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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 RAN1#116, on-demand SIB1 has been discussed and the following agreements were achieved [2].
	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


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 in heterogeneous network and homogeneous network are analyzed below.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK9][bookmark: OLE_LINK8]For the homogeneous network scenario, when some legacy 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 there is no SIB1 transmission in cell 2 for the purpose of network energy saving. In addition, since the signal strength from other normal cells (cell A) 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 UE in idle/inactive mode are not in the coverage of cell A, they cannot perform camping and initial access operation in NES cells without SIB1 transmission.
For heterogeneous network scenario, the small cell (NES 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 (cell A) 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. 
Observation 2: For heterogeneous network scenario, legacy UEs in idle/inactive mode may (re)select/handover to cell A to avoid being affected by on-demand SIB1 in a NES cell.
Proposal 1: If on-demand SIB1 is supported, the deployment scenario for heterogeneous network should be considered in priority.
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 UL WUS configuration
Before UE transmits UL WUS for triggering on-demand SIB1 for NES cell, the UL WUS configuration should be provided to UE. In RAN1#116, two possible options to configure UL WUS were discussed and agreed.
· Option A: UE obtains the UL WUS configuration from NES Cell.
If a Rel-19 idle/inactive mode UE is camping on a cell before the cell switches to NES mode without SIB1 transmission, the UE can obtain 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 identifies 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. 
· Option B: UE obtains the UL WUS configuration from Cell A.
For the heterogeneous network scenario in section 2, the cell A is the macro cell. Rel-19 idle/inactive UE may be camping on the cell A, and the cell A will provide the UL WUS configuration via SIB1 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 NES cell. In addition, there may be multiple NES cells without SIB1 transmission. When normal cell provides UL WUS configuration, the UL WUS resources for triggering on-demand SIB1 of different NES cells may be separated to prevent false alarms for some NES cells.
Proposal 2: If on-demand SIB1 is supported, at least option B (UE obtains the UL WUS configuration from Cell A) should be supported.
1.2 Condition of UL WUS transmission
Some NES 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 cell is higher than a threshold or the NES cell meets the cell reselection criterion. The specific UE’s measurement for triggering UL WUS transmission, e.g. which kind of channel quality (L1-RSRP or L1-SINR), can be studied and discussed in RAN1. The detailed triggering condition of UL WUS transmission is left to RAN2, e.g. specify some events of UL WUS transmission.
Proposal 3: If on-demand SIB1 is supported, the specific UE’s measurement for triggering UL WUS transmission is discussed in RAN1 and the triggering condition of UL WUS transmission is left to RAN2.
1.3 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 cell A provided UL WUS configuration or a NES cell without SIB1 transmission. 
· Option 1: UE transmits UL WUS to NES Cell.
If the UE transmits UL WUS to NES cell without SIB1 transmission, the cell A should inform the UL WUS configuration to NES cell for preparing UL WUS detection. Since the NES cells should be turned on for UL WUS monitoring, the NES gain may be impacted. To avoid serious impact on NES gain, the UL WUS monitoring may be performed infrequently, e.g. the UL WUS monitoring can be configured with relatively long periodicity. Generally, option 1 is more suitable for Rel-19 idle/inactive mode UE to acquire on-demand SIB1 with lower latency. The NES cell can immediately transmit SIB1 after receiving UL WUS transmitted from UE.
· Option 2: UE transmits UL WUS to Cell A.
If a cell A provides the UL WUS configuration to the Rel-19 idle/inactive mode UE and the UE transmit UL WUS to the cell A, cell A will exchange some information with NES cell to determine whether the NES cell will transmit SIB1. Therefore, the coordination between cells is needed and this will result in larger latency to trigger SIB1 transmission. It is noted that for this option, corresponding change to higher layer specification is also needed.
Proposal 4: If on-demand SIB1 is supported, at least option 1 (UE transmits UL WUS to NES Cell) should be supported.
1.4 Candidate for UL WUS signal
As the description by WID, the UL WUS for triggering on-demand SIB1 is an existing signal/channel. Some existing UL signals/channels have been discussed in RAN1#116 and the following agreement was made.
	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


In current specification, both Msg1-based on-demand OSI and Msg3-based on-demand OSI procedure was specified. It is a very intuitive and natural way to discuss on-demand SIB1 procedure considering the current on-demand OSI procedure. For Msg1-based SIB1 request, the detecting performance of preamble is excellent and preamble for triggering SIB1 provides lower latency. When a cell turns to NES mode for network power saving, the system load in NES cell is low and limited UEs in idle/inactive mode perform RACH procedure. Therefore, the PRACH resource for triggering SIB1, e.g. preamble or RO, will be sufficient and dedicated PRACH resource for SIB1 request is preferred. For Msg3-based SIB1 request, the motivation is not clear and can be further studied.
Proposal 5: If on-demand SIB1 is supported, at least Msg1-based SIB1 request should be supported, i.e. UE transmits preamble to trigger on-demand SIB1.
Proposal 6: If on-demand SIB1 is supported, the PRACH for triggering SIB1 is configured with dedicated PRACH resource.
If there is UL data in UE’s buffer, the UE will transmit PRACH to request SIB1 and performs 4-step RACH or 2-step RACH procedure to access the cell. In legacy 4-step RACH or 2-step RACH procedure, gNB can estimate TA based on the preamble transmission. If PRACH is transmitted by a UE for requesting SIB1 and the UE wants to transition from idle mode to connected mode, gNB can estimate TA based on the PRACH transmission for SIB1 request and the legacy RACH procedure can be enhanced to reduce the access latency. The detailed RACH procedure enhancement for NES cell can be further studied.
Proposal 7: RACH procedure enhancement for NES cell can be considered.
If there is no UL data in UE’s buffer, or after UE finishes data transmission in NES cell, the UE can choose to (re)select/handover to cell A. However, when the channel quality of the SSB detection in NES cell is better or the NES cell meets the cell reselection criterion, it could be beneficial for the UE to camp on the NES cell and perform idle mode operation such as paging monitoring. It is noted the SIB1 transmission in NES cell may not be always on, therefore further study is needed to enable UE camping on NES cell.
Proposal 8: Further studied is needed to enable UE camping on NES cell.
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 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 9: 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 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 NES cell, the energy consumption for UL WUS detection is assumed in our evaluation.
[bookmark: _Ref157713707]Table 1: Evaluation assumption for on-demand SIB1
	Cases
	Configuration 

	Baseline
	SIB1 is always transmitted.
· Case A: 20ms SSB period with 20ms SIB1 period.
· Case D: 20ms SSB period with 40ms SIB1 period.
· Number of SSB beams: 4.
· 160ms PRACH monitoring period.
· Cat 1 BS as defined in 38.864.
· 30kHz SCS, DDDSU TDD pattern.
· 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.
· Case A: 20ms SSB period with 20ms SIB1 period.
· Case D: 20ms SSB period with 40ms SIB1 period.
· Number of SSB beams: 4.
· 160ms PRACH monitoring period.
· Cat 1 BS as defined in 38.864.
· 30kHz SCS, DDDSU TDD pattern.
· 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.
· Case 1: 20ms SSB period with no SIB1 transmitted within zero system load duration.
· Number of SSB beams: 4.
· 160ms PRACH monitoring period.


1.7 Evaluation results
[bookmark: _GoBack]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, PRACH monitoring 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 transmits periodic SSB and SIB1 is not transmitted. In addition, for both non-zero system load and zero system load, the PRACH monitoring is always performed by gNB. 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.
Periodic PRACH monitoring.
Control channels such as PDCCH.
Data transmissions such as PDSCH.

	
	Zero system load
	Periodic SSB.
Periodic SIB1.
Periodic PRACH monitoring.

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

	
	Zero system load
	Periodic SSB.
Periodic PRACH monitoring.


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:
· For the comparison between case A(20ms SSB period with 20ms SIB1 period) and case D(20ms SSB period with 40ms SIB1 period) assumed in Table 1, the NES gain for case A is higher than that for case D. For case A, the SIB1 is transmitted more frequently since 20ms SIB1 period is assumed in baseline. Therefore, lager NES gain can be achieved for case A when SIB1 is not transmitted for the cell in NES mode.
· 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 10% for case A and 5.5% for case D, 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 25.9% for case A and 14.5% for case D. This number can be viewed as the theoretical upper limit of NES gain that can be achieved.

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.
Observation 4: The NES gain for case A(20ms SSB period with 20ms SIB1 period) is significantly higher than that for case D(20ms SSB period with 40ms SIB1 period).
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 UE in idle/inactive mode are not in the coverage of cell A, they cannot perform camping and initial access operation in NES cells without SIB1 transmission.
Observation 2: For heterogeneous network scenario, legacy UEs in idle/inactive mode may (re)select/handover to cell A to avoid being affected by on-demand SIB1 in a NES cell.
Observation 3: The NES gain heavily depends on the ratio of zero system load cell.
Observation 4: The NES gain for case A(20ms SSB period with 20ms SIB1 period) is significantly higher than that for case D(20ms SSB period with 40ms SIB1 period).
Proposal 1: If on-demand SIB1 is supported, the deployment scenario for heterogeneous network should be considered in priority.
Proposal 2: If on-demand SIB1 is supported, at least option B (UE obtains the UL WUS configuration from Cell A) should be supported.
Proposal 3: If on-demand SIB1 is supported, the specific UE’s measurement for triggering UL WUS transmission is discussed in RAN1 and the triggering condition of UL WUS transmission is left to RAN2.
Proposal 4: If on-demand SIB1 is supported, at least option 1 (UE transmits UL WUS to NES Cell) should be supported.
Proposal 5: If on-demand SIB1 is supported, at least Msg1-based SIB1 request should be supported, i.e. UE transmits preamble to trigger on-demand SIB1.
Proposal 6: If on-demand SIB1 is supported, the PRACH for triggering SIB1 is configured with dedicated PRACH resource.
Proposal 7: RACH procedure enhancement for NES cell can be considered.
Proposal 8: Further studied is needed to enable UE camping on NES cell.
Proposal 9: 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 cell and UE is aligned.
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