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1  Introduction
In RP-234065 [1], the Release 19 work item on Enhancements of network energy savings for NR has been approved and the normative work in RAN1 starts from RAN1 #116.  
The objective agreed for study on on-demand SIB1 for UEs in IDLE/INACTIVE mode is as follows: 
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 RAN1 #116 meeting, there were some initial agreements clarifying the definition of NES cell and listing study points. In this contribution, we provide our further considerations on the enhancements to the On-demand SIB1 procedures. 
	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

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

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



2  Design for on-demand SIB1 (OD-SIB1) procedure
In RAN1 #116 meeting, the options regarding UL WUS configuration and UL WUS transmission were listed for discussion. We think it needs to be considered together with the scenarios to be supported. 
2.1  UL WUS configuration and transmission
First all, initial access procedure is not impacted by the OD-SIB1, that is NES cell should not support initial cell selection. Either legacy UEs or NES capable will not perform initial cell selection on NES cell. UE should first be able to camp on a cell A for initial cell selection, and then perform cell reselection to an NES cell or perform RRC CONNECTION on the NES cell. This can be achieved by setting ‘cellbarred’ in MIB as “barred” to bar legacy UEs and introduce other enhancements for NES-Capable UEs to perform cell reselection or other operations on the cell.
Proposal 1: NES cell does not support initial cell selection. 

Among the two options for UL WUS configuration, since the UE could camp on a cell A first which could provide broadcast information or RRC-related information in RRC release, the UL WUS for the NES cell could be naturally provided by Cell A. Moreover, considering that if WUS configuration is to be provided by NES cell, the only channel that can be considered to provide such information is the PBCH where the payload and available bits that can be used for this purpose is very limited, which will largely restrict the configuration flexibility of WUS configuration. Therefore, we have the following proposal: 
Proposal 2: For configuration of UL WUS, support UE obtaining UL WUS configuration from Cell A, to provide more flexibility for WUS configuration and no impact to UE initial cell search. 

Then regarding the UL WUS transmission, it needs to be considered with the scenario and the intention for the OD-SIB1 procedure. 
The UE first camps on a cell A, then the scenarios that the UE would need to acquire SIB1 of an NES cell would be: 
Scenario 1: UE performs cell reselection and camps on the NES cell  
In this scenario, the intention of the UE is to finish the whole cell reseletion procedure to be able to camp on NES cell. It is natural that UE send UL WUS on the NES cell directly which is the same as legacy procedure. Therefore, the UL WUS is transmitted on NES cell.  
Scenario 2: UE only performs RRC CONNECTION on the NES cell (i.e. not camp in NES cell after data transmission)
In this scenario, our understanding is that UE only performs RRC CONNECTION on NES cell when it needs to enter CONNECTED mode for data transmission. The procedure could be separated into OD-SIB1 acquisition and RRC CONNECTION setup, which could be summarized into the following four alternatives:  
Alt 1: UE sends UL WUS to cell A, obtains OD-SIB1 from cell A, then performs RRC CONNECTION using legacy RACH procedure on NES cell 
Alt 2: UE sends UL WUS to cell A, obtains OD-SIB1 from NES cell, then performs RRC CONNECTION using legacy RACH procedure on NES cell 
Alt 3: UE sends UL WUS to NES cell, obtains OD-SIB1 from NES cell, then performs RRC CONNECTION using legacy RACH procedure on NES cell 
Alt 4: UE sends UL WUS to NES cell, obtains OD-SIB1 and performs RRC CONNETION setup on NES cell in the same procedure

For Alt 1, the inter-node coordination is needed for SIB1 exchange among cell A and NES cell. However, this coordination does not need to be so frequent due to the change of SIB1 is not very frequent. Moreover, with this alternative, the OD-SIB1 procedure can be all finished on cell A with minimum spec impact by extending the other SI request to support SIB1 request. 
For Alt 2, sending UL WUS on cell A but receiving OD-SIB1 on NES cell, the minimum timing gap between preamble and RAR should be redefined. This requires even more frequent inter-node coordination than Alt 1. In this alternative, another PRACH preamble needs to be transmitted on NES cell for UL TA acquisition to perform the RRC connection. 
For Alt 3, there will be two PRACH preambles transmitted on NES cell, the first is for SIB1 request and the second is for RRC connection. This is feasible with considerable spec impact, where the OD-SIB1 procedure could be the same as in Scenario 1. However, the completely separated procedures causes large latency for UE to be finally CONNECTED and considering the OD-SIB1 procedure is intended for setting up RRC connection, latency reduction enhancements would be preferred which is as described in Alt 4. 
For Alt 4, this is intended to combine the OD-SIB1 procedure and RRC CONNECTION setup procedure to reduce the latency. RAN1 could focus on the design of the UL WUS and corresponding SIB1 monitoring behavior as well as gNB feedback, while RAN2 could be focused on the design of procedure. 
From the analysis, it could be observed an UL PRACH preamble is always needed to perform the RRC CONNECTION on NES cell, and also transmitting UL WUS on NES cell would avoid the inter-node coordinations among cell A and NES cell, therefore, transmitting UL WUS also on NES cell could be considered as high priority.
Proposal 3: For UL WUS transmission, support at least UE transmitting UL WUS to NES cell. 
Proposal 4: If UL WUS is transmitted on cell A, consider OD-SIB1 is also transmitted from cell A to avoid the frequent inter-node coordination. 
Proposal 5: For the scenarios to be considered for the design of OD-SIB1 procedure, RAN1 starts design of OD-SIB1 procedure to support Scenario 1 as baseline and RAN2 could further study on the procedure enhancement needed to support OD-SIB1 and RRC CONNECTION in the same combined procedure to reduce latency. 
· Scenario 1: UE performs cell reselection and camps on the NES cell  
· Scenario 2: UE only performs RRC CONNECTION on the NES cell (i.e. not camp in NES cell after data transmission)

2.2  Feedback from gNB in response to the SIB1 request 
There were discussion in RAN1 #116 that whether the UE should expect a feedback from gNB, like RAR, before it starts to monitor the OD-SIB1 or could directly start SIB1 monitoring. 
According to the legacy spec, for RAR window configuration, the maximum value that configured is no larger than 10ms when Msg2 is transmitted in licensed spectrum, while the typical value for search space zero monitoring period is 20ms. A SIB1 monitoring window would also typically cover more than one monitoring occasion of the CORESET 0, to provide more flexibility for network. Therefore, the SIB1 monitoring window would typically be a window that is multiples of RAR window size. 
If the UE starts a SIB1 monitoring window directly after it send the UL WUS as in Fig.1, it would require the gNB to respond in the window right after the UL WUS. If the network decides not to provide SIB1 in the first window, the UE would need to retransmit UL WUS for another request. Considering the potential size of a SIB1 monitoring window, the latency of the OD-SIB1 procedure could be much higher than a legacy PRACH procedure (see UE 2 in Fig. 1).
[image: ]Fig. 1 UE starts SIB1 monitoring window right after sending UL WUS
 
On the other hand, if the UE starts an RAR window after sending UL WUS, the UE could have a clear understanding of whether to start the SIB1 monitoring window. If no RAR is received, the UE could retransmit the UL WUS in a faster way since the RAR window could be potential much shorter than the SIB1 monitoring window. The network could also enjoy more flexibility in determining when to transmit the OD-SIB1 instead of responding to every UL WUS request. 
Note that this gNB feedback is already supported in legacy on-demand other SI procedure and can be extended to support the OD-SIB1 procedures directly or with considerable enhancements. 
[image: ]
Fig.2 UE starts RAR window after sending UL WUS
Proposal 6: Support feedback from gNB in response to the SIB1 request. Consider enhancements to support indication of the SIB1 monitoring window in the response to provide more flexibility for network.
3  Evaluation assumptions
In TR38.864 [2], there are some evaluation results provided for SIB1-less or on-demand SIB1 schemes.
The following observations on on-demand SIB1 have be made in Section 6.1.5, Technique A-5 adaptation of SSB/SIB1 including on-demand SSB/SIB1, where 
One source [3] shows that with a 4-symbol Discover signal (DRS), and without SIB1 transmission and for on-demand SIB1, 2.6% and 5.9% energy savings can be achieved for one SSB and four SSB respectively, at empty load with baseline of 20ms SSB/160ms SIB1 periodicity. 
One source [4] is provided with on-demand SIB1 at empty load with baseline of 20ms SSB/SIB1 periodicity, 5.8%~8.6% BS energy savings can be achieved at SIB1 transmission rate of 20%~5% for one SSB beam, and the gains can increase to 32.1%~38.8% for 8 beams case for a same SIB1 transmission rate range.
Other related observations were made in Section 6.2.1, Technique B-1 Multi-carrier energy savings enhancements, where 
With SIB-less only from one of two carriers and SSB is still transmitted,
· one source [5] shows that 33.6%~16.0% BS energy saving gain can be achieved compared with a carrier has 20ms SIB1 periodicity and both SSB and SIB1 are transmitted, and the gain decreases as the traffic load increases. Meanwhile, the SIB1 carried on another carrier increase the energy of that carrier by 7.5%~5.5%, resulting a total saving across two carries by 26.1%~10.5%. The gain decreases to 4.0% when the baseline SIB1 periodicity increases to 160ms; 
· one source [6] shows BS energy saving gain can be 3.3%~40.7% compared with baseline of SSB+SIB periodicity of {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell; meanwhile, the SIB1 carried on another carrier increase the energy of that carrier by 2.3%~17.8%, resulting a total saving across two carries by 1%~22.9%;
· one source [7] shows at different loads, compared to baseline of 20ms SSB/SIB1 periodicity, that BS energy savings can be achieved by 53.8%~36.5% with RO periodicity of 20ms and 160ms;
· also one source [8] shows less than 2.3% BS energy savings when compared with a baseline of SCell having SIB1.
From these results, it can be observed that: 
With 20ms SIB1 transmission periodicity as baseline, the on-demand SIB1 or SIB1-less operation could provide relatively large NES gains, ranging from 5.9% to 53.8% NES gains depending on traffic load, number of SSB beams and SSB periodicity, etc. However, when the baseline SIB1 periodicity increases to 160ms, the NES gain reduces to at most 4%. 
Observation 1: Based on the evaluation results from R18 NES SI TR38.864, SIB1-less/on-demand SIB1 scheme can provide NES gain ranging from 5.9% to 53.8% with 20ms SIB1 transmission periodicity depending on traffic load, number of SSBs and SSB periodicity, while only provides marginal NES gain of up to 4% with 160ms SIB1 transmission periodicity. 
It is noted that all the evaluation results were based on the 20ms SSB periodicity assumption, also in RAN1 #116 agreements, the agreed baseline assumptions only covers 20ms SSB periodicity. However, we still think it is important to consider the 160ms SSB +SIB1 periodicity as a baseline for evaluation assumption due to the following reasons: 
1. with 20ms SSB periodicity, the energy saving gain of further reducing SIB1 would be limited
2. with 160ms SSB periodicity and 160ms SIB1 periodicity, on one hand, it provides the least energy consumption supported by the legacy spec, on the other hand, the energy occupied by SSB transmission would be largely reduced, thus further the reducing of SIB1 transmission might bring more NES gains. 
Based on above observations, we have the following proposal: 
Proposal 7: Further justification on on-demand SIB1 is needed in RAN1. The case with 160ms SSB periodicity and 160ms SIB periodicity should be considered as baseline for evaluation. 
4  Conclusion
In this contribution, the following observations and proposals are made:
Proposal 1: NES cell does not support initial cell selection. 
Proposal 2: For configuration of UL WUS, support UE obtaining UL WUS configuration from Cell A, to provide more flexibility for WUS configuration and no impact to UE initial cell search 
Proposal 3: For UL WUS transmission, support at least UE transmitting UL WUS to NES cell. 
Proposal 4: If UL WUS is transmitted on cell A, consider OD-SIB1 is also transmitted from cell A to avoid the frequent inter-node coordination. 
Proposal 5: For the scenarios to be considered for the design of OD-SIB1 procedure, RAN1 starts design of OD-SIB1 procedure to support Scenario 1 as baseline and RAN2 could further study on the procedure enhancement needed to support OD-SIB1 and RRC CONNECTION in the same combined procedure to reduce latency. 
· Scenario 1: UE performs cell reselection and camps on the NES cell  
· Scenario 2: UE only performs RRC CONNECTION on the NES cell (i.e. not camp in NES cell after data transmission) 
Proposal 6: Support feedback from gNB in response to the SIB1 request. Consider enhancements to support indication of the SIB1 monitoring window in the response to provide more flexibility for network.

Observation 1: Based on the evaluation results from R18 NES SI TR38.864, SIB1-less/on-demand SIB1 scheme can provide NES gain ranging from 5.9% to 53.8% with 20ms SIB1 transmission periodicity depending on traffic load, number of SSBs and SSB periodicity, while only provides marginal NES gain of up to 4% with 160ms SIB1 transmission periodicity. 
Proposal 7: Further justification on on-demand SIB1 is needed in RAN1. The case with 160ms SSB periodicity and 160ms SIB periodicity should be considered as baseline for evaluation. 
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