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Background
In RAN2 #125-bis meeting, RAN2 has started discussion from study phase on on-demand SIB1 operations, and some agreements were made as follows [1]:

Agreements on on-demand SIB1:
1. At least RAN2 starts scenario 1a (Cell A SIB assisted intra-cell WUS. And WUS and SIB1 is sent to/from NES cell). Other scenarios are not excluded.
2. RAN2 assume that RACH procedure is reused for UE to request on-demand SIB1.
3. UL WUS configuration includes at least RACH configuration.
4. A UE needs to know a UL WUS configuration to request SIB1 of which cell.
5. Existing Msg 1 based on-demand procedure is reused for on-demand SIB1 acquisition procedure. FFS on Msg 3. FFS if / when the UE monitors the OD-SIB1 upon reception of RAR. FFS: whether introduce specified UE behavior if RACH failure of OD-SIB1 request.

Agreements on on-demand SIB1:
1. The UE first should acquire valid SIB1 (e.g. via SIB1 request) for camping to NES cell (if the UE knows the cell doesn’t broadcast SIB1 and supports on-demand SIB1).

Similarly, RAN1 has continued the discussion about on-demand SIB1, and then decided triggering condition is up to RAN2 [2].

	Agreement
RAN1 to further study the following UE operation scenarios in the UL WUS design:
· Scenario 1: UE requests SIB1 to camp on NES cell
· Scenario 2: UE request SIB1 to perform random access procedure to make RRC connection to NES cell

Agreement
Conditions for triggering UL WUS transmission is up to RAN2. Any related work in RAN1 to be triggered by RAN2 LS. Send an LS to RAN2. Final LS in R1-2403779.



However, it is not clear whether RAN2 should support other scenario for on-demand SIB1 acquisition procedure, and the purpose of UL-WUS related to the triggering condition, etc.
In this contribution, we discuss RAN2 impacts on on-demand SIB1 operations based on the RAN1 and RAN2 agreements and provide our views on that.

Discussion
Cell access and identification of NES cell
In RAN2#125-bis meeting, it is agreed that the UE first should acquire valid SIB1 (e.g. via SIB1 request) for camping to the NES cell if the UE knows the cell doesn’t broadcast SIB1 and supports on-demand SIB1.
From the agreements, a UE may need to know whether a cell currently not broadcasting SIB1 supports on-demand SIB1, so that the UE can determine whether to transmit UL-WUS to request the on-demand SIB1. From our perspective, the UE can know this by UL-WUS configuration or by another indication from cell A or the NES cell itself. 
Proposal 1: The UE is notified whether a cell supports on-demand SIB1 by network.

Currently it is not clear whether a legacy/non-NES UE can camp on the cell with on-demand SIB1. If the non-NES UE is not allowed to camp on the NES cell, the cellBarred IE in the MIB of the NES cell should be set to barred or the ssb-SubcarrierOffset IE should indicate there is no CORESET#0. It is enough to bar the non-NES UEs by the legacy mechanism, however in both cases, the NES UE may need to ignore the cellBarred IE or the ssb-SubcarrierOffset IE in the MIB and further check if the cell supports on-demand SIB1 allows its camping or access. 
If the legacy/non-NES UE is allowed to camp on the NES cell, the non-NES UE can only acquire SIB1 from the NES cell when the NES cell is transmitting the on-demand SIB1. When the NES cell is not transmitting the on-demand SIB1, the non-NES UE would consider the NES cell as barred, since the essential SIBs are missing in the cell. It might have larger UE power consumption and cause cell ping-pong problem.
Although it has drawbacks, it can be handled by the NW whether the non-NES UE is allowed to camp on the NES cell supporting on-demand SIB1. Hence, non-NES UEs can be supported in the NES cell without specification impacts.
[bookmark: _Hlk166082040]Proposal 2: Non-NES UEs can camp on the NES cell if the non-NES UEs have valid version of stored SIB1 and the cell is not barred.


UE operations in NES cell
In the last meeting, RAN1 mentioned that the NES UE can camp on the on-demand SIB1 cell, however it is unclear which UE behaviours required in a normal cell are also supported in the NES cell, e.g., paging, PRACH and on-demand OSI. Therefore, RAN2 should discuss the necessary UE operations required in the NES cell from the RAN2 perspective with considering NES gain and complexity.
Paging:
When paging is transmitted from the NES cell, the pros and cons are listed as follows:
Pros:
1. The NW can indicate to UEs that SI (SIB1) is changed based on the legacy procedure.
2. The NES UE can camp on the NES cell. The NES UE can be paged without monitoring the paging occasions in Cell A.
3. The NW can support ETWS/CMAS notification in the NES cell via paging short message.
4. It can support the standalone scenario.
Cons:
1. The NES gain will decrease for paging transmission because the NES cell does not know how many UEs are camping in the cell.

Given the above pros/cons, if paging is allowed to transmit in the NES cell, the NES UE can monitor paging as in legacy and ETWS/CMAS notification can be also supported in the cell without specification impact. In addition, the UE may update SIB1 timely via SI update procedure. On the other hand, NES gain is expected to decrease by paging transmission.
Since it has dependency on the RAN1 discussion about the UE behaviours then RAN2 should wait for further RAN1 progress. However, from RAN2 point of view, RAN2 at least should confirm the following operations are feasible even if it is on-demand SIB1 cell.
[bookmark: _Hlk166159895][bookmark: _Hlk166082193]Proposal 3: If UEs have valid version of stored SIB1, RAN2 to confirm to support the following operation are feasible in NES cell:
· Paging,
· SI/SIB1 update via short message,
· ETWS/CMAS notification.

PRACH:
For PRACH, when the UE already has valid SIB1 information, the UE does not have to transmit UL-WUS to obtain SIB1 again. In this case, on the top of UL-WUS transmission, a random access procedure is used to initiate RRC connection setup procedure from the idle/inactive mode UEs.
Proposal 4: A random access procedure is supported in the NES cell if UEs have valid version of stored SIB1.

On-demand OSI:
For on-demand OSI, from network energy perspective, unnecessary SI should not be transmitted periodically. It is possible to reuse the Rel-15 on-demand OSI mechanism with specification impact. Therefore, on-demand OSI is also supported in the on-demand SIB1 cell as in legacy. FFS how to request OSI.
Proposal 5: An on-demand OSI request procedure is supported in the NES cell if UEs have valid version of stored SIB1.

UL-WUS transmission

Msg3 based SIB1 request:
For on-demand SIB1 acquisition, it was agreed to reuse Msg1 based SI request in the last meeting, whereas Msg3 based SI request was kept as FFS. In the current SI request procedure, if dedicated RA resources are not configured for SI request, Msg3 based procedure is triggered to request the required SI message(s). Similar to the legacy procedure, Msg3 based on-demand SIB1 request is beneficial for the cases where the RA resources are not reserved due to preamble shortage. Thus, Msg3 based SIB1 request should be supported as well.
Proposal 6: RAN2 to support Msg3 based SIB1 request for on-demand SIB1 request. The UE will trigger Msg3 based SIB1 request if dedicated RA resources for on-demand SIB1 request is not configured.

[bookmark: _Hlk165297747]The purpose of UL-WUS transmission:
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Option 1) UE requests SIB1 to camp on the NES cell
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Option 2) UE request SIB1 to perform initial access on the NES cell

Figure 1 The purpose of UL-WUS transmission

According to the RAN1 agreements, two options for the purpose of UL-WUS transmission are considered. A typical message sequence corresponding to those two options is shown in the Figure.1, respectively. A main difference between two options is whether a random access procedure can be continued after UL-WUS transmission or not.
For option 1, it is already supported as scenario 1a [1], and specification impacts may be small as it is almost the same procedure in the legacy. Meanwhile option 2 could reduce RRC setup latency by skipping the RACH msg1/msg2 transaction after on-demand SIB1 reception, however, it impacts on the current Msg1 based SI request procedure because the UE may be required to start RA-RNTI monitoring after on-demand SIB1 reception. Furthermore, it cannot support Msg3 based SIB1 request procedure. To avoid such drawbacks and to align with the legacy procedure, RAN2 should not support option 2, i.e., on-demand SIB1 request is not supported for the purpose of initial access on the NES cell.
Proposal 7: RAN2 to support on-demand SIB1 request for camping on the NES cell.
Proposal 8: RAN2 not to support on-demand SIB1 request to perform an initial access on the NES cell.

UL-WUS triggering condition:
[bookmark: _Hlk161906809]To improve the NES gain, it is necessary to increase the duration of the NES cell in no on-demand SIB1 transmission. As the on-demand SIB1 transmission is triggered by UL-WUS, it is necessary to configure UL-WUS triggering condition to the UE in order to decide whether to transmit UL-WUS. Otherwise, there is a risk that UL-WUS may be transmitted at any time, which potentially lowers the NES gain. Therefore, it is reasonable that some restriction should be configured by the NW. For example, the NW may explicitly transmit some indication for the initiation or suspension of UL-WUS. Alternatively, the NW may configure the UL-WUS configuration including entering/leaving conditions for the UE to decide whether to transmit UL-WUS.
[bookmark: _Hlk163228908]Observation 1: To maximize network energy saving gain, the duration of the NES cell in no on-demand SIB1 transmission should be increased.
Proposal 9: In order to restrict unnecessary UL-WUS transmissions, the NW configures whether the UE is allowed to transmit UL-WUS.

As the on-demand SIB1 is required for camping on the NES cell, it is natural to use a radio quality of the NES cell as a part of UL-WUS triggering criteria. If radio quality of the NES cell is not good, it does not make sense to trigger on-demand SIB1. In general, as the UE should camp on the strongest cell, cell reselection criteria can be reused as one of the triggering conditions. That is, if a measured result of the NES cell becomes higher than that of Cell A, the UE considers the UL-WUS triggering condition for cell quality is met. Otherwise, the UE considers the UL-WUS triggering condition for cell quality is not met. Besides that, we think the criteria of radio quality should be configurable by the NW, because the NW wants to limit the served UEs due to cell capacity or NES gain. With this consideration, cell reselection related information will be included in UL-WUS configuration. 
[bookmark: _Hlk163228976][bookmark: _Hlk165384916]Proposal 10: The NW controls an UL-WUS triggering condition based on the cell reselection criteria. The UE is not allowed to transmit UL-WUS to the cell where the cell reselection criteria is not satisfied.
Proposal 11: UL-WUS configuration includes a cell reselection configuration.

On-demand SIB1
On-demand SIB1 reception timing:
For random access, paging reception and other SI reception, the UE needs to know the configuration of RACH and paging, and the scheduling information of the other SI in SIB1 of the cell. In other words, the UE should acquire on-demand SIB1 before the paging reception/other SI reception, if the UE does not have the on-demand SIB1. After SIB1 is obtained, the NES UE can camp on the NES cell and continue the procedures of random access/paging reception/other SI reception.
Proposal 12: The NES UE will acquire on-demand SIB1 before the initiation of the random access procedure, the paging reception or other SI reception.

On-demand SIB1 validity:
After the NES cell stops transmitting the on-demand SIB1 to save energy, the NES UE may still use the valid version of the stored SIB1 to perform the above RRC_IDLE/INACTIVE mode procedures, as long as paging indicating SI change is not received. When the stored SIB1 becomes invalid, e.g. after 3 hours, the UE should re-acquire SIB1.
If paging indicating SI change is received, the NES UE should acquire SIB1 according to the current specification. In our opinion, if the NES cell transmits paging indicating SI change, the NES cell should also transmit SIB1, so that the UEs in the cell can acquire the updated SIB1. Anyway, if the NES cell does not transmit SIB1 after transmitting the paging indicating SI change, since the NES UE is unable to acquire the updated SIB1, the NES UE may transmit UL-WUS to request the on-demand SIB1 transmission. 
Proposal 13: After the NES cell stops transmitting the on-demand SIB1, the NES UE still uses the valid version of the stored SIB1. 
·  FFS: how to consider the stored SIB1 as valid.

Conclusion
In this contribution, overall procedure of the on-demand SIB1 transmission was discussed. The following proposals and observations were made:

Proposal 1: The UE is notified whether a cell supports on-demand SIB1 by network.
Proposal 2: Non-NES UEs can camp on the NES cell if the non-NES UEs have valid version of stored SIB1 and the cell is not barred.
Proposal 3: If UEs have valid version of stored SIB1, RAN2 to confirm to support the following operation are feasible in NES cell:
· Paging,
· SI/SIB1 update via short message,
· ETWS/CMAS notification.
Proposal 4: A random access procedure is supported in the NES cell if UEs have valid version of stored SIB1.
Proposal 5: An on-demand OSI request procedure is supported in the NES cell if UEs have valid version of stored SIB1.
Proposal 6: RAN2 to support Msg3 based SIB1 request for on-demand SIB1 request. The UE will trigger Msg3 based SIB1 request if dedicated RA resources for on-demand SIB1 request is not configured.
Proposal 7: RAN2 to support on-demand SIB1 request for camping on the NES cell.
Proposal 8: RAN2 not to support on-demand SIB1 request to perform an initial access on the NES cell.
Observation 1: To maximize network energy saving gain, the duration of the NES cell in no on-demand SIB1 transmission should be increased.
Proposal 9: In order to restrict unnecessary UL-WUS transmissions, the NW configures whether the UE is allowed to transmit UL-WUS.
Proposal 10: The NW controls an UL-WUS triggering condition based on the cell reselection criteria. The UE is not allowed to transmit UL-WUS to the cell where the cell reselection criteria is not satisfied.
Proposal 11: UL-WUS configuration includes a cell reselection configuration.
Proposal 12: The NES UE will acquire on-demand SIB1 before the initiation of the random access procedure, the paging reception or other SI reception.
Proposal 13: After the NES cell stops transmitting the on-demand SIB1, the NES UE still uses the valid version of the stored SIB1. 
·  FFS: how to consider the stored SIB1 as valid.
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