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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


The agreements made in the last RAN1#116 [2] meeting are provided in the Appendix. 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 kept its focus on reducing the network 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 of common signals/channels such as periodic SSB, SIB1 etc, and RACH reception. More energy savings are thus possible by considering NES techniques when supporting UEs operating in RRC idle/inactive states.
OD-SIB1 transmisison for idle/inactive mode UEs
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. 
During Rel-18 SI, companies discussed the adaptation of SIB1 transmisison rate and on-demand SIB1. For example, the Rel-18 TR [3] under section A-5 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”. Additionally, several agreements in RAN1#116 [2] were made regarding the deployment options and signaling for supporting OD-SIB1 tranmsission. Given the potential NES gains, we support transmission of on-demand SIB1 for UEs in idle/inactive mode for normative work. 
[bookmark: _Hlk163123752]Proposal 1: Support on-demand SIB1 for UEs in idle/inactive mode for normative work
Signal/channel to use for UL WUS
In RAN1#116 [2], the following agreement was made for the UL WUS signaling design:
	Agreement
· For study of UL WUS design, consider at least PRACH as a starting point
· FFS: Whether there is dedicated PRACH resource for SIB1 request 
· Other option(s) not precluded


Regarding UL WUS design, it is important for the signal to fulful at least the following criteria:
· Provides reasonable coverage and reliability for detection at target cell 
· Potentially reuses legacy synchronization and power control procedure at UE
· Incurs minimal spec effort/impact for resource provisioning to idle/inactive UEs
In this regard, using PRACH resources for UL WUS allows meeting the above criteria and provides the benefit of simplyfing any PHY layer design effort while reusing many of legacy principles/procedures. Since it is important for the request for OD-SIB1 to be conveyed early and with low overhead, transmitting UL WUS in PRACH preamble (e.g. in Msg1/Msg A) is preferred rather than in Msg3.   
[bookmark: _Hlk163122401]On the FFS above, the PRACH resources for UL WUS (e.g. PRACH preamble, RACH occasions) can be dedicated for requesting OD-SIB1 at NES cell. This is to avoid any ambiguity at the NW when differentiating between UE transmiting UL WUS for requesting OD-SIB1 and legacy UE transmitting PRACH, e.g. for initial access, especially in deployment scenarios consisting of cells with overlapping coverage. Additionally, having dedicated PRACH resources for OD-SIB1 request can be useful when such resources are applicable across multiple cells.  
[bookmark: _Hlk163123758]Proposal 2: Support dedicated PRACH resource for UL WUS for triggering OD-SIB1
Scenarios and Target cell for UL WUS transmisison
In RAN1#116, different options regarding the target cell and configuration provisioning for UL WUS were discussed and the following agreement was made:
	Agreement
For discussion purpose, the following assumption will be used in RAN1
· Cell A: A cell that is periodically transmitting at least its own SIB1
· NES Cell: A cell that may transmit SIB1 transmission in response to UL WUS from a UE
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 studies the following options.
On target cell of UL WUS transmission:
· Option 1: UE transmits UL WUS to NES Cell
· Option 2: UE transmits UL WUS to Cell A
On configuration provision for UL WUS transmission
· Option A: UE obtains the UL WUS configuration from NES Cell
· Option B: UE obtains the UL WUS configuration from Cell A 
Other options are not precluded


The agreement above indicates that two deployment scenarios can be considered for which OD-SIB1 applies, namely 
· Standalone deployment (consisting of NES cell) 
· Multi-cell deployment (consisting of Cell A and at least one NES cell)
In the standalone deployment scenario, UE in idle/inactive mode may receive SSB from the NES cell that it wants to camp on but the cell may not be broadcasting the SIB1 or only broadcasting SIB1 with low 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 by transmitting the UL WUS to the NES cell.  
In the multi-cell deployment scenario, the idle/inactive UEs may be in coverage of at least one anchor cell (Cell A) and multiple NES cells. The NES cells can be transitioned to sleep mode with no SIB1 transmission during no/low load conditions. The functionalities related to camping and initial access for the idle/inactive UEs can be supported with the assistance from Cell A, which can continue to transmit/receive the common signals/channels, including SSB/SIB1. In both deployment scenarios, transmitting UL WUS directly to the NES cell is more practical since it avoids any signaling and coordination delays over the backhaul for triggering OD-SIB1 transmission. 
[bookmark: _Hlk163123775]Observation 1: In both standalone and multi-cell deployment scenarios, transmitting UL WUS directly to the NES cell is more practical since it avoids any delays over the backhaul for triggering OD-SIB1 transmission
When there are multiple NES cells, this approach enables the idle/indicative UE to transmit UL WUS to the specific NES cell from which it needs OD-SIB1, e.g. for initial access and camping. Based on this, we propose the following:
[bookmark: _Hlk163123783]Proposal 3: Support UE transmitting UL WUS to NES Cell to request for OD-SIB1 (Option 1) 
Provisioning of UL WUS configuration
The provisioning of UL WUS resource configuration is dependent on the target deployment scenario (e.g. standalone or multi-cell deployment) and whether UE is in idle or inactive state. In the multi-cell deployment, the UL WUS configuration can be provided by Cell A to the UE in different ways including in SIBx and initial access messages (e.g. Msg2 or Msg4). 
When common UL WUS resource configuration is shared across multiple NES cells, providing it in SIBx of Cell A can be more efficient and accessible by UEs in both idle and inactive. Otherwise, if the UL WUS configuration is NES cell specific then using initial access messages may be more suitable instead of broadcasting the config info associated with each NES cell in SIBx. For a UE in inactive state, the UL WUS configuration can be provided by Cell A via RRC signaling (e.g. in RRCRelease message), when transitioning to inactive state. In essence, providing the UL WUS configuration via Cell A to the idle/inactive UE (e.g. via SIBx, RRC signaling) results in lower spec impact.      
[bookmark: _Hlk163123789]Observation 2: Providing the UL WUS configuration via Cell A to the idle/inactive UE (e.g. via SIBx, RRC signaling) results in lower spec impact
In the standalone deployment, the NES cell is unable to provide the UL WUS configuration to UE via legacy means due to lack of always-on SIB1 transmisison. In this case, the UL WUS configuration can be either predefined in the NES-capable UE or the UE may derive the UL WUS resource parameters based on indication in SSB (e.g. via spare bit in PBCH). Alternatively, the UE may use a preconfigured/stored UL WUS configuration from Cell A, which may be applicable for multiple NES cells, and identify the suitable UL WUS resources based on the SSB parameters (e.g. periodicity, number of SSBs in burst) transmitted by the NES cell. Such approaches for determining UL WUS configuration can be useful in cases when the idle/inactive UE is outside the coverage of Cell A and where direct interaction with the NES cell is more practical. 
[bookmark: _Hlk163123796]Observation 3: Using predefined or SSB-based derivation of UL WUS configuration can be beneficial in standalone deployments and when the idle/inactive UE is outside the coverage of Cell A 
Although both deployment scenarios are feasible and beneficial from NES perspective, we slighly prefer provisioning the UL WUS configuration via Cell A due to potentially lower spec impact.  
[bookmark: _Hlk163123803]Proposal 4: Support UE obtaining the UL WUS configuration at least from Cell A 
Applicability of UL WUS configuration
In RAN1#116, the following agreement was made on the applicability of the UL WUS configuration. 
	Agreement
For the further study on UL WUS configuration among the following options:
· [bookmark: _Hlk162789444]Option 1: Pre-defined UL WUS configuration
· Option 2: UL WUS configuration that applies to multiple NES cell 
· Option 3: UL WUS configuration that applies to a single NES cell


Option 1 in the agreement above can be applicable at least in the standalone deployment scenario. In this case, the UL WUS configuration can be predefined such that it is common and usable across multiple NES cells to enable greater resource utilization efficiency. The UE in idle/inactive can use the predefined resources and apply suitable parameters (e.g. for power control) when transmitting the UL WUS based on the SSB received from the NES cell. 
In Option 2 common UL WUS configuration can be used across multiple NES cells. In our view, using the common/shared resources across multiple NES cells is beneficial from deployment and resource provisioning perspective (e.g. via SIBx of Cell A). To enable usage of common resources across multiple cells, the UE can be configured with validity info such as the list of NES cells (e.g. list of PCIs) over which the UL WUS configuration can be considered to be valid, for example. Such approaches are preferred compared to restricting the applicability of the UL WUS configuration to a single NES cell as indicated by Option 3. Option 3 can anyways be considered a special case of Option 2 when the network may choose to indicate a single cell for a given configuration. Also, Option 2 is slightly preferred over Option 1 due to potentially lower spec impact and applicability to wide variety of deployment scenarios with layered macro/micro cells, co-located and non-colocated deployments etc.  
[bookmark: _Hlk163123814]Proposal 5: Support UL WUS configuration for OD-SIB1 that applies to multiple NES cells (Option 2)    
Contents of UL WUS configuration
It is also important to discuss the information that is provided in the UL WUS configuration to the idle/inactive UEs by the NW. To allow more flexibility when accessing the resources, the contention-based PRACH resources for UL 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 UL WUS at the NES cell, the associated RACH occasions can be configured such that they are aligned with the monitoring/reception occasions at the one or multiple NES cells. Such occasions can be determined based on signaling over the backhaul between Cell A and the NES cell. Since it is efficient for the same set of RACH resources to be applicable across multiple NES cells, the UL WUS configuration can include the validity info/conditions, e.g. list of PCIs of NES cells. Such validity info can be used by the UE to identify which NES cells are with OD-SIB1 and the cells where the UL WUS configuration can be used. For example, the PCI can be decoded by the UE as per legacy, based on PSS/SSS received from the NES cell. The resource config for UL WUS along with the validity info can be provided as a separate configuration or as a sub-configuration of the RACH config in SIBx, for example. 
[bookmark: _Hlk163123822]Observation 4: The validity info associated with UL WUS configuration can be useful for the UE to identify:
· NES cells where UEs may request on-demand SIB1, and/or, 
· Cells where the UL WUS configuration is applicable.   

[bookmark: _Hlk163123829]Proposal 6: The UL WUS configuration for OD-SIB1 provided to UE includes at least the following:
· PRACH resources (e.g. PRACH preambles and RACH occasions) 
· Validity info (e.g. list of PCIs of NES cells)
Conclusion
In this contribution, the following observations are made:
Observation 1: In both standalone and multi-cell deployment scenarios, transmitting UL WUS directly to the NES cell is more practical since it avoids any delays over the backhaul for triggering OD-SIB1 transmission
Observation 2: Providing the UL WUS configuration via Cell A to the idle/inactive UE (e.g. via SIBx, RRC signaling) results in lower spec impact
Observation 3: Using predefined or SSB-based derivation of UL WUS configuration can be beneficial in standalone deployments and when the idle/inactive UE is outside the coverage of Cell A 
Observation 4: The validity info associated with UL WUS configuration can be useful for the UE to identify:
· NES cells where UEs may request on-demand SIB1, and/or, 
· Cells where the UL WUS configuration is applicable.   
The following proposals are made:
Proposal 1: Support on-demand SIB1 for UEs in idle/inactive mode for normative work
Proposal 2: Support dedicated PRACH resource for UL WUS for triggering OD-SIB1
Proposal 3: Support UE transmitting UL WUS to NES Cell to request for OD-SIB1 (Option 1) 
Proposal 4: Support UE obtaining the UL WUS configuration at least from Cell A 
Proposal 5: Support UL WUS configuration for OD-SIB1 that applies to multiple NES cells (Option 2)    
Proposal 6: The UL WUS configuration for OD-SIB1 provided to UE includes at least the following:
· PRACH resources (e.g. PRACH preambles and RACH occasions) 
· Validity info (e.g. list of PCIs of NES cells)
Appendix: Agreements on OD-SIB1 in Idle/Inactive mode
RAN1#116 Agreements
Agreement
For discussion purpose, the following assumption will be used in RAN1
· Cell A: A cell that is periodically transmitting at least its own SIB1
· NES Cell: A cell that may transmit SIB1 transmission in response to UL WUS from a UE
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 studies the following options.
On target cell of UL WUS transmission:
· Option 1: UE transmits UL WUS to NES Cell
· Option 2: UE transmits UL WUS to Cell A
On configuration provision for UL WUS transmission
· Option A: UE obtains the UL WUS configuration from NES Cell
· Option B: UE obtains the UL WUS configuration from Cell A 
Other options are not precluded
Agreement
For further study of achievable NES gain with on-demand SIB1 for idle/inactive mode UE, 
· [bookmark: OLE_LINK185][bookmark: OLE_LINK188]Assume the following for network energy evaluation of non-NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· [bookmark: OLE_LINK189]Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case A: 20ms SSB period with 20ms SIB1 period; 
· Case C: 20ms SSB period with 160ms SIB1 period;
· Case D: 20ms SSB period with 40ms SIB1 period;
[bookmark: OLE_LINK186]Note: Other SSB/SIB1 periodicity assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms or 160ms PRACH monitoring period
· Assume the following for network energy evaluation of NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case 1: 20ms SSB period with no SIB1 transmitted; 
Note: Other SSB/SIB1 assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms/160ms UL WUS monitoring period
· Note: SSB/CORESET0 multiplexing pattern 1 is used

[bookmark: OLE_LINK190]Agreement
· For study of UL WUS design, consider at least PRACH as a starting point
· FFS: Whether there is dedicated PRACH resource for SIB1 request 
· Other option(s) not precluded

Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.
Agreement
For the study of on-demand SIB1 for idle/inactive mode UE, RAN1 to further study whether feedback from gNB in response to the SIB1 request is supported including associated details.
Agreement
[bookmark: OLE_LINK163]For the further study on UL WUS configuration among the following options:
· Option 1: Pre-defined UL WUS configuration
· Option 2: UL WUS configuration that applies to multiple NES cell 
· Option 3: UL WUS configuration that applies to a single NES cell
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