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Introduction
The WID for “Enhancements of network energy savings for NR” was approved at RAN #102, and further updated at RAN # 103 with the follows [1].
	The objectives of the work item are the following:
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 scenarios or use cases for on-demand SIB1 and potential impact to specification work.
Discussion
Options for On-demand SIB1
For on-demand SIB1 for UEs in Idle or Inactive state, the following agreements were made at RAN1 #116 for further study [2].
	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: OLE_LINK271]Furthermore, the following cases were agreed at RAN1 #115-bis [3], as illustrated in Figure 1.
	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





Figure 1: RAN1 Cases for On-demand SIB1

At RAN2 #123-bis [4], the following agreement was made for on-demand scenarios based on RAN1’s agreement made at RAN1 #116 [2].
	Agreement
Scenario1: UE obtains the UL WUS configuration from Cell A, and transmits UL WUS to NES Cell.
· UL WUS configuration from NES Cell to Cell A via Xn, e.g., before entering on-demand SIB1 mode in the NES Cell or when the UL WUS configuration is changed.



At RAN2 #125-bis [5], the scenarios illustrated in Figure 2 were discussed and the following agreement was made.



Figure 2: RAN2 Cases for On-demand SIB1

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.

Comparing with RAN1’s cases, RAN2’s Scenario 1a is the same as RAN1’s Case 2, RAN2’s Scenario 3 is the same as RAN1’s Case 1, and RAN2’s Scenario 1b is similar to RAN1’s Case 3 except that NES Cell’s on-demand SIB1 is transmitted from Cell A (not NES Cell as in Scenario 1b).
For the following options for supporting on-demand SIB1 of a NES Cell.
· Option 1 (RAN2 Scenario 1b): A UE transmits UL WUS to a Cell A for a NES Cell’s on-demand SIB1 and receives the NES Cell’s on-demand SIB1 from the NES Cell.
· Option 2 (RAN1 Case 3): A UE transmits UL WUS to a Cell A for a NES Cell’s on-demand SIB1 and receives the NES Cell’s on-demand SIB1 from the Cell A.



[bookmark: _Ref162531058]Figure 3: Options for On-demand SIB1
For Option 1 as illustrated in Figure 3, the Cell A receiving an uplink WUS for on-demand SIB1 of a NES Cell needs to communicate the on-demand SIB1 request to the NES Cell where the communication may depend on whether the Cell A and NES Cell share the same CU or not. In this case, the NES Cell doesn’t need to monitor uplink WUS signals from different UEs, but still needs to transmit the on-demand SIB1 to different UEs accordingly.
For Option 2 as illustrated in Figure 1, a UE may directly communicate with the Cell A for the on-demand SIB1 of a NES Cell which may require the least specification work. In this case, the NES Cell may have the most power saving since it doesn’t need to monitor uplink WUS from different UEs and transmit the on-demand SIB1 to different UEs respectively. In this case, the Cell A needs to know NES Cell’s SIB1 which may result more traffic on F1 or Xn interface (e.g., response with SIB1 content).
Observation 1. For the Option 1 where A UE transmits UL WUS to a Cell A for a NES Cell’s on-demand SIB1 and receives the NES Cell’s on-demand SIB1 from the NES Cell, it may still 
· require the specification work for uplink WUS,
· cause some power consumption for a NES Cell transmitting on-demand SIB1.
Observation 2: For the Option 2 where a UE transmits UL WUS to a Cell A for a NES Cell’s on-demand SIB1 and receives the NES Cell’s on-demand SIB1 from the Cell A, it may 
· require less specification work,
· save more power for a NES Cell.
Proposal 1. RAN2 continues discussing the scenarios and sends an LS to RAN1 and RAN3 based on the decision on scenarios. 

Uplink WUS for On-demand SIB1
For all the options of on-demand SIB1 as discussed in section 2.1, an uplink WUS from a UE at Idel or Inactive state is needed to trigger the on-demand SIB1 transmission. 
At RAN1#116, the following agreement was made for uplink WUS design [2]. 
	[bookmark: OLE_LINK190]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



At RAN2#125bis, the following agreements were made for uplink WUS design [5]. 
	Agreements on on-demand SIB1:
2.RAN2 assume that RACH procedure is reused for UE to request on-demand SIB1
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


Currently, other SIBs can be broadcasted on the demand from a UE in Idle or Inactive state with RA procedure. For this, if the network configures the UE with PRACH resources for SI request, contention-free random access (CFRA) procedure is used, otherwise contention-based random access (CBRA) procedure is used.
If the network configures UEs with dedicated RA resources for SI request in SI-RequestConfig within SI-SchedulingInfo IE in SIB1, the UEs may use message 1 (Msg1) for SI request at dedicated resources using CFRA procedure. The CFRA based on-demand SI operation is illustrated in Figure 4.


Figure 4: On-demand SIB using CFRA
If the network excludes SI-RequestConfig from SIB1 (i.e., no dedicated RA resources for SI request). The UEs rely on CBRA procedure to request SI with RRCSystemInfoRequest message in message 3 (Msg3). The CBRA based on-demand SI operation is illustrated in Figure 5.


Figure 5: On-demand SIB using CBRA
 
For Message 1 based on-demand SIB1 request, the on-demand SI request currently configured in SIB1 may be the baseline. 
Proposal 2. For Message 1 based on-demand SIB request, the on-demand SI request configuration in SIB1 may be used as the design baseline. 
Regarding cell’s response (e.g., response from Cell A or NES cell) to the received on-demand SIB1 request, there are two options: 
· Option 1 (with RAR): similar to the existing on-demand SI request, the UE monitors RAR as an explicit ACK after the transmission of UL-WUS  
· Option 2 (without RAR): the UE monitors on-demand SIB1 as an implicit ACK after the transmission of UL-WUS 
For Option 1 (explicit-ACK via RAR) and Option 2 (implicit-ACK), the existing on-demand SI request with RAR (i.e., explicit-ACK) procedure for transmission and retransmission of PRACH preamble based on monitoring of RAR window can be mostly reused.
For Option 2 (implicit-ACK), additional work is needed to specify transmission/retransmission of PRACH preamble based on monitoring of SIB1 reception window.    
Observation 3. For responding to on-demand SIB1 request, the Option 1 (explicit-ACK via RAR) based on existing on-demand SI framework has less specification impact comparing with the Option 2 (implicit-ACK). 
Proposal 3. Support Message 2 RAR for responding to Message 1 based on-demand SIB1 request. 

Configuration for Uplink WUS 
To send a PRACH-like uplink WUS for on-demand SIB1, a UE in Idle or Inactive state needs to know the configuration for transmitting the PRACH-like uplink WUS (e.g., the preamble, the resources, the transmit power level, etc.).
At RAN2#125bis, the following agreements were made for uplink WUS configuration [5]. 
	Agreements on on-demand SIB1:
1. UL WUS configuration includes at least RACH configuration.
2. A UE needs to know a UL WUS configuration to request SIB1 of which cell.
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).



There are following two options for uplink WUS configuration.
· Option A: uplink WUS configuration by the NES Cell itself.
· Option B: uplink WUS configuration by Cell A.
For Option A, one possible solution is that uplink WUS configuration is indicated in the MIB transmitted within the SSB from the NES Cell itself. With very limited bits available in MIB, it’s almost impossible to contain the required information for transmitting the PRACH-like uplink WUS.
Observation 4. It’s almost impossible to indicate uplink WUS configuration via the NES Cell’s MIB.
For Option B, a UE in Idle or Inactive state may receive uplink WUS configuration from Cell A, e.g., broadcasted to UEs in a SIB or delivered to UEs on-demand.
Observation 5. A UE in Idle or Inactive state may receive uplink WUS configuration from Cell A.
Proposal 4. RAN2 discusses the options for uplink WUS configuration.
Conclusion
[bookmark: _Hlk92772570]In this contribution, we discussed scenarios or options for on-demand SIB1 operation and concluded with the following observations and proposals.
Options for On-demand SIB1
Observation 1. For the Option 1 where A UE transmits UL WUS to a Cell A for a NES Cell’s on-demand SIB1 and receives the NES Cell’s on-demand SIB1 from the NES Cell, it may still 
· require the specification work for uplink WUS,
· cause some power consumption for a NES Cell transmitting on-demand SIB1.
Observation 2. For the Option 2 where a UE transmits UL WUS to a Cell A for a NES Cell’s on-demand SIB1 and receives the NES Cell’s on-demand SIB1 from the Cell A, it may 
· require less specification work,
· save more power for a NES Cell.
Proposal 1. RAN2 continues discussing the scenarios and sends an LS to RAN1 and RAN3 based on the decision on scenarios. 
Uplink WUS for On-demand SIB1
Proposal 2. For Message 1 based on-demand SIB request, the on-demand SI request configuration in SIB1 may be used as the design baseline. 
Observation 3. For responding to on-demand SIB1 request, the Option 1 (explicit-ACK via RAR) based on existing on-demand SI framework has less specification impact comparing with the Option 2 (implicit-ACK). 
Proposal 3. Support Message 2 RAR for responding to Message 1 based on-demand SIB1 request. 
Configuration for Uplink WUS 
Observation 4. It’s almost impossible to indicate uplink WUS configuration via the NES Cell’s MIB.
Observation 5. A UE in Idle or Inactive state may receive uplink WUS configuration from Cell A.
Proposal 4. RAN2 discusses the options for uplink WUS configuration.
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