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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 TR38.864 [2], the procedures related to LP-WUS monitoring and activation/deactivation in CONNECTED mode that have been discussed is summarized in the following:

In this contribution, we provide our general consideration on the scenarios and corresponding spec impacts for each scenario. 
2  Scenarios for on-demand SIB1 transmission
In this section, we discuss about potential scenarios for On-demand SIB1 (OD-SIB1) transmission, spec impacts as well as pros and cons. 
For IDLE/INACTIVE UEs, before entering IDLE/INACTIVE state, they have performed cell selection and attached to an anchor cell. When UE enters IDLE/INACTIVE state, UE performs neighbor cell measurement and may find an NES cell without SIB1 that has a good cell quality. To perform reselection on the NES cell, UE needs the SIB1 on that cell. 
Depending on the level of assistance information that could be provided by anchor cell to obtain the SIB1 of the NES cell, we summarize the scenarios in the following Table 1. 
Table 1. Summary of scenarios considering on-demand SIB1 (OD-SIB1) operation
	Scenario
	Anchor cell provide w/o request
	OD-SIB1 request sent on
	OD-SIB1 provided by

	Scenario 1
	SIB1 of NES cell
	Alt 1: No
Alt 2: Same as Scenario 2 for SIB1 update

	Scenario 2
	a
	OD-SIB1 request (WUS) configuration
	Anchor cell
	Anchor cell

	
	b
	
	Anchor cell
	NES cell

	
	c
	
	NES cell
	NES cell

	Scenario 3
	No assistance information
	NES cell
	NES cell



Scenario 1: SIB1 of NES cell provided by anchor cell
Anchor cell could provide complete SIB1 of NES cell for UE in SIB1 or RRC release message without any UE request. UE could then directly perform cell reselection procedure and access to the NES cell whose SIB1 has already been provided by the anchor cell. In this scenario, the SIB1 or RRC overhead on the anchor cell would be large if there are various NES cells around. In case of SIB1 update, the new OD-SIB1 procedure (more details discussed in Scenario 2) could be considered.
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Fig.1 Scenario 1: SIB1-less operation in non-anchor NES cell
The spec impacts to support Scenario 1 include:
· SIB1 of NES cell piggybacked to SIB1 on anchor cell or in RRC release message
Since anchor cell needs to provide the SIB1 of all neighboring NES cells, the signaling overhead and power consumption on anchor cell would be highly increased. 
Observation 1: For SIB1-less operation in Scenario 1, anchor cell could provide complete SIB1 of NES cell piggybacked to SIB1 or in RRC release message. The overhead to provide SIB1 for multiple neighboring NES cell would be high, but spec impact can be small. 

Scenario 2: OD-SIB1 request (WUS) configuration provided by anchor cell
Compared with scenario 1 where anchor cell provides full SIB1 for NES cell, in Scenario 2, anchor cell would only provide assistance information for UE to request for SIB1 of the NES cell. Depending on where the request is sent, the scenario is further categorized into three sub-scenarios:
Scenario 2a: OD-SIB1 request (WUS) is sent on anchor cell and OD-SIB1 is provided by anchor cell
In this scenario, anchor cell provides the WUS configuration for UE to obtain SIB1 of NES cell also on the anchor cell. This procedure could be viewed as a legacy RACH procedure on anchor cell and the WUS configuration can be viewed as a special PRACH configuration. Enhancements to legacy Msg1/Msg3-based on-demand SI request procedures on anchor cell would be needed to support OD-SIB1 for NES cell. 
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Fig.2 Scenario 2a: OD-SIB1 sent from anchor cell triggered by WUS on anchor cell
The spec impacts to support Scenario 2a include: 
· Enhancements to support WUS configurations on anchor cell  
· For Msg1-based OD-SIB1 procedure, PRACH resource partition to support request SIB1 of an NES cell
· For Msg3-based OD-SIB1 procedure, update the requested-SI-List in RRCSystemInfoRequest to support request of SIB1 of an NES cell	
· Enhancements to support OD-SIB1 transmission on anchor cell
· For Msg1-based OD-SIB1 procedure, RAR enhancement for OD-SIB1 confirmation and scheduling/ transmission of OD-SIB1 of an NES cell on the anchor cell
· For Msg3-based on-demand SIB1 procedurem, Msg4 enhancement for confirmation and transmission of OD-SIB1 of an NES cell on the anchor cell

Scenario 2b: OD-SIB1 request (WUS) is sent on anchor cell and OD-SIB1 is provided by NES cell
In this scenario, the WUS configuration is also configured on anchor cell and UE also sends WUS on anchor cell which is the same as Scenario 2a. The difference is that OD-SIB1 is provided by the NES cell. This may be applicable when the quality of anchor cell is not good enough to provide whole set of SIB1 while the quality of NES cell is getting better to directly provide SIB1. 
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Fig.3 Scenario 2b: OD-SIB1 sent from NES cell triggered by WUS on anchor cell
Spec impacts to support Scenario 2b include:
· Enhancements to support WUS configurations on anchor cell: Same as Scenario 2a
· Enhancements to support OD-SIB1 transmission on NES cell
· For Msg1-based OD-SIB1 procedure, RAR enhancement for OD-SIB1 confirmation and scheduling/ transmission of OD-SIB1 of an NES cell on the NES cell
· For Msg3-based on-demand SIB1 procedurem, Msg4 enhancement for confirmation and transmission of OD-SIB1 of an NES cell on the NES cell

Scenario 2c: OD-SIB1 request (WUS) is sent on NES cell and OD-SIB1 is also provided by NES cell
In this scenario, although the WUS configuration is still configured on anchor cell, the request is actually to be sent directly on the NES cell, and the OD-SIB1 is provided by NES cell itself. 
[image: ]
Fig.4 Scenario 2c: OD-SIB1 sent from NES cell triggered by WUS on NES cell

Spec impacts to support Scenario 2c include:  
· PRACH/WUS configuration for NES cell carried on anchor cell, piggybacked to SIB1 on anchor cell or in RRC release message
· OD-SIB1 request procedure on NES cell, including the enhancements to PRACH configurations and OD-SIB1 transmission similar to enhancements in Scenario 2a

[bookmark: _GoBack]Note that the above scenarios could be mixed or combined in certain cases. For example, a special case could be that Complete SIB1 is piggybacked for UE initial access in NES Cell w/o SIB1 (Scenario 1) and the UE can use new on-demand SIB1 (ODS) procedure in case of SIB1 update (Alt 2 in Scenario 1, similar to Scenario 2c). Or another enhancement could be that NW indicates to UE whether the on-demand SIB1 of an NES cell is scheduled/transmitted on anchor cell or on the NES cell, i.e. a combination of Scenario 2a and 2b. 
It is noted that in Scenario 2, the assistance information provided by anchor cell could be PRACH configuration only which is a subset of SIB1. Moreover, since the SIB1 is on-demand requested by UE, UE could indicate to the anchor cell which NES cell it wants to access and only the OD-SIB1 of the particular NES cell is to be delivered to UE, thus saving signaling overhead on anchor cell compared to Scenario 1. 

Observation 2: For on-demand SIB1 scenario 2, anchor cell could provide assistance information for UE to send request to anchor cell or NES cell to obtain SIB1 of the NES cell. The overhead to provide WUS configuration and OD-SIB1 could be smaller than Scenario 1, while the spec impacts include
· Enhancements to support WUS configurations on anchor cell or WUS configuration for NES cell carried on anchor cell
· Enhancements to support OD-SIB1 scheduling/transmission on anchor cell or on NES cell

Scenario 3: OD-SIB1 without anchor cell assistance (stand-alone) 
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In this scenario, the NES cell does not transmit SIB1 for energy saving. There is no other cell providing assistance information for NES cell. The WUS configuration can only be obtained either by pre-determined configuration in spec or from NES cell itself. This would result in change of MIB content of the NES cell, and if the NES cell allows initial access, it would affect UE cell selection procedure. 
The spec impacts include: 
· MIB content of NES cell updated to include WUS configuration 
· UE cell selection procedure to identify NES cell and request for SIB1 before performing cell selection, if the NES cell allows initial access UEs. 
· OD-SIB1 request procedure on NES cell, including enhancements to PRACH configurations and OD-SIB1 scheduling/transmission similar to enhancements in Scenario 2a

Observation 3: For stand-alone on-demand SIB1 scenario (Scenario 3), no assistance information is provided by anchor cell. Spec impact for this scenario is larger than Scenario 1 and 2, including change of MIB content of the NES cell, and if the NES cell allows initial access, it would affect UE cell selection procedure. 

3  Evaluation results in TR38.864
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 4: 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 also observed in the TR that when two carriers are considered, the SIB1 carried on another cell would also increase the energy of that cell, leading to a smaller energy saving gain across the two carriers.  
Observation 5: SIB1 carried on another cell would also increase the energy of that cell, leading to a smaller energy saving gain across the two carriers. 
Based on above observations, if on-demand SIB1 is to be specified in RAN1, further justifications are needed, including finding the scenario that on-demand SIB1 would provide more NES gains and schemes to reduce the energy increase on the other cell/carrier should be considered if multi-carrier/cell scenario is the target scenario. 
Proposal 1: Further justification on on-demand SIB1 is needed in RAN1. 
Proposal 2: Considering spec impact, on-demand SIB1 with anchor cell assistance should be the target scenario if OD-SIB1 is supported. FFS: 
· whether to send the OD-SIB1 request on anchor cell or NES cell
· whether to receive OD-SIB1 on anchor cell or NES cell
Proposal 3: If OD-SIB1 is to be specified, schemes that reduces the energy increase on anchor cell should be supported. 
4  Conclusion
In this contribution, we discussed on the scenarios to support NES cell without SIB1, categorized three scenarios, and identified corresponding spec impacts. We also investigated the evaluation results to understand the NES gain of OD-SIB1. The following observations and proposals are made:
Observation 1: For SIB1-less operation in Scenario 1, anchor cell could provide complete SIB1 of NES cell piggybacked to SIB1 or in RRC release message. The overhead to provide SIB1 for multiple neighboring NES cell would be high, but spec impact can be small. 
Observation 2: For on-demand SIB1 in Scenario 2, anchor cell could provide assistance information for UE to send request to anchor cell or NES cell to obtain SIB1 of the NES cell. The overhead to provide WUS configuration and OD-SIB1 could be smaller than Scenario 1, while the spec impacts include
· Enhancements to support WUS configurations on anchor cell or WUS configuration for NES cell carried on anchor cell
· Enhancements to support OD-SIB1 scheduling/transmission on anchor cell or on NES cell
Observation 3: For stand-alone on-demand SIB1 in Scenario 3, no assistance information is provided by anchor cell. Spec impact for this scenario is larger than Scenario 1 and 2, including change of MIB content of the NES cell, and if the NES cell allows initial access, it would affect UE cell selection procedure. 

Observation 4: 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. 
Observation 5: SIB1 carried on another cell would also increase the energy of that cell, leading to a smaller energy saving gain across the two carriers. 

Proposal 1: Further justification on on-demand SIB1 is needed in RAN1. 
Proposal 2: Considering spec impact, on-demand SIB1 with anchor cell assistance should be the target scenario if OD-SIB1 is supported. FFS: 
· whether to send the OD-SIB1 request on anchor cell or NES cell
· whether to receive OD-SIB1 on anchor cell or NES cell
Proposal 3: If OD-SIB1 is to be specified, schemes that reduce the energy increase on anchor cell should be supported. 
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Scenario 1: SIB1-less operation in non-anchor NES cell
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Scenario 2a: OD-SIB1 sent from anchor cell triggered by WUS on anchor cell
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Scenario 2b: OD-SIB1 sent from NES cell triggered by WUS on anchor cell
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Scenario 2¢: OD-SIB1 sent from NES cell triggered by WUS on NES cell
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Scenario 3: On-demand SIB1 in NES cell without anchor cell assistance
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