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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk127169948]The Rel-19 New WID on Network Energy Savings for NR has the following objective on on-demand SIB1 for idle/inactive mode UEs [1]:
	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 discuss the enhancements for enabling on-demand SIB1 under the scope of RAN1.
Discussion
The Rel-18 NES WI mostly focused on enhancements targeting connected mode and low load scenarios, while avoiding any impacts on the IDLE/INACTIVE or legacy UE operation. Rel-18 focus was also on reducing the energy consumption associated with the transmission of user specific signals and channels. The NES gains from cell DTX/DRX operation can be limited, as the gNB still needs to be ready for the transmission/reception of common signals/channels such as periodic SSB and SIB1. More energy savings are thus possible by considering NES techniques when supporting UEs operating in RRC idle/inactive states.
Transmission of on-demand SIB1 
In legacy scenarios, the cells are expected to transmit SSB/SIB1 regularly for supporting the camping and initial access of idle/inactive UEs. For example, the configuration information for establishing connectivity with the cell is provided via SIB1 which includes the RACH config, cell selection info and scheduling info of other SIBx. Such regular transmission of SIB1, however, results in unnecessary energy consumption at the NW, especially during low load scenarios. 
On how energy savings can be realized at NW, a cell may resort to reduced periodicity SIB1 transmissions or completely stop transmitting SIB1. In one deployment scenario, a UE in idle/inactive mode may receive SSB from a cell that it wants to camp on but the cell may not be broadcasting the SIBs (e.g., SIB1) or only broadcasting SIBs with limited periodicity. The UE needs to receive SIB1 to be able to camp on this cell, which the UE may obtain in an on-demand basis. In a different scenario, a multi-carrier/cell case may be considered where the idle/inactive UEs may be in coverage of at least one anchor cell and multiple NES non-anchor cells. The non-anchor cells can be transitioned to sleep mode with no SSB/SIB1 transmission during no/low load. The functionalities related to camping and initial access for the idle/inactive UEs can be supported with the anchor cells, which can continue to transmit/receive the common signals/channels, including SSB/SIB1. 
During Rel-18 SI, companies discussed the adaptation of SIB1 transmisison rate and on-demand SIB1. For example, regarding the A-5 adaptation technique (adaptation of SSB/SIB1 including on-demand SSB/SIB1) [2] the TR observed that “one source is provided with on-demand SIB1 at empty load with baseline of 20ms SSB/SIB1 periodicity, 5.8%~8.6% BS energy savings can be achieved at SIB1 transmission rate of 20%~5% for one SSB beam, and the gains can increase to 32.1%~38.8% for 8 beams case for a same SIB1 transmission rate range”. Given the potential NES gains, we support transmission of on-demand SIB1 for UEs in idle/inactive mode for normative work. 
Transmitting SIB1 from NES cell only when needed on an on-demand basis results in substantial energy savings and can be useful for supporting idle/inactive mode UEs that are in coverage. For triggering on-demand SIB1, the transmission of UE WUS by the idle/inactive UE can be considered.
Proposal 1: Support on-demand SIB1 for UEs in idle/inactive mode for normative work
Proposal 2: Support UE WUS transmission for triggering the transmission of on-demand SIB1 from an NES cell  
Signal/channel to use for UE WUS
Regarding the type of channel/signal to use for UE WUS for triggering on-demand SIB1, the following criteria can be considered: feasibility of resource provisioning to idle/inactive UEs, provides reasonable coverage and reliability for detection at NW, and potentially reuses legacy synchronization and power control procedure at UE.
During Rel-18 SI, the options considered by companies for UE WUS include using PRACH preamble and PUCCH resource (e.g. SR). Using a PUCCH resource for triggering on demand SIB1 can be useful when supporting UEs in connected mode since the usage of such resource can be under the control of the serving cell. However, provisioning and controlling the use of PUCCH resource, especially for idle mode UEs, can result in high spec effort and hence, less preferable for UE WUS. Another limitation is that the UE in idle/inactive may not have the timing advance for PUCCH transmission, leading to poor detection performance.  
Alternatively, using PRACH resources for UE WUS allows meeting the above criteria and provides the benefit of simplyfing any PHY layer design effort while reusing many of legacy principles/procedures. The resources for UE WUS (e.g. RACH occasions) can be different than the PRACH resources provided to the legacy UEs for avoiding any ambiguity at NW during reception. 
Proposal 3: Support UE WUS transmission using PRACH preamble for triggering on-demand SIB1 transmission  
Provisioning of resource configuration for UE WUS 
The Rel-19 WID includes a sub-bullet on how the configuration for UE WUS can be provisioned. The provisioning of resource configuration can be based upon whether UE is in IDLE or INACTIVE state and the target deployment scenario. An INACTIVE UE may have received the configuration for WUS transmission prior to transitioning to INACTIVE state. The gNB may provide the WUS configuration to the UE in alignment with other neighboring gNBs. For the UEs in IDLE state, we can consider two deployment scenarios. In one scenario, the UEs should know the configuration beforehand, or they may derive the configuration/parameters based on SSB. 
In a different deployment scenario, the UE may be receiving SSB/SIB1 from one cell, e.g., anchor cell, but another cell, corresponding to an NES non-anchor cell may not be transmitting SIB1. The on-demand SIB1 transmisison can then be triggered from the non-anchor cell when an idle/inactive UE transmits the UE WUS in a monitoring occasion.    
In this case, providing the resource configuration for UE WUS via the cell on which the idle/inactive UE is camping on can be beneficial and results in lower spec impact. For UEs in both idle and inactive states, the resource config can be provided via SIB1. Alternatively, for the inactive UE the resource config can be provided via RRC signaling (e.g. in RRCRelease message), e.g. when transitioning the UE to inactive state.
For enabling transmission of UE WUS for requesting on-demand SIB1 from the NEScell, it is important to discuss the configuration info that can be provided to the idle/inactive UEs by the NW. To allow more flexibility when accessing the resources, the contention-based PRACH resources for UE WUS can be dimensioned by NW to consist of a set of PRACH preambles and RACH occasions (e.g. in time and frequency domains). For ensuring proper detection of the UE WUS, the the associated RACH occasions can be configured such that they are aligned with the monitoring/reception occasions at NW. The resource config for UE WUS can be provided as a separate configuration or as a sub-configuration of the RACH config in SIB1. Such details can be further discussed during the normative phase. 
Proposal 4: Discuss the feasibility and target scenarios for provisioning the resource configuration for UE WUS for on-triggering demand SIB1
Conclusion
In this contribution, the following proposals are made:
Proposal 1: Support on-demand SIB1 for UEs in idle/inactive mode for normative work
Proposal 2: Support UE WUS transmission for triggering the transmission of on-demand SIB1 from an NES cell  
Proposal 3: Support UE WUS transmission using PRACH preamble for triggering on-demand SIB1 transmission  
Proposal 4: Discuss the feasibility and target scenarios for provisioning the resource configuration for UE WUS for on-triggering demand SIB1
References
[bookmark: _Ref47299212]RP-234065, New WID: Enhancements of network energy savings for NR, Dec 2023
3GPP TR 38.864, Study on network energy savings for NR (Release 18), V18.1.0, Mar 2023
