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1 Background
In RAN#102 meeting, a work item for the enhancement of network energy savings was approved [1].

	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


RAN1 has started discussion from study phase on on-demand SIB1 operations, and some agreements were made on target cell, UL-WUS configuration, triggering condition and so on, as follows:
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

Agreement

For further study of achievable NES gain with on-demand SIB1 for idle/inactive mode UE, 

· Assume the following for network energy evaluation of non-NES cell in FR1:

· Empty/low/medium cell load as defined in 38.864

· Cat 1/Cat 2 BS as defined in 38.864

· 30kHz SCS, DDDSU TDD pattern

· Case A: 20ms SSB period with 20ms SIB1 period; 

· Case C: 20ms SSB period with 160ms SIB1 period;

· Case D: 20ms SSB period with 40ms SIB1 period;

Note: Other SSB/SIB1 periodicity assumptions are not precluded (up to companies to report)

· 4 or 8 SSBs in a SSB burst with SSB pattern case C

· 20ms or 160ms PRACH monitoring period

· Assume the following for network energy evaluation of NES cell in FR1:

· Empty/low/medium cell load as defined in 38.864

· Cat 1/Cat 2 BS as defined in 38.864

· 30kHz SCS, DDDSU TDD pattern

· Case 1: 20ms SSB period with no SIB1 transmitted; 

Note: Other SSB/SIB1 assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C

· 20ms/160ms UL WUS monitoring period

· Note: SSB/CORESET0 multiplexing pattern 1 is used

Agreement

· For study of UL WUS design, consider at least PRACH as a starting point

· FFS: Whether there is dedicated PRACH resource for SIB1 request 

· Other option(s) not precluded

Agreement

For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.

However, it's not clear how the UE determines whether that cell is an NES cell or not, and requests on-demand SIB1 from the NES cell, etc.

In this contribution, we discuss RAN2 impacts on on-demand SIB1 operations based on the RAN1 agreements and provide initial views on that.
2 Discussion

2.1 Cell access and identification of NES cell
SIB1 is used by the UE in RRC_IDLE/INACTIVE mode for cell selection, cell reselection, random access, paging reception and other SI reception. In addition, if the paging message indicating SI change (Short Message) is received by the UE or the UE does not have a valid version of a stored SIB1, e.g. after 3 hours, the UE will acquire SIB1. 

For the cell selection or the cell reselection, the UE acquires SIB1 to determine whether the UE can camp on the cell. If the candidate cell is an NES cell (Rel-19 cell with on-demand SIB1), Rel-19 NES UE and Non-NES UE behaviours should be discussed: 

· Rel-19 NES UE

· If the 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. 
· If the NES cell is not barred in the MIB, the NES UE should know whether the candidate cell is an NES cell or not to determine whether to transmit UL-WUS to acquire the on-demand SIB1. Otherwise, the NES UE may consider the NES cell is barred because the SIB1 is not periodically delivered. Therefore, before acquiring the on-demand SIB1, the NES UE should not consider the cell as barred. The NES UE can know it by the UL-WUS configuration for the NES cell implicitly or by an indication from the network. 
· Non-NES UE

· 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. 
· If the 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 impact on UE power consumption and cause cell ping-pong problem.
For the random access and paging reception is basically performed after cell camping in NES cell, RAN2 should discuss whether the NES UE and the non-NES UE are allowed to camp on the NES cell. 
Proposal 1: RAN2 should discuss whether non-NES UE and NES UE can camp on NES cell.
Proposal 2: The NES UE is notified whether a cell has on-demand SIB1 by network.

2.2 NES cell in sleep mode
We assume NES cell has two modes, wake-up mode and sleep mode. During wake-up mode, NES cell transmits on-demand SIB1 at least. During sleep mode, NES cell does not transmit on-demand SIB1. If the NES UE is allowed to camp on the NES cell, it is unclear to what other functions required in normal cell are also continued in sleep mode (i.e., no on-damand SIB1 transmission), e.g., paging or PWS reception. Therefore, RAN2 should discuss the minimum functions required in cell sleep mode from the RAN2 perspective with considering NES gain and complexity.

Proposal 3: RAN2 should discuss the UE behaviours to support in the NES cell in sleep mode, e.g., paging or PWS reception, if the NES UE can camp on the NES cell.
2.3 UL-WUS transmission
Based on the RAN1 agreements, the UE needs the configuration of UL-WUS transmission to request on-demand SIB1 information. In this section, we provide our views on consideration of UL-WUS transmission based on RAN1 decisions.
Necessity of UL-WUS triggering condition:
To improve the NES gain, it is necessary to increase the duration of NES cell in sleep mode. As NES cell wake-up is triggered by UL-WUS, it is necessary to configure some 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 conditions for restriction should be configured by the NW.
Observation 1: To maximize network energy saving gain, the duration of NES cell in sleep mode should be increased.

Proposal 4: UL-WUS triggering condition should be introduced so that unnecessary NES cell wake-up should be avoided. 
Contents of UL-WUS triggering condition:
In order to restrict UL-WUS transmissions, the NW configures whether/how the UE initiates UL-WUS transmission. On the other hand, if the triggering condition is no longer met or the UE is aware of no SIB1 transmissions for a long time, the UE has to stop UL-WUS transmission. Thus, it is important to consider some conditions to prevent UL-WUS transmission as well. For example, the NW may explicitly transmit some indication for the initiation or suspension of UL-WUS. Alternatively, the NW may pre-configure the UL-WUS configuration including entering/leaving conditions for the UE to decide whether to transmit UL-WUS.
Observation 2: Whether the UE is allowed to transmit UL-WUS depends on the triggering condition. Fulfilling the triggering condition allows the UE to initiate UL-WUS, but if the triggering condition is no longer met, the UE stops UL-WUS transmission.
Proposal 5: RAN2 should discuss the condition how the NW allows the UE to transmit UL-WUS.
2.4 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 continue the procedures of random access/paging reception/other SI reception.
Proposal 6: The NES UE should 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 7: After the NES cell stops transmitting the on-demand SIB1 to save energy, the NES UE still uses the valid version of the stored SIB1. 
·  FFS: how to consider the stored SIB1 as valid.
3 Conclusion

In this contribution, overall procedure of the on-demand SIB1 transmission was discussed. The following proposals and observations were made:
Proposal 1: RAN2 should discuss whether non-NES UE and NES UE can camp on NES cell.
Proposal 2: The NES UE is notified whether a cell has on-demand SIB1 by network.
Proposal 3: RAN2 should discuss the UE behaviours to support in the NES cell in sleep mode, e.g., paging or PWS reception, if the NES UE can camp on the NES cell.
Observation 1: To maximize network energy saving gain, the duration of NES cell in sleep mode should be increased.
Proposal 4: UL-WUS triggering condition should be introduced so that unnecessary NES cell wake-up should be avoided. 
Observation 2: Whether the UE is allowed to transmit UL-WUS depends on the triggering condition. Fulfilling the triggering condition allows the UE to initiate UL-WUS, but if the triggering condition is no longer met, the UE stops UL-WUS transmission.
Proposal 5: RAN2 should discuss the condition how the NW allows the UE to transmit UL-WUS.
Proposal 6: The NES UE should acquire on-demand SIB1 before the initiation of the random access procedure, the paging reception or other SI reception.
Proposal 7: After the NES cell stops transmitting the on-demand SIB1 to save energy, the NES UE still uses the valid version of the stored SIB1.
·  FFS: how to consider the stored SIB1 as valid.
References

[1] RP-240170, Work Item Description: Enhancements of network energy savings for NR
[2] Chair notes RAN1#116
