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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 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


[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 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. 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. Therefore, it is preferrable to prioritize multi-cell scenario.

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

	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).

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)).
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(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 #4: 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.

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 #5: 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
· Whether on-demand SIB1 procedure can be combined with initial access procedure and/or on-demand SI procedure

	FL Proposal 10-1-v3
For the time domain behaviours of on-demand SIB1 transmission, RAN1 to study the following options.
· Option 1: Aperiodic SIB1 transmission 
· Option 2: Semi-persistence SIB1 transmission 
· Option 3: Periodic SIB1 transmission  
· Option 4: SIB1 transmission within a time window


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 4), from a network energy saving perspective. After the time instance, which is the first time the UE expects to receive SIB1 after UL WUS transmission, UE assumes that periodic SIB1 is transmitted from the gNB during the time window after that time insatnce. 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.
In addition, 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. If the UE fails to receive SIB1 after the timer is expired, it may declare UL WUS transmission failure and retransmit UL WUS. 
Meanwhile, if PRACH is used as the UL WUS signal, the on-demand SIB1 procedure can benchmark the initial access procedure, for example when referring the messages (i.e., msg2/3/4) and their timelines, or even combining the two procedures.

Proposal #6: 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.

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, where UE obtains the UL WUS configuration from Cell A (Option B in the previous RAN1 agreement), and de-prioritize single cell scenario.
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 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 #5: 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 #6: 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.
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