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1. Introduction
In RAN#102, a new WI [1] of enhanced network energy savings for NR was approved, and it was agreed to study procedures and signaling method(s) to support on-demand SIB1 for idle/inactive mode UEs as shown below.
	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 contribution, we discuss and provide our views on on-demand SIB1 for idle/inactive mode UEs for NES.

2. Discussion
Based on the simulation results captured in TR 38.864 [2], the following observations can be drawn:
· 2 sources provided evaluation results for on-demand SIB1 and showed 2.6 % ~ 38.8 % energy saving gain.
· 4 sources provided evaluation results for the scenario where cell#1 transmits SSB and SIB1 of cell#1 as well as cell#2 while cell#2 transmits SSB but does not transmit SIB1, and showed 3.3 % ~ 40.7 % energy saving gain for cell#2 but 2.3 % ~ 17.8 % energy increase for cell#1.
· 4 sources provided evaluation results for the scenario where cell#1 transmits SSB and SIB1 of cell#1 as well as cell#2 while cell#2 does not transmit SSB or SIB1, and showed 7.1 % ~ 80.6 % energy saving gain for cell#2 but 2.3 % ~ 17.8 % energy increase for cell#1.
Despite potential energy saving gain that can be achieved by on-demand SIB1 procedure, the impact on initial access latency needs to be considered as UE can only acquire SIB1 for SIB1-less cell after successful on-demand SIB1 procedure.

Observation #1: On-demand SIB1 for idle/inactive mode UEs has potential in terms of network energy savings.
Observation #2: Initial access latency of a UE capable of on-demand SIB1 can be increased since the UE can acquire SIB1 of a cell only when on-demand SIB1 procedure is successfully completed for the cell.
Proposal #1: Consider the trade-off between energy saving gain and initial access latency, in order to decide whether to proceed on-demand SIB1 procedure as normative work in Release 19.

	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:
· 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 
· On receiving of SIB1 
· Option X: UE receives on-demand SIB1 from NES Cell 
· Option Y: UE receives on-demand SIB1 from Cell A



[bookmark: _Hlk158973953]There could be two approaches for on-demand SIB1 for idle/inactive mode UEs: 1) single cell scenario and 2) multi-cell scenario. For single cell scenario, as SIB1 is not being transmitted for the cell, SSB should provide UE with the information (e.g., UL WUS configuration) related to on-demand SIB1 procedure for this cell, which could lead to a huge impact to UE implementation and NR specifications during initial access. Therefore, the scenario where the UE obtains the UL WUS configuration from the NES Cell (i.e., Option A) should not be considered, and consequently Case 1 should not be supported.
 Meanwhile, for multi-cell scenario, after a UE reads SIB1 for a cell, the UE can obtain the information related to on-demand SIB1 procedure (e.g., WUS configuration to trigger on-demand SIB1) for the other cell. The UE can transmit UL WUS to NES Cell or Cell A through the obtained UL WUS configuration and can receive SIB1 from the cell to which it transmitted. Therefore, it is preferrable to prioritize multi-cell scenario (i.e., Case 2 or Case 3).

Proposal #2: For a study to support on-demand SIB1 procedure for idle/inactive mode UEs, RAN1 should focus on multi-cell scenario (i.e., Case 2 or Case 3), where UE obtains the UL WUS configuration from Cell A (Option B in the previous RAN1 agreement), and de-prioritize single cell scenario (i.e., Case 1).

	Agreement
[bookmark: OLE_LINK163]For the further study on UL WUS configuration among the following options:
· Option 1: Pre-defined UL WUS configuration
· Option 2: UL WUS configuration that applies to multiple NES cell 
· Option 3: UL WUS configuration that applies to a single NES cell


Regarding the UL WUS configuration, three options were agreed in RAN1 #116 for further study [3]. For Option 1, all information related to UL WUS configuration can be pre-defined in the specification and can be applied to single cell scenarios, but it is inevitable that the specification will be significantly impacted. Option 2 is suitable for scenarios where the UE transmits a UL WUS to Cell A because UL WUS configuration is shared by multiple NES Cells, and a procedure in addition to UL WUS transmission may be required to indicate the specific NES Cell (e.g., through msg3 PUSCH transmission). Option 3 is applicable to both scenarios where the UE transmits the UL WUS to either Cell A or NES Cell since a UL WUS (e.g., PRACH) is dedicated to a single NES Cell and the SIB1 of that Cell is requested.

Proposal #3: Considering specification impact and the target cell scenario of UL WUS transmission, Options 2 and 3 (i.e., UL WUS configuration that applies to multiple or a single NES cell, respectively) are preferred over Option 1 (i.e., pre-defined UL WUS configuration).

	[bookmark: _Hlk165280139]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 


For Option 1, the UE can identify the NES Cell with on-demand SIB1 based on the UL WUS configuration provided by Cell A in the multi-cell scenario (i.e., Case 2 or Case 3). For example, the UE can be configured to which of the multiple NES cells it can request SIB1 from using the UL WUS configuration provided by Cell A.
For Option 2, R19 NES UEs can be informed that NES Cell is operating on-demand SIB1 via the PBCH payload of the NES Cell (e.g., spare/reserved bit). Alternatively, the NES Cell may indicate that it is operating an on-demand SIB1 by utilising the reserved states of controlResourceSetZero or searchSpaceZero or the value of k_SSB (e.g., k_SSB=30 for FR1 in Table 13-16 or k_SSB=14 for FR2 in Table 13-17 of TS 38.213). On the other hand, introducing a new field in the SSB for the UE to identify the NES Cell with on-demand SIB1 is not preferred.

Proposal #4: For Option 1 (i.e., UE identification of NES cell with on-demand SIB1 by WUS configuration), a list of cells is provided in the WUS configuration from Cell A so that the UE can identify that the cell included in the list of cells is the cell operating the on-demand SIB1.
Proposal #5: For Option 2 (i.e., UE identification of NES cell with on-demand SIB1 by PBCH payload of NES cell), Alt 1) utilise spare bit in the MIB or Alt 2) repurpose unused reserved state (e.g., the value of k_SSB, controlResourceSetZero or searchSpaceZero) to allow the UE to identify the NES Cell operating the on-demand SIB1.

To be specific, for multi-cell scenario, the following scenario can be considered for on-demand SIB1 procedure for idle/inactive mode UEs.
· Step 0) On cell#1, UE detects SSB and receives SIB1 of cell#1.
· Step 1) UE is provided with the information related to on-demand SIB1 procedure for cell#2 (including UL wake-up-signal configuration) by SIB1 of cell#1. UL wake-up-signal (e.g., PRACH) for on-demand SIB1 request can be configured to be transmitted on cell#1 (as shown in Figure 1(a)) or on cell#2 (as shown in Figure 1(b)).
· Step 2) UE transmits UL wake-up-signal to trigger SIB1 transmission for cell#2. gNB that receives UE’s UL wake-up-signal may transmit a corresponding response.
· Step 3) gNB transmits SIB1 for cell#2 on cell#1 (as shown in Figure 1(a)) or on cell#2 (as shown in Figure 1(b)).

[image: ][image: ]
(a)                                       (b)
Figure 1. Examples of on-demand SIB1 procedure

Among existing UL signals/channels, PRACH seems suitable for triggering on-demand SIB1 procedure, since WUS configuration can be provided by SIB1 during initial access and gNB (if needed) could respond to the detected PRACH by sending RAR.

Proposal #6: For a study to support on-demand SIB1 procedure for idle/inactive mode UEs, consider using the existing PRACH as uplink wake-up-signal to trigger SIB1 transmission.

	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


For PRACH resource used for SIB1 request, if the UE transmits UL WUS on Cell A, the ROs for initial access in Cell A and the ROs for on-demand SIB1 can be configured separately, or a shared RO can be configured and preamble index is used to distinguish RACH resource for initial access from RACH resource for SIB1 request. The PRACH resource for the on-demand SIB1 can be configured similar to RACH configuration mechanism (i.e., the parameters and structure in the SI-RequestConfig IE) for the legacy on-demand SI.
When UE transmits UL WUS to NES Cell, RACH configuration for initial access and RACH configuration for on-demand SIB1 can be configured separately. Alternatively, they can be distinguished by separate ROs within single RACH configuration, or they can be distinguished by preamble index in a shared RO. If PRACH configuration#1 (i.e., UL WUS configuration) configured by (SIB1 of) Cell A is the same as PRACH configuration#2 configured by SIB1 of NES Cell, the signalling overhead of Cell A to convey UL WUS configuration of multiple NES cells may be large, so it could be desirable that PRACH configuration#1 isa subset of PRACH configuration#2.
Typically, UE can perform random access procedure for RRC connection setup after SIB1 reception, that is, the procedure such as UL WUS transmission  RAR reception  SIB1 reception  msg1 PRACH transmission  msg 2 RAR reception  msg 3 PUSCH transmission  msg4 PDSCH reception. During this procedure, at least msg1 PRACH transmission can be omitted as the UE already sent PRACH as UL WUS, which leads to latency reduction of SIB1 reception followed by random access procedure.
Meanwhile, if PRACH resource for on-demand SIB1 and PRACH resource for on-demand SI are configured separately through (NES Cell or Cell A) SIB1, it may be wasteful in terms of redundant PRACH resource configuration and burdensome on SIB1 payload. Therefore, it can be considered to combine the on-demand SIB1 procedure and the on-demand SI procedure. For example, after UE transmits a PRACH resource for SIB1 request of the NES cell, a 1 bit or bitmap could be added to request on-demand SI via msg3. 

Proposal #7: To improve the efficiency of initial access and legacy on-demand SI procedures, study combining the on-demand SIB1 procedure with the initial access procedure and/or an on-demand SI procedure.

The UE may transmit UL WUS to request SIB1 of the NES cell because it has received an explicit indication from Cell A (e.g., by instructing UE to access the NES Cell), or because the measurement result (e.g., RSRP) of signal (e.g., SSB) received from the NES cell (e.g., before step 0) is good enough for the UE to access. Further details for each of above steps can be discussed as follows. 

· Step 1) UE is provided with the information related to on-demand SIB1 procedure for NES Cell by SIB1 of Cell A. PRACH for on-demand SIB1 request can be configured to be transmitted on the Cell A or the NES Cell.

For step 1, the followings can be considered as the information related to on-demand SIB1.
· The list of NES Cell(s) with selection criteria and corresponding SSB (if transmitted) location
· Whether SIB1 of a NES Cell is transmitted or not
· PRACH configuration including on which cell PRACH will be transmitted and for which NES Cell(s) PRACH will trigger SIB1 transmission
· CORESET/search space set configuration for which UE can receive RAR or SIB1 of NES Cell

· Step 2) UE transmits PRACH to trigger SIB1 transmission for a NES Cell. gNB that receives the PRACH may transmit a corresponding response.

For step 2, based on selection criteria (e.g., random selection or received signal quality from SSB), UE can determine to trigger SIB1 transmission for a specific NES Cell rather than access to Cell A. In this case, UE transmits PRACH on Cell A or NES Cell according to the configured information related to on-demand SIB1 (as illustrated in Step 1). Upon receiving PRACH allocated for triggering on-demand SIB1, gNB may transmit RAR (including CORESET#0/SS set configuration for NES Cell’s SIB1 reception) as a confirmation or additionally schedule PUSCH to request UE to send more detailed information (e.g., NES Cell index if PRACH is associated with more than one NES Cells).

· Step 3) gNB transmits SIB1 for NES Cell on Cell A or NES Cell.

For step 3, UE may monitor PDCCH scheduling SIB1 based on CORESET/search space set configuration. SIB1 for NES Cell can be multiplexed with SIB1 for Cell A and/or other NES Cell(s), or can be carried through separate PDSCH. UE may expect to receive SIB1 in the SIB1 monitoring occasion T ms (or slots) after UE’s transmission or reception. Alternatively, gNB can explicitly inform UE the (first) SIB1 monitoring occasion such that UE can expect SIB1 PDCCH at the signaled occasion.

Proposal #8: For a study to support on-demand SIB1 procedure for idle/inactive mode UEs, take a scenario with the following steps as the baseline.
· Step 0) On the Cell A, UE detects SSB and receives SIB1 of the Cell A.
· Step 1) UE is provided with the information related to on-demand SIB1 procedure for a NES Cell by SIB1 of the Cell A. PRACH for on-demand SIB1 request can be configured to be transmitted on the Cell A or the NES Cell.
· Step 2) UE transmits PRACH to trigger SIB1 transmission for the NES Cell. gNB that receives the PRACH may transmit a corresponding response.
· Step 3) gNB transmits SIB1 for the NES Cell on the Cell A or the NES Cell.

In addition, the following issues can be discussed to support on-demand SIB1 operation.
· Whether SSB needs to be transmitted on NES Cell or not
· Failure handling when SIB1 is not received after UE’s PRACH transmission
· Time domain behaviours of on-demand SIB1 transmission
· How UE performs random access procedure for a NES Cell or paging after receiving SIB1 for the NES Cell

	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


For the time domain behaviours of on-demand SIB1 transmission, it is desirable that when an on-demand SIB1 is triggered by a UE, the periodic SIB1 is transmitted only within the time window (i.e., Option 1), from a network energy saving perspective. UE assumes that periodic SIB1 is transmitted from the gNB during the time window after that time instance which is the first time the UE expects to receive SIB1 after UL WUS transmission. 
The UE can be configured with a timer (or duration of time window) or a value of SIB1 transmission cycle N and attempt to receive SIB1 while the timer is running (or within the time window) or for N SIB1 cycles. The timer (or duration of time window) or N value can be predefined/configured, or one of the candidate values can be directly indicated via the gNB's response (e.g., RAR) to the UL WUS. For example, the UE expect to receive SIB1 for 40 ms (i.e., length of time window) after T= 10 ms/slot after the PRACH transmission or gNB’s response to UL WUS. 
For Option 2, although it would be possible to control the ON/OFF status of SIB1 transmission via DCI scrambled with SI-RNTI, turning off the SIB1 transmission by gNB’s signalling doesn’t seem to be preferrable as it requires unnecessary signalling compared to Option 1, which may not be desirable from an NES perspective.

Proposal #9: For the time domain behaviour of the on-demand SIB1 transmission, the UE can assume that periodic SIB1 is transmitted during a time window starting from the time instance which is the first time the UE expects to receive SIB1 after the WUS transmission.
Proposal #10: The timer (or duration of time window) or a value of SIB1 transmission cycle N can be pre-defined/configured, or one of the candidate values can be directly indicated via the gNB's response (e.g., RAR) to the UL WUS.

	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.


Meanwhile, in RAN1#116b meeting, it was agreed that the RAN1 discussion on UL WUS triggering conditions will be triggered by an LS from RAN2. However, it seems that it is still within the scope of RAN1 discussion to address the UL WUS transmission failure criterion and retransmission procedure when a UE does not receive SIB1 after transmitting UL WUS. For example, if the UE fails to receive SIB1 after the timer is expired, it may declare UL WUS transmission failure and retransmit UL WUS.
In addition, in order to reduce the signalling overhead caused by excessive UL WUS transmission by UEs, RAN1 should also discuss the introduction of a prohibit timer to prevent additional UL WUS transmission for a certain period of time. For example, the UE can be configured with a timer (or duration) similar to the SR-Prohibit timer and may not be allowed further UL WUS transmissions while that timer is running. 

Proposal #11: RAN1 to discuss UL WUS transmission failure criterion and retransmission procedure when a UE does not receive SIB1 after transmitting UL WUS.
Proposal #12: Consider introducing a prohibit timer for UL WUS transmission such that the signalling overhead caused by excessive UL WUS transmission by UEs can be reduced.

3. Conclusions
In this contribution, on-demand SIB1 procedure for idle/inactive mode UEs was discussed, and the followings were proposed.
Observation #1: On-demand SIB1 for idle/inactive mode UEs has potential in terms of network energy savings.
Observation #2: Initial access latency of a UE capable of on-demand SIB1 can be increased since the UE can acquire SIB1 of a cell only when on-demand SIB1 procedure is successfully completed for the cell.
Proposal #1: Consider the trade-off between energy saving gain and initial access latency, in order to decide whether to proceed on-demand SIB1 procedure as normative work in Release 19.
Proposal #2: For a study to support on-demand SIB1 procedure for idle/inactive mode UEs, RAN1 should focus on multi-cell scenario (i.e., Case 2 or Case 3), where UE obtains the UL WUS configuration from Cell A (Option B in the previous RAN1 agreement), and de-prioritize single cell scenario (i.e., Case 1).
Proposal #3: Considering specification impact and the target cell scenario of UL WUS transmission, Options 2 and 3 (i.e., UL WUS configuration that applies to multiple or a single NES cell, respectively) are preferred over Option 1 (i.e., pre-defined UL WUS configuration).
Proposal #4: For Option 1 (i.e., UE identification of NES cell with on-demand SIB1 by WUS configuration), a list of cells is provided in the WUS configuration from Cell A so that the UE can identify that the cell included in the list of cells is the cell operating the on-demand SIB1.
Proposal #5: For Option 2 (i.e., UE identification of NES cell with on-demand SIB1 by PBCH payload of NES cell), Alt 1) utilise spare bit in the MIB or Alt 2) repurpose unused reserved state (e.g., the value of k_SSB, controlResourceSetZero or searchSpaceZero) to allow the UE to identify the NES Cell operating the on-demand SIB1.
Proposal #6: For a study to support on-demand SIB1 procedure for idle/inactive mode UEs, consider using the existing PRACH as uplink wake-up-signal to trigger SIB1 transmission.
Proposal #7: To improve the efficiency of initial access and legacy on-demand SI procedures, study combining the on-demand SIB1 procedure with the initial access procedure and/or an on-demand SI procedure.
Proposal #8: For a study to support on-demand SIB1 procedure for idle/inactive mode UEs, take a scenario with the following steps as the baseline.
· Step 0) On the Cell A, UE detects SSB and receives SIB1 of the Cell A.
· Step 1) UE is provided with the information related to on-demand SIB1 procedure for a NES Cell by SIB1 of the Cell A. PRACH for on-demand SIB1 request can be configured to be transmitted on the Cell A or the NES Cell.
· Step 2) UE transmits PRACH to trigger SIB1 transmission for the NES Cell. gNB that receives the PRACH may transmit a corresponding response.
· Step 3) gNB transmits SIB1 for the NES Cell on the Cell A or the NES Cell.
Proposal #9: For the time domain behaviour of the on-demand SIB1 transmission, the UE can assume that periodic SIB1 is transmitted during a time window starting from the time instance which is the first time the UE expects to receive SIB1 after the WUS transmission.
Proposal #10: The timer (or duration of time window) or a value of SIB1 transmission cycle N can be pre-defined/configured, or one of the candidate values can be directly indicated via the gNB's response (e.g., RAR) to the UL WUS.
Proposal #11: RAN1 to discuss UL WUS transmission failure criterion and retransmission procedure when a UE does not receive SIB1 after transmitting UL WUS.
Proposal #12: Consider introducing a prohibit timer for UL WUS transmission such that the signalling overhead caused by excessive UL WUS transmission by UEs can be reduced.
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