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1. Introduction
The new Rel-19 WI of network energy saving NR was approved in RAN#102 [1], and the following objectives are included..
	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 current specs, the SIB1 can only be transmitted periodically. According to the simulation results in R18 NES SI, there is up to 30% energy saving gain of on-demand SIB1 mechanism, which is supposed to be further studied and specified in Rel-19 NES scope [2]. In this contribution, we focus on on-demand SIB1 operation for UEs in idle/inactive mode, providing some observations and considerations on such mechanism.
2. Considerations on on-demand SIB1 for isolated cell scenario
In the last meeting, the following agreements was reached[3]. 
	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


Based on the agreement, assuming for the UL WUS transmission and corresponding configuration are both transmitted on the NES Cell, the multiple Cell carrier is actually an isolated Cell scenario. And if the isolated cell scenario need to be taken into consideration, the down-selection between the options will also be influenced.
Observation 1: Whether on-demand SIB1 is supported for isolated cell scenario will influence the down-selection between the options, since if Option 1 and Option A are supported for the UL WUS transmission and corresponding configuration, the on-demand SIB1 mechanism can be reused for isolated cell scenario.
Two issues need to considered when deciding whether isolated cell scenario should be supported:
1) Whether on-demand SIB1 can bring NES gain for isolated cell scenario.
2) Whether the mechanism can work for on-demand SIB1.
For the first issue, from our point of view, we think at least in the following case shown in fig 1, the on-demand SIB1 will bring NES gain for isolated cell scenario.


Fig1 illustration of NES gain with on-demand SIB1 in isolated scenario
Even in idle/inactive state, UE will monitor the SIB1 periodically. Then if SIB1 is transmitted periodically with a longer periodicity, the on-demand SIB1 can be triggered when necessary, so that the performance for both UE access and NES gain can be ensured since the transmission times of SIB1 is reduced obviously.
Observation 2: With longer periodicity of SIB1 transmission, on-demand SIB1 can bring NES gain even for isolated cell scenario.
And in above case, referring to the legacy of on-demand SIB2-9, on-demand SIB1 can be just be regarded as a new type of SIB, and there for the configuration for SIB1 request, i.e., UL WUS for on-demand SIB1, can be transmitted in the periodical SIB1. Thus, on-demand SIB1 for isolated cell scenario is achievable based on current specs. 
Observation 3: Isolated cell scenario with on-demand SIB1 is achievable based on legacy procedure.
However, if there is no periodical SIB1 transmitted on the isolated cell (NES Cell), it is difficult for UE to acquire the configuration of UL WUS on from the NES Cell considering the limited size of MIB transmitted on SSB. In such case, there will be more spec impact. 
Observation 4: Without periodical SIB1 transmitted on camping cell, the configuration of UL WUS for on-demand SIB1 in isolated cell will bring larger spec impact.
3. Considerations on procedure of on-demand SIB1 in multiple carrier scenario
3.1 Considerations on UL WUS and mechanism design for on-demand SIB1
In last meeting, the following agreement was reached on the WUS-design, which indicates that at least PRACH can be used as UL WUS.
	[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


In the current specs, for the SIB2-SIB9, which are also called other SI, the on-demand mechanism has been introduced, the procedure of which is shown in Fig2. 


Fig 2 illustration of procedure for on-demand SIB2-9 in current specs
For supporting the on-demand SIB1 for UE in idle/inactive mode, the simplest method is to reuse the mechanism of on-demand SIB2-9, just to introduce the configuration parameters for SIB1. However, as shown in fig 2, for on-demand SIB2-9, before sending the SI request on Msg1, UE needs to monitor the SIB1 information to acquire the configuration of available PRACH occasion. Thus, it is kind of conflict that detecting the SIB1 before sending a new SIB1 request. Regardless of how UE can acquire the PRACH configuration in SIB1, the PRACH should be used as the WUS from UE to trigger the transmission of SIB1 since it is the only signal can be transmitted for UE in idle/inactive state. 
Proposal 1: PRACH should be used as the only UL WUS for on-demand SIB1.
And if the configuration of on-demand SIB1 can also be acquired in a SIB1, regardless transmitted on NES Cell or Cell A, as long as a PRACH resource for SIB1 is configured, the on-demand SIB1 mechanism can be achieved. Different from current on-demand SIB2-9 procedure, since the SIB1 is used for RA, SI-request using CBRA-based procedure may can’t be used since there is no available SIB1 acquired by UE.
Observation 5: The similar CFRA-based procedure as the on-demand SIB2-9 can be considered for on-demand SIB1. 
In current specs, the configuration for on-demand SIB2-9 is included in SIB1, indicated by the  SI-SchedulingInfo’ IE, as shown in Fig 3. In the SchedulingInfoList, each entity is related to an on-demand SIB request with ascend order, i.e., the first entity is corresponding to SIB2, the second entity is corresponding to SIB3, …, the last entity is corresponding to SIB9. And the detailed configurations are provided in ‘SI-RequestResource’ IE. 
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Fig 3. Related IEs in SIB1 for SI request configuration
The configuration of on-demand SIB1 request can also be included in the ‘SI-SchedulingInfo’ IE. If so, the association between the entity in SchedulingInfoList and SI request should start from SIB1.
Observation 6: The configuration of on-demand SIB1 request can reuse the existing IEs in SIB1 with necessary modification.
3.2 Considerations on target cell of UL WUS transmission 
According to the agreement reached in last meeting shown above, two options are provided for UL WUS transmission. 
For option 1, the on-demand SIB1 can be triggered to be transmitted upon receiving the UL WUS, the latency can be shorter and efficiency can be higher, especially if Cell A and NES Cell are not co-located. While for option 2, more NES gain can acquire for NES Cell, but the implementation complexity and spec impact will increase. 
From our prospective, we prefer option 1. Besides the shorter latency and smaller spec impact, considering the following case, if there are multiple NES Cell (PCell) configured for UE, then when UE transmits the UL WUS, the indication of which Cell is supposed to transmit the on-demand SIB1 also needed to be included, which will increase the complexity of the design of WUS. 
Proposal 2: Support Option 1, i.e., UE transmits UL WUS to NES Cell, for the target cell of UL WUS for on-demand SIB1 in Rel-19.
3.3 Considerations on configuration provision for UL WUS transmission 
As for the configuration provision of UL WUS transmission for on-demand SIB1, there are also 2 options provided. As has discussed, the down-selection between the two options will influence whether the isolated cell scenario can be supported directly.  
In the current procedure for on-demand SIB2-9, the Msg1(PRACH) is used as the UL WUS, and configuration of it is included in the SI-RequestConfig in SIB1. If the similar mechanism is adopted in on-demand SIB1 for idle/inactive UE, the SI-RequestConfig for SIB1 should also be included in the SIB1.
On such condition, if there is no SIB1 transmitted on NES Cell, it can be difficult for UE to acquire the UL WUS configuration on the NES Cell, since the size of SSB is small and the field is fixed. The easiest method is to acquire the corresponding configuration from the SIB1 on Cell A. 
Proposal 3: Support Option B, i.e., UE obtains the UL WUS configuration from Cell A, for the configuration provision of UL WUS for on-demand SIB1 in Rel-19. 
However, if there is periodical SIB1 with longer periodicity transmitted on NES Cell, as discussed in section 2, Option B also be adopted without much spec impacts. If Option B wants to be adopted with no long periodicity SIB1 existing, we think the following methods can be considered. 
a. Method 1: Reusing the last SIB1 information store by UE as the configuration of WUS for on-demand SIB1. In current specs [4],  UEs are supposed to store at least one valid MIB and SIB1, which will be deleted and updated every 3 hours. Thus, if the configuration for UL WUS is transmitted in SIB1, even without the SIB1/MIB just received, UE can use the configuration of PRACH in the last stored SIB1 to transmit the WUS for on-demand SIB1 on PRACH, so that the transmission of SIB1 before the on-demand SIB1 WUS can be omitted. And NES Cell is supposed to detect the UL WUS on the corresponding time and frequency domain resource. 
b. Method 2: Preconfiguring the WUS, then reuse the existing bit in MIB for triggering the configuration of UL WUS. Since there is no SIB1 transmitted in NES Cell, the 8-bit field pdcch-ConfigSIB1 is useless. If the UL WUS configuration of on-demand SIB1 for NES Cell is preconfigured to UE, the 8-bit field is enough to select and trigger the configuration.
c. Method 3: Redesigning the MIB in SSB for NES Cell. As discussed in method 2, pdcch-ConfigSIB1 can also be redesigned for transmit the UL WUS configuration. Since 8 bits may not be large enough for such configuration, the dedicated PRACH for UL WUS can be pre-defined, the 8-bits will only indicate which pattern is adopted.
No matter which method is adopted, though the configuration of UL WUS can be achieved, it is likely to bring relative large spec impact on SSB design.
Observation 7: Option A, i.e., UE obtains the UL WUS configuration from NES Cell, can also be achieved and considered for the configuration provision, if so, the dedicated PRACH resource for SIB request can be considered.
 If Option 1 and Option B are adopted for on-demand SIB1, the whole procedure can be illustrated as fig 4.


Fig 4 Illustration of proposed on-demand SIB1 procedure

4. [bookmark: _Hlk118386501]Considerations on scheduling of on-demand SIB1 
The on-demand SIB1 can be triggered with UL WUS, besides, it is reasonable to also consider how long will the SIB1 transmission lasts and how the SIB1 transmission stops. It can be depended on why the on-demand SIB1 is triggered. If it is used for RACH procedure, as the on-demand SIB2-9 specified in current spec, that on-demand SIB1 can also trigger the RACH naturally. After the RACH procedure is finished, it can up to gNB to send DL signals to UE that the on-demand SIB1 will be stopped to transmit.
Proposal 4: DL signals can be introduced to stop the on-demand SIB1 procedure.
Also, besides on what condition the on-demand SIB1 can be triggered, on what condition the on-demand SIB1 stopped also need to be studied. And whether the legacy periodical SIB1 can be stopped with the introduced signal should also be discussed.
Proposal 5: The scenarios for stopping the SIB1 transmission (on-demand SIB1 only or both on-demand SIB1 and periodical SIB1) should also be further discussed.  
5. Conclusion
In this paper, we discuss on-demand SIB1 operation and have the following observations and proposals.
Observation 1: Whether on-demand SIB1 is supported for isolated cell scenario will influence the down-selection between the options, since if Option 1 and Option A are supported for the UL WUS transmission and corresponding configuration, the on-demand SIB1 mechanism can be reused for isolated cell scenario.
Observation 2: With longer periodicity of SIB1 transmission, on-demand SIB1 can bring NES gain.
Observation 3: Isolated cell scenario with on-demand SIB1 is achievable based on legacy procedure.
Observation 4: Without periodical SIB1 transmitted on camping cell, the configuration of UL WUS for on-demand SIB1 in isolated cell will bring larger spec impact.
Observation 5: The similar CFRA-based procedure as the on-demand SIB2-9 can be considered for on-demand SIB1. 
Observation 6: The configuration of on-demand SIB1 request can reuse the existing IEs in SIB1 with necessary modification.
Observation 7: Option A, i.e., UE obtains the UL WUS configuration from NES Cell, can also be achieved and considered for the configuration provision, if so, the dedicated PRACH resource for SIB request can be considered.

Proposal 1: PRACH should be used as the only UL WUS for on-demand SIB1.
Proposal 2: Support Option 1, i.e., UE transmits UL WUS to NES Cell, for the target cell of UL WUS for on-demand SIB1 in Rel-19.
Proposal 3: Support Option B, i.e., UE obtains the UL WUS configuration from Cell A, for the configuration provision of UL WUS for on-demand SIB1 in Rel-19. 
Proposal 4: DL signals can be introduced to stop the on-demand SIB1 procedure.
Proposal 5: The scenarios for stopping the SIB1 transmission (on-demand SIB1 only or both on-demand SIB1 and periodical SIB1) should also be further discussed.  
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- SI-Schedulinginfo
The IE SI-SchedulingInfo contains information needed for acquisition of SI messages.

SI-Schedulinginfo information element

SI-SchedulingInfo :

SEQUENCE {

schedulingInfolist SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo,

si-WindowLength ENUMERATED {sS, sl0, s20, s40, s80, sl60, 3320, s640, s1280, s2560-v1710, s5120-v1710 },
si-RequestConfig SI-RequestConfig OPTIONAL,
si-RequestConfigSUL SI-RequestConfig OPTIONAL,

systemInformationAreaID BIT STRING (SIZE (24)) OPTIONAL,
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SI-RequestConfig information element

SI-RequestConfig :
rach-OccasionsSI

rach-ConfigSI RACE-ConfigGeneric,
ssb-perRACE-Occasion ENUMERATED {oneEighth, oneFourth, oneHalf, ome, two, four, eight, sixteen}

3 OPTIONAL,
si-RequestPeriod ENUMERATED {one, two, four, si, eight, ten, twelve, sixteen} OPTIONAL,
si-RequestResources (GI2E (Eecmmesi=lnncen)) OF SEReTmsemmEs

B

SI-RequestResources
ra-PreambleStarcindex -63),
ra-AssociationPeriodIndex .15) OPTIONAL,

ra-ssb-OccasionMaskIndex

.15) OPTIONAI
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