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[bookmark: _Hlk131423587]Introduction
In RAN1#116bis meeting, on-demand SIB1 for UE in IDLE/INACTIVE state was heatedly discussed and the following agreements were achieved:[11]
	[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:
· 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 
· 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
RAN1 to further study the following UE operation scenarios in the UL WUS design:
· Scenario 1: UE requests SIB1 to camp on NES cell
· Scenario 2: UE request SIB1 to perform random access procedure to make RRC connection to NES cell
Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By WUS configuration
· Option 2: By PBCH payload of NES cell 
[bookmark: OLE_LINK34]Agreement
[bookmark: OLE_LINK28][bookmark: OLE_LINK24]Companies to report at least the following key settings used in the evaluation/simulation of achievable NES gain with on-demand SIB1 in idle/inactive mode
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E: PRACH configurations (including PRACH configuration index in 38.211 Table 6.3.3.2-3) for WUS and initial/random access
· Setting F: Cat1/Cat2 BS
· Setting G: Number of SSB beams
· Setting H: NES gain/loss on Cell A
· Setting I: On-demand SIB1 transmission rate (how often UE requests on-demand SIB1)
Agreement
For further study of the NES gain/loss evaluation assumption on Cell A with on-demand SIB1 on NES cell for idle/inactive mode UE,
· Assume the following for network energy evaluation of Cell A in FR1:
· Company to report among empty/low/medium cell load as defined in 38.864
· Same Cat BS as the Non-NES cell
· 30kHz SCS, DDDSU TDD pattern
·  Same SSB period as the Non-NES cell and company to report SIB1 period
· Same number of SSBs in a SSB burst as the Non-NES cell with SSB pattern case C
· 20ms PRACH configuration periodicity for WUS and/or initial access RACH and company to report RACH configuration index in 38.211 Table 6.3.3.2-3
· Same SSB/CORESET0 multiplexing pattern and same SIB1 PDSCH time domain resource allocation as the Non-NES cell
· Same traffic model as the Non-NES cell
· Companies to report the assumption of WUS configuration provision or UL WUS monitoring or on-demand SIB1 transmission on Cell A if Case 2 (Option 1+B+X) or Case 3 (Option 2+B+Y) is considered
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
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 R1-240XXXX.


In this contribution, we provide our analyses on on-demand SIB1 for Idle/Inactive UE. 

Discussion
[bookmark: _Hlk156241395]Motivation of demand SIB1
As for Rel-19 NES WI, a checkpoint is specified for on-demand SIB1. Hence, the motivation for on-demand SIB1 needs to be carefully studied. Assuming SS/PBCH block and CORESET multiplexing pattern 1 and 20ms SSB/SIB1 periodicity are adopted, the SIB1 overhead in time domain is 4.28%~40% depending on deployment and configuration, as shown in Table 1, wherein CORESET#0 occupies L1=2 OFDM symbols and SIB1 occupies L2=4 or 12 OFDM symbols. It can be observed that non-negligible time and frequency resources for SIB1 are consumed.
[bookmark: _Ref163074871]Table 1 Time domain resource occupancy radio of SIB1
	Case
	L=6
	L=14

	Case A (15kHz, <=3GHz)
	8.57%
	20%

	Case A (15kHz, >3GHz)
	17.14%
	40%

	Case B (30kHz, <3GHz)
	4.28%
	10%

	Case B (30kHz, >3GHz)
	8.57%
	20%

	Case C (30kHz, <1.88 GHz)
	4.28%
	10%

	Case C (30kHz, >1.88 GHz)
	8.57%
	20%

	Case D (120kHz, FR2)
	17.14%
	40%

	Case E (240kHz, FR2)
	8.57%
	20%



Observation 1:  The overhead of SIB1 is 4.28%~40% in terms of occupied OFDM symbols within 20ms SIB1 periodicity.
During Rel-18 NES study item, it is a common understanding that NES techniques should be applicable to diverse scenarios so that operators have chance to reduce OPEX for any potential deployment, including Urban Micro scenario, Macro scenario, InH scenario, etc. [3]
At least for Urban Micro scenario and InH scenario, the number of UE camping on a cell may be changing significantly with time going by.  Furthermore, network may decide to shut down part of cells once the overall traffic load is not that high. To be specific, gNB can shut down SIB1 transmission on a cell while sustains basic operation on the neighboring cell. Currently, gNB has to periodically transmit SIB1 even if there is no UE camping on the cell. It is obvious that permanent SIB1 transmission will waste energy as it may be unnecessary to keep transmitting SIB1 in some cases.  On-demand SIB1 can be used to resolve the issues on energy waste caused by unnecessary SIB1. To be specific, one exemplary procedure of on-demand SIB1 is shown in Figure 1:
· Step 1: gNB stops transmitting SIB1 when it recognizes that there is no UE on current cell or the traffic load is pretty low.
· Step 2: UE1 decides to camp on the target cell and sends WUS to trigger SIB1 transmission;
· Step 3: gNB receives the WUS request and resumes the SIB1 transmission;
· Step 4: UE1 moves to another cell or traffic load becomes very low, the gNB stops SIB1 transmission again.
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[bookmark: _Ref157539314]
[bookmark: _Ref162364529]Figure 1  Scenarios for on-demand SIB1 scheme
Observation 2:  On-demand SIB1 at least can be used to avoid energy waste for the following cases:
· There is no UE within the coverage of a serving cell.
· The overall traffic load is quite low and there is no need to provide service via the target cell.
[bookmark: _Hlk118291785][bookmark: _Hlk118291361]
[bookmark: _Hlk155801310]The NES performance of on-demand SIB1 has been evaluated during Rel-18 NES SI. [8] The simulation results show that 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 increase to 32.1%~38.8% for 8 beams case for a same SIB1 transmission rate range.
Besides, in order to better evaluate the achievable NES gain of on demand-SIB1 for idle/inactive mode UE, a bunch of evaluation assumption for FR1 has been agreed.[1][11]. Accordingly, we provide evaluation results for empty load and low load with Case 2, i.e., Option 1+B+X in Table 2 and Table 3 respectively. For baseline scenario as shown in Figure 2 and Figure 3, we assume there are 4 and 8 SSBs within a SSB burst respectively. CORESET#0 occupies 2 OFDM symbols and PDSCH carrying SIB1 occupies 12 OFDM symbols. Additionally, we assume PRACH transmission occupies one slot per 20ms. The detailed configuration for the baseline scenario can be found in Appendix.  For on-demand SIB1 scenario, Case 1 as captured in the aforementioned agreement is assumed, i.e., 20ms SSB period with no SIB1 transmitted. [1]  Besides, we also simulate the case with 30% SIB1 request rate.


 
[bookmark: _Ref163050973]Figure 2 The scenario for analysis with 4 SSBs (empty load)


[bookmark: _Ref163050982]Figure 3 The scenario for analysis with 8 SSBs (empty load)

[bookmark: _Ref163050556]Table 2 NES gain of on-demand SIB1 with Empty load and Cat 1 BS
	[bookmark: _Ref163050633]NES gain (/ms)
	Case A with 20ms SIB1 period
	Case D with 40ms SIB1 period
	Case C with 160ms SIB1 period

	Case 1 with zero SIB1 request rate

	NES gain with 4 SSBs
	31.13%
	18.44%
	5.35%

	NES gain with 8 SSBs
	43.47%
	27.77%
	8.77%

	30% SIB1 request rate

	NES gain with 4 SSBs
	21.79%
	12.91%
	3.74%

	NES gain with 8 SSBs
	30.43%
	19.44%
	6.14%


[bookmark: _Ref165212072]Table 3 NES gain of on-demand SIB1 with Low load (L=10%) and Cat 1 BS
	NES gain (/ms)
	Case A with 20ms SIB1 period
	Case D with 40ms SIB1 period
	Case C with 160ms SIB1 period

	Case 1 with zero SIB1 request rate

	NES gain with 4 SSBs
	[bookmark: _Hlk165214980]18.82%
	10.39%
	[bookmark: _Hlk165214969]2.82%

	NES gain with 8 SSBs
	32.06%
	19.09%
	5.57%

	30% SIB1 request rate

	NES gain with 4 SSBs
	13.17%
	7.27%
	1.97%

	NES gain with 8 SSBs
	22.44%
	13.36%
	3.9%



Based on the evaluation results, it can be observed that significant NES gain can be obtained from on demand-SIB1. Accordingly, we have the following observation:

[bookmark: _Hlk166174854]Observation 3: On-demand SIB1 provide significant NES gain with zero SIB1 request rate.
· For 4 SSB within a SSB burst, 5.35%~31.13% NES gain for empty load and 2.82%~18.82% NES gain for low load can be achieved.
· NES gain is more significant when SIB1 periodicity is small.
· For 8 SSB within a SSB burst, 8.77%~43.47% NES gain for empty load and 5.57%~32.06% for low load NES gain can be achieved.
· NES gain is more significant when SIB1 periodicity is small. 
· NES gain brought by on-demand SIB1 becomes more significant with the total number of SSB going up.
· NES gain brought by on-demand SIB1 becomes more significant with the traffic load going down.

Observation 4: On-demand SIB1 provide significant NES gain with 30% SIB1 request rate.
· For 4 SSB within a SSB burst, 3.74%~21.79% NES gain for empty load and 1.97%~13.17% NES gain for low load can be achieved.
· NES gain is more significant when SIB1 periodicity is small.
· For 8 SSB within a SSB burst, 6.14%~30.43% NES gain for empty load and 3.9%~22.44% NES gain for low load can be achieved.
· NES gain is more significant when SIB1 periodicity is small.
· NES gain brought by on-demand SIB1 becomes more significant with the total number of SSB going up.
· NES gain brought by on-demand SIB1 becomes more significant with the traffic load going down.

Considering the significant NES gain coming with on-demand SIB1, we think it should be supported.

Proposal 1:  On-demand SIB1 for idle/inactive mode UE should be supported.
Procedure for on-demand SIB1 scenario
In RAN1#116bis meeting, the following three cases were identified for further study:
· Case 1: Option 1+A+X 
· Case 2: Option 1+B+X 
· Case 3: Option 2+B+Y 
Generally speaking, the target cell for UL WUS transmission and on-demand SIB1 reception has to be the same cell. Hence, the above three cases for on-demand SIB1 procedure can be boiled down to the following two issues: 
· Issue#1: the target cell to which UE transmits WUS as well as from which UE obtains on-demand SIB1.
· Issue#2: the target cell from which UE obtains WUS configuration.
For issue#1, the candidate solutions can be further split into following two alternatives:
· Alt. 1: Option 1+ Option X.
· Alt. 2: Option 2+ Option Y.
For Alt. 2, if UE transmits UL WUS to cell A and receives on-demand SIB1 from the same cell, it may be friendly to obtain more overall network energy saving gain as it provides more opportunities to transit to sleep mode for NES cell. On the other hand, the performance gap between Alt.1 and Alt.2 is trivial. More importantly, Alt.2 will bring significant specification impacts. The first question is whether NES UE is only allowed to camp on cell A or it is also allowed to camp on NES cell. Considering SIB1 reception is the key step for UE camping on a certain cell, there is no sense to receive another cell’s SIB1 on cell A if this UE can only camp on cell A. If UE is allowed to camp on NES cell, the overall procedure for initial access is significantly changed. We must very carefully estimate the complexity and specification impacts. Accordingly, we provide summary of legacy procedure and new procedure if SIB1 is provided by cell A while UE needs to camp on another cell.

Table 1: Specification impacts and procedure modification for Option 2+ Option Y
	Key step for UE camping
	UE receives SIB1 and camps on the same cell
	UE receives SIB1 on another cell and camps on the target cell

	Cell search
	UE acquires time and frequency synchronization with a cell and to detect the physical layer Cell ID of the cell. 
	Firstly, UE acquires time and frequency synchronization with a cell and to detect the physical layer Cell ID of cell A.
At the same time, UE has to acquire time and frequency synchronization with each cell and to detect the physical layer Cell ID of each cell. The reason is that UE potentially camp on any cell while cell search is the premise of camping.

	SIB1 reception
	UE receives and decodes SIB1 according to MIB carried by detected SSB on the same cell. If criteria of cell selection is satisfied, cell selection is completed. Otherwise, another cell selection or cell re-selection is triggered.
	UE receives and decodes SIB1 not only for cell A but also for NES cell.
gNB has to indicate which cell the UE shall camp on as there are multiple SIB1 and multiple candidate cells for UE to camp.
UE is mandated to conduct cell re-selection procedure according to network indication.

	Paging reception
	UE monitors paging occasion according to configuration provided by SIB1 on the same cell.
	UE monitors paging occasion according to the configuration provided by SIB1 of NES cell.

	SI update
	UE receives SIB1 on camping cell accommodating to the indication carried by short message.
	UE has to retuning to cell A to receive the updated SIB1.
It is unclear how the retuning can be realized, e.g., cell-reselection or something new.


Clearly, if option 2+option Y is adopted, there are significant specification impacts coming along with additional UE complexity. 
· The overall cell selection procedure is changed as UE needs to receive a list of SIB1 on cell A.
· The reception of SIB1 for multiple cells on cell A itself needs a lot of discussion.
· UE has to maintain and store all results for every detectable cell as it cannot determine the target cell by itself.
· Paging procedure may also be changed depending on where paging is transmitted, i.e., on cell A or camping cell.
· UE has to support two parallel cell search/cell selection/paging procedure as NES cell and legacy cell typically coexist in the same network.
On the contrary, existing mechanism for cell search/cell (re-)selection/paging can be largely reused if option 1+ option X is adopted.  Additional complexity from both gNB and UE side can be avoided as well.

[bookmark: _Hlk165281709]Proposal 2:  NES UE transmits WUS to NES cell in order to request SIB1 and receives the SIB1 from the NES cell. 

For issue#2, SIB1 is a first essential SI that UE needs to obtain after MIB. The configuration of sequential SI is also carried by SIB1. Hence, SIB1 is a prerequisite for SI acquisition. From this aspect, cell A with normal SIB1 transmission is a promising choice for WUS configuration. Accordingly, the signalling carrying WUS configuration needs to be clarified. In theory, either SIB1 or SIBn can be used to carry WUS configuration. Considering that SIB1 is a prerequisite for SIBn, UE can obtain the WUS configuration faster if WUS configuration is carried by SIB1. However, it will increase the overall payload of SIB1 which may exceed the maximum packet size. Another choice is to carry WUS configuration with SIBn. The following two options can be further studied:
‒	Option 1: The WUS configuration is carried by one of existing SIBn IE, e.g., SIB2, SIB3, SIB4;
‒	Option 2: The WUS configuration is carried by a newly defined SIBn, e.g., SIB 22;
Proposal 3:  If WUS configuration is obtained by cell A, it can be carried by either SIB1 or SIBn.

However, if the NES cell is deployed in an isolated scenario, the UE may not be able to find a cell A. Accordingly, NES cell has to deliver WUS configuration to UE. Several parallel methods can be considered for WUS configuration acquisition. If SIB1 is transmitted, the UE can obtain WUS configuration by SI. For instance, if NES cell receives a WUS from UE1, it may resume SIB1 transmission. During this period, UE2 can receive SIB1 on this cell as usual and obtain WUS configuration. On the contrary, if SIB1 is not available, the UE needs to obtain WUS configuration without SI. A straightforward direction is to introduce a predefined WUS configuration. On the other hand, it may loss flexibility in terms of configuration to some extent. Another direction is to use DCI format 1_0 with CRC scrambled with SI-RNTI to deliver WUS configuration. However, the NES gain may be reduced as gNB has to periodically transmit DCI format 1_0. 
Proposal 4:  If WUS configuration is obtained by NES cell, it can be delivered by:
· SIB1 or SIBn
· DCI format 1_0
· Predefined WUS configuration

[bookmark: _Hlk164946122]Based on the aforementioned analysis, both option A and option B for obtaining WUS configuration deserve further consideration.
Proposal 5:  On configuration provision for UL WUS transmission, both option A and option B can be further studied.
· Option A: UE obtains the UL WUS configuration from NES Cell.
· Option B: UE obtains the UL WUS configuration from Cell A.

Accordingly, we think both Case 1 and Case 2 can be adopted for UE to request SIB1 and perform subsequent procedures. Hence, we have following proposal:
[bookmark: _Hlk165281780]Proposal 6:  For NES UE, both Case 1 and Case 2 are supported, i.e., Option 1+A+X and Option 1+B+X.

In RAN1#116 meeting, the following three options were agreed to be viable solutions for UL WUS configuration:
‒	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 single NES cell.
Pre-defined UL WUS configuration may be necessary for isolated configuration as aforementioned. For Case 2, considering that the UE needs to transmit UL WUS to NES cell, it is straightforward that the UL WUS configuration should be cell-specific as the resource for UL WUS transmission varies from cell to cell.

[bookmark: _Hlk165281814]Proposal 7: For UL WUS configuration, both pre-defined UL WUS configuration and cell-specific UL WUS configuration can be considered, i.e., Option 1 and Option 3.
If UE obtains the WUS configuration from cell A, the procedure to determine a camping cell needs further discussion. Currently, the UE shall camp on a cell if cell selection/reselection criterion is fulfilled. From our understanding, current cell selection/reselection procedure still works for UE to choose a proper cell to camp on in on-demand SIB1 scenario. Taking the scenario as shown in  Figure 4 as an example, the procedure for UE camping on a cell is summarized as below:
· Step#1:  Obtain the SSB of cell A by cell search.
· Step#2: Obtain SIB1 and camp on cell A if cell selection criterion is fulfilled.
· Step#3: Obtain the WUS configuration by SIBn.
· Step#4: When cell reselection criterion is fulfilled, the UE searches SSB on another cell. The WUS configuration takes effect only when it camps on the target NES cell.


[bookmark: _Ref157590344]Figure 4 An example scenario of choosing a proper cell to camp on by cell selection/reselection
Proposal 8:  UE can camp on NES cell following current cell selection/reselection procedure even if it obtains WUS configuration from cell A.
Design of WUS signal
In RAN1#116 meeting, it was agreed that PRACH can be considered as a starting point for WUS design.
	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


Furthermore, RAN1 continued discussing the FFS part and it was agreed that at least dedicated PRACH resources for SIB1 request will be further studied.
[bookmark: _Hlk162461366]Currently, UE sends the SI request carried by the preamble if SI-RequestConfig is configured. In response to the SI request, gNB should send Msg2 in order to acknowledge UE, as Figure 5 shows.



[bookmark: _Ref162459898]Figure 5 Procedure of Msg1-based on demand SI
Msg1-based SI request is beneficial to reduce the latency for SI acquisition. However, it jeopardizes the PRACH capacity as several PRACH preambles/resources need to be reserved for SI request. Another mechanism is to utilize Msg3 PUSCH to carry SI request. The procedure of Msg3-based on demand SI is shown in Figure 6. The UE sends the RRCSystemInfoRequest message to request SIBn transmission. Subsequently, the gNB should send Msg4 in response to the request.


[bookmark: _Ref162461202]Figure 6 Procedure of Msg3-based on demand SI
Regarding to on-demand SIB1, it can directly reuse current mechanism for requesting SI, i.e., either Msg1-based request or Msg3-based request. 
Proposal 9: Either Msg1-based request or Msg3-based request can be used for requesting on-demand SIB1.
In RAN1#116 meeting, it was agreed that further study on whether feedback from gNB in response to SIB1 request is needed.[1]
From UE’s perspective, once the UE sends UL WUS, it has to keep monitoring DCI format 1_0 for SIB1 even there is no SIB1 transmission as it has no idea whether SIB1 is transmitted or not. Hence, feedback signaling in response to SIB1 request is needed. If similar mechanism for requesting SI is reused for on-demand SIB1, either Msg2 or Msg4 can be used to acknowledge UE.

Proposal 10: If Msg1-based or Msg3-based SIB1 request is adopted, Msg2 or Msg4 can be reused for the acknowledgement of SIB1 request respectively.
[bookmark: _Hlk130395312]Others
On-demand SIB1 cell identification:
Currently, if UE fails to obtain SIB1 on a serving cell, the cell is regarded as barred and is taken out from the candidate cell list of cell selection/reselection for 300 seconds. The basic principle of above mechanism is to exclude the unqualified cell for data transmission. Following legacy procedure, NES UE may unexpectedly bar a NES cell if it doesn’t receive SIB1 during SIB1 off period. Consequently, the UE may have to search for another cell. In the end, it may be hard for a NES UE to select any cell if lots of NES cell determine to turn off SIB1. It will decrease the network communication performance.
To solve that problem, the UE needs to be informed that the serving cell is an on-demand SIB1 cell. If UE doesn’t not receive SIB1 on an on-demand SIB1 cell, this cell should not be simply removed from candidate cell list for 300 seconds. To help UE to identify on-demand SIB1 cell, following two options were agreed for further study in RAN1#116bis meeting:
· Option 1: UE identifies the on-demand SIB1 cell by WUS configuration.
· Option 2: UE identifies the on-demand SIB1 cell by PBCH payload of NES cell. 



Figure 7  Example procedure of UE camping on a cell
Option 1 works based on the perquisite that the WUS configuration carries the information of cell ID. Once the UE obtains the configuration specific to one serving cell, the UE can determine it to be an on-demand SIB1 cell. 
MIB carries the most important and essential information for NR system. It is unacceptable to add any new bit in MIB. As shown below, there is only one spare bit in MIB which is available for other purpose. Although it is straightforward to use this bit to indicate cell type, we must be very careful. It is not only RAN1 issue but also RAN2 issue. Recalling NR revolution, every specified new feature since Rel-15 avoids touching this spare bit. Hence, we prefer not to venture to re-interpret it.MIB ::=                             SEQUENCE {
systemFrameNumber                     BIT STRING (SIZE (6)),
subCarrierSpacingCommon           ENUMERATED {scs15or60, scs30or120},
ssb-SubcarrierOffset                      INTEGER (0..15),
dmrs-TypeA-Position                    ENUMERATED {pos2, pos3},
pdcch-ConfigSIB1                         PDCCH-ConfigSIB1,
cellBarred                                      ENUMERATED {barred, notBarred},
intraFreqReselection                     ENUMERATED {allowed, notAllowed},
spare                                              BIT STRING (SIZE (1))
}


For the other bits, they are used for specific purpose. For kSSB value, i.e., provided by ssb-SubcarrierOffset, there are two usages:
· Indicate the frequency domain offset between SSB and the overall resource block grid in number of subcarriers. 
· Provide assistant information for monitoring second SSB associated with CORESET#0.
It may be possible to reinterpret the reserved kSSB value for indicating whether the cell is on-demand SIB1 cell or not. On the other hand, it will impact the functionality of SSB reception and introduce additional specification impact.

[bookmark: _Hlk165281882]Proposal 11: UE identification of NES cell with on-demand SIB1 can be implicitly achieved via WUS configuration. 

Supported operations for NES cell:
[bookmark: _Hlk165281913]In RAN1#116bis meeting, the functionality of NES cell was preliminarily discussed, i.e., whether all or a subset of RACH procedure, OSI transmission and paging is supported on NES cell. Considering aforementioned procedures are quite important for wireless communication, we don’t see reasons to preclude any of them.

Proposal 12: For NES cell, at least following operations should be supported:
· RACH procedure (random access)
· OSI transmission
· Paging

1 Conclusion
In this contribution, we provide our views on on-demand SIB1. We have the following observations and proposals:
[bookmark: _Hlk165281961]Observation 1:  The overhead of SIB1 is 4.28%~40% in terms of OFDM symbols within 20ms SIB1 periodicity.
Observation 2:  On-demand SIB1 at least can be used to avoid energy waste for the following cases:
· There is no UE within the coverage of a serving cell.
· The overall traffic load is quite low and there is no need to provide service via the target cell.
Observation 3: On-demand SIB1 provide significant NES gain with zero SIB1 request rate.
· For 4 SSB within a SSB burst, 5.35%~31.13% NES gain for empty load and 2.82%~18.82% NES gain for low load can be achieved.
· NES gain is more significant when SIB1 periodicity is small.
· For 8 SSB within a SSB burst, 8.77%~43.47% NES gain for empty load and 5.57%~32.06% for low load NES gain can be achieved.
· NES gain is more significant when SIB1 periodicity is small. 
· NES gain brought by on-demand SIB1 becomes more significant with the total number of SSB going up.
· NES gain brought by on-demand SIB1 becomes more significant with the traffic load going down.

Observation 4: On-demand SIB1 provide significant NES gain with 30% SIB1 request rate.
· For 4 SSB within a SSB burst, 3.74%~21.79% NES gain for empty load and 1.97%~13.17% NES gain for low load can be achieved.
· NES gain is more significant when SIB1 periodicity is small.
· For 8 SSB within a SSB burst, 6.14%~30.43% NES gain for empty load and 3.9%~22.44% NES gain for low load can be achieved.
· NES gain is more significant when SIB1 periodicity is small.
· NES gain brought by on-demand SIB1 becomes more significant with the total number of SSB going up.
· NES gain brought by on-demand SIB1 becomes more significant with the traffic load going down.

Proposal 1:  On-demand SIB1 for idle/inactive mode UE should be supported.
Proposal 2:  NES UE transmits WUS to NES cell in order to request SIB1 and receives the SIB1 from the NES cell. 
 Proposal 3:  If WUS configuration is obtained by cell A, it can be carried by either SIB1 or SIBn.
Proposal 4:  If WUS configuration is obtained by NES cell, it can be delivered by:
· SIB1 or SIBn
· DCI format 1_0
· Predefined WUS configuration
Proposal 5:  On configuration provision for UL WUS transmission, both option A and option B can be further studied.
· Option A: UE obtains the UL WUS configuration from NES Cell.
· Option B: UE obtains the UL WUS configuration from Cell A.

Proposal 6:  For NES UE, both Case 1 and Case 2 are supported, i.e., Option 1+A+X and Option 1+B+X.
Proposal 7: For UL WUS configuration, both pre-defined UL WUS configuration and cell-specific UL WUS configuration can be considered, i.e., Option 1 and Option 3.
Proposal 8:  UE can camp on NES cell following current cell selection/reselection procedure even if it obtains WUS configuration from cell A.
Proposal 9: Either Msg1-based request or Msg3-based request can be used for requesting on-demand SIB1.
Proposal 10: If Msg1-based or Msg3-based SIB1 request is adopted, Msg2 or Msg4 can be reused for the acknowledgement of SIB1 request respectively.

Proposal 11: UE identification of NES cell with on-demand SIB1 can be implicitly achieved via WUS configuration. 

Proposal 12: For NES cell, at least following operations should be supported:
· RACH procedure (random access)
· OSI transmission
· Paging
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Appendix: Analysis assumptions for on-demand SIB1
[bookmark: _Ref1208685]Table I. Analysis assumption in FR1 band
	Parameters
	Values

	Basic parameters
	Scenario
	FR1 (TDD)

	
	SCS
	30kHz

	
	 Bandwidth
	100 MHz

	
	Available RB within the bandwidth
	273

	
	Frame structure
	DDDSU

	
	BS 
	Cate 1 BS

	SSB
	SSB period
	20ms

	
	SSB number in period
	4/8

	
	SSB pattern
	Case C

	
	SSB frequency resource
	20 RBs

	CORESET#0& SIB1
	SIB1 period
	20/40/160ms

	
	CORESET#0 Configuration
	Table 13-6 index 0 in TS 38.213 [5]

	
	Searchspace#0 Configuration
	Table 13-11 index 2 in TS 38.213 [5] 

	
	CORESET#0 and SSB multiplexing pattern
	Pattern 1

	
	SIB1 frequency resource
	24 RBs

	
	CORESET#0 frequency resource
	24 RBs

	
	SIB1 time resource configuration
	Table 5.1.2.1.1-2 index 1 in TS 38.214 [10] (S=2, L=12)

	PRACH&WUS
	PRACH period
	20ms

	
	PRACH configuration
	Table 6.3.3.2-3 index 148 in TS 38.211 [9]

	
	PRACH frequency resource
	24 RBs
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