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Introduction
In RAN#102, a new work item “Enhancements of network energy savings for NR” was agreed [1]. One objective is to study the on-demand SIB1 for UEs in idle/inactive mode:
	[bookmark: OLE_LINK3]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 provide the procedures and signaling method(s) to support on-demand SIB1. 
Discussion
In NR, SIB1 is broadcasted by gNB with a periodicity of 160 ms. The transmission repetition periodicity within 160 ms periodicity is 20 ms by default, but the actual transmission repetition periodicity is variable and is up to gNB implementation. Besides, the transmission is in a beam sweeping way with the transmission beams corresponding to the transmitted SSBs. From UE side, the PDCCH monitoring occasions (PMOs) for SIB1 PDCCH detection are determined based on the configuration in MIB. Figure 1 illustrates one example for 2 beam SIB1 transmission with 20 ms transmission repetition periodicity.


Figure 1 per-beam transmitted SIB1 with 20 ms repetition periodicity
[bookmark: OLE_LINK159][bookmark: OLE_LINK26]With on-demand SIB1, the gNB does not need to periodically broadcast SIB1 and only transmits it based on UE requesting. The gNB will stay in longer sleep mode without SIB1 transmission unless a wake-up signal is detected. This reduces power consumption in the gNB correspondingly. Therefore, it should be supported to specify on-demand SIB1 in Rel-19 for network energy saving purpose. One alternative to on-demand SIB1 is to use sparse SIB1 transmission, which may also achieve gNB side longer sleep.. However, this leads to higher latency of cell access and more power consumption on SIB1 detection for RRC IDLE/INACTIVE UEs, which is not desired from UE point of view. This is likely to affect legacy UEs more than Rel-19 UEs. 
[bookmark: OLE_LINK27]Observation 1: Sparse SIB1 transmission (e.g., 160 ms periodicity), as an alternative to on-demand SIB1, can be used to save gNB power. However, it leads to higher latency of cell access and more power consumption on SIB1 detection in the UE side. This is likely to affect legacy UEs more than Rel-19 UEs.
Proposal 1: Support to specify on-demand SIB1 in Rel-19 as a solution to achieve network energy saving. 
Current NR supports on-demand OSI. If a SIBx is indicated to be available in the cell, and the related configuration si-BroadcastStatus is set to “notbroadcasting”, the UE determines that the SIBx is currently not broadcasted by the network, and the UE may request the SI message via on-demand SI mechanism. 
Two on-demand OSI mechanisms have been specified, one is Msg1 based on-demand SI request and the other is Msg3 based on-demand SI request. Figure 2 illustrates the procedures of each mechanism. For Msg1 based on-demand SI request, the UE requests SI via dedicated PRACH resources (preambles and/ or time-frequency). Upon sending dedicated Msg1 preamble in a dedicated RO, the UE may receive an RAR acknowledging the SI request. For Msg3 based on-demand SI request, dedicated PRACH resources are not provided to the UE, and the UE requests SI through RRCSystemInfoRequest in Msg3. The UE may receive an acknowledgement of the request in Msg4. 
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Figure 2 Msg1 and Msg3 based on-demand OSI in NR
[bookmark: _Hlk157409756]To reduce standard impact for on-demand SIB1, the legacy on-demand OSI mechanisms (Msg1 based or Msg3 based mechanism) can be taken as the starting point for on-demand SIB1. It is noted that using PRACH Msg1 or Msg3 as WUS to request SIB1 is also aligned with “triggering method by uplink wake-up-signal using an existing signal/channel” in the objective. Besides, RAN1#116 has agreed that PRACH is used as the starting point as the UL WUS 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


[bookmark: OLE_LINK36][bookmark: OLE_LINK29]Proposal 2: Support to take legacy on-demand OSI mechanism(s) for on-demand SIB1 as the starting point.
RAN1#116 has following agreements regarding the target cell of UL WUS transmission and which cell provides the WUS configuration.

	[bookmark: OLE_LINK33]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:
· [bookmark: OLE_LINK164]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
· [bookmark: OLE_LINK163]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 


For the first aspect of target cell of UL WUS transmission, in option 1, the NES cell shall wake-up periodically to monitor UL WUS, while this is not needed in option 2. From this point of view, option 2 may have better network power saving gain than option 1. However, option 2 requires Cell A to indicate NES cell on the UE wake-up request, which might mean higher latency on the SIB1 reception. Option 2 is better to be used in cell A and NES Cell co-located scenario. 
[bookmark: OLE_LINK37]Proposal 3: Support at least Option 1 on target cell of UL WUS transmission. 
· Option 1: UE transmits UL WUS to NES Cell
For the second aspect of configuration provision for UL WUS transmission, both option A and option B should be supported. UE currently camping on Cell A can be provided with the WUS configurations of the associated NES cell(s). With the WUS configurations, when triggering conditions are met, the UE could send UL WUS to a target NES cell to request SIB1 transmission. On the other hand, UE camping on a single NES cell without the overlayed Cell A should be able to obtain WUS configurations from NES cell. The indication could be e.g., through SSB, without changing the structure of SSB transmission. 
[bookmark: OLE_LINK38]Proposal 4: Support both Option A and Option B 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
With on-demand SIB1, the Rel-19 UE could identify at least three cases of SSB and SIB1 transmission of a cell,
· Case 1: cell defining SSBs are transmitted and SIB1 is broadcasted in the cell.
· Case 2: cell defining SSBs are transmitted and SIB1 is not broadcasted but could be on-demand triggered. 
· Case 3: non-cell defining SSBs or SSBs for measurement only are transmitted and SIB1 is not transmitted.
It is noted that the differentiation of Case 1 and Case 3 has been already considered in NR. NR uses a parameter kssb, which indicated in PBCH, to indicate whether SIB1 is provided by the cell. Specifically, 
· [bookmark: OLE_LINK7]For FR1, if 23, the UE assumes that SIB1 is provided by the cell. If 31, the UE assumes that SIB1 is not provided.
· For FR2, if 11, the UE assumes that SIB1 is provided by the cell. If 15, the UE assumes that SIB1 is not provided.
For a NES cell supporting on-demand SIB1, the gNB might broadcast SIB1 in one period (e.g., in case medium or high load) and transmit SIB1 based on triggering in another period (e.g., in case low load). The former case is same as legacy so legacy UEs (and UEs not supporting on-demand SSB) could be allowed to access the cell, while in the latter case, it should avoid a legacy UE to access the cell since in this case the UE will keep detecting SIB1 but SIB1 is not actually transmitted. 
[bookmark: OLE_LINK39]In order not to impact legacy UEs and UEs not supporting on-demand SSB, one solution is that the Rel-19 UEs may determine the status of SIB1 transmission (i.e., the above cases) based on information elements in MIB, for example using information elements of cellBarred and kssb to indicate the SIB1 transmission status.
[bookmark: OLE_LINK45]Proposal 5: UE could determine the status of SIB1 transmission in an NES cell based on information elements in MIB of the NES cell. 
Conclusion
In summary, we have following observations and proposals for on-demand SIB1:
Observation 1: Sparse SIB1 transmission (e.g., 160 ms periodicity), as an alternative to on-demand SIB1, can be used to save gNB power. However, it leads to higher latency of cell access and more power consumption on SIB1 detection in the UE side. 
Proposal 1: Support to specify on-demand SIB1 in Rel-19 as a solution to achieve network energy saving. 
Proposal 2: Support to take legacy on-demand OSI mechanism(s) for on-demand SIB1 as the starting point.
Proposal 3: Support at least Option 1 on target cell of UL WUS transmission. 
· Option 1: UE transmits UL WUS to NES Cell
Proposal 4: Support both Option A and Option B 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
Proposal 5: UE could determine the status of SIB1 transmission in an NES cell based on information elements in MIB of the NES cell. 
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