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1	Introduction
The release 19 work item on network energy saving (RP-234065) includes the following objective:
	· 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 will discuss the issues related to the on-demand SIB1 for idle/inactive mode UEs. And in our companion contribution, we will discuss the issues on-demand SSB SCell operation and adaptation of common signal/channel transmissions in [1] and [2], respectively. 
2	Scenarios
Based on the outcome of RAN2#125bis meeting, the following agreements were made:Agreements on on-demand SIB1:
Overall procedure:
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.
2. RAN2 assume that RACH procedure is reused for UE to request on-demand SIB1.
3. UL WUS configuration includes at least RACH configuration.
4. A UE needs to know a UL WUS configuration to request SIB1 of which cell.
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.

When the UE requests 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).




Standalone scenario: WUS configuration from NES cell and UL WUS/OD-SIB1 is sent to/from NES cell: This standalone scenario is referring to the case where cell A is not needed at all for on-demand SIB1 operation. It requires that the NES cell should be capable to provide the WUS configuration to the UE while it is transmitting only SSB. To enable that, a change in the MIB payload would be needed, which implies large 
impact to specification to ensure no impact to legacy UEs. 
Thus, RAN2 should preclude standalone scenario. 

Observation 1: In order to enable standalone scenario one would need to change MIB coding significantly

Non-standalone: to be aligned with RAN1 discussion, we consider the two scenarios proposed in last RAN1 meeting: 
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Figure 1: Scenario 1

· Scenario 1: UE obtains the WUS configuration from Cell A, transmits the UL WUS to the NES cell, and receives the on-demand SIB1 from the NES cell.  In last RAN2 meeting, scenario 1a is agreed as starting scenario, where it specifies with respect to Scenario 1 that SIB channel of Cell A to carry the WUS configuration. In our view, in addition to SIB channel of Cell A, the WUS configuration can be delivered by the RRC release message of Cell A (referred as scenario 2 in R2-2402859) for the subset of UEs already connected to Cell A. Thus, we propose to discuss Scenario 1. This scenario: 
· Does not require any MIB change; and
· Allows offloading of the Cell A and, importantly, increases the utilization of the NES cell with no/limited NES cell’s energy consumption increase for PRACH monitoring (since the NES cell should monitor anyway for PRACH transmissions of UEs, which have already acquired the SIB1); and 
· Does not require OD-SIB1 payload exchange between Cell A and NES cell.
· Resumption of OD-SIB1 on a cell allows the cell to be campable by legacy UEs
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Figure 1: Scenario 1c

· Scenario 1c:  UE obtains the WUS configuration from Cell A, transmits the UL WUS to Cell A, and receives on-demand SIB1 from Cell A. This case:
· Does not require any MIB change; 
· Requires Cell A to monitor for UL WUS transmissions, i.e. PRACH, reception. Therefore, the PRACH utilization at Cell A increases; 
· Requires OD-SIB1 payload exchange between Cell A and NES cell in addition to WUS configuration exchange; More backhauling is required with respect to scenario 1c; 
· Leads to a lower utilization of the NES cell, which can be utilized only by Rel-19 UEs.


Based on the above, in this contribution, we discuss aspects related to scenario 1 defined as following: 
· UE obtains the UL WUS configuration from Cell A.
· UE transmits UL WUS to NES Cell.
· UE receives on-demand SIB1 from NES Cell.  

Proposal 1: RAN2 to study scenario 1, e.g., UE obtains the WUS configuration from Cell A, transmits the UL WUS to the NES cell, and receives the on-demand SIB1 from the NES cell.

Proposal 2: For scenario 1, RAN2 to support transmission of WUS configuration on SIB1/SIBx of Cell A and, in addition, in the RRC release message of Cell A.   
3	UE camping for On-demand SIB1 operation
It would not be desirable that legacy UEs or UEs that do not support OD-SIB1 feature would try to perform cell reselection on a NES cell that is operating in OD-SIB1 mode. These UEs would not find SIB1, e.g. based on MIB information, and would have to apply barring to the cell, and would need to look for another suitable cell to camp. This would cause unnecessary UE power consumption and delays. In order to avoid this, it would be desirable for the network to set the cell reselection parameters in such a way that such cell reselection attempts are prevented. One way to realize this is to set the reselection priorities in such a way to enable that. In order to have different reselection priorities per UE, one could use dedicated priorities but those have the drawback of extensive signaling in RRCRelease as well as that not all networks/UEs may support dedicated priorities. Also, only way to update priorities is then by moving UE to CONNECTED state and that is rather cumbersome as it is expected that OD-SIB1 status of cells may change in time (e.g. to provide SIB1 if load in the area becomes large). Thus it would be better to have some control that is specific to NES UEs.
Proposal 3: RAN2 should support to have OD-SIB1 specific reselection control.

4	Procedure and signaling methods to support on-demand SIB1

· About UL WUS design:
In RAN2#125bis meeting, the following was agreed:
	Agreements on on-demand SIB1:
Overall procedure:
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.




Existing Msg1 based on-demand procedure is to be re-used as much as possible. RAN1 is discussing dedicated PRACH resources for on-demand SIB1 operation. 
There are two UE operation scenarios in the UL WUS design: 	
-	Scenario 1: UE requests SIB1 in order to camp on NES cell
-	Scenario 2: UE request SIB1 to perform random access procedure to make RRC connection to the cell
RAN2 should discuss which scenarios are feasible and beneficial for OD-SIB1 operation. Is it beneficial to allow camping on OD-SIB1 cell or would it be better to stay on another layer and only when access is needed move to the NES cell?  Of course if we follow existing procedures in order to access the cell one need first to camp on the cell thus in order to support scenario 2 one needs anyway to support scenario 1. 
But if UEs would camp on NES cell but they would not have any reason to access it seems wasteful to request OD-SIB1 in those scenarios. This would easily lead to situation that there is always a UE trying to camp on cell and requesting OD-SIB1 but in fact there would be no need to stay in the cell as such. Of course if we consider that UE would only “move to” NES cell when there is need to access would lead to delay in the access procedure as UE would need first request OD-SIB1.  In our view this delay seems feasible in order to get more benefit from OD-SIB1 procedure:
Observation 2: It should be possible to control by NW to only access NES cell when there is need to do so e.g. in order to send data/signaling and not causing load on cell A layer
Based on RAN1#116bis meeting, the following has been agreed:
Agreement
Conditions for triggering UL WUS transmission is up to RAN2. Any related work in RAN1 to be triggered by RAN2 LS. Send an LS to RAN2. Final LS in R1-2403779.
To avoid frequently waking up the NES cell, NW could benefit from controlling for which cases the UE is allowed to send UL WUS and for which cases the UE is not allowed to send UL WUS. The triggering conditions may be different for the different cases (cell-reselection, initial access procedure,etc.). We propose to discuss at least the following triggering conditions: 
The RRM measurement related conditions at least include:
· Signal strength (e.g. RSRP/SINR of SSB) measured from NES cell and/or Cell A. 
· This may include also camping on the NES Cell
Load balanding related triggers:
· UE requesting OD-SIB1 due to UL data/buffer status. 
· It has been discussed in last RAN1 meeting, R1-2403529, that no coverage holes are introduced, e.g., coverage of NES cell is within the coverage of Cell A. Thus, NW can rely on the fact that UE can use Cell A for idle mode operations if UE is not allowed to request OD-SIB1. Therefore, to increase the NES gain, NW can allow only UEs with UL data/buffer to request OD-SIB1. This provides the NW the capability to consider the tradeoff between NES gain and OD-SIB1 transmission. 
Proposal 4: RAN2 to support NW control of WUS triggering for OD-SIB1
Proposal 5: RAN2 to define triggering conditions for the following cases: 
· RRM measurement related conditions
· Procedure related conditions at least include: 
· UE requesting OD-SIB1 due to UL data/buffer status.
To further study if OD-SIB1 request is allowed for the following procedure related condition: 
· UE to perform cell (re-)selection involving the NES Cell. 
For the scenario 2, Msg1 based on-demand procedure is more suitable than Msg3 based on-demand procedure as the latest one rans to more latency for initial access procedure.
RAN2 to consider only Msg1 based on-demand procedure and to align with RAN1 agreement. Thus, “FFS about Msg3” to keep it for RAN1 decision. 
Proposal 6: Support Msg1 based on-demand procedure for on-demand SIB1 operation.  FFS for Msg3 based on-demand procedure to not discuss in RAN2 and wait RAN1 decision. 
For scenario 2, there has been some discussions in RAN1 about whether the RA procedure for OD-SIB1 request and the RA for RRC connection request could be the same one [R1-2403529]:
RAN1 Agreement
For UL WUS design for SIB1 request, at least dedicated PRACH resource is the assumption for further study in RAN1
-	FFS: Details on time, frequency, and/or PRACH preamble resources for UL WUS
-	FFS: whether RACH resource for SIB1 request could be used for an initial access procedure and/or an on-demand SI procedure
It would be quite difficult to have same procedure for RA procedure for OD-SIB1 and the RA for RRC connection request unless there is more RA fragmentation. In our view, separating the RA partitions for OD-SIB1 in combination of RA partitions for RRC connection request (considering feature combination) is rather overkilling and it is impossible to configure all those RA partitions as part of WUS configuration considering the overhead. 
Indicating the feature combination in msg3 in the RA procedure for OD-SIB1 request would not work either as the UE does not know which features are supported for the cell neither the related detailed configurations for the features, e.g. for coverage enhancement msg3 repetition might be needed based on msg1 reception, and for SDT, the UE also needs the configurations in SIB1 to know if it is supported or not as well as the determination criteria. 
Besides, the UE needs to know if the cell is barred for certain type of UEs, e.g. (e)Redcap based on SIB1 reception before performing RRC connection to the cell.
Observation 3: Having the same RA procedure for OD-SIB1 and RRC connection for scenario 2 does not work without significant complexity. 
Proposal 7: RAN2 to consider dedicated PRACH resources for OD-SIB1 operation only without combination with other features. 
For simplicity, with either scenario the RRC procedures (camping if allowed and paging/SI update, RRC connection set, RRC resume etc.) should work as legacy after the UE acquires the OD-SIB1.
Proposal 8: after the UE acquisition of OD-SIB1 (and other SIBs), the RRC procedures work as legacy regardless of which scenario(s) is supported.
·  About NES cell configuration (incl. barring aspect):
First, RAN2 needs to discuss how legacy UEs and Rel 19 UEs treats the NES cell with on-demand SIB1 operation enabled. The starting point is the NES cell SSB that can be detected by legacy and Rel 19 UEs. Thus, NES cell’s MIB content should indicate ‘No-SIB1’ using current spec, e.g. MIB content can be configured such that legacy UE determines based on MIB contents that a CORESET for Type0-PDCCH CSS set is not present. Thus,
· Legacy UE determines that NES cell with on-demand SIB1 operation is a SIB1-less cell. The cell is to be treated as if the cell status is “barred” due to UE being unable to acquire the SIB1. UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds based on 38.304.
· For Rel 19 UEs, based on the combination of WUS configuration provided by Cell A and MIB content of NES cell, Ues determine that NES cell is operating with on-demand SIB1 operation. In this case, switching between Cell A and NES cell is needed. To avoid the NES cell to be treated as if the cell status is “barred”, Rel 19 UE after receiving WUS configuration from Cell A, should treat the NES cell as if the cell status is “not barred”. This avoid waiting 300 seconds to perform operation with Rel.19 Ues.  

Proposal 9: NES cell’s MIB should indicate ‘No SIB1’. 
Proposal 10: RAN2 to consider the UE behaviour regarding the NES cell, e.g., 
· Legacy UE determines based on MIB contents that a CORESET for Type0-PDCCH CSS set is not present. Legacy UE may treat the NES cell as if the cell status is “barred” as UE unable to acquire SIB1.
· Rel 19 UE after receiving WUS configuration from Cell A, should treat the NES cell as if the cell status is “not barred” if UE barred the cell because UE was unable to acquire SIB1. 


· About UL WUS configuration contents:
UL WUS configuration structure can contain different information elements. Firstly, we need to discuss the parameters to be indicated to the UE in the configurations. Based on the agreed parameters, RAN2 can down-select if the UL WUS configuration is cell-specific or applied to multiple cells. 
At least the following parameters need to be provided by the UL WUS configuration:
· Configuration for UL WUS transmission, including Type of PREAMBLE, T/F resource of UL WUS transmission. 
· Cell identity and cell frequency e.g., PCI and ARFCN of the OD-SIB1 cell.
Resources for UL WUS can be cell specific. Thus, UL WUS information elements (IEs) can be cell specific. 
Proposal-11: RAN2 to support at least cell-specific UL WUS configuration. 
5	Conclusions:
Observation 1: In order to enable standalone scenario one would need to change MIB coding significantly
Proposal 1: RAN2 to study scenario 1, e.g., UE obtains the WUS configuration from Cell A, transmits the UL WUS to the NES cell, and receives the on-demand SIB1 from the NES cell.
Proposal 2: For scenario 1, RAN2 to support transmission of WUS configuration on SIB1/SIBx of Cell A and, in addition, in the RRC release message of Cell A.   
Proposal 3: RAN2 should support to have OD-SIB1 specific reselection control.
Observation 2: It should be possible to control by NW to only access NES cell when there is need to do so e.g. in order to send data/signaling and not causing load on cell A layer
Proposal 4: RAN2 to support NW control of WUS triggering for OD-SIB1
Proposal 5: RAN2 to define triggering conditions for the following cases: 
Proposal 6: Support Msg1 based on-demand procedure for on-demand SIB1 operation.  FFS for Msg3 based on-demand procedure to not discuss in RAN2 and wait RAN1 decision. 
Observation 3: Having the same RA procedure for OD-SIB1 and RRC connection for scenario 2 does not work without significant complexity. 
Proposal 7: RAN2 to consider dedicated PRACH resources for OD-SIB1 operation only without combination with other features. 
Proposal 8: after the UE acquisition of OD-SIB1 (and other SIBs), the RRC procedures work as legacy regardless of which scenario(s) is supported.
Proposal 9: NES cell’s MIB should indicate ‘No SIB1’. 
Proposal 10: RAN2 to consider the UE behaviour regarding the NES cell, e.g., 
Proposal-11: RAN2 to support at least cell-specific UL WUS configuration. 
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