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Introduction
RAN approved a new work item on network energy saving (NES) [1]. The WI aims to improve the operation of the cellular eco-system to enable more efficient adaptation of network transmissions and receptions resources. This enables a UE operation that allows deployment of greener network deployments of reduced emissions and Opex costs associated with operating a cellular network.
The WID includes the following objective accordingly:
	2. [bookmark: _Hlk165988026]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
 



RAN2 made the following agreements in RAN2#125Bis meeting [2]
Agreements on on-demand SIB1:
1. At least RAN2 starts scenario 1a (Cell A SIB assisted intra-cell WUS. And WUS and SIB1 is sent to/from NES cell). Other scenarios are not excluded.
1. RAN2 assume that RACH procedure is reused for UE to request on-demand SIB1.
1. UL WUS configuration includes at least RACH configuration.
1. A UE needs to know a UL WUS configuration to request SIB1 of which cell.
1. Existing Msg 1 based on-demand procedure is reused for on-demand SIB1 acquisition procedure. FFS on Msg 3. FFS if / when the UE monitors the OD-SIB1 upon reception of RAR. FFS: whether introduce specified UE behavior if RACH failure of OD-SIB1 request.


Agreements on on-demand SIB1:
1. The UE first should acquire valid SIB1 (e.g. via SIB1 request) for camping to NES cell (if the UE knows the cell doesn’t broadcast SIB1 and supports on-demand SIB1).

This contribution discusses various aspects to support on-demand SIB1 for UEs in idle/inactive mode.
On-Demand SIB1 for Idle/Inactive UEs
The design of 5G NR is quite efficient from the perspective of minimizing network transmissions of always-on signals when there is no data. However, there is still some common signals and channels are transmitted/received at fixed periodicities, which consumes considerable energy at the network, especially when not transmitting for other activities such as baseband digital beamforming processing. Such idle power consumption can be considerable in dense networks, e.g., during low cell load conditions. Network energy consumption can therefore be reduced when the network does not exchange transmissions with the UE. Depending on cell load, it can be more beneficial to adapt the periodicities at which SSBs, SIBs (e.g., SIB1), RACH, and paging channels are transmitted/received.

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.

In 5G systems, SIB1 is always broadcast with SSB. SIB1 information is essential for the idle/inactive UEs as it provides the information to camp on a cell or provides necessary information on how to obtain additional system information. From energy saving perspective, the network may choose a cell to transmit reduced periodicity SIB1 transmissions or completely stop transmitting SIB1 at all. This then requires a mechanism through which idle or inactive mode UEs in these cells can request on-demand SIB1 transmission. Following sections discuss the deployment scenarios for on-demand SIB1, configuration acquisition for trigger signals and signalling to trigger on-demand SIB1.
Deployment Scenarios for On-demand SIB1
To target energy savings by reduced transmission of SIB1 or SIB1 turned off, different types of network deployments may be considered. The network deployments may be based upon micro or capacity cells overlaid over macro cells, cells deployments over different carrier frequencies and/or different bands, cells operating in FR1/FR2, etc. To study the implementations and procedural updates for the feature of on-demand SIB1, one can consider the following two deployments which may encompass variety of practical deployment scenarios:

1. Standalone NES cell deployments  

2. Multi-cell deployments with NES cell(s) operating with at least one anchor cell
In the standalone NES deployments, UEs in idle/inactive mode may be receiving SSBs from the NES cell that they want to camp on. NES cell may not be broadcasting the SIB1 according to the legacy SSB/SIB1 transmission periodicities. One scenario is that NES cells are broadcasting SIB1 with reduced transmission periodicity. Another scenario is the one where NES cells are not transmitting SIB1. The UEs on the other hand need to receive SIB1 to be able to camp on this cell. This will then require that the UEs are able to detect the cell being in NES mode and transmit a request for on-demand transmission of SIB1. This will then require that UEs have a valid UL WUS configuration through which on-demand SIB1 request can be initiated. 
In the multi-cell deployment scenario, the idle/inactive UEs may be in coverage of at least one anchor cell and one or more 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 assistance from the anchor cell, which can continue to transmit/receive the common signals/channels, including SSB/SIB1. With anchor cell based scenarios, the UEs may obtain the configuration for UL WUS from the anchor cell.
RAN2 has agreed in RAN2#125Bis meeting to study the mixed deployment of NES cells with anchor cells as captured in the following agreement:
Agreements on on-demand SIB1:
1. At least RAN2 starts scenario 1a (Cell A SIB assisted intra-cell WUS. And WUS and SIB1 is sent to/from NES cell). Other scenarios are not excluded.

Due to the practical deployments having snapshots from standalone NES deployments and hybrid of NES cells with anchor cells scenarios, RAN2 should study and provide mechanisms enabling on-demand SIB1 transmission in both of these deployment scenarios.
Proposal 1: 	Support on-demand SIB1 transmission for the following deployment scenarios:
· Standalone NES cell deployments  
· Multi-cell deployments with NES cell(s) operating with at least one anchor cell 

Triggering On-demand SIB1 – Configuration Aspects
According to the WID for enhanced NES, the triggering for on-demand SIB1 will use UL WUS signal based upon existing signal/channel. The signal/channel used as trigger for on-demand SIB1 can be RACH as agreed in RAN2#125Bis meeting. One important step to enable on-demand SIB1 transmissions is the provisioning of UL WUS configuration for the UEs which are currently in idle/inactive mode.
The provisioning of UL WUS resource configuration is dependent on the target deployment scenario (e.g. standalone or anchor cell based deployments) and whether UE is in idle or inactive state. In the anchor cell based deployments, the UL WUS configuration can be provided by anchor cell to the UEs. One strategy can be to have this information broadcast by the anchor cells with suitable indication to which NES cells this information is relevant for. Another strategy can be to provide this information after some indication from the UE. RAN2 made an agreement in RAN2#125Bis to at least start the scenario 1a (Cell A SIB assisted intra-cell WUS. And WUS and SIB1 is sent to/from NES cell). This implies the support for UE acquiring WUS configuration from an anchor cell. To enable the support of standalone NES cell deployments, the UEs should be able to acquire the UL WUS configuration without mandatory presence of anchor cells. For the UEs in inactive state, the UL WUS configuration can be provided by the serving cell prior to these UEs transitioning to inactive state. This can be for example provided via RRC signalling (e.g. in RRCRelease message).      
Proposal 2:	For Inactive UEs, support UEs obtaining the UL WUS configuration prior to their transition to INACTIVE state.
In the standalone NES cell deployments, the NES cell may be unable to provide the UL WUS configuration to UEs via legacy means due to lack of always-on SIB1 transmissions. 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 received from an anchor cell, 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 anchor cell and where direct interaction with the NES cell is more practical. 
Although both deployment scenarios are feasible and beneficial from NES perspective, provisioning the UL WUS configuration to idle/inactive UEs from anchor cells involves less specification impact compared to the case when the UEs obtain UL WUS configuration from NES cells. The same is true from energy saving perspective. For this reason, for standalone NES cell deployments, the pre-defined or UE stored UL WUS configurations can bring specification and energy saving advantage.
Proposal 3:	Support UEs triggering the on-demand SIB1 procedure based upon pre-defined or stored UL WUS configurations for standalone NES cell deployments.
The UL WUS configuration to trigger on-demand SIB1 can be valid for one specific NES cell. In this case, upon UE moving among different NES cells may need different UL WUS configurations specific to each cell. It could be beneficial both from signalling and configuration acquisition perspective to support a common configuration for a set of NES cells. A list of valid cells (e.g. an area scope) can be configured for the validity of the WUS configuration.
[bookmark: _Hlk163122841]Proposal 4:	Support the UL WUS configuration applicability for one or more NES cells. 
The UL WUS configurations validity scope may be indicated as part of the configuration. There may be different types of indications based upon cell identities, paging area based indication or other relevant indications which may provide the information of the NES cells where the idle/inactive UEs may use the UL WUS configuration to trigger on-demand SIB1.
For the scenarios, when common UL WUS resource configuration is shared across multiple NES cells, providing it in broadcast manner from an anchor cell 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 configuration information associated with each NES cell. 

[bookmark: _Hlk163122874]The UL WUS configuration can provide RACH configuration to be used as trigger for receiving SIB1. One point will be to address if the RACH configuration as trigger for SIB1 is shared with the RACH configuration as per legacy or if there is a separate RACH configuration to trigger SIB1. Although RACH configuration triggering SIB1 transmissions shared with legacy RACH functionality can work, a separate RACH configuration as trigger can be more advantageous and can be used for all UEs in the cell. With dedicated RACH functionality, multiple NES cells may support the same trigger configuration. 
From our understanding, a dedicated RACH configuration is basically the intention from the following RAN1 agreement made in RAN1#116Bis meeting.
RAN1#116Bis Agreement
For UL WUS design for SIB1 request, at least dedicated PRACH resource is the assumption for further study in RAN1
· FFS: Details on time, frequency, and/or PRACH preamble resources for UL WUS
· FFS: whether RACH resource for SIB1 request could be used for an initial access procedure and/or an on-demand SI procedure

RAN2 can adopt the support of dedicated RACH configuration for UL WUS for further work in line with the RAN1 agreement.
Proposal 5:	Support a RACH configuration different from common RACH configuration for UL WUS.
UE request for On-demand SIB1
According to the WID for enhanced NES, the triggering for on-demand SIB1 will use UL WUS signal based upon existing signal/channel. As the UEs in idle or inactive mode don’t have uplink synchronization, RACH based signalling can be very suitable as a trigger to request on-demand SIB1 transmission. Potentially RACH preamble Msg 1 or Msg A based triggers can be considered. RAN2 has agreed to support Msg 1 based procedure as on-demand SIB1 request.
One signalling aspect for UL WUS transmission is related to the target cell recipient of the UL WUS signal. If the UL WUS configuration is available, the NES cell should be the target receiver for the UL WUS signal. 
If the UL WUS is transmitted directly to the NES cell, the NES cell may transmit SIB1 after detecting the trigger signal. For the situations when the anchor cell is not good enough for the UEs, and these UEs are located much closer to the NES cell than an anchor cell, having the possibility of transmitting the UL WUS to the NES cell can be more beneficial.

In the scenario where the UE has a valid UL WUS configuration and is camped on the NES cell, if the UE needs to acquire SIB1 from the NES cell, e.g., after a certain validity period or the UE needs to change to RRC ACTIVE, the UE may transmit UL WUS to the NES cell.
Proposal 6:	If a valid UL WUS configuration is available and the UE is camped on a NES cell, the UE transmits UL WUS towards the NES cell. 

In the scenario where the UE does not have a valid UL WUS configuration and is camped on the NES cell, the UE should then attempt to re-acquire a valid configuration; if no configuration is available, the UE can perform cell reselection.
Proposal 7:	If no valid WUS configuration is available, the UE attempts to acquire an UL WUS configuration. If the UE cannot acquire a valid WUS configuration for the camped NES cell, the UE performs cell reselection.
Conclusions
The following proposals are made in this document for on demand SIB1 acquisition in IDLE/Inactive states:
Proposal 1: 	Support on-demand SIB1 transmission for the following deployment scenarios:
· Standalone NES cell deployments  
· Multi-cell deployments with NES cell(s) operating with at least one anchor cell 
Proposal 2:	For Inactive UEs, support UEs obtaining the UL WUS configuration prior to their transition to INACTIVE state.
Proposal 3:	Support UEs triggering the on-demand SIB1 procedure based upon pre-defined or stored UL WUS configurations for standalone NES cell deployments.
Proposal 4:	Support the UL WUS configuration applicability for one or more NES cells. 
Proposal 5:	Support a RACH configuration different from common RACH configuration for UL WUS.
Proposal 6:	If a valid UL WUS configuration is available and the UE is camped on a NES cell, the UE transmits UL WUS towards the NES cell. 
Proposal 7:	If no valid WUS configuration is available, the UE attempts to acquire an UL WUS configuration. If the UE cannot acquire a valid WUS configuration for the camped NES cell, the UE performs cell reselection.
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