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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Rel-19 NES WID is approved with the following objectives.
	The objectives of the work item are the following:
1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.
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
3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
4. Specify the corresponding core requirements, for the above features [RAN4].


This paper focuses on objective 2, i.e. to support on-demand SIB1 for UEs in RRC idle/inactive mode.

Discussion
The NES cell can save network energy consumption by sending SSB but not sending SIB1 by default. However, this raises the question of how the idle or inactive UE, who intends to camp on or connect to the network, can obtain the system information of NES Cell and access the NES Cell. In order to resolve this issue, Objective 2 of Rel-19 NES WID includes the discussions of providing UL WUS configuration and transmitting UL WUS signalling.
In RAN1#116, RAN1 initiates a preliminary discussion and reaches the following conclusions.
	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 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


[bookmark: OLE_LINK1]There are four potential combined solutions for the SIB1 acquisition of the NES Cell, based on the agreements above. 
· Solution 1: The UE obtains the UL WUS configuration from Cell A and transmits UL WUS to NES Cell.
It assumes that the UL WUS configuration is already exchanged between Cell A and NES Cell. By using the UL WUS configuration indicated by Cell A, the UE can directly send UL WUS to NES Cell which can then handle the on-demand SIB1 transmission by itself. The case may require the UE camping on one cell would send an UL signalling to another cell. 
· Solution 2: The UE obtains the UL WUS configuration from Cell A and transmits UL WUS to Cell A. 
Compared to Solution 1, this solution requires Cell A additionally handle UL WUS reception from the idle/inactive UEs. Cell A needs to deliver the on-demand SIB1 request to NES Cell and thus triggers NES Cell to send on-demand SIB1 by itself. This case introduces the delay of the on-demand SIB1 transmission due to the SIB1 request exchange between network nodes. This solution also has the scalability issue especially when the number of NES Cells grows up, for Cell A has had to handle on-demand SIB1 requests for multiple NES Cells.
One may suggest transmitting on-demand SIB1 of NES Cell by Cell A, but this variant has a worse drawback than Solution 2 in the aspects of latency and scalability.
· Solution 3: The UE obtains the UL WUS configuration from NES Cell and transmits UL WUS to NES Cell.
It assumes that NES Cell delivers the UL WUS configuration to the idle/inactive UEs as well as receives the UL WUS signal from the idle/inactive UEs without Cell A’s help. Subsequently, NES Cell is able to transmit the SIB1 on demand by itself. However, this solution only works if an NES UE has stored the UL WUS configuration that it obtained from the previously connected NES Cell (e.g. via the dedicated RRC signalling), as there are only a limited number of bits reserved in the MIB message.
· Solution 4: The UE obtains the UL WUS configuration from NES Cell and transmits UL WUS to Cell A. 
If the idle/inactive UEs can receive the UL WUS configuration from NES Cell, it is unnecessary to transmit UL WUS to other cells. Additionally, Solution 4 suffers from a scalability issue similar to Solution 2. Therefore, Solution 4 can be deprioritized.
To ensure flexibility in updating the UL WUS configuration and considering that only a few bits are reserved in the MIB message, it is more practical to prioritize the solution of the UE obtaining the UL WUS configuration from Cell A over the solution of the UE obtaining it from NES Cell.
[bookmark: _Toc163161220]On the solutions of UL WUS configuration provision, RAN2 prioritizes Option B, i.e. UE obtains the UL WUS configuration from Cell A.
In legacy, SIBx(e.g. new SIB or extended SIB) and/or the dedicated signalling (i.e. the RRC Release message) are utilized to provide the resource configuration used for the idle/inactive UEs. To provide the UL WUS configuration, a simple approach would be to reuse a similar method. 
[bookmark: _Toc163161221]RAN2 studies to provide the UL WUS configuration via SIBx and/or the RRC Release message. 
If Proposal 1/2 is acceptable, we suggest that RAN2 adopts the behaviour of Option 1, i.e. UE transmits UL WUS to NES Cell, as a starting point, to cover the scenario that the UE selects or reselects to NES Cell. This will also help avoid any delay in the on-demand SIB1 transmission due to the request exchange between network nodes.  
[bookmark: _Toc163161222]On the solutions of UL WUS transmission, RAN2 prioritizes Option 1, i.e. UE transmits UL WUS to NES Cell. 
In legacy, the UE is hard to switch to NES Cell if the frequency priority associated with Cell A is higher than the one associated with NES Cell. In addition, one cell would be barred for up to 300 seconds if the UE is unable to acquire its SIB1. As a result, once NES Cell is previously barred due to the lack of SIB1, the NES UE cannot re-select to this NES Cell until the 300s duration is past, even if the NES UE now obtains the UL WUS configuration from its camping cell (i.e. Cell A). Both cases above will delay the procedure that the UE switches to NES Cell. 
[bookmark: _Toc162899356][bookmark: _Toc162899357][bookmark: _Toc162899358][bookmark: _Toc162899359][bookmark: _Toc163161223]RAN2 discusses the solution for UE to switch to NES cell carrier after the UL WUS configuration has been acquired.  
Another important thing is how to monitor the paging message or the SI update. A straightforward approach is to maintain the current logic, where the UE performs the monitoring of the paging message or the SI update only on its camping cell. Accordingly, the UE can monitor such message on NES Cell that transmits SIB1 on-demand after it camps on this cell. This will simplify the procedure and UE behaviour.
[bookmark: _Toc163161224]RAN2 studies that the paging message/the SI update is broadcasted by NES Cell that transmits SIB1 on demand.

[bookmark: _Toc162456941]
Conclusion
We have the following proposals:
Proposal 1	On the solutions of UL WUS configuration provision, RAN2 prioritizes Option B, i.e. UE obtains the UL WUS configuration from Cell A.
Proposal 2	RAN2 studies to provide the UL WUS configuration via SIBx and/or the RRC Release message.
Proposal 3	On the solutions of UL WUS transmission, RAN2 prioritizes Option 1, i.e. UE transmits UL WUS to NES Cell.
Proposal 4	RAN2 discusses the solution for UE to switch to NES cell carrier after the UL WUS configuration has been acquired.
Proposal 5	RAN2 studies that the paging message/the SI update is broadcasted by NES Cell that transmits SIB1 on demand.
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