both the cell selection and cell reselection scenarios. The last option is to provide the uplink WUS configuration in a dedicated message (e.g., RRCRelease), and the uplink WUS configuration provided in this way can be valid across multiple cell, for instance, valid within the same tracking area or the same SI area. 
[bookmark: _Toc163123217][bookmark: _Toc163123601][bookmark: _Toc163123654][bookmark: _Toc163123730][bookmark: _Toc163123218][bookmark: _Toc163123219][bookmark: _Toc163123220][bookmark: _Toc163123221][bookmark: _Toc163123222]RAN2 to discuss which of the following options is/are used to configure the UE with the UL WUS:
1) Uplink WUS is pre-defined/pre-configured (i.e., not configurable),
2) Uplink WUS is configured in other cells rather than the cell not transmitting SIB1,
3) Uplink WUS is configured in the PBCH of the cell not transmitting SIB1,
4) Uplink WUS is configured in a new SIB of the cell not transmitting SIB1, and
5) Uplink WUS is configured in a dedicated RRC message.
After obtaining the uplink WUS configuration, the next question is where shall the UE transmit the uplink WUS for requesting the on-demand SIB1 transmission. RAN1 also had a similar discussion in RAN1#116 and two options are on the table: 1) directly in the cell not transmitting SIB1, and 2) in another cell adjacent to or covering the cell not transmitting SIB1. We think the answer depends on which options we pick in P2. If we pick option 1), 3), and 4) in P2, naturally the UE can only transmit the uplink WUS directly in the cell not transmitting SIB1. On the other hand, if we pick option 2) or 5) in P2, then both options are feasible. Based on this, we think we should at least consider the first option “transmit uplink WUS directly in the cell not transmitting SIB1” as the baseline. 
[bookmark: _Toc163123223][bookmark: _Toc163123602][bookmark: _Toc163123655][bookmark: _Toc163123731]RAN2 to discuss where the UE shall transmit the uplink WUS for requesting the on-demand SIB1 transmission: 1) directly in the cell not transmitting SIB1, 2) in another cell adjacent to or covering the cell not transmitting SIB1.
Moreover, if the uplink WUS is configured through other cells or configured in a dedicated RRC message, the uplink WUS configured in this way can be valid across multiple cells. For instance, the uplink WUS configuration can be applicable to all the cells belonging to the same Tracking Area, the same PLMN ID, or the same SI area. 
[bookmark: _Toc163123224][bookmark: _Toc163123603][bookmark: _Toc163123656][bookmark: _Toc163123732]The uplink WUS configuration can be valid across multiple cells within the same TAI, the same PLMN ID, or the same SI Area ID. 
If UE fails to request the on-demand SIB1 using the configured uplink WUS, or if the UE has requested the on-demand SIB1 (i.e., has received the RAR response) but still cannot acquire SIB1. The UE shall consider the cell as being barred. If such a failure occurs during the cell reselection evaluation process, the UE should not consider this cell as the candidate for cell reselection for a maximum of 300 seconds. 
[bookmark: _Toc163123225][bookmark: _Toc163123604][bookmark: _Toc163123657][bookmark: _Toc163123733]If UE fails the procedure for requesting the on-demand SIB1 transmission, UE considers the cell as being barred. If this failure occurs during the cell reselection evaluation process, the UE should not consider the cell as the candidate for cell reselection for a maximum of 300 seconds. 
For the cell selection/reselection purpose, an idle/inactive UE needs to know the PLMN ID of a cell in order to evaluate whether the UE can camp on the cell or not. However, since the PLMN ID is indicated via SIB1, this evaluation process will become much longer in a cell disabling the SIB1 transmission. This is because the UE needs to transmit the cell wake-up-signal and obtain SIB1 from a cell in the first place before evaluating that cell. Besides, if the uplink WUS configuration is to be applicable across multiple cells within a specific region (e.g., TAI, SI Area), the tracking area code (TAC) as well as the SI area identity of the cell not transmitting SIB1 may need to be provided to the idle/inactive UEs in other means. For instance, these cell access related information and SI Area ID can be provided through the SIB4/5 in the neighbor cells. 
[bookmark: _Toc163123226][bookmark: _Toc163123605][bookmark: _Toc163123658][bookmark: _Toc163123734]If SIB1 is not transmitted in a cell due to the NES purpose, the cell access related information (e.g., PLMN IDs and TAC) and the SI Area ID of the cell can be provided to idle/inactive UEs by other means. 
Conclusion
In this paper, we discuss the most important issues for enabling the on-demand SIB1 transmission from RAN2 perspective, and have the following observation. 
Observation 1	The existing fields in MIB can indicate SIB1 is not transmitted, but cannot indicate whether the absence of SIB1 is due to the Rel-19 on-demand SIB1 feature.
Based on the observations and discussion in this paper, we respectfully ask RAN2 to discuss and consider the following proposals
Proposal 1	It can be discussed whether to use the spare bit in MIB to indicate that SIB1 is not transmitted but can be provided upon request.
Proposal 2	RAN2 to discuss which of the following options is/are used to configure the UE with the UL WUS: 
1) Uplink WUS is pre-defined/pre-configured (i.e., not configurable), 
2) Uplink WUS is configured in other cells rather than the cell not transmitting SIB1, 
3) Uplink WUS is configured in the PBCH of the cell not transmitting SIB1, 
4) Uplink WUS is configured in a new SIB of the cell not transmitting SIB1, and 
5) Uplink WUS is configured in a dedicated RRC message.
Proposal 3	RAN2 to discuss where the UE shall transmit the uplink WUS for requesting the on-demand SIB1 transmission: 1) directly in the cell not transmitting SIB1, 2) in another cell adjacent to or covering the cell not transmitting SIB1.
Proposal 4	The uplink WUS configuration can be valid across multiple cells within the same TAI, the same PLMN ID, or the same SI Area ID.
Proposal 5	If UE fails the procedure for requesting the on-demand SIB1 transmission, UE considers the cell as being barred. If this failure occurs during the cell reselection evaluation process, the UE should not consider the cell as the candidate for cell reselection for a maximum of 300 seconds.
Proposal 6	If SIB1 is not transmitted in a cell due to the NES purpose, the cell access related information (e.g., PLMN IDs and TAC) and the SI Area ID of the cell can be provided to idle/inactive UEs by other means.
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