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[bookmark: _Ref521334010]Introduction
In RAN#102, a new work item on Rel-19 NES was approved [1]. One objective of the work item is to study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, and the objective of on-demand SIB1 includes the following aspects.
	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 will provide the analysis on on-demand SIB1, which includes deployment scenario, consideration for on-demand SIB1 design and evaluation results.
[bookmark: _Ref157719775]Deployment scenario and specification impact
In Rel-18, a variety of energy-saving techniques in the time domain have been explored, with certain techniques and improvements identified for further examination to enhance time domain energy conservation. On-demand SIB1 has been discussed during Rel-18 NES SI phase, but this time domain technique has not been further discussed and specified during Rel-18 NES WI phase. In Rel-19, one objective of NES WID is to study on-demand SIB1 for UEs in idle/inactive mode. Before discussion on the detailed design of on-demand SIB1, the deployment scenario of on-demand SIB1 should be studied firstly. For on-demand SIB1, the following heterogeneous network and homogeneous network shown in Figure 1 can be considered.
[image: ]
[bookmark: _Ref157613526]Figure 1: Heterogeneous network and homogeneous network
Considering that on-demand SIB1 focuses on the UEs in idle/inactive mode, the impacts of on-demand SIB1 on legacy idle/inactive mode UEs and Rel-19 idle/inactive mode UEs in heterogeneous network and homogeneous network are analyzed below.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For the homogeneous network scenario, when some legacy idle/inactive mode UEs and Rel-19 idle/inactive mode UEs attempt to perform initial access if cell 2 has already been in NES mode, these UEs cannot camp on cell 2 since cell 2 will not provide paging and PRACH services for the purpose of network energy saving. In addition, since the signal strength from other normal cells such as cell 1 and cell 3 is poor, and Rel-19 idle/inactive mode UEs cannot obtain the UL WUS configurations from these normal cells. Thus, there will coverage holes for these UEs and this is unacceptable. How to deal with the coverage hole issue caused by the NES cells without SIB1 transmission should be further studied.
Observation 1: For homogeneous network scenario, when legacy and Rel-19 UE in idle/inactive mode are not in the coverage of legacy cells (non-NES cells), they cannot perform camping and initial access operation in NES cells without SIB1 transmission.
For heterogeneous network scenario, the small cell in zero system load will only transmit SSB to reduce network energy consumption, and the on-demand SIB1 of this small cell is transmitted only when it is triggered by Rel-19 UE. When legacy idle/inactive mode UEs perform initial cell selection, this small cell in NES mode is not suitable for camping on since there is no SIB1. However, these legacy idle/inactive mode UEs can (re)select to macro cell and there is no negative impact on these UEs. For Rel-19 idle/inactive mode UEs, these UEs (re)select to macro cell and obtain UL WUS configurations for triggering on-demand SIB1. If the condition for UL WUS transmission by some Rel-19 idle/inactive mode UEs is satisfied, these UEs will transmit UL WUS, and the small cell may decide to transmit SIB1 and other signals/channels for serving these UEs based on the UL WUS reception or macro cell indication. Otherwise, Rel-19 idle/inactive mode UEs can be camping on and serviced by macro cell.
Observation 2: For heterogeneous network scenario, legacy and Rel-19 UEs in idle/inactive mode may (re)select/handover to macro cell to avoid being affected by on-demand SIB1 in a NES small cell.
However, implementing on-demand SIB1 in a heterogeneous network environment poses its own unique set of challenges. Heterogeneous networks consist of a mix of cells of different sizes and capabilities, such as macro cells, microcells, picocells, and femtocells, often overlaid or underlaid with each other. This diversity can complicate the deployment of on-demand SIB1 due to the following reasons:
· Complex network Hierarchy: The varying types of cells in a heterogeneous network have different coverage areas and capacities. Coordinating the on-demand SIB1 broadcast across this complex structure can be challenging, as it requires seamless interaction between different types of cells.
· Interference Management: In heterogeneous networks, interference between different types of cells (especially between macro cells and small cells) can be a significant issue. On-demand SIB1 needs to be managed in a way that minimizes interference, which can be complex given the varying transmission powers and ranges of different cells.
· Coverage and Quality of Service (QoS): Ensuring consistent coverage and QoS across the different cell types when implementing on-demand SIB1 is crucial. Users moving between different types of cells (like from a macro cell to a small cell area) might experience variability in SIB1 availability or delays in receiving it.
· Scalability and Flexibility: The system needs to be scalable to adapt to the varying demands in different parts of the network and flexible enough to accommodate changes in network topology or user behavior.
Proposal 1: If on-demand SIB1 is considered for heterogeneous network deployment, specification impact and implementation complexity need further study.
Consideration for on-demand SIB1 design
If on-demand SIB1 for UEs in idle/inactive mode is supported in Rel-19, the potential procedures and signaling method(s) are discussed in this section.
1.1 Candidate for UL WUS based on existing signals/channels
In order to support on-demand SIB1, UL WUS is a triggering method and transmitted by idle/inactive mode UE. As the description by WID, the UL WUS is an existing signal/channel, thus the new design of UL WUS should not be considered. In current specification, the existing UL signals/channels includes preamble, DMRS for PUSCH/PUCCH, PTRS for PUSCH, PUSCH, PUCCH and SRS. Some of the UL signals/channels mentioned above are used by connected mode UE, and the detecting or decoding performance of these UL signals/channels is not guaranteed without UL synchronization. But preamble can be transmitted by idle/inactive mode UE, and the detecting performance of preamble without UL synchronization is excellent. Therefore, preamble is suitable as UL WUS for idle/inactive mode UE. In addition, preamble can be used to support msg1 based on demand SI request in current specification. Thus, it is a very intuitive and natural way to use preamble as UL WUS to trigger on-demand SIB1.
Proposal 2: If on-demand SIB1 is supported, preamble can be considered as UL WUS transmitted by idle/inactive mode UE for triggering on-demand SIB1.
1.2 UL WUS configuration
Before UE transmits UL WUS for triggering on-demand SIB1 for NES mode cell, the UL WUS configuration should be provided to UE. There are two possible methods to configure UL WUS.
· Method 1: Normal cell provides UL WUS configuration.
For the heterogeneous network scenario in section 2, the normal cell is the macro cell. Rel-19 idle/inactive UE may be camping on the macro cell, and the macro cell will provide the UL WUS configuration via SIB or OSI. When the condition of UL WUS transmission is met for some UE, UE will transmit UL WUS for triggering on-demand SIB1 of cell in NES mode. In addition, there may be multiple cells in NES mode without SIB1 transmission. When normal cell provides UL WUS configuration, the UL WUS resource for triggering on-demand SIB1 in different NES mode cell may be separated to prevent false alarms for some NES mode cells.
· Method 2: NES cell without SIB1 transmission provides UL WUS configuration.
If a Rel-19 idle/inactive mode UE is camping on a cell before the cell switches NES mode without SIB1 transmission, the UE can obtains the UL WUS configuration by the SIB1 or OSI of this cell. When a cell is switches to NES mode and without SIB1 transmission, if a Rel-19 idle/inactive mode UE determines the NES cell state and wants to obtain UL WUS configuration, the UL WUS configured by SSB may be a possible solution. However, a note in WID states that no modification of SSB will be discussed under this objective of on-demand SIB1. Thus, it is controversial whether the content of MIB in SSB can be modified to indicate UL WUS configuration. If not, how to configure the UL WUS for Rel-19 idle/inactive mode UE by NES cell without SIB1 transmission should be further studied. 
Proposal 3: If on-demand SIB1 is supported, at least UL WUS configuration provided by non-NES cell should be supported.
1.3 Condition of UL WUS transmission
Some cells do not transmit SIB1 for the purpose of network energy saving. When Rel-19 idle/inactive mode UEs obtain the UL WUS configuration, if these UEs uncontrollably and frequently transmit UL WUS to trigger on-demand SIB1, it is unfriendly to network energy saving and UE power consumption. Thus, if on-demand SIB1 is supported, the triggering condition of UL WUS transmission should be specified, e.g. the channel quality of the SSB detection in NES mode cell is higher than a threshold or the NES mode cell meets the cell reselection criterion. The detailed condition of UL WUS transmission for triggering on-demand SIB1 can be further studied and discussed.
Proposal 4: If on-demand SIB1 is supported, the triggering condition for UL WUS transmission should be further studied.
1.4 To which cell shall UE transmit UL WUS 
When Rel-19 idle/inactive mode UE obtains the UL WUS configuration and the condition of UL WUS transmission is met, the UE may transmit UL WUS to normal cell provided UL WUS configuration or a NES mode cell without SIB1 transmission. If a normal cell provides the UL WUS configuration to the Rel-19 idle/inactive mode UE and the UE transmit UL WUS to the normal cell, the normal cell will exchange some information with NES mode cell to determine whether the NES mode cell will transmit SIB1. If the UE transmits UL WUS to NES mode cell without SIB1 transmission, the normal cell should inform the UL WUS configuration to NES mode cell for preparing UL WUS detection.
Proposal 5: If on-demand SIB1 is supported and the UL WUS configuration is provided by a non-NES cell, the following two options for UL WUS transmission may be considered:
· Option 1: Rel-19 idle/inactive mode UE transmits UL WUS to the non-NES cell where UL WUS configuration is received.
· Option 2: Rel-19 idle/inactive mode UE transmits UL WUS to the NES cell without SIB1 transmission directly.
1.5 UE behavior after UL WUS transmission
After the UL WUS is transmitted for triggering on-demand SIB1, the UE behavior should be discussed. When Rel-19 idle/inactive mode UE transmits UL WUS, the UL WUS may be missed detection or the NES cell does not want to transmit SIB1 even if the UL WUS is received. If there is no explicit or implicit feedback for UL WUS transmission, UE may continue to transmit UL WUS for triggering on-demand SIB1. Thus, an explicit feedback for confirming UL WUS should be supported to guarantee the consistency in understanding of SIB1 transmission decision between NES mode cell and UE. The explicit feedback for UL WUS may indicate successful state or failed state to UE, and if a UE receive the successful state in explicit feedback, the UE determines that the NES cell switches to normal cell and SIB1 will be transmitted in this cell. If a UE receive the failed state in explicit feedback, the UE may transmit the UL WUS after a period of time or reselect to other cells.
Proposal 6: If on-demand SIB1 is supported, the confirmation of reception of UL WUS transmission should be supported to guarantee the understanding of SIB1 transmission decision between NES mode cell and UE is aligned.
Evaluations results
1.6 [bookmark: _Ref159147923]Evaluation assumption
In our evaluation, the system level evaluation is performed for on-demand SIB1 with the evaluation assumptions shown in Table 1. In our evaluation, multiple cells in system level evaluation are assumed and one cell may be in non-zero system load or zero system load. When a cell is in zero system load, i.e. there is no DL/UL transmission of data and control channels in the cell, the cell switches to NES mode and does not transmit SIB1 for saving network energy consumption. If there are some UEs need to be served by a cell, the cell is in non-zero system load and transmits SIB1 for serving these UEs. Since the UL WUS for triggering on-demand SIB1 may be transmitted to non-NES cell or NES cell, the energy consumption for UL WUS detection is not assumed in our evaluation. 
[bookmark: _Ref157713707]Table 1: Evaluation assumption for on-demand SIB1
	Cases
	Configuration 

	Baseline
	SIB1 is always transmitted.
· SSB periodicity: 20ms.
· Number of SSB beams: 2.
· SIB1 periodicity: 20ms.
· Bandwidth:100MHz.
· TXRU:64.
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms).
· SSB periodicity: 20ms.
· CSI-RS/TRS periodicity: 10ms.
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes.

	On-demand SIB1
	Non-zero system load: SIB1 is transmitted.
· SSB periodicity: 20ms.
· Number of SSB beams: 2.
· SIB1: with periodicity 20ms.
· Bandwidth: 100MHz.
· TXRU: 64.
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms).
· SSB periodicity: 20ms. 
· CSI-RS/TRS periodicity: 10ms.
· [bookmark: OLE_LINK5]Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes.
Zero system load: SIB1 is not transmitted.
· Normal SSB with 20ms periodicity is transmitted within zero system load duration.


1.7 Evaluation results
For evaluating the network energy saving gain of on-demand SIB1, the baseline assumption for normal network operation is discussed in section 4.1. The normal network operation includes periodic SSB transmission, periodic SIB1 transmission and UL/DL control channels and data transmission. The implementation of on-demand SIB1 is related to the system load in a cell. If a cell has non-zero system load, gNB transmits periodic SSB, periodic SIB1 and UL/DL control channels and data. If a cell has zero system load, gNB only transmit periodic SSB and SIB1 is not transmitted. The types of UL/DL signals/channels transmitted in the cases of baseline and on-demand SIB1 are summarized in Table 2. 
[bookmark: _Ref159158015]Table 2: UL/DL signals/channels transmitted in baseline and on-demand SIB1
	Cases
	System load in a cell
	UL/DL signals/channels

	Baseline
	Non-zero system load
	Periodic SSB.
Periodic SIB1.
Control channels such as PDCCH.
Data transmissions such as PDSCH.

	
	Zero system load
	Periodic SSB.
Periodic SIB1.

	On-demand SIB1
	Non-zero system load
	Periodic SSB.
Periodic SIB1.
Control channels such as PDCCH.
Data transmissions such as PDSCH.

	
	Zero system load
	Periodic SSB.


Compared to the baseline, the NES gain of on-demand SIB1 comes from the energy saving when the cell has zero system load and SIB1 is not transmitted. When a cell has non-zero system load, SIB1 needs to be transmitted for serving the connected mode UE in the cell and on-demand SIB1 technique should not be implemented. Therefore, the NES gain is proportional to the ratio of zero system load cell in the geographic area. The zero system load ratio refers to the percentage of the cells which have zero system load among all the cells simulated (zero system load and non-zero system load).
The NES gain for on-demand SIB1 with triggering by non-NES cell is evaluated and shown in Figure 2, it could be observed that:
· SIB1 and UL/DL data and control channels need to be transmitted by the cells in non-zero system load. In this situation, and the NES gain is low, e.g. 6.9%, when the zero system load ratio is low, e.g. 48%.
· Since SIB1 is not transmitted when a cell in zero system load, the NES gain gets larger if the zero system load ratio increases.
· When the zero system load ratio is 100%, there is no UE in any cell, and thus SIB1 and UL/DL transmission of data and control channels are not transmitted. In this situation, the NES gain is 18.5%. This number can be viewed as the theoretical upper limit of NES gain that can be achieved.

[bookmark: _Ref158307374]Figure 2: Network energy saving gain for on-demand SIB1
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Observation 3: The NES gain heavily depends on the ratio of zero system load cell.
Conclusion
In this contribution, the evaluation results and potential spec impacts for on-demand SIB1 are provided. The observation and proposals are summarized as follows:
Observation 1: For homogeneous network scenario, when legacy and Rel-19 UE in idle/inactive mode are not in the coverage of legacy cells (non-NES cells), they cannot perform camping and initial access operation in NES cells without SIB1 transmission.
Observation 2: For heterogeneous network scenario, legacy and Rel-19 UEs in idle/inactive mode may (re)select/handover to macro cell to avoid being affected by on-demand SIB1 in a NES small cell.
Observation 3: The NES gain heavily depends on the ratio of zero system load cell.
Proposal 1: If on-demand SIB1 is considered for heterogeneous network deployment, specification impact and implementation complexity need further study.
Proposal 2: If on-demand SIB1 is supported, preamble can be considered as UL WUS transmitted by idle/inactive mode UE for triggering on-demand SIB1.
Proposal 3: If on-demand SIB1 is supported, at least UL WUS configuration provided by non-NES cell should be supported.
Proposal 4: If on-demand SIB1 is supported, the triggering condition for UL WUS transmission should be further studied.
Proposal 5: If on-demand SIB1 is supported and the UL WUS configuration is provided by a non-NES cell, the following two options for UL WUS transmission may be considered:
· Option 1: Rel-19 idle/inactive mode UE transmits UL WUS to the non-NES cell where UL WUS configuration is received.
· Option 2: Rel-19 idle/inactive mode UE transmits UL WUS to the NES cell without SIB1 transmission directly.
Proposal 6: If on-demand SIB1 is supported, the confirmation of reception of UL WUS transmission should be supported to guarantee the understanding of SIB1 transmission decision between NES mode cell and UE is aligned.
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