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1. Introduction
In R19, a new WI focus on network energy saving is setup and one objective is for on-demand SIB1 case.

	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 paper, we would like to discuss scenario clarifications and possible questions to implement on-demand SIB1.
2. Discussion
2.1 Scenario clarifications

This objective focus on on-demand SIB1 for UEs in idle/inactive mode. So we assume the SSB is always there as legacy. 

Proposal 1: The working assumption is the SSB is always there as legacy in on-demand SIB1 cell. 
The objective 2 in WI highlights “……for UEs in idle/inactive mode”, i.e., only impacts on RRC_IDLE/INACTIVE UE. For legacy RRC_CONNECTED UE, the UE will obtain the updated RMSI via: (1) dedicated RRC signalling, e.g., there is no common search space on the active BWP. (2) the UE will read the updated RMSI via scheduling in common search space if common search space is configured on the active BWP.
For R19 RRC_CONNECTED UE, the UE should obtain the SIB1 before entering RRC_CONNECTED mode. If there is system information update, it will rely on network to configure updated RMSI via dedicated signalling or the network should deliver the updated RMSI. For handover to a on-demand SIB1 cell, it also relies on network to configure updated RMSI via dedicated signalling or the target network should deliver the updated RMSI after handover.
Proposal 2: The network should ensure there is no impact on both legacy RRC_CONNECTED UE and R19 RRC_CONNECTED UE due to on-demand SIB1. 
In legacy, if the UE can not get the SIB1, the UE will consider this cell as barred, e.g., 300s. For on-demand SIB1 cell, there is SIB1 on this cell, but the UE should request before receiving the SIB1. So, there are two cases for on-demand SIB1 operation and RAN2 should confirm which case should be supported in R19.

· Case 1: The on-demand SIB1 cell is allowed to camp for R19 UE.
· Case 2: The on-demand SIB1 cell is not allowed to camp for R19 UE.
For case 1, there is no obstacle for R19 UE to camp on the cell after on-demand SIB1 procedure. For case 2, it is not clear how to use on-demand SIB1 cell. The UE can perform RRC establishment to cell B (on-demand SIB1 cell) from cell A (anchor cell) after UE get the basic system information of cell B in cell A. This is too complex to achieve. Or the cell B can only be configured as SCell as SSB-less cell. if so, there is no benefit to support on-demand SIB1 compared with SSB-less SCell. 
Proposal 3: The on-demand SIB1 cell is allowed to camp for R19 UE.
2.2 Cases for UE to request SIB1

In current RRC spec, the events are listed for the UE to apply the SI acquisition procedure.
	5.2.2.2.1
SIB validity

The UE shall apply the SI acquisition procedure as defined in clause 5.2.2.3 upon cell selection (e.g. upon power on), cell-reselection, return from out of coverage, after reconfiguration with sync completion, after entering the network from another RAT, upon receiving an indication that the system information has changed, upon receiving a PWS notification, upon receiving request (e.g., a positioning request) from upper layers; and whenever the UE does not have a valid version of a stored SIB or posSIB or a valid version of a requested SIB.
===omit some text==

The UE shall:
1>
delete any stored version of a SIB after 3 hours from the moment it was successfully confirmed as valid;


To summary all events to trigger the UE to apply the SI acquisition procedure, there are two categories:

Cat 1: The UE enter on-demand SIB1 cell from other cells, e.g., cell reselection in green highlight. 

Cat 2: The UE camp on the on-demand SIB1cell before performing on-demand SIB1 procedure, e.g., in yellow highlight. 
For case 2, all yellow/green highlight events will trigger on-demand SIB1 procedure and the pink highlight event is for RRC_CONNECTED and it will not trigger on-demand SIB1 as discussed in section 2.1.
Proposal 4: The following events will trigger on-demand SIB1 procedure if there is no valid SIB1, i.e., upon cell selection (e.g. upon power on), cell reselection, return from out of coverage, upon receiving an indication that the system information has changed, upon receiving a PWS notification, upon receiving request (e.g., a positioning request) from upper layers; and whenever the UE does not have a valid version of a stored SIB or posSIB or a valid version of a requested SIB.
The typical events are cell reselection. The UE can perform cell reselection from NR neighbor cell or inter-RAT cell, no matter which case, the source cell should inform the UE about the basic configuration of on-demand SIB1. Currently, the inter-RAT cell reselection to NR cell only supports E-UTRAN. RAN2 should confirm whether LTE is involved in this WI.

Proposal 5: RAN2 confirm whether cell reselection from LTE cell is considered as on-demand SIB1 trigger or only cell reselection from NR cell is considered as on-demand SIB1 trigger.
For cell reselection from NR cell to NR cell case, there are two options to send UL WUS.

Option 1: The UE will send UL-WUS for on-demand SIB1 before cell reselection, and cross cell RACH may be supported. 
Option 2: The UE will send UL-WUS for on-demand SIB1 after cell reselection. 
For option 1, it will be too complex and cross cell RACH may be supported. For option 2, it works and it is simple to achieve. 
Proposal 6: The UE will send UL-WUS for on-demand SIB1 after cell reselection.
The UE camp on on-demand SIB1 cell and the UE has stored valid SIB1, whether the UE should request SIB1 first then request SI if the UE need to request SI? E.g., the SIB1 is not broadcasting now. In my understanding, the UE camp on the on-demand SIB1 cell and the UE can ensure has valid SIB1 version, if there is SI request requirement, the UE can request SI directly, no need to request SIB1 before requesting SI.
Proposal 7: If there is no SIB1 broadcasting, but UE has stored valid SIB1 version, the UE can request SI without requesting SIB1. 
2.3 UL WUS design and occasion to send UL WUS?

It is common understanding that the UE will use UL signalling or signal to request SIB1. It is not clear how does the UE obtains the configuration for on-demand SIB1 procedure. 
As discussion above, there are two cases to trigger the on-demand SIB1 procedure.
Cat 1: The UE enter on-demand SIB1 cell from other cells, e.g., cell reselection in green highlight. 

Cat 2: The UE camp on the on-demand SIB1cell before performing on-demand SIB1 procedure, e.g., in yellow highlight. 
For cell reselection case, we assume the source cell will configure the configuration for on-demand SIB1 procedure. The details are FFS. In this case, we propose to define new SIB to configure on-demand SIB related configuration for neighbour cells.
For cat 2, the UE camp on on-demand SIB1 cell and obtains the valid system information from current cell. The system information of previous cell will be removed. In order to request SIB1 in cat2, the UE will get the configuration from current on-demand SIB1 cell to perform on-demand SIB1. In this case, we propose SIB1 will be used to configure current cell’s on-demand SIB1 related configuration. 
Some companies may also want to configure the on-demand SIB1 related configuration via dedicated RRC signalling like EMR configuration, dedicated frequency priority, etc. However, we cannot see the requirement to configure the different on-demand SIB1 related configuration, e.g., the network will not configure the different reserved preamble for on-demand SIB for different UE because the preamble resource is limited and precious. If the requirement to configure different on-demand SIB1 related configuration for different UE is observed, we are fine to support dedicated RRC signalling for on-demand SIB1 related configuration.
Proposal 8a: For cell reselection case, SIB is used to configure on-demand SIB1 related configuration for neighbour cells, e.g., via new SIB.
Proposal 8b: For 3 hours, out of coverage cases, etc, SIB1 is used to configure current cell’s on-demand SIB1 related configuration. 

Proposal 8c: Dedicated RRC signalling for on-demand SIB1 related configuration is not supported.
In R15, on-demand SIB for RRC_IDLE/INACTIVE is supported and both MSG1 based solution and MSG3 based solution are supported.
If si-RequestConfig is configured, MSG1 based solution will be used, otherwise, MSG3 based solution will be used. For MSG1 based solution, the receive RAR PDU will contain the RAPID, the UE will consider the network has received the SIB request. For MSG3 based solution, the UE will send MSG3 message RRCSystemInfoRequest to request SIB, if receive the acknowledgement indication from lower layer, the UE will consider the network has received the SIB request.
The current SI request procedure is based on SI, i.e., other SIB, and the SIB1 is excluded, i.e., SIB1 does not support on-demand procedure.

For R19 on-demand SIB1, there are also following solutions:

Option 1: MSG1 based solution, reserve one preamble for it.
Option 2.1: MSG3 based solution using RRCSystemInfoRequest message with extension.
Option 2.2: MSG3 based solution using new RRC message for SIB1 request.

Proposal 9: For UL WUS to demand SIB1, MSG1 based solution and MSG3 based solution using RRCSystemInfoRequest message with extension are supported. 
Currently, the UE will check the si-BroadcastStatus (is set to notBroadcasting) before initiating the on-demand SI procedure. For SIB1 request, it also make sense to check the SIB1 broadcasting status but there is no si-BroadcastStatus for SIB1 as other SIB, it is issue how to confirm the SIB1 broadcasting status.
Option 1: The UE will not check the SIB1 broadcasting status before sending UL WUS for SIB1 request.

Option 2.1: The UE will check the SIB1 broadcasting status before sending UL WUS for SIB1 request and the UE will check the nearest RMSI transmission occasion.

Option 2.2: The UE will check the SIB1 broadcasting status before sending UL WUS for SIB1 request and the UE will know it from MIB.

Option 2.3: The UE will check the SIB1 broadcasting status before sending UL WUS for SIB request and the UE will know it from neighbour cell.

For option 2.1, there will be much delay to obtain SIB1 broadcasting status. For option 2.2, it is not sure whether it is possible solution to modify MIB or rely on current MIB and we can send LS to RAN1 to confirm it. For option 2.3, it will result in frequent information exchange due to SIB broadcast status change and it does not work in Cat 2.
	5.2.2.3.3
Request for on demand system information

The UE shall, while SDT procedure is not ongoing:
1>
if SIB1 includes si-SchedulingInfo containing si-RequestConfigSUL and criteria to select supplementary uplink as defined in TS 38.321[3], clause 5.1.1 is met:

2>
trigger the lower layer to initiate the Random Access procedure on supplementary uplink in accordance with TS 38.321 [3] using the PRACH preamble(s) and PRACH resource(s) in si-RequestConfigSUL corresponding to the SI message(s) that the UE requires to operate within the cell, and for which si-BroadcastStatus is set to notBroadcasting;
2>
if acknowledgement for SI request is received from lower layers:

3>
acquire the requested SI message(s) as defined in clause 5.2.2.3.2, immediately;

1>
else if the UE is a RedCap UE and if initialUplinkBWP-RedCap is configured in UplinkConfigCommonSIB and if SIB1 includes si-SchedulingInfo containing si-RequestConfigRedCap and criteria to select normal uplink as defined in TS 38.321[3], clause 5.1.1 is met:

2>
trigger the lower layer to initiate the Random Access procedure on normal uplink in accordance with TS 38.321 [3] using the PRACH preamble(s) and PRACH resource(s) in si-RequestConfigRedcap corresponding to the SI message(s) that the UE requires to operate within the cell, and for which si-BroadcastStatus is set to notBroadcasting;
2>
if acknowledgement for SI request is received from lower layers:

3>
acquire the requested SI message(s) as defined in clause 5.2.2.3.2, immediately;


Proposal 10: The UE will check the SIB1 broadcasting status before sending UL WUS for SIB request. FFS on how to confirm the SIB1 broadcasting status.
2.4 The R19 UE in on-demand SIB1 cell 
If the UE can get the MIB, but cannot get SIB1 due to SIB1 is not broadcasted, the UE will consider this cell as barred as legacy.
If the R19 UE knows the cell is on-demand required cell, the UE will not consider the cell barred, otherwise, the UE will consider the cell barred as legacy. How does the UE know is FFS.

If cell reselection from neighbor cell, the UE can know the cell is on-demand SIB1 cell, e.g., the configuration for UL WUS is configured in neighbor cell associate this cell. If UE is recovering from coverage hole or after 3 hours, the UE should know the cell is on-demand SIB1 cell based on the on-demand SIB1 related configuration from this cell.
Proposal 11: The R19 UE is not barred in on-demand SIB1 cell.
2.5 The legacy UE in on-demand SIB1 cell
In R18 NES WI, the legacy cell will be barred via barred indication in MIB. For on-demand SIB1 cell, there are following options:
Option 1: The on-demand SIB1 cell is barred for legacy UE with cellbarred IE setting barred in MIB;

Option 2: The on-demand SIB1 cell is not visible for legacy UE. 

Option 3: The on-demand SIB1 cell is not barred if the legacy UE can get the SIB1, e.g., the SIB1 is broadcasting at that moment.
For R19 on-demand SIB1 cell, if the legacy UE is not barred, there is no big issue.
If the legacy UE cannot obtain the SIB1 when needed, the UE will consider this cell as barred as legacy behavior. If the legacy UE is not barred for the legacy UE and the UE can also obtains the SIB1 if the SIB1 is broadcasting now when the legacy UE needs to obtain SIB1, the UE can camp on the on-demand SIB1 required cell. If the system information is changed, the legacy paging will be used to notify the SIB1 changing. If the UE recovers from coverage hole, the UE will not get SIB1 if there is no SIB1 broadcasting, the UE will consider the cell as barred as legacy.
Proposal 12: The on-demand SIB1 cell is not barred if the legacy UE can get the SIB1, e.g., the SIB1 is broadcasting at that moment.

2.6 Cell selection to on-demand SIB1 cell due to RLF/HOF
When one RRC_CONNECTED UE happens RLF/HOF, the UE will perform cell selection, if the UE select one cell without SIB1(on-demand SIB1 required), it will result in RRC reestablishment failure or increase the interruption. So the source cell configures the UE about neighbor cell’s SIB1 status, the UE will skip this kind of cell when perform cell selection for RRC re-establishment. 
Proposal 13: The R19 UE will skip on-demand SIB1 cell when perform cell selection for RRC re-establishment.
3. Conclusions

Based on the above discussion, we propose following proposals:
Proposal 1: The working assumption is the SSB is always there as legacy in on-demand SIB1 cell. 
Proposal 2: The network should ensure there is no impact on both legacy RRC_CONNECTED UE and R19 RRC_CONNECTED UE due to on-demand SIB1. 
Proposal 3: The on-demand SIB1 cell is allowed to camp for R19 UE.
Proposal 4: The following events will trigger on-demand SIB1 procedure if there is no valid SIB1, i.e., upon cell selection (e.g. upon power on), cell reselection, return from out of coverage, upon receiving an indication that the system information has changed, upon receiving a PWS notification, upon receiving request (e.g., a positioning request) from upper layers; and whenever the UE does not have a valid version of a stored SIB or posSIB or a valid version of a requested SIB.
Proposal 5: RAN2 confirm whether cell reselection from LTE cell is considered as on-demand SIB1 trigger or only cell reselection from NR cell is considered as on-demand SIB1 trigger.
Proposal 6: The UE will send UL-WUS for on-demand SIB1 after cell reselection.
Proposal 7: If there is no SIB1 broadcasting, but UE has stored valid SIB1 version, the UE can request SI without requesting SIB1. 

Proposal 8a: For cell reselection case, SIB is used to configure on-demand SIB1 related configuration for neighbour cells, e.g., via new SIB.
Proposal 8b: For 3 hours, out of coverage cases, etc, SIB1 is used to configure current cell’s on-demand SIB1 related configuration. 

Proposal 8c: Dedicated RRC signalling for on-demand SIB1 related configuration is not supported.
Proposal 9: For UL WUS to demand SIB1, MSG1 based solution and MSG3 based solution using RRCSystemInfoRequest message with extension are supported. 
Proposal 10: The UE will check the SIB1 broadcasting status before sending UL WUS for SIB request. FFS on how to confirm the SIB1 broadcasting status.
Proposal 11: The R19 UE is not barred in on-demand SIB1 cell.
Proposal 12: The on-demand SIB1 cell is not barred if the legacy UE can get the SIB1, e.g., the SIB1 is broadcasting at that moment.

Proposal 13: The R19 UE will skip on-demand SIB1 cell when perform cell selection for RRC re-establishment.
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