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	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

Agreement:
For further study of achievable NES gain with on-demand SIB1 for idle/inactive mode UE, 
· Assume the following for network energy evaluation of non-NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case A: 20ms SSB period with 20ms SIB1 period; 
· Case C: 20ms SSB period with 160ms SIB1 period;
· Case D: 20ms SSB period with 40ms SIB1 period;
Note: Other SSB/SIB1 periodicity assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms or 160ms PRACH monitoring period
· Assume the following for network energy evaluation of NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case 1: 20ms SSB period with no SIB1 transmitted; 
Note: Other SSB/SIB1 assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms/160ms UL WUS monitoring period
Note: SSB/CORESET0 multiplexing pattern 1 is used

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

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:
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 cel



In this contribution, we will discuss the issues related to the on-demand SIB1 for idle/inactive mode UEs. And in our companion contribution, we will discuss the issues on-demand SSB SCell operation and adaptation of common signal/channel transmissions in [1][2]. 
Scenarios 
Regarding the on-demand SIB1 (OD-SIB1) transmission from the NES cell for RRC_IDLE/INACTIVE UEs, two options are agreed to be further studied on the target cell of the UL WUS transmission:
· Option 1: UE transmits UL WUS to NES Cell
· Option 2: UE transmits UL WUS to Cell A
For the configuration provision for UL WUS transmission, two options are to 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.
Option A requires a procedure with which a UE obtains the WUS configuration from the NES cell. Before receiving the UL WUS from the UE, NES cell is transmitting only SSB to UEs. Thus, a change in the MIB payload for NES is needed to allow UEs to obtain the UL WUS configuration from NES Cell. This option requires large impact to specification and can impact legacy UE behavior. 
Observation-1: Option A requires MIB change for NES cell to point to UE the WUS configuration from NES cell. 
Proposal-1: The combination of Option A and Option 2 can be precluded. There is no benefit to obtain the UL WUS configuration from NES Cell and transmit UL WUS to Cell A.
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Figure 2


For Option B with Option 1, as shown in Figure 1, UE obtains the WUS configuration from Cell A. Then, the UE transmits an UL WUS to the NES cell. This case requires the NES cell to monitor for UL WUS, e.g. PRACH, reception. Hence, it allows the UL WUS to be part of random-access procedure. Furthermore, this option allows the possibility to offload Cell A and, importantly, increases the utilization of NES cell with no/limited NES cell’s energy consumption for PRACH monitoring.
For Option B with Option 2, as shown in Figure 2, UE obtains the WUS configuration from Cell A and transmits an UL WUS to Cell A. Then, the UE receive the OD-SIB1 from the NES cell. This case requires Cell A to monitor for UL WUS, e.g. PRACH, reception. Hence, it does not allow the UL WUS to be part of random-access procedure. In this case, PRACH utilization at Cell A increases as UE, requesting OD-SIB1 from NES cell, transmits UL WUS, e.g. PRACH, to Cell A.    
Proposal-2: RAN1 to prioritize Scenario 1: Option B with Option 1 (see Figure 1).
· FFS Whether to also consider Scenario 2: Option B with Option 2 (see Figure 2). 
Proposal-3: RAN1 to consider a unified solution for the two scenarios whenever possible.

Procedure and signaling methods to support on-demand SIB1
In this section, we discuss the different issues summarized in R1-2401663 for Scenario 1 and Scenario 2. We discuss spec impacts as well as pros and cons.
· About UL WUS design:
RAN1 considered legacy PRACH signal as a starting point for the design of the UL WUS. For the two scenarios, dedicated PRACH resources for on-demand SIB1 request can be used.
For the two scenarios, dedicated PRACH resources to differentiate between legacy PRACH and PRACH for OD-SIB1 are needed. Without dedicated PRACH, another UL message, e.g. Msg3, is needed to explicitly indicate that a UE is requesting OD-SIB1. To avoid unnecessary UL signal transmission, we propose dedicated PRACH resources for OD-SIB1 request. 
Proposal-4: RAN1 to consider PRACH as UL triggering signal used by RRC_IDLE/INACTIVE UE for requesting SIB1 transmission.
Proposal-5: RAN1 to study dedicated PRACH resource for on-demand SIB1 request. 

· About triggering conditions for sending UL WUS:
UEs can request OD-SIB1 for different purposes. To avoid frequently waking up the NES cell, NW should control for which cases a UE is allowed to send UL WUS and for which cases a UE is not allowed to send UL WUS. Let us start to summarize the potential purposes that may trigger an OD-SIB1 request by RRC_IDLE/INACTIVE UEs: 
· Case 1: UE requests OD-SIB1 to camp on, i.e., to perform cell reselection to, the NES cell with on-demand SIB1. 
· Case 2: UE requests OD-SIB1 to establish an RRC connection setup/resume on the cell with on-demand SIB1. 
· Case 3: UE request OD-SIB1 to initiate an SDT procedure in RRC inactive mode on the cell with on-demand SIB1.
From the triggering conditions perspective, RAN1 may differentiate cases based on the idle mode operation to be performed by the UE. 
The triggering conditions should be provided as part of the WUS configuration. These conditions should be dependent on the case that UE requests OD-SIB1. These conditions should relate at least to an amount of data in an uplink data buffer, QoS service and/or radio conditions at UE. 
Observation-2: UE can request OD-SIB1 for different purposes. 
Proposal-6: RAN1 to agree to define the triggering conditions considering the three cases summarized above: 
· Case 1: UE requests OD-SIB1 to camp on the NES cell. 
· Case 2: UE requests OD-SIB1 to perform RRC connection setup/resume on the NES cell. 
· FFS if further cases should be considered.
Proposal-7: The conditions should relate at least to amount of data in an uplink data buffer.
Observation-3: The triggering conditions are to be defined by RAN2. 
Proposal-8: RAN1 to wait for RAN2 discussion about details of triggering conditions. 

· About feedback from gNB in response to UL WUS:
In Scenario 2 (i.e. Option B with Option 2), UE sends the UL WUS to Cell A to request OD-SIB1 from the NES cell. After sending the WUS, the UE needs to switch to the NES cell. Let’s assume the case that Cell A does not receive the UL WUS from the UE. Then, Cell A will not trigger the NES cell to send OD-SIB1, and hence no OD-SIB1 would be transmitted by the NES cell, causing unnecessary operations and energy consumption for the UE. 
In Scenario 1, UE sends the UL WUS to the NES cell to request OD-SIB1 from the NES cell. If the NES cell does not receive the UL WUS, the UE will apply unnecessary operations (i.e. monitor for the OD-SIB1 transmission).
To avoid these issues and to align with the legacy on-demand SI, feedback from gNB in response to UL WUS seems to be beneficial and hence should be supported. 
Proposal-9: RAN1 to support feedback from gNB in response to UL WUS reception.   

· About UL WUS configuration:
UL WUS configuration structure can contain different information elements. Firstly, we need to discuss the parameters to be indicated to the UE in the configurations. Based on the agreed parameters, RAN1 can down-select if the UL WUS configuration is cell-specific or applied to multiple cells. 
At least the following parameters need to be provided by the UL WUS configuration:
· Configuration for UL WUS transmission, including Type of PREAMBLE, T/F resource of UL WUS transmission. 
· Cell identity and cell frequency e.g., PCI and ARFCN of the OD-SIB1 cell.
Resources for UL WUS can be cell specific. Thus, UL WUS information elements (IEs) can be cell specific. 
Proposal-10: RAN1 to support cell-specific UL WUS configuration. 

· About which signal/channel to transmit the UL WUS configuration to the UE:
In R1-2401663, UL WUS transmitted by UE to trigger on-demand SIB1 on NES cell, UE obtains the WUS configuration from one or more of:
· Alt 1: SIBx of Cell A and/or NES cell
· Alt 2: DCI on Cell A or NES cell
· Alt 3: Msg 4 or Msg 2
· Alt 4: [PBCH on NES Cell]
· Alt 5: Predefined configuration
· Alt 6: RRC release message of Cell A
In our view, Alt1 and Alt6 have the lowest spec impact. Alt 6 alone cannot work for UE camping to NES cell or not connected earlier to Cell A. 
The NES cell cannot broadcast any other SIB before sending on-demand SIB1. Thus, Alt1 should be restricted to Cell A: 
· Alt 1: SIBx of Cell A
Proposal-11: RAN1 to support transmission of WUS configuration on SIB1/SIBx of Cell A.   

· About UE identification of a NES cell with on-demand SIB1
Based on R1-2401663, RAN1 to down-select from the following alternatives in RAN1 #116-bis.
· Alt 1: By WUS configuration
· Alt 2: By MIB of NES cell
· Alt 3: By DCI 1_0 from NES cell
· Alt 4: By UE blind detection
There are different cases: 
1. NES cell’s MIB indicates ‘No SIB1’ (legacy indication): UE determines the OD-SIB1 mode of the NES cell by combining the NES cell’s MIB indication of ‘No SIB1’ with the fact that it has received a WUS configuration that includes the NES cell.   


2. NES cell’s MIB includes an ‘OD-SIB1’ indication in addition to ‘No SIB1’ (legacy indication): this would allow the R19 UEs to discriminate between legacy ‘No SIB1’ and ‘OD-SIB1’. However, there is no room in MIB to include such ‘OD-SIB1’ indication rather than the spare bit, which is undesirable to use. 

Note that in both ‘No SIB1’ and ‘OD-SIB1’ indications of MIB, there will be no CORESET#0 configured in MIB in order not to confuse the legacy UEs.  
Proposal-12: Support UE identification of NES cell operating in on-demand SIB1 based on Alt-1 (by WUS configuration) in addition to Alt-2 (by MIB of NES cell).   

· About time domain behaviours of on-demand SIB1 transmission 
Based on R1-2401663, RAN1 to study the following options.
· Option 1: Aperiodic SIB1 transmission 
· Option 2: Semi-persistent SIB1 transmission 
· Option 3: Periodic SIB1 transmission  
· Option 4: SIB1 transmission within a time window
                    Note: SIB1 transmission is scheduled by DCI

The WUS configuration received by the UE may contain scheduling information on the OD-SIB1 transmission, where the scheduling of OD-SIB1 transmission does not depend on the DCI information. Moreover, the transmission of OD-SIB1 can be enabled/triggered after NW reception of the UL WUS or by following the feedback response from NW to UE with respect to UL WUS transmission from UE.
Proposal-13: RAN1 to discuss how the scheduling information of OD-SIB1 transmission is informed to UE, i.e. it can be contained as part of WUS configuration.

Considerations on simulation evaluation of on-demand SIB1
In this section, we discuss the simulation parameter assumptions, the evaluation methods, and the observation/results. 
Required revisions to the evaluation approach
Firstly, we propose the following revisions to the evaluation approach with respect to RAN1#116 agreement:
· In the current agreed evaluation approach, Cell A is completely omitted from the evaluation. Instead, we should include Cell A in the evaluation for a couple of reasons. Firstly, the power consumption model is defined per base station rather than per cell, and therefore the NES gain should be computed per gNB and not per cell. Furthermore, at this point of the study, we cannot conclude that Cell A has no impact on NES gain of the OD-SIB1 procedure.
· In the current agreed evaluation approach, only the case where the NES cell operates in OD-SIB1 mode and there are no OD-SIB1 procedures triggered is considered. This corresponds to a NES Cell is SIB1-less operation. Instead, to evaluate the OD-SIB1 feature in a fair manner, we should also include the case where OD-SIB1 procedures are triggered.
Observation-4: RAN1#116 evaluation approach is only reflecting NES gain for SIB1-less operation. 
Observation-5: RAN1#116 evaluation approach is only reflecting NES gain at cell-level. 

Required revisions to the parameter assumptions
Secondly, we propose the following revisions to the simulation assumptions with respect to RAN1#116 agreement.
The table below summarizes the assumptions based on the RAN1#116 agreement and our proposal for simulation assumptions changes. The co-located scenario is assumed. The parameters for the case when the OD-SIB1 procedures are performed are given assuming Scenario 1 (Figure-1). Note that the NES gain of Scenario 2 (Figure-2) should be identical/similar to Scenario 1. Note that the non-NES cell definition is as per agreement RAN1#116 and it refers to a cell with NES capability but operating in normal/legacy mode (i.e. OD-SIB1 disabled).
Table 1 - Simulation assumptions
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Note/assumption (based on the RAN1#116 agreement / TR 38.864):
· Case A: 20ms SSB period with 20ms SIB1 period. 
· Case C: 20ms SSB period with 160ms SIB1 period.
· Case D: 20ms SSB period with 40ms SIB1 period.
· Case 1: 20ms SSB period with no SIB1 transmitted.
· Set 1: Macro mMIMO cell with 64TRXs, 55dBm, 100MHz (see Table 2; ref: 3GPP TR 38.864)
· Periodic RO resources: shared RO of legacy PRACH and on-demand SIB1 WUS
· Single SIB1 transmission: one-shot of SIB1 transmission
Table 2 – Recap of Reference Configurations defined in TR 38.864
	Parameter
	Set 1 
Macro TDD 
FR1 mMIMO
	Set 2 
Macro FDD 
FR1 mMIMO
	Set 3 
Small Cell TDD 
FR2

	Freq. range
	FR1
	FR1
	FR2

	Duplex 
	TDD
	FDD
	TDD

	System BW
	100 MHz  
	20 MHz 
	100 MHz 

	SCS
	30 kHz
	15 kHz
	120 kHz

	No. of TRP
	1
	1
	1

	Total number of DL TX RUs
	64
	32
	2

	Total DL power level
	55dBm
	49dBm  
	33dBm
(63 dBm EIRP limit)

	Total number of UL Rx RUs
	64
	32
	2



Evaluation approaches:
We conducted simulations with three approaches:
· Approach-1: Evaluation of On-Demand-SIB1 as per RAN1#116 agreement
[image: ]
		Pros: Simplified evaluation at cell-level.
Cons: 
· Targets only the NES evaluation of the NES cell and does not measure the gain at gNB-level. Thus, NES evaluation of Cell A is not included.
· Does not reflect OD-SIB1 operation fairly. Reflects SIB1-less operation of the NES cell.
· Provides only a view about upper-bound NES gain of the NES cell. 

· Approach-2: Extension of Approach#1 including Cell A
 [image: ]
Assumptions: 
· The WUS configuration is included in Cell A’s SIB1’. SIB1' uses additional frequency resources compared to the legacy Cell A’s SIB1 in the Baseline.
· ‘RO’ means monitoring occasion of legacy PRACH and/or WUS.

Pros: Simplified evaluation at gNB-level, where the NES gain evaluation at the base station level includes both NES cell and Cell A.
Cons: 
· Does not reflect OD-SIB1 operation. Reflects SIB1-less operation of NES cell.
· Provides only a view about upper-bound NES gain of Cell A plus NES cell scenarios. 

· Approach-3: Extension of Approach#2 including Case#2 (i.e. OD-SIB1 procedure is considered)
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In this approach, Case#2 with OD-SIB1 procedure modelled occurs with the SIB1RequestRate and Case#1 with no OD-SIB1 procedure modelled occurs with (1 - SIB1RequestRate), where the parameter SIB1RequestRate can vary in the range between [0, 1] to reflect any frequency of SIB1 requests. Note that Approach#1 and Approach#2 only model the SIB1-less operation (i.e. with no UE requesting for OD-SIB1 transmission), which corresponds to Case#1 above, and in which the parameter SIB1RequestRate is always assumed to have value “0”. 

The energy consumption of the gNB operating on OD-SIB1 mode in Approach#3 is given as: 

       

This means that the energy consumption of the base station will inherently depend on the request rate of OD-SIB1, i.e., how often the OD-SIB1 procedure is performed. A high SIB1 request rate will result in increased energy consumption and vice-versa.   
Proposal-14: RAN1 to consider Evaluation Approach-3 for NES gain evaluation of OD-SIB1. It measures the NES gain at gNB-level and reflects the OD-SIB1 operation. 

Simulations results:
The simulated NES gain is shown in Figure 3 for the above 3 approaches for the simulation parameters given in Table 3:
 Table 3 – Simulation assumptions used in the results
	Parameters
	Baseline
	Option B + Option 1 (Scenario 1)

	
	Cell A 
	Non-NES cell
	Cell A 
	NES cell

	Configuration
	Set 1
	Set 1
	Set 1
	Set 1

	SSB & SIB1 Configuration
	Case A
	Case A
	Case A
	20ms SSB
SIB1-less (Case#1)
OD-SIB1 (Case#2)

	No. SSBs in SSB burst
	8
	8
	8
	8

	Period of RO / WUS monitor.
	20ms
	20ms
	20ms 
	20ms

	WUS config provisioning
	N/A
	N/A
	In SIB1 (FD resources)
	N/A

	OD-SIB1 
	N/A
	N/A
	N/A
	Single SIB1   transmission

	Load level
	Empty
	Empty
	Empty
	Empty

	BS model
	Cat2, No RF sharing 
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Figure 3: NES gain of OD-SIB1 with the 3 evaluation approaches
Observations from Figure 3:
· An upper-bound for NES gain of 28% is achieved using Approach-1, where only the NES cell is considered for the NES gain evaluation.
· A NES gain of 20% is achieved using Approach-2, where both NES cell and Cell A are considered for the NES gain evaluation. 
· The NES gain is reduced in comparison to Approach-1 due to the extra energy consumption of Cell A, which, among other regular operations, also transmits the WUS configuration to UEs.
· A NES gain varying between a minimum of 15% and a maximum of 20% is achieved using Approach-3 for the NES gain evaluation. The gain varies based on the request rate of OD-SIB1, e.g. how frequently the OD-SIB1 is requested by UE and transmitted by the gNB.  
· Note: If there is no UE request for on-demand SIB1 transmission, the NES gain value is the same as the upper-bound value in Approach-2.
· Note that the minimum of 15% NES gain is achieved assuming one UE requesting OD-SIB1 (e.g. 1 OD-SIB1 for one beam out of 8 beams) versus one SIB1 broadcasted per beam for legacy operation.

Proposal-15: We propose to capture the following simulation results in the study outcome:
· An upper-bound for NES gain of 28% is achieved using Approach-1, where only NES cell is considered for the NES gain evaluation.
· A NES gain of 20% is achieved using Approach-2, where both NES cell and Cell A are considered for the NES gain evaluation. 
· The NES gain is reduced in comparison to Approach-1 due to the extra energy consumption of Cell A, which, among other regular operations, also transmits the WUS configuration to UEs.
· A NES gain varying between a minimum of 15% and a maximum of 20% is achieved using Approach-3 for the NES gain evaluation. The gain varies based on the request rate of OD-SIB1, e.g. how frequently the OD-SIB1 is requested by UE and transmitted by the gNB.  
· Note: If there is no UE request for on-demand SIB1 transmission, the NES gain value is the same as the upper-bound value in Approach-2.
· Note that the minimum of 15% NES gain is achieved assuming one UE requesting OD-SIB1 (e.g. 1 OD-SIB1 for one beam out of 8 beams) versus one SIB1 broadcasted per beam for legacy operation.
Proposal-16: Based on the NES gain observed in Proposal-14 achieved by OD-SIB1 operation, it is proposed that RAN1 to convert the “study” to “specify”. 

Conclusions
In this contribution, we have the following observations and proposals:
Observation-1: Option A requires MIB change for NES cell to point to UE the WUS configuration from NES cell. 
Proposal-1: The combination of Option A and Option 2 can be precluded. There is no benefit to obtain the UL WUS configuration from NES Cell and transmit UL WUS to Cell A.
Proposal-2: RAN1 to prioritize Scenario 1: Option B with Option 1 (shown in Figure 1).
· FFS Whether to also consider Scenario 2: Option B with Option 2 (shown in Figure 2). 
Proposal-3: RAN1 to consider unified solution for the two scenarios whenever possible.
Proposal-4: RAN1 to consider PRACH as UL triggering signal used by RRC_IDLE/INACTIVE UE for requesting SIB1 transmission.
Proposal-5: RAN1 to study dedicated PRACH resource for on-demand SIB1 request. 
Observation-2: UE can request OD-SIB1 for different purposes. 
Proposal-6: RAN1 to agree to define the triggering conditions considering the three cases summarized above. 
· Case 1: UE requests OD-SIB1 to camp on the NES cell. 
· Case 2: UE requests OD-SIB1 to perform RRC connection setup/resume on the NES cell. 
· FFS if further cases should be considered.
Proposal-7: The conditions should relate at least to amount of data in an uplink data buffer.
Observation-3: Triggering conditions to be further studied in RAN2. 
Proposal-8: RAN1 to wait for RAN2 discussion about details of triggering conditions. 
Proposal-9: RAN1 to support feedback from gNB in response to UL WUS reception.   
Proposal-10: RAN1 to support cell-specific UL WUS configuration.
Proposal-11: RAN1 to support transmission of WUS configuration on SIB1/SIBx of Cell A.   
Proposal-12: Support UE identification of NES cell operating in on-demand SIB1 based on Alt-1 (by WUS configuration) in addition to Alt-2 (by MIB of NES cell).   
Proposal-13: RAN1 to discuss how the scheduling information of OD-SIB1 transmission is informed to UE, i.e. it can be contained as part of WUS configuration.
Observation-4: RAN1#116 evaluation approach is reflecting NES gain for SIB1-less operation. 
Observation-5: RAN1#116 evaluation approach is reflecting NES gain at cell-level. 
Proposal-14: RAN1 to consider Evaluation Approach-3 for NES gain evaluation of OD-SIB1. It measures the NES gain at gNB-level and reflects the OD-SIB1 operation. 
Proposal-15: We propose to capture the following simulation results in the study outcome:
· An upper-bound for NES gain of 28% is achieved using Approach-1, where only NES cell is considered for the NES gain evaluation.
· A NES gain of 20% is achieved using Approach-2, where both NES cell and Cell A are considered for the NES gain evaluation. 
· The NES gain is reduced in comparison to Approach-1 due to the extra energy consumption of Cell A, which, among other regular operations, also transmits the WUS configuration to UEs.
· A NES gain varying between a minimum of 15% and a maximum of 20% is achieved using Approach-3 for the NES gain evaluation. The gain varies based on the request rate of OD-SIB1, e.g. how frequently the OD-SIB1 is requested by UE and transmitted by the gNB.  
· Note: If there is no UE request for on-demand SIB1 transmission, the NES gain value is the same as the upper-bound value in Approach-2.
· Note that the minimum of 15% NES gain is achieved assuming one UE requesting OD-SIB1 (e.g. 1 OD-SIB1 for one beam out of 8 beams) versus one SIB1 broadcasted per beam for legacy operation.
Proposal-16: Based on the NES gain observed in Proposal-14 achieved by OD-SIB1 operation, it is proposed that RAN1 to convert the “study” to “specify”. 
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