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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
The Rel-19 WI on enhancements of network energy savings for NR (RP-234065), with the objective to study on-demand SIB1 for idle/inactive UEs as highlighted below:
	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. [bookmark: _Hlk153983379]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
· [bookmark: _Hlk158930096]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 
Specify the corresponding core requirements, for the above features [RAN4].




Discussion
This contribution focuses on the second objective highlighted in the above WID.
Progress from RAN1
[bookmark: OLE_LINK54]In this section, we quote some agreements from RAN1 to further our analysis in RAN2.

RAN1#116 (February 2024) made the following agreements:

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_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


RAN1 #116-bis made the following agreements.

[bookmark: OLE_LINK271]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

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


Based on the above RAN1 agreements, the Cell A and NES cell could be depicted using the below figure 1.

The cell A in the below example is a macro cell and the NES cell is a small cell which has at least partial overlapping coverage with the macro cell.

[image: ]
Figure 1: NES Cell and Anchor cell topography

We believe Case 1 and Case 2 are more beneficial than Case 3, simply because of the signaling overhead on cell A in Case 3. We analyze the different cases in this contribution. 

Detection and access of NES cell in Case 1(Option 1+A+X)
Case 1 is,
· Option 1: UE transmits UL WUS to NES Cell
· Option A: UE obtains the UL WUS configuration from NES Cell
· Option X: UE receives on-demand SIB1 from NES Cell

In case 1, the UE obtains the UL-WUS configuration from the NES cell directly. Since the NES cell is a non-SIB1 cell which does not transmit SIB1 periodically like Cell A, the UL-WUS configuration cannot be read from SIB1 of NES cell. 
Here, we understand that the UL-WUS configuration of the NES cell has been provided to the UE when it was in RRC Connected before being moved to IDLE/INACTIVE. 
[bookmark: _Ref166147323]In Case 1, the last serving gNB configures the UE with the UL-WUS configuration of an NES cell in RRC Connected, before going to RRC Inactive/Idle. 

A UE in RRC Inactive is tracked at RAN Notification Area (RNA) level. Since an RNA can have more than 1 gNB, it is useful if the UL-WUS configurations of all NES cells in the UE’s RNA is provided by the last serving gNB while the UE is being sent to RRC Inactive. It would be useful if this NES cell UL-WUS configuration information could be retained and used in IDLE mode also.

[bookmark: _Ref166147574]The last serving gNB provides the list of all NES cells and their corresponding UL-WUS configurations, in the UE’s RNA to the UE while moving from RRC Connected to RRC Inactive.
[bookmark: _Ref166147614]RAN2 to analyse the feasibility of re-using the NES cells and their UL-WUS configurations from RRC Inactive in RRC IDLE.

Detection and access of NES cell in Case 2(Option 1+B+X)
Case 2 is,
· Option 1: UE transmits UL WUS to NES Cell
· Option B: UE obtains the UL WUS configuration from Cell A 
· Option X: UE receives on-demand SIB1 from NES Cell

A pre-Rel-19 UE can determine from the Master Information Block (MIB) that the cell is not broadcasting SIB1 periodically. Such a UE will therefore not perform cell reselection to a NES cell, at least in periods when the cell is not transmitting SIB1.
A cell that is not transmitting SIB1 periodically could be an NES cell or a non-NES cell. Hence it is important for UEs to identify whether a detected cell is an NES cell and whether it can request OD-SIB1 to camp/enter the NES cell in IDLE/INACTIVE modes.
Since option B is about UE obtaining UL WUS configuration of NES cell from cell A, it is imperative that the NES cell IDs and their corresponding UL-WUS configurations are broadcasted in SIB1 of cell A. 

[bookmark: _Ref166147616]The NES cell ID list and their corresponding UL-WUS configurations are broadcasted on Cell A SIB1.

From a UE pov, it has already performed a cell reselection to the cell A, as it could not find the SIB1 to camp/enter the NES cell. Moreover, the OD-SIB1 is a feature designed to enhance network energy savings. Hence, we think that a UE should be permitted to go to NES cell, only when really needed. This ensures that the energy savings gains are maximised. Some additional RRM criteria may be imposed before a UE is redirected to the NES cell in case 2. Some example criteria are,
· Cell A is overloaded with RRC IDLE/INACTIVE UEs.
· Radio conditions in Cell A is very poor compared to NES cell.
· UE is intending to move to RRC Connected for data transmission and NES cell can offer capacity.
These criteria could be predefined in RAN2, and the UE performs the RRM criteria check based on indication in Cell A SIB1.

[bookmark: _Ref166147439]In Case 2, UE is already in cell A before it can fetch UL-WUS configuration of an NES cell. 

[bookmark: _Ref166147618]RAN2 discusses and agrees the minimum criteria that a UE should satisfy in cell A, to request OD-SIB1 and move to an NES cell.

Once the UE satisfies the minimum criteria, it performs RACH, based on the UL-WUS configuration and requests OD-SIB1. The NES cell starts broadcasting OD-SIB1 and the UE can perform cell reselection.

Detection and access of NES cell in Case 3(Option 2+B+Y)
Case 3 is,
· Option 2: UE transmits UL WUS to Cell A
· Option B: UE obtains the UL WUS configuration from Cell A 
· Option Y: UE receives on-demand SIB1 from Cell A

Case 3 is the simplest of them all, from a procedure implementation pov as all the communication to the NES cell to request and receive OD-SIB1 is performed via the Cell A. But this is also the one with most overhead as additional signaling is involved, not just during the OD-SIB1 procedure, but also over the backhaul to ensure that the Cell A has the updated SIB1 of all the NES cells.

There is no compulsion for the NES cell to belong to the same gNB as Cell A. Hence in such cases, the backhaul signaling to ensure Cell A gNB has the UL-WUS configuration and the SIB1 contents of NES cells causes quite some overhead in the backhaul C-plane signaling.  

In a scenario where an NES cell has overlapping coverage with two anchor cells (Cell A), the SIB1 of NES cell has to be provided to both anchor cells. This leads to wastage of resources as SIB1 of NES cell has to be transmitted by multiple cells.
In another scenario where a Cell A has multiple NES cells in its coverage area, SIB1 of all these NES cells are expected to be transmitted from Cell A. This impacts the normal functioning of Cell A also.

As SIB1 transmission has to be eventually started even in Case 3, we don’t think it provides extra benefits by UE transmitting the UL-WUS to cell A and receiving the OD-SIB1 from Cell A. Hence, we think it is sufficient to focus on Case 1 & 2 and send an LS to RAN1 to re-check if Case 3 has any real benefit.

[bookmark: _Ref166147621]RAN2 discusses the benefits of Case 3 and sends an LS to RAN1 to verify if the case should be pursued.



Conclusion
We have the following observations:
Observation 1	In Case 1, the last serving gNB configures the UE with the UL-WUS configuration of an NES cell in RRC Connected, before going to RRC Inactive/Idle.
Observation 2	In Case 2, UE is already in cell A before it can fetch UL-WUS configuration of an NES cell.
We have the following proposals: 
Proposal 1	The last serving gNB provides the list of all NES cells and their corresponding UL-WUS configurations, in the UE’s RNA to the UE while moving from RRC Connected to RRC Inactive.
Proposal 2	RAN2 to analyse the feasibility of re-using the NES cells and their UL-WUS configurations from RRC Inactive in RRC IDLE.
Proposal 3	The NES cell ID list and their corresponding UL-WUS configurations are broadcasted on Cell A SIB1.
Proposal 4	RAN2 discusses and agrees the minimum criteria that a UE should satisfy in cell A, to request OD-SIB1 and move to an NES cell.
Proposal 5	RAN2 discusses the benefits of Case 3 and sends an LS to RAN1 to verify if the case should be pursued.
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