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Introduction
[bookmark: _Hlk134110406]In the RAN#102 meeting, a new Work Item for network energy saving enhancement has been approved in RP-234065 including the following objective on on-demand SIB1 operation for NES [1]:
	1. 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 provide our considerations on on-demand SIB1 operation.

[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
In the RAN1#116 meeting, the following agreements were achieved for on-demand SIB1 operation [2].
	Agreement
For discussion purpose, the following assumption will be used in RAN1
· [bookmark: _Hlk162691995]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_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

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

Agreement
For the study of on-demand SIB1 for idle/inactive mode UE, RAN1 to further study whether feedback from gNB in response to the SIB1 request is supported including associated details.

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



[bookmark: _Hlk161669899]2.1 Scenarios and use cases
SIB1 contains the essential information for cell access and cell configuration, which plays a vital role in the cell camping procedure and cell connection procedure. To make sure any UE can obtain the SIB1 information timely, SIB1 is broadcast periodically regardless of whether any UE needs to receive it. For the idle/inactive UEs, the system information acquisition is necessary. However, when there is medium/low load, the amount of idle/inactive UE is small, such information is not needed to be broadcast periodically. Similar to the on-demand other SI, on-demand SIB1 was proposed to study for increasing network energy saving gains. A cell without SIB1 transmission could increase the probability of symbol shutdown resulting in network energy saving gains.
Observation 1: A SIB1-less cell can have higher energy saving gain in medium/low load scenarios.
However, unlike the on-demand SI, whose configuration can be obtained in SIB1, the configuration of obtaining SIB1 is challenging as there is not much information provided to the UE before SIB1 transmission. There are several possible solutions to solve such problem. 
RAN1 has defined the SIB1-less Cell as NES Cell and the anchor cell as the Cell A. We will use the same wording in the following analysis. The SIB1 can be provided by the NES Cell or Cell A.
For the applied scenarios, Cell A can help the NES cell to broadcast SIB1 in a multi-carrier scenario. As shown in Figure 1, the NES Cell w/o SIB1 transmission is located in the coverage of cell A. We think the single carrier scenario is not viable for this NES technique, legacy UEs would not camp on the NES cell resulting in a coverage hole for them. Even the NES UE would not be certain to have coverage in the case of NES cell changing its SIB1 configuration and the necessity to notify the UEs about it. 
[image: ]
[bookmark: _Ref162692381]Figure 1 The illustrated case of on demand SIB1 operation
Observation 2: On-demand SIB1 operation is best suited in a multi-carrier scenario, with less impact on the legacy UE and spec change.
Proposal 1: The Multi-carrier scenario is the baseline for on demand SIB1 design. 
As agreed in RAN1’s discussion, different options related to solving the issues of UL WUS configuration provisioning and UL WUS transmission were identified. Except for the already identified issues, the final decision would be which cell to broadcast NES Cell’s on-demand SIB1 (NES Cell or Cell A).
As shown in Figure 2, the UL WUS configuration provisioning, the UL WUS transmission and the SIB1 broadcasting issues need to be discussed. Based on these options, we will provide our consideration on these steps.
[image: ]
[bookmark: _Ref162618108]Figure 2 High level procedure for the on demand SIB1 operation
The following options were identified:

Step 1: On configuration provisioning for UL WUS transmission:
· Option A1: UE obtains the UL WUS configuration from NES Cell 
· Option A2: UE obtains the UL WUS configuration from Cell A 

Step 2: On target cell of UL WUS transmission:
· Option B1: UE transmits UL WUS to NES Cell
· Option B2: UE transmits UL WUS to Cell A

Step 3: Optional WUS feedback.

Step 4: On target cell of SIB1 transmission:
· Option C1: UE obtains on demand SIB1 from NES Cell
· Option C2: UE obtains on demand SIB1 from Cell A


On configuration provisioning for UL WUS transmission
If the WUS configuration is obtained from NES Cell (option A1), the MIB should be changed to provide the related configuration. In this option it is not clear how the UE would obtain the WUS configuration only relying on MIB. Moreover, since the details of UL WUS configuration are unclear, it possibly has a large spec impact by changing the context of the MIB.
If the WUS configuration is obtained from Cell A (option A2), Cell A would assist the NES Cell to provide the WUS configuration. Since Cell A is a cell that is periodically transmitting at least its own SIB1, it can provide the additional WUS configuration of the NES cell. Such option requires Cell A’s cooperation, but has less spec impact on both NES Cell and Cell A. 
Hence, the WUS configuration is preferred to be provided by Cell A.
Proposal 2: RAN2 starts work on SIB1 less assuming the NES cell’s WUS configuration is provided by Cell A. 
On target cell of UL WUS transmission and SIB1 broadcast
[bookmark: _GoBack]If the UL WUS is transmitted to the NES cell (option B1), then the NES Cell should monitor the receive occasions of UL WUS. After receiving the UL WUS, the NES Cell will broadcast SIB1 to the UE or NES Cell will send indication to ask Cell A to broadcast NES Cell’s SIB1. For the former case (option B1 + option C1), there is less assistance from Cell A required and the UE only needs to send UL WUS to the NES Cell and receive SIB1 from the NES Cell. The UE doesn’t need to switchover between different cells. For the latter case (option B1 + option C2), it is not efficient since the UE will send WUS to NES Cell and switch to Cell A to receive SIB1, then UE will switch back to NES Cell to camp or access to the NES Cell. Moreover, although the NES gain of NES Cell will increase due to not broadcasting SIB1, the triggering latency might increase.
If the UL WUS is transmitted to the Cell A (option B2), Cell A should monitor the of UL WUS occasions. After receiving the UL WUS, Cell A can provide SIB1 for the NES Cell or indicate the NES Cell to broadcast SIB1. For the former case (option B2 + option C2), the NES Cell does not need to monitor WUS occasions and broadcast SIB1, which has the largest NES gain on the NES Cell. UE will receive NES Cell’s SIB1 from Cell A and only access the NES Cell when transitioning to RRC_CONNECTED. For the latter case (option B2 + option C1), the NES Cell does not need to monitor WUS occasions and only needs to broadcast SIB1 based on Cell A’s indication. But the UE needs to switch between different cells to send WUS or receive SIB1 and the triggering latency may increase together with the UE power consumption.
From the analysis above, the cross-option combinations, such as option B1 + option C2 and option B2 + option C1 should be precluded. Those combinations will introduce more inter-cell interactions and the UE would have to switch between different cells to transmit WUS and receive SIB1, which has negative impact on UE’s power consumption and connection latency. The other combinations (i.e. B1+C1 and B2+C2) should be further studied.
Proposal 3: The UL WUS and SIB1 broadcast configurations which necessitate the UE to switch between cells twice are precluded. RAN2 to further study the following cases:
· UE transmits UL WUS to NES Cell and obtains on demand SIB1 from NES Cell.
· UE transmits UL WUS to Cell A and obtains on demand SIB1 from Cell A.

2.2 How to indicate NES Cell state and UE’s behavior
In the current spec, when the UE cannot acquire the SIB1, UE will consider the cell to be barred [3]. 
	-- Cited from TS 38.304
-	If the cell is to be treated as if the cell status is "barred" due to being unable to acquire the SIB1:
-	the UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds;



In the legacy mechanism, the ssb-SubcarrierOffset corresponding to kSSB can be utilized to indicate the cell does not provide SIB1. In such case, there is no coreset#0 configured in MIB. The pdcch-ConfigSIB1 IE may indicate the frequency positions where the UE may (not) find a SS/PBCH with a control resource set and search space for SIB1. Unlike the non-cell defining SSB case, the cell will not provide SIB1. The NES Cell’s SIB1 can be obtained by on-demand operation. If the UE considers the NES Cell to be barred due to being unable to acquire SIB1, it cannot send WUS to trigger on-demand SIB1. Hence, Cell A at least should assist in indicating the NES Cell’s status that such cell is in on-demand SIB1 operation via the cell status information explicitly or WUS configuration implicitly. The UE will not consider such cell as barred cell when it has received the assistance information from Cell A.
[bookmark: _Hlk163054028]Proposal 4: The NES Cell state should be indicated to assist Rel-19 NES capable UE’s. A NES capable UE will not consider the NES Cell as a barred when it receives the assistance information.

2.3 Triggering signal design and whether feedback is needed
In the WID, the uplink wake-up-signal using an existing signal/channel is proposed to be the triggering method for SIB1 transmission. In legacy on-demand other SI, two possible methods are utilized to request the on-demand SI transmission, i.e. Msg 1 based and Msg 3 based. Similar to the legacy mechanism, preamble based Msg 1 is agreed to be studied as the starting point in RAN1’s last meeting.
Proposal 5: Msg1 SIB1 request should be supported as a baseline. The usefulness of msg3 SIB1 request should be further studied in RAN2.
For the Msg 1 based on-demand SIB1 transmission, regardless of whether the NES Cell or Cell A is used for monitoring the WUS reception, a dedicated PRACH resource is necessary to distinguish the PRACH for access or triggering on-demand SIB1. In such case, the WUS configuration may include dedicated configuration about the WUS which is provided by the NES Cell or the Cell A.
Proposal 6: For the msg1 SIB1 request, dedicated PRACH resources for on-demand SIB1 should be included in the WUS configuration.
Then we should discuss whether feedback is needed for the WUS signal in the msg1 case. If there is no feedback of WUS reception, the UE will not know whether the gNB has received the WUS and whether the gNB will broadcast SIB1. UE’s behaviour after sending WUS is unclear. One possible behaviour is to monitor the SIB1 transmission immediately after sending WUS. However, if the NW has not received the WUS or the NW decides to not broadcast SIB1 after receiving WUS, it will waste UE’s energy to monitor the SIB1 transmission and UE may send a WUS again for triggering on-demand SIB1. To make the UE behaviour clear, it is suggested the NW can send feedback to UE to tell the UE whether and where SIB1 will be broadcast. Similar to the on-demand SI, when PRACH is used as the triggering signal, msg2 can be used as the feedback message. How the feedback is received needs further study after it is decided which cell will broadcast the on-demand SIB1.
Proposal 7: For the msg1 SIB1 request, it is beneficial for the UE to receive feedback whether the WUS signal was received and if SIB1 will be broadcasted. 

2.4 The triggering condition for on-demand SIB1
The next issue is when to trigger on-demand SIB1. Due to the NES Cell being in energy saving state, it is not preferred that UE can trigger on-demand SIB1 without any restrictions. Some conditions should be satisfied for the UE to trigger on-demand SIB1. If the WUS configuration is obtained from Cell A, the simplest way is to reuse the Cell A’s cell reselection criteria. However, to maximize the NES Cell energy saving gain, the WUS triggering condition might be higher than the cell reselection criteria. Moreover, the WUS should be sent when the NES Cell’s SIB1 is not broadcasting. Otherwise, it will waste UE’s energy to send WUS and the gNB might not broadcast SIB1 after receiving the WUS signal. Based on the above consideration, when the WUS triggering condition is met and SIB1 broadcast status is not broadcasting, the UE can send WUS to trigger on-demand SIB1. FFS what is the triggering condition and whether the triggering condition is a new threshold or not.
Proposal 8: When WUS triggering condition is met and SIB1 broadcast status is not broadcasting, the NES UE can send WUS to trigger on-demand SIB1. FFS what is the triggering condition and whether the triggering condition is a new threshold. 

Conclusion
[bookmark: OLE_LINK3]In this contribution, we discussed the on-demand SIB1 operation, and made the following observations and proposals:
Observation 1: A SIB1-less cell can have higher energy saving gain in medium/low load scenarios.
Observation 2: On-demand SIB1 operation is best suited in a multi-carrier scenario, with less impact on the legacy UE and spec change.
Proposal 1: The Multi-carrier scenario is the baseline for on demand SIB1 design. 
Proposal 2: RAN2 starts work on SIB1 less assuming the NES cell’s WUS configuration is provided by Cell A. 
Proposal 3: The UL WUS and SIB1 broadcast configurations which necessitate the UE to switch between cells twice are precluded. RAN2 to further study the following cases:
· UE transmits UL WUS to NES Cell and obtains on demand SIB1 from NES Cell.
· UE transmits UL WUS to Cell A and obtains on demand SIB1 from Cell A.
Proposal 4: The NES Cell state should be indicated to assist Rel-19 NES capable UE’s. A NES capable UE will not consider the NES Cell as a barred when it receives the assistance information.
Proposal 5: Msg1 SIB1 request should be supported as a baseline. The usefulness of msg3 SIB1 request should be further studied in RAN2.
Proposal 6: For the msg1 SIB1 request, dedicated PRACH resources for on-demand SIB1 should be included in the WUS configuration.
Proposal 7: For the msg1 SIB1 request, it is beneficial for the UE to receive feedback whether the WUS signal was received and if SIB1 will be broadcasted. 
Proposal 8: When WUS triggering condition is met and SIB1 broadcast status is not broadcasting, the NES UE can send WUS to trigger on-demand SIB1. FFS what is the triggering condition and whether the triggering condition is a new threshold. 
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