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Introduction
[bookmark: _Hlk163037690]Normative work for Rel-19 NES WI begun in RAN1#116. Regarding on-demand SIB1 for idle/inactive mode UEs, the study phase will be carried out until 3Q of this year. In the last RAN1 meeting, the following agreements were made based on discussions [1].
[bookmark: OLE_LINK271]Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 focuses its studies on the following cases:
· Case 1: Option 1+A+X 
· Case 2: Option 1+B+X
· Case 3: Option 2+B+Y
Where the options 1/2/A/B/X/Y are defined below:
· On target cell of UL WUS transmission:
· [bookmark: OLE_LINK191]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_LINK192]Option A: UE obtains the UL WUS configuration from NES Cell
· [bookmark: OLE_LINK283][bookmark: OLE_LINK277]Option B: UE obtains the UL WUS configuration from Cell A 
· On receiving of SIB1 
· Option X: UE receives on-demand SIB1 from NES Cell 
· Option Y: UE receives on-demand SIB1 from Cell A

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

[bookmark: _Hlk165392222]Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By WUS configuration
· Option 2: By PBCH payload of NES cell

Agreement
For UL WUS design for SIB1 request, at least dedicated PRACH resource is the assumption for further study in RAN1
· FFS: Details on time, frequency, and/or PRACH preamble resources for UL WUS
· FFS: whether RACH resource for SIB1 request could be used for an initial access procedure and/or an on-demand SI procedure

Companies to consider the following for future meetings
· Option 1: SIB1 monitoring occasions within a time window
· FFS: The starting time and duration of the time window
· FFS: Interval between two SIB1 monitoring occasions in the time window
· FFS: How gNB informs UE the details related to the time window
· Option 2: Periodic SIB1 monitoring occasions until gNB turns off the SIB1 transmission
· FFS: The staring time of the SIB1 monitoring occasions
· FFS: How gNB informs UE the SIB1 transmission is turned off
· FFS: How gNB informs the UE the details related to periodicity
· Other options are not precluded
· FFS: Further details on SIB1 monitoring occasions

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.

[bookmark: _Hlk165554042]RAN2 had also started discussion for on-demand SIB1, and they made the following agreements in RAN2#125bis [2]:
	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.

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).



In this contribution, we provide our view on scenarios and potential enhancements for on-demand SIB1 transmission triggered by UL WUS for idle/inactive mode UEs.

Discussion
Applicable scenario
In the last RAN2 meeting, scenario 1a (Cell A SIB assisted intra-cell WUS) was agreed, where the UL WUS configuration is transmitted via SIB from Cell A and UL WUS and SIB1 are sent to/from NES cell as shown in Figure 1. This scenario corresponds to Case 2 in the previous RAN1 agreement.
· Case 2: Option 1+B+X
· Option 1: UE transmits UL WUS to NES Cell
· Option B: UE obtains the UL WUS configuration from Cell A 
· Option X: UE receives on-demand SIB1 from NES Cell 
Given that situation, it seems proper to focus on Case 2 that aligns with the agreed scenario. For other cases/scenarios, we can wait for additional RAN2 input.
Proposal 1: RAN1 study focuses on Case 2, i.e., Option 1+B+X, in accordance with the RAN2 agreement.
· Option 1: UE transmits UL WUS to NES Cell
· Option B: UE obtains the UL WUS configuration from Cell A 
· Option X: UE receives on-demand SIB1 from NES Cell 
Observation 1: For Option B, according to the RAN2 agreement, the UL WUS configuration is provided via SIBx from Cell A.

[image: ]
Figure 1. NES cell deployment scenario for Case 2 (= Option 1+B+X)

UE identification of NES cell
The followings were agreed in the last meeting for the identification of NES cell:
	Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By WUS configuration
· Option 2: By PBCH payload of NES cell

RAN2 agreement 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).



Before triggering SIB1, UE first should acknowledge whether a cell (i.e., NES cell) is transmitting SIB1 or not. The presence or absence of SIB1 transmission can be explicitly signaled to UE from both NES cell and Cell A. From the NES cell, UE may (re-)interpret a legacy field or a reserved bit in MIB as indicating the presence/absence of SIB1. At the same time, the UL WUS configuration from Cell A may be used for double check. For example, UE may check the presence/absence of SIB1 of the NES cell based on MIB only when it received the UL WUS configuration from Cell A. In addition, the UL WUS configuration can also be used to inform Rel-19 NES-capable UE of cell barring. Rel-19 NES-capable UE may assume that a cell is not barred if it received the UL WUS configuration for the cell. This issue may be a RAN2 scope.
Proposal 2: The presence or absence of SIB1 transmission of a NES cell is acknowledged based on both UL WUS configuration from Cell A and PBCH payload of the NES cell.
Proposal 3: If UE receives the UL WUS configuration for a cell, the UE (re-)interprets a legacy field or a reserved bit in MIB of the cell as indicating the presence or absence of SIB1 transmission.
Proposal 4: UE assumes that a cell is NOT barred if it received the UL WUS configuration for the cell (may be within RAN2 scope).

RACH procedure
Regarding the UE operation scenario, i.e., purpose of SIB1 triggering, the following was agreed in the last meeting:
	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



In our understanding, the main difference between the two scenarios is that in Scenario 1 the random access is not coupled with the SIB1 request/reception procedure. After camping, the random access may or may not be triggered, and even if triggered it may be separately performed from the on-demand SIB1 operation.
In contrast, in Scenario 2, the RACH procedure may already be triggered by higher layer before receiving/requesting SIB1, thus it should be completed as soon as possible. 
Observation 2: In Scenario 1, after camping, the RACH procedure may or may not be triggered, and even if triggered it may be a separate procedure from the on-demand SIB1 operation.
Observation 3: In Scenario 2, the RACH procedure may already be triggered by higher layer before receiving/requesting SIB1, thus it should be completed as soon as possible.

[image: ]    
Figure 2. Examples of 4-step RACH procedure with on-demand SIB1

For Scenario 2, two approaches can be considered for the random access. First one is just to reuse the legacy RACH procedure after the SIB1 request/reception same as in Scenario 1. However, as illustrated in Figure 2(a), it requires a total of 6 steps, and step 3 and 4 seem unnecessarily duplicated with step 1 and 2, respectively. Note that in the last meeting, RAN2 agreed to reuse the existing msg1-based on-demand SIB procedure, which means that there will be a RAR confirming the UL WUS reception. This approach is inefficient for Scenario 2 in terms of the random access latency as well as the resource utilization.
The second direction is to make the SIB1 request and SIB1/RAR reception lead directly to the RACH procedure. As shown in Figure 2(b), the UL WUS and the corresponding RAR can be regarded as msg1 and msg2, respectively, and UE can subsequently transmit/receive msg3/4 as a response to the valid RAR. By jointly performing the SIB1 request and the random access, the entire procedure can be much simplified.
Observation 4: Both the SIB1 request/reception procedures combined and not combined with the RACH procedure are useful for different scenarios.
Proposal 5: Support the following two procedures for on-demand SIB1 for idle/inactive mode UEs.
· Mode 1: SIB1 request/reception not combined with RACH procedure
· UE transmits UL WUS and receives SIB1/RAR
· If triggered, UE performs the individual RACH procedure as legacy
· Mode 2: SIB1 request/reception combined with RACH procedure
· UE transmits UL WUS (msg1) and receives SIB1/RAR (msg2)
· Subsequently, UE performs remaining steps for 4-step RACH to make RRC connection to NES cell

UL WUS configuration
For the UL WUS configuration, it was agreed in RAN1 to consider at least dedicated PRACH resource for the SIB1 request. While in RAN2, they agreed that UL WUS configuration includes at least RACH configuration. According to the agreements, it is understood that the UL WUS configuration will include a PRACH configuration having at least preamble(s) for the SIB1 request.
	Agreement
For UL WUS design for SIB1 request, at least dedicated PRACH resource is the assumption for further study in RAN1
· FFS: Details on time, frequency, and/or PRACH preamble resources for UL WUS
· FFS: whether RACH resource for SIB1 request could be used for an initial access procedure and/or an on-demand SI procedure

RAN2 agreement on on-demand SIB1:
3. UL WUS configuration includes at least RACH configuration.



One FFS point in the agreement is whether RACH resource for SIB1 request could also be used for initial access. In our view, assuming that both Scenario 1 and Scenario 2 in the previous agreement are supported, preambles for Scenario 1 and preambles for Scenario 2 should be separated for gNB to know which scenario UE intended. Also, both shared RO and separate RO cases can be considered. In the shared RO case, both the two sets of preambles can be included in the UL WUS configuration.
· 1st set of preambles for camping (for Scenario 1, Mode 1 in Proposal 5)
· 2nd set preambles for random access (for Scenario 2, Mode 2 in Proposal 5)
The first set of preambles may consist of only one preamble per SSB since contention resolution may not be needed in that case.
Proposal 6: For UL WUS configuration, up to two separate sets of preambles can be configured:
· Set of preambles for camping only (e.g., for Scenario 1, Mode 1)
· Set of preambles for subsequent random access procedure (e.g., for Scenario 2, Mode 2)
Proposal 7: Set of preambles for camping consists of only one preamble per SSB.

Transmission of on-demand SIB1
The followings were discussed for how to transmit on-demand SIB1 after the triggering.
	Companies to consider the following for future meetings
· Option 1: SIB1 monitoring occasions within a time window
· FFS: The starting time and duration of the time window
· FFS: Interval between two SIB1 monitoring occasions in the time window
· FFS: How gNB informs UE the details related to the time window
· Option 2: Periodic SIB1 monitoring occasions until gNB turns off the SIB1 transmission
· FFS: The staring time of the SIB1 monitoring occasions
· FFS: How gNB informs UE the SIB1 transmission is turned off
· FFS: How gNB informs the UE the details related to periodicity
· Other options are not precluded
· FFS: Further details on SIB1 monitoring occasions



To continue achieving NES gains, the on-demand SIB1 operation should be applicable even after UE that requested SIB1 is camping or RRC-connected. Skipping the SIB1 transmissions may also be beneficial from capacity point of view. In that sense, we think Option 1, i.e., SIB1 monitoring occasions within a time window, should at least be supported.
Proposal 8: For transmission of on-demand SIB1, at least support Option 1, i.e., SIB1 monitoring occasions within a time window.

If the NES cell switches operation to the normal mode to serve the legacy UEs, the SIB1 should be periodically transmitted in accordance with the legacy SIB1 reception behavior. This can be done by gNB implementation. However, for Rel-19 NES-capable UEs which already received on-demand SIB1, there may be a need of signaling or default assumption for the UEs to understand whether/how the SIB1 is transmitted.
Proposal 9: Study assumption of Rel-19 NES-capable UEs about the SIB1 transmission after receiving the on-demand SIB1.

Another issue regarding the on-demand SIB1 transmission is the timing relation between SIB1 and RAR. Information required for the RAR reception (e.g., carrier, initial DL BWP, PDCCH/PDSCH config., slot configuration if any) should be configured to UE in advance. Two approaches are available:
· Alt. 1: UE receives on-demand SIB1 before receiving RAR.
· Alt. 2: UE receives RAR before receiving on-demand SIB1, and information required for RAR reception is included in the UL WUS configuration.
Proposal 10: Study timing relation between on-demand SIB1 reception and RAR reception as a response to a SIB1 request.
[bookmark: _GoBack]
Conclusion
In this contribution, we discuss our view on potential enhancements for on-demand SIB1 transmission for idle/inactive mode UEs, from which the following observations and proposals are drawn:
Observation 1: For Option B, according to the RAN2 agreement, the UL WUS configuration is provided via SIBx from Cell A.
Observation 2: In Scenario 1, after camping, the RACH procedure may or may not be triggered, and even if triggered it may be a separate procedure from the on-demand SIB1 operation.
Observation 3: In Scenario 2, the RACH procedure may already be triggered by higher layer before receiving/requesting SIB1, thus it should be completed as soon as possible.
Observation 4: Both the SIB1 request/reception procedures combined and not combined with the RACH procedure are useful for different scenarios.

Proposal 1: RAN1 study focuses on Case 2, i.e., Option 1+B+X, in accordance with the RAN2 agreement.
· Option 1: UE transmits UL WUS to NES Cell
· Option B: UE obtains the UL WUS configuration from Cell A 
· Option X: UE receives on-demand SIB1 from NES Cell 
Proposal 2: The presence or absence of SIB1 transmission of a NES cell is acknowledged based on both UL WUS configuration from Cell A and PBCH payload of the NES cell.
Proposal 3: If UE receives the UL WUS configuration for a cell, the UE (re-)interprets a legacy field or a reserved bit in MIB of the cell as indicating the presence or absence of SIB1 transmission.
Proposal 4: UE assumes that a cell is NOT barred if it received the UL WUS configuration for the cell (may be within RAN2 scope).
Proposal 5: Support the following two procedures for on-demand SIB1 for idle/inactive mode UEs.
· Mode 1: SIB1 request/reception not combined with RACH procedure
· UE transmits UL WUS and receives SIB1/RAR
· If triggered, UE performs the individual RACH procedure as legacy
· Mode 2: SIB1 request/reception combined with RACH procedure
· UE transmits UL WUS (msg1) and receives SIB1/RAR (msg2)
· Subsequently, UE performs remaining steps for 4-step RACH to make RRC connection to NES cell
Proposal 6: For UL WUS configuration, up to two separate sets of preambles can be configured:
· Set of preambles for camping only (e.g., for Scenario 1, Mode 1)
· Set of preambles for subsequent random access procedure (e.g., for Scenario 2, Mode 2)
Proposal 7: Set of preambles for camping consists of only one preamble per SSB.
Proposal 8: For transmission of on-demand SIB1, at least support Option 1, i.e., SIB1 monitoring occasions within a time window.
Proposal 9: Study assumption of Rel-19 NES-capable UEs about the SIB1 transmission after receiving the on-demand SIB1.
Proposal 10: Study timing relation between on-demand SIB1 reception and RAR reception as a response to a SIB1 request.
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