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Introduction
This paper provides our views on the main aspects that should be discussed as part of the following objective to support on-demand SIB1 for idle/inactive UEs:
	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



High-level Procedure and Design Aspects
We have the following agreements on high-level design cases for on-demand SIB1 in the last RAN1-116bis meeting with cases illustrated in Figure 1. We have further studied the design cases and provided our observations from NES, signaling overhead and specification impact.
	[bookmark: OLE_LINK271]RAN1-116b 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
· 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


[image: ]
[bookmark: _Ref163122844]Figure 1: Cases for on-demand OD-SIB1 operation 
In particular, comparing Case 3 (Option 2+B+Y) design with Case 1/2 (Option 1+A/B+X) design, we observe that Cell A transmits on-demand SIB1 and periodically monitors UL-WUS for NES cell(s) in Case 3 design; while each NES cell needs to transmit on-demand SIB1 and periodically monitor UL-WUS in Case 1/2 design.  If there are multiple NES cell(s) under Cell A’s coverage, design Case 3 will have higher overall network energy saving gain than Case 1/2 design as being discussed in Section 3. On the other hand, Cell A in Case 3 design needs to obtain SIB1 from other NES cell(s) and be updated if there are any changes in SIB1 from other NES cell(s), and thus there can be more signaling overhead over backhaul F1-AP and/or Xn interface than Case 1/2 design. 
From specification impact perspective, Case 3 design has minimal specification impact. More specifically, the SIB1 of NES cell can be part of other SIBs (i.e. SIB2 and above) or in a new SIB. Therefore, the current on-demand OSI procedure may work with a minor update on PRACH preamble assignment for requesting the SIB1 of NES cell. On the other hand, for Case 1/2 design, the spec impact is high unless the on-demand OSI procedure is reused.
Observation 1: Comparing Case 3 (Option 2+B+Y) design and Case 1/2 (Option 1+A/B+X) design,
· Case 3 design can provide larger network energy saving for NES cell(s) than Case 1/2 designs since NES cell(s) does not need to periodically monitor UL-WUS or transmit on-demand SIB1. In addition, Case 3 design has minimal specification impact thanks to the existing on-demand OSI procedure.
· However, Case 3 design may require higher signaling overhead at backhaul F1-AP and/or Xn interface than Case 1/2 design since Cell A needs to obtain SIB1 from other NES cell(s) and to be updated for any SIB1 change. 
Comparing Case 1 (Option 1+A+X) design with Case 2/3 design, Case 1 design can support standalone deployment scenario because it does not require assistance from Cell A; while Case 2/3 design requires assistance from Cell A and cannot support standalone deployment scenario. However, by closer examination of configuration parameters required for transmission of UL-WUS, we can observe that Case 1 is not feasible as explained below. Before UE can transmit UL-WUS (which is agreed to use RACH procedure in previous RAN1/RAN2 meeting), UE at least needs to know the following parameters: 
· PRACH related parameters such as PRACH root sequence index, PRACH configuration index, PRACH preamble index etc., 
· UL frequency information related parameters absoluteFrequencyPointA, etc.
· Parameters required to identify valid PRACH occasions and to determine SSB to PRACH occasion mapping, such as SSB-PositionInBurst, locationAndBandwith for DL/UL BWP, tdd-UL-DL-ConfigurationCommon, ssb-perRACH-Occasion, etc. 
Among above parameters, some of them, e.g. UL frequency information related parameters, SSB-positionInBurst, tdd-UL-DL-configurationCommon, can vary between different deployments and shall not be pre-defined in specification, and thus they should be configured via signaling message. For Case 1 design, providing all the required information prior to SIB1 transmission would be prohibitive given insufficient available reserved bits in PBCH payload or otherwise require large standardization efforts to have a new signaling design.            
Observation 2: It is infeasible to support Case 1 (Option 1+A+X) design, because the minimum set of configurable parameters required by the UL-WUS configuration cannot be fit into the limited PBCH payload.  
· Note that at least the parameters SSB-PositionInBurst, tdd-UL-DL-configurationCommon, absoluteFrequencyPointA should be configurable instead of being pre-defined due to deployment dependent values.  
Based on above observations, we propose to not support Case 1 design, and prioritize Case 3 design due to potential higher network energy saving gains than Case 2 design.  
Proposal 1: Do not support Case 1 (Option 1+A+X) design due to infeasibility of configuration for UL-WUS in PBCH payload. 
 
[bookmark: _Ref166228140]On-demand SIB1 Analysis: NES Gain and UE Impact
In last RAN1-116bis meeting, the following agreements are made for evaluation of NES gain:
	[bookmark: OLE_LINK34]RAN1-116b 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)

RAN1-116b 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


Table I below summarizes the simulation parameters we assumed for FR1 and FR2 simulation cases.
Table I: Simulation Parameters for Network Energy Saving Study in FR1 and FR2.
	Simulation Parameters
	Values for FR1
	Values for FR2

	A (SIB1 period of non-NES cell)
	20ms or 160ms
	20ms or 160ms

	B1 (Cell load of NES cell and non-NES cell)
	Empty
	Empty

	B1X (Cell load of Cell A)
	Medium/High
	Medium/High

	B2 (Traffic model)
	FTP3
	FTP3

	C (SIB1 PDSCH TDRA) 
(Row index, S, L)
	(1,2,12)
	(7,4,4) for 1st RMSI with 1st beam in a slot, (16,8,4) for 2nd RMSI with 2nd beam in the same slot.

	D (CORESET0/SSB mux pattern) (controlResourceSetZero, searchSpaceZero)
	CoreSet0/SSB mux pattern 1,
(index0 in table 13-4 for CoreSet0, index 0 in table 13-11 for search space 0)
	CoreSet0/SSB mux pattern 1, 
(index 0 in table 13-8 for CoreSet0, index 7 with 2 search spaces sets per slot in table 13-12 for search space 0) 

	E (PRACH configuration index of NES cell and non-NES cell)
	152 (Format B4, 4 valid ROs per 20ms PRACH config. Periodicity)
	75 (Format A3, 4 valid ROs per 10ms PRACH config. periodicity).

	E1 (PRACH configuration index of cell A)
	152
	75

	F (BS power model cat.)
	Cat1 BS
	Cat1 BS

	G (Num of SSB)
	8 
(1-to-1 SSB to PRACH mapping, PRACH association period=40ms)
	16 or 32
(1-to-1 SSB to PRACH mapping, PRACH association period=40ms for 16 SSBs, 80ms for 32 SSBs)

	I (On-demand SIB1 transmission rate)
	0% or 30%
	0%

	OD-SIB1 option
	1+B+X or 2+B+Y
	2+B+Y

	Other common assumptions 
	· SSB periodicity is 20ms, 
· TDD pattern DDDSU, 
· RO for UL WUS and initial access RACH is shared and a dedicated PRACH preamble is used for UL WUS,
· For on-demand SIB1 with transmission rate=30%, it is assumed that there are 30% of time windows (each time window with 20ms) quested for transmission of SIB1, and transmission of SIB1 within a requested time window is only done over one SSB beam. 


We analyzed several performance metrics for various OD-SIB1 cases: NES gain of OD-SIB1 cell, UE power consumption gain/loss, UE latency ratio, and all these metrics are relative values compared to the corresponding legacy baseline periodic SIB1 transmission (with periodicity of 20ms or 160ms).  Regarding the impact to the NES loss of Cell A, we assume that Cell A is with high/medium traffic load, hence the power consumption of Cell A due to additional signaling overhead is negligible. For impact to UE performance in terms of power consumption and SIB1 acquisition latency, we made the following assumptions for UE’s processing at idle/inactive state:
· I-DRX cycle=1.28 sec
· 3 SSB processing for measurement of camped cell before PO 
· UE finds a “better” cell during cell reselection.  During cell reselection, UE acquires SIB1 of the target “better” cell. For reception of SIB1, it is assumed that UE monitors PDCCH based on SearchSpaceZero as follows:
· For on-demand SIB1, UE monitors the next available PDCCH occasion mapped to the detected SSB after UL-WUS.
· For periodic SIB1, UE monitors all PDCCH occasion(s) mapped to the detected SSB within the SIB1 periodicity (i.e. 1 PDCCH occasion for SIB1 period=20ms, 8 PDCCH occasions for SIB1 period=160ms).       
· UE power model based on TR 38.840 
The UE processing timeline is shown in Figure 2.
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Figure 2: UE Processing timeline in idle/inactive state.
The following table summarized performance results for various OD-SIB1 schemes compared to legacy baseline periodic SIB1 with 20ms or 160ms periodicity:
Table II: Simulation Results for Network Energy Saving Study in FR1 and FR2
	OD-SIB1 Schemes
	Relative values over baseline periodic SIB1 with periodicity (20ms, 160ms) 

	
	NES gain of NES cell
	NES gain/loss of cell A
	UE power consumption saving loss/gain
	UE latency ratio 

	FR1 8 beams,
OD-SIB1 1+B+X, request rate=0%
	(25%, 4%)
	(0%, 0%)
	(-9.3%, 30.7%)
	(3.44 times,0.28 times)

	FR1 8 beams,
OD-SIB1 1+B+X, request rate=30%
	(23%,2%)
	(0%, 0%)
	
	

	FR1 8 beams,
OD-SIB1 2+B+Y, request rate=0%
	(25%,4%)
	(0%, 0%)
	
	

	FR1 8 beams,
OD-SIB1 2+B+Y, request rate=30%
	(25%,4%)
	(0%, 0%)
	
	

	FR2 16 beams,
OD-SIB1 2+B+Y,
	(7.6%, 0.15%)
	(0%, 0%)
	(-13.6%,14%)
	(14.12 times, 0.48 times)

	FR2 32 beams,
OD-SIB1 2+B+Y,
	(13.5%, 2%)
	(0%, 0%)
	(-10.6%,12.5%)
	(12.10 times, 0.8 times)


As we can see that for both FR1 and FR2, there are significant network energy saving gain for on-demand SIB1 compared to the periodic SIB1 with 20ms periodicity, e.g. around 25% of gain for FR1 with 8 beams, and up to 13.5% of gain for FR2 with 32 beams, but at cost of UE power consumption and SIB1 acquisition latency due to transmission of UL-WUS; on the other hand, compared to periodic SIB1 with 160ms periodicity, the network energy saving gain for on-demand SIB1 is not significant, e.g. around 4% of gain for FR1 with 8 beams, and up to 2% of gain for FR2 with 32 beam, but in this case, there is significant gain in UE side in terms of power consumption and SIB1 acquisition latency. Note that the on-demand SIB1 provides performance gain at UE side over periodic SIB1 with 160ms periodicity but has performance loss over periodic SIB1 with 20ms periodicity. This is mainly due to the fact that: for periodic SIB1 with 160ms, UE needs to monitor multiple PDCCH occasions that are mapped to the received SSB within the SIB1 periodicity; while for on-demand SIB1 and periodic SIB1 with 20ms periodicity, UE only needs to monitor one PDCCH occasion that is mapped to the received SSB. 
For FR1, we also compared performance between on-demand SIB1 design case 2 (1+B+X) and design case 3 (2+B+Y). Note that in the simulation it is assumed that UL-WUS for on-demand SIB1 shares the same set of PRACH occasions as initial access at the NES cell, thus the power consumption at NES cell only differs at transmission of SIB1 between these two design cases. In our simulation, it is assumed that on-demand SIB1 is only transmitted over 1 SSB beam when requested, while the transmission of SSB and monitoring of PRACH are done over 8 SSB beams. Therefore, the power consumption due to transmission of on-demand SIB1 is marginal compared to the power consumption of SSB transmission and PRACH monitoring, and thus the Case 3 design can provide 2% of network energy saving gain over design Case 2 for the SIB1 transmission rate of 30%, as shown in Table II of simulation results.       
Observation 3: for scenarios with no load and no SIB1 request rate,
· Comparing with baseline periodic SIB1 with 20ms periodicity, OD-SIB1 has significant NES gain (e.g. up to ~25% for FR1 with 8 beams, and up to ~13.5% for FR2 with 32 beams), but at cost of more UE power consumption and larger UE latency.
· Comparing to baseline periodic SIB1 with 160ms periodicity, though OD-SIB1 achieves marginal gain for network energy saving (e.g. up to ~4% for FR1 with 8 beams and up to 2% for FR2 with 32 beams), OD-SIB1 brings significant UE power and latency savings. 
Observation 4: For FR1 scenarios with no load and 30% SIB1 request rate, the Case 3 design can provide 2% of network energy saving gain over Case 2 design.
Proposal 2: If on-demand SIB1 is supported, prioritize Case 3 (Option 2+B+Y) design over Case 2 (Option 1+B+X) design due to higher network energy saving gain and minimal spec change in Case 3 design.
UL-WUS Design and Configuration
Overview of Existing On-demand SI Request Framework 
The existing on-demand SI request supports two approaches (RACH msg1-based or RACH msg3-based SI request):
· For msg1-based SI request, dedicated PRACH preamble(s) reserved for SI request are explicitly indicated in SIB1 message and not be used by either contention-based or contention-free random access. The PRACH time/frequency occasions are shared by SI request and random access, but a PRACH occasion mask is indicated in SIB1 for SI request. In configuration for SI request, for request of different SIB messages (e.g. SIB2, SIB3, …), different PRACH preambles and/or different PRACH occasion masks can be configured.        
· For msg3-based SI request, SI request shares the same set of PRACH preambles and occasions with contention-based random access.
For msg1-based SI request, explicit-ACK via RAR is used in existing framework, so that the existing RACH procedure for PRACH preamble transmission/retransmission with power ramping up and RAR reception is reused for SI request.
UL-WUS Design 
	RAN1-116 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.
RAN1-116b 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


Note that one difference between on-demand SI request and on-demand SIB1 is that the configuration for on-demand SI request is indicated in SIB1 together with the RACH configuration, while for on-demand SIB1, UE needs to send UL-WUS (PRACH preamble) before acquiring SIB1. 
Regarding feedback from gNB in response to the SIB1 request, two following options have been discussed in previous meetings: 
· Explicit-ACK via RAR similar to the approach taken by existing on-demand SI request framework, 
· or implicit-ACK via reception of on-demand SIB1 PDCCH without RAR. In this approach, after transmission of UL-WUS, instead of monitor RAR, the UE directly monitors on-demand SIB1. 
Comparing between explicit-ACK via RAR vs. implicit-ACK, since the existing on-demand SI request adopts the explicit-ACK approach, the existing procedure for transmission and retransmission of PRACH preamble based on monitoring of RAR window can be mostly reused if explicit-ACK approach can be adopted for on-demand SIB1; while for implicit-ACK approach, additional work is required to specify transmission/retransmission of PRACH preamble based on monitoring of SIB1 reception window. One may argue that gNB may consume more energy with explicit-ACK via RAR for on-demand SIB1 than the implicit-ACK approach due to transmission of RAR. However, it is not clear whether the additional power consumption due to transmission of RAR is significant because the payload size of RAR is small.    
Observation 5: The explicit-ACK via RAR for UL-WUS based on the same feedback approach as the existing on-demand SI framework causes less specification effort comparing with the implicit-ACK approach. 
Based on above observations, we make the following proposal. 
Proposal 3: Support at least explicit-ACK via RAR for UL-WUS using PRACH. 
· FFS: support of implicit-ACK via reception of on-demand SIB1 PDCCH without RAR, e.g. if it can be justified with significant network energy saving gain or UE performance gain comparing with the explicit-ACK via RAR.
  
UL-WUS Configuration
Regarding UL WUS configuration, the following agreement was made in RAN1-116. 
	RAN1-116 Agreement
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


For Case 3 (Option 2+B+Y) design, since Cell A is the cell that receives UL-WUS from UE and transmits SIB1 for one or more NES cell(s), the existing on-demand SI framework can be reused in which a new SIBx can be introduced for Cell A to include SIB1(s) for NES cell(s). In this case, there is no need to do separate UL-WUS configuration for on-demand SIB1 because the existing configuration for on-demand SI is also applicable for on-demand SIB1 by treating SIB1 for other NES cell(s) as SIBx of Cell A. This approach will have the least spec changes in RAN1.
Observation 6: For Case 3 (Option 2+B+Y) design, the existing on-demand SI framework can be reused by treating SIB1 for NES cell(s) as a new other system information (OSI) of Cell A.  
Proposal 4: For Case 3 (Option 2+B+Y) design, introduce one or more new SIBx for Cell A to include SIB1(s) for NES cell(s) to reuse the existing on-demand SI framework for on-demand SIB1 as much as possible. 
· FFS: any additional enhancements if needed.
· The detailed signaling design for SIBx as well as the corresponding signaling over F1-AP and Xn interface is left to RAN2/3. 
For design Case 2 (Option 1+B+X), the existing on-demand SI framework cannot be completely reused, because the configuration for existing on-demand SI request is configured in SIB1. Before discussion of detailed configuration format, we need to first determine whether a UL-WUS configuration should be applied to multiple NES cell(s) (i.e. configuration Option 2) or be applied to only a single NES cell (i.e. configuration Option 3). For design Case 2 (Option 1+B+X), there can be a scenario that a UE may be at the cell edge of multiple NES cell(s) and the UL-WUS transmitted by UE may be received by these multiple NES cell(s). With configuration Option 2, multiple NES cell(s) may be triggered to transmit on-demand SIB1, even though UE is only intended to receive SIB1 from one of the NES cell(s), which lead to unnecessary network power consumption.  For configuration Option 3, only the target NES cell will be triggered to transmit on-demand SIB1, and other NES cell(s) will ignore/drop the received UL-WUS. But on the other hand, the configuration Option 3 may result in larger resource and/or signaling overhead than configuration Option 2, because different NES cell(s) need to be differentiated via separated PRACH resources (e.g. root sequence/time/frequency/preamble resources) with granularity of cell-level.  
Observation 7: For design case 2 (Option 1+B+X), comparing the UL-WUS configuration Option 2 that applies to multiple NES cells with configuration Option 3 that applies to a single NES cell, there is the following tradeoff between network energy saving and resource/signaling overhead. 
· Option 3 can have larger network energy saving gain than Option 2, because in Option 3 only the target NES cell will be triggered to transmit on-demand SIB1 while in Option 2 multiple NES cells may be triggered to transmit on-demand SIB1, e.g. in the case that UE is at cell edge of multiple NES cell(s).   
· But Option 3 may have larger resource/signaling overhead than Option 2, because different NES cell(s) need to be differentiated via separate PRACH resources at granularity of cell level in Option 3 but at granularity of multiple cells in Option 2.
From above observations, both configuration Option 2 and Option 3 have pros and cons, therefore we propose to have flexible configuration to support both options.
Proposal 5: For Case 2 (Option 1+B+X) design, support a unified configuration format that can support both Option 2 (i.e. a UL-WUS configuration applies to multiple NES cells) and Option 3 (i.e. a UL-WUS configuration applies to a single NES cell). 

Transmission of On-demand SIB1
In last RAN1-116b meeting, the following agreement was made regarding the transmission of on-demand SIB1.

	Companies to consider the following for future meetings
· Option 1: SIB1 monitoring occasions within a time window
· FFS: The starting time and duration of the time window
· FFS: Interval between two SIB1 monitoring occasions in the time window
· FFS: How gNB informs UE the details related to the time window
· Option 2: Periodic SIB1 monitoring occasions until gNB turns off the SIB1 transmission
· FFS: The staring time of the SIB1 monitoring occasions
· FFS: How gNB informs UE the SIB1 transmission is turned off
· FFS: How gNB informs the UE the details related to periodicity
· Other options are not precluded
· FFS: Further details on SIB1 monitoring occasions


For the existing on-demand SI request, upon reception of RAR, UE will monitor PDCCH search space configured for other SI within a scheduling window indicated in SIB1 and receive SI message from PDSCH based on PDCCH scheduling. In existing spec without optimization for network energy saving, the UE behavior is specified to assumes that, in the SI scheduling window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB, and the selection of SSB for the reception of SI messages is up to UE implementation. If SI message was not received by the end of a SI scheduling window, the UE will repeat reception at the next SI scheduling window occasion in the current modification period. It is up to UE’s implementation how to handle SI acquisition if the requested SI message is not received in the current modification period. The modification period is configured in SIB1, which can last for several seconds. This specification implies that gNB needs to keep transmitting requested SI corresponding to each transmitted SSB till the end of the current modification period. 
Now for Rel19 with objective of network energy saving, on-demand SIB1 may not be transmitted in a beam swept manner associated with all transmitted SSBs, instead it may be transmitted only over a subset of SSB(s) from the NES cell in design Case 2 or from Cell A in design case 3 that are associated with the UL-WUS to achieve higher network energy saving.   In existing spec, the PDCCH search space for SIB1 is indicated by MIB (i.e. PDCCH Search Space Zero). If the transmission of SIB1 over a subset of SSB beams is adopted, further optimization on PDCCH monitoring occasions, e.g. a new search space for PDCCH instead of PDCCH Search Space Zero indicated by MIB, can be considered to achieve more network energy saving at cost of extra signaling work.       
Observation 8: For on-demand SIB1, gNB may be able to transmit SIB1 for NES cells with the association with a subset of SSB(s) based on a received UL-WUS to achieve more network energy saving with lower resource overhead comparing with transmitting on demand SI with the association with all SSBs as specified in existing on demand SI framework.
Proposal 6: Support transmission of on-demand SIB1 with the association with a subset of SSB(s) based on a received UL-WUS. 
Proposal 7: The UE is expected to monitor PDCCH for on-demand SIB1 within a time window (Option 1).  
· FFS: whether UE determines PDCCH monitoring occasions from searchSpaceZero in MIB or from a new search space that is indicated by UL-WUS configuration. 
· FFS: details on the time window.

Identification of NES cell with OD-SIB1  
In last RAN1-116b meeting, the following agreement was made regarding the signaling method for UE to identify the NES cell with on-demand SIB1.   
	RAN1-116b 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


In the existing spec, regarding transmission of SIB1, a cell may have two modes: periodic SIB1 transmission or SIB1-less operation (i.e. it does not transmit SIB1), which are indicated via parameter “k_SSB” carried by PBCH. The interpretation of parameter “pdcch-ConfigSIB1” carried by PBCH depends on the value of “k_SSB” as follows:
· If the value of “k_SSB” is within the valid range for SSB subcarrier offset from the common RB grid (i.e. k_SSB<=23 for FR1, or k_SSB<=11 for FR2), the cell is with periodic SIB1 transmission, and parameter “pdcch-ConfigSIB1” indicates the configuration of PDCCH CoreSetZero and SearchSpaceZero for periodic SIB1 transmission.
· Otherwise, the cell is with SIB1-less operation and does not support camping for an idle UE.
· If “k_SSB” indicates a reserved value (i.e. k_SSB=30 for FR1, or k_SSB=14 for FR2), the interpretation of “pdcch-ConfigSIB1” is currently reserved.
· For other values of “k_SSB” outside the valid range for SSB subcarrier offset, “pdcch-ConfigSIB1” indicates assisting information to search for cell-defined SSB (i.e. SSB associated with periodic SIB1 transmission).    
Now in Rel19, if on-demand SIB1 is supported, a cell may have 3 modes regarding transmission of SIB1: periodic SIB1, SIB1-less, or on-demand SIB1. We first analyze the setting for “k_SSB” and its impact to legacy UEs and/or Rel19 UEs:
· Setting 1: Parameter “k_SSB” indicates SSB subcarrier offset from the common RB grid. With this setting, a legacy UE assumes the NES cell with periodic SIB1 transmission and use “pdcch-ConfigSIB” to determine PDCCH CoreSetZero and SearchSpaceZero for SIB1 transmission.
· This setting will not result in negative impact to legacy UE only if it is applied for a NES cell with periodic SIB1 transmission as explained below.
· If Setting 1 is applied for a NES cell with SIB1-less operation or on-demand SIB1 operation, a legacy UE may waste its power to keep searching for SIB1 until giving up with state of “assumed SIB1-less”. 
· To avoid negative impact to legacy UE, we shall apply setting 1 only to a NES cell with periodic SIB1 transmission. If this is adopted, upon acquisition of PBCH with “k_SSB” of Setting 1, a Rel19 UE can assume a NES cell with periodic SIB1 transmission and use “pdcch-ConfigSIB” in the same way as legacy UE.    
· Setting 2: Parameter “k_SSB” is set outside the valid range of SSB subcarrier offset from the common RB grid. With this setting, a legacy UE assumes the NES cell with SIB1-less transmission, and if the value of “k_SSB” is not the reserved value, the legacy UE may use “pdcch-ConfigSIB” to facilitate its search for cell-defined SSB associated with periodic SIB1 transmission (e.g. Cell A). 
· This setting can be applied for a NES cell with SIB1-less operation or on-demand SIB1 operation without negative impact to legacy UE. Then for a Rel19 UE, a new parameter is required to determine which SIB1 transmission operation between SIB1-less operation and on-demand SIB1 operation is adopted by the NES cell.   
Observation 9: A NES cell needs to set parameter “k_SSB” carried by PBCH either within (Setting 1) or outside (Setting 2) the valid range of SSB subcarrier offset from common RB grid.  
· Setting 1 will not result in negative impact to legacy UEs only if it is applied to a NES cell with periodic SIB1 transmission, otherwise a legacy UE may waste its power to keep searching for SIB1 until giving up if Setting 1 is used for a NES cell with SIB1-less or on-demand SIB1 operation.
· Setting 2 can be applied to a NES cell with SIB1-less or on-demand SIB1 operation without negative impact to legacy UE.   
Proposal 8: Parameter “k_SSB” carried by PBCH shall indicate a NES cell with periodic SIB1 transmission if the k_SSB value is within the valid range of SSB subcarrier offset from common RB grid; otherwise, it indicates the NES cell with SIB1-less or on-demand SIB1 operation. 
· Besides “k_SSB”, a new parameter shall be introduced to indicate which operation between SIB1-less and on-demand SIB1 is adopted by a NES cell. 
One way to indicate the new parameter is to use the reserved value of “k_SSB” carried by PBCH payload of NES cell. In this approach, the SIB1 transmission state of a NES cell can be solely indicated by “k_SSB” of PBCH payload of the NES cell (i.e. Option 2): if “k_SSB” is within the valid range of SSB subcarrier offset from common RB grid, the NES cell is with periodic SIB1 transmission; else if “k_SSB” is set to the reserved value, the NES cell is with on-demand SIB1; otherwise the NES cell is with SIB1-less operation. For a NES cell with on-demand SIB1, since “k_SSB” is set with the reserved value, it does not provide the assisting information to facilitate UE’s search for with cell-defining SSB. 
Observation 10: If the reserved value of “k_SSB” is used for identification of NES cell with on-demand SIB1, SIB1 transmission state of a NES cell can be solely identified based on PBCH payload of the NES cell (Option 2).
· In this case, the “k_SSB” together with “pdcch_ConfigSIB1” does not provide the assisting information to facilitate UE’s search for cell-defining SSB (e.g. Cell A).
An alternative approach is to indicate the new parameter is by the UL-WUS configuration by Cell A. In this approach, the SIB1 transmission state of a NES cell is indicated by both “k_SSB” from PBCH payload of NES cell and the new parameter by the UL-WUS configuration by Cell A (i.e. combination of Option 1 and Option 2). That is: if “k_SSB” is within the valid range of SSB subcarrier offset from common RB grid, a NES cell is with periodic SIB1 transmission; else if “k_SSB” is outside the valid range of SSB subcarrier offset from the common RB grid and the new parameter by UL-WUS configuration by Cell A is set as “on-demand SIB1”, the NES cell is with on-demand SIB1; otherwise, the NES cell is with  SIB1-less operation. In this approach, for a NES cell with on-demand SIB1 transmission, “k_SSB” carried by PBCH payload of the NES cell can be set to facilitate UE’s search for cell-defined SSB, e.g. Cell A if with the same FR range.
Observation 11: If both UL-WUS configuration from Cell A and “k_SSB” carried by PBCH payload of the NES cell are used for identification of a NES cell with on-demand SIB1 (i.e. combination of Option 1 and Option 2), “k_SSB” carried by PBCH payload of the NES cell can be set to facilitate UE’s search for cell-defining SSB, e.g. Cell A.     
Note that the signaling Option 2 with SIB1 transmission state solely based on PBCH payload of the NES cell may have some benefit over the combination of signaling Option 1 and Option 2, e.g. less signaling overhead without the need to coordination with Cell A in the case that a NES cell may switch between periodic SIB1 transmission and on-demand SIB1, e.g. based on traffic loading or for the purpose to prevent other Rel19 UEs to send UL-WUS during the transmission of on-demand SIB1 triggered by a Rel19 UE. 
Based on above observations, we have the following proposal:   
Proposal 9: Besides “k_SSB”, support indication of which SIB1 transmission operation adopted by a NES cell between SIB1-less and on-demand SIB1 at least by UL-WUS configuration from Cell A.
· FFS: whether to support using the reserved value of “k_SSB” to indicate a NES cell with on-demand SIB1.       
 
Conclusion
The contribution has discussed our views on on-demand SIB1 operation for idle/inactive UEs. In particular, we make the following observations and proposals:
Observation 1: Comparing Case 3 (Option 2+B+Y) design and Case 1/2 (Option 1+A/B+X) design,
· Case 3 design can provide larger network energy saving for NES cell(s) than Case 1/2 designs since NES cell(s) does not need to periodically monitor UL-WUS or transmit on-demand SIB1. In addition, Case 3 design has minimal specification impact thanks to the existing on-demand OSI procedure.
· However, Case 3 design may require higher signaling overhead at backhaul F1-AP and/or Xn interface than Case 1/2 design since Cell A needs to obtain SIB1 from other NES cell(s) and to be updated for any SIB1 change.
Observation 2: It is infeasible to support Case 1 (Option 1+A+X) design, because the minimum set of configurable parameters required by the UL-WUS configuration cannot be fit into the limited PBCH payload.  
· Note that at least the parameters SSB-PositionInBurst, tdd-UL-DL-configurationCommon, absoluteFrequencyPointA should be configurable instead of being pre-defined due to deployment dependent values.
Observation 3: for scenarios with no load and no SIB1 request rate,
· Comparing with baseline periodic SIB1 with 20ms periodicity, OD-SIB1 has significant NES gain (e.g. up to ~25% for FR1 with 8 beams, and up to ~13.5% for FR2 with 32 beams), but at cost of more UE power consumption and larger UE latency.
· Comparing to baseline periodic SIB1 with 160ms periodicity, though OD-SIB1 achieves marginal gain for network energy saving (e.g. up to ~4% for FR1 with 8 beams and up to 2% for FR2 with 32 beams), OD-SIB1 brings significant UE power and latency savings. 
Observation 4: For FR1 scenarios with no load and 30% SIB1 request rate, the Case 3 design can provide 2% of network energy saving gain over Case 2 design.
Observation 5: The explicit-ACK via RAR for UL-WUS based on the same feedback approach as the existing on-demand SI framework causes less specification effort comparing with the implicit-ACK approach.
Observation 6: For Case 3 (Option 2+B+Y) design, the existing on-demand SI framework can be reused by treating SIB1 for NES cell(s) as a new other system information (OSI) of Cell A.  
Observation 7: For design case 2 (Option 1+B+X), comparing the UL-WUS configuration Option 2 that applies to multiple NES cells with configuration Option 3 that applies to a single NES cell, there is the following tradeoff between network energy saving and resource/signaling overhead. 
· Option 3 can have larger network energy saving gain than Option 2, because in Option 3 only the target NES cell will be triggered to transmit on-demand SIB1 while in Option 2 multiple NES cells may be triggered to transmit on-demand SIB1, e.g. in the case that UE is at cell edge of multiple NES cell(s).   
· But Option 3 may have larger resource/signaling overhead than Option 2, because different NES cell(s) need to be differentiated via separate PRACH resources at granularity of cell level in Option 3 but at granularity of multiple cells in Option 2.
Observation 8: For on-demand SIB1, gNB may be able to transmit SIB1 for NES cells with the association with a subset of SSB(s) based on a received UL-WUS to achieve more network energy saving with lower resource overhead comparing with transmitting on demand SI with the association with all SSBs as specified in existing on demand SI framework.
Observation 9: A NES cell needs to set parameter “k_SSB” carried by PBCH either within (Setting 1) or outside (Setting 2) the valid range of SSB subcarrier offset from common RB grid.  
· Setting 1 will not result in negative impact to legacy UEs only if it is applied to a NES cell with periodic SIB1 transmission, otherwise a legacy UE may waste its power to keep searching for SIB1 until giving up if Setting 1 is used for a NES cell with SIB1-less or on-demand SIB1 operation.
· Setting 2 can be applied to a NES cell with SIB1-less or on-demand SIB1 operation without negative impact to legacy UE.   
Observation 10: If the reserved value of “k_SSB” is used for identification of NES cell with on-demand SIB1, SIB1 transmission state of a NES cell can be solely identified based on PBCH payload of the NES cell (Option 2).
· In this case, the “k_SSB” together with “pdcch_ConfigSIB1” does not provide the assisting information to facilitate UE’s search for cell-defining SSB (e.g. Cell A).

Observation 11: If both UL-WUS configuration from Cell A and “k_SSB” carried by PBCH payload of the NES cell are used for identification of a NES cell with on-demand SIB1 (i.e. combination of Option 1 and Option 2), “k_SSB” carried by PBCH payload of the NES cell can be set to facilitate UE’s search for cell-defining SSB, e.g. Cell A.


Proposal 1: Do not support Case 1 (Option 1+A+X) design due to infeasibility of configuration for UL-WUS in PBCH payload.
Proposal 2: If on-demand SIB1 is supported, prioritize Case 3 (Option 2+B+Y) design over Case 2 (Option 1+B+X) design due to higher network energy saving gain and minimal spec change in Case 3 design.
Proposal 3: Support at least explicit-ACK via RAR for UL-WUS using PRACH. 
FFS: support of implicit-ACK via reception of on-demand SIB1 PDCCH without RAR, e.g. if it can be justified with significant network energy saving gain or UE performance gain comparing with the explicit-ACK via RAR.
Proposal 4: For Case 3 (Option 2+B+Y) design, introduce one or more new SIBx for Cell A to include SIB1(s) for NES cell(s) to reuse the existing on-demand SI framework for on-demand SIB1 as much as possible. 
· FFS: any additional enhancements if needed.
· The detailed signaling design for SIBx as well as the corresponding signaling over F1-AP and Xn interface is left to RAN2/3.
Proposal 5: For Case 2 (Option 1+B+X) design, support a unified configuration format that can support both Option 2 (i.e. a UL-WUS configuration applies to multiple NES cells) and Option 3 (i.e. a UL-WUS configuration applies to a single NES cell).
Proposal 6: Support transmission of on-demand SIB1 over a subset of SSB(s) based on a received UL-WUS. 
Proposal 7: The UE is expected to monitor PDCCH for on-demand SIB1 within a time window (Option 1).  
· FFS: whether UE determines PDCCH monitoring occasions from searchSpaceZero in MIB or from a new search space that is indicated by UL-WUS configuration. 
· FFS: details on the time window.
Proposal 8: Parameter “k_SSB” carried by PBCH shall indicate a NES cell with periodic SIB1 transmission if the k_SSB value is within the valid range of SSB subcarrier offset from common RB grid; otherwise, it indicates the NES cell with SIB1-less or on-demand SIB1 operation. 
· Besides “k_SSB”, a new parameter shall be introduced to indicate which operation between SIB1-less and on-demand SIB1 is adopted by a NES cell.
Proposal 9: Besides “k_SSB”, support indication of which SIB1 transmission operation adopted by a NES cell between SIB1-less and on-demand SIB1 at least by UL-WUS configuration from Cell A.
· FFS: whether to support using the reserved value of “k_SSB” to indicate a NES cell with on-demand SIB1.
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