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1	Introduction
In RAN2#96, the following has been agreed with respect to minimum SI and scheduling information of the ‘other SI’ [1]:
Agreements
1: 	The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.
2:	UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.
3:	The SI transmission window in LTE is baseline for NR.
4: 	The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information. 
FFS: Whether MSG1 and/or MSG3 is used to carry other SI request.
5: For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI.

RAN 2 NR Ad-hoc#1 meeting has made additional agreements related to SI provided by broadcast and minimum SI [2]:
Agreements related to SI provided by broadcast
1: 	UE can request one or more SIs or all SIs (e.g. SIBs) in single request. 
2: 	One or more SIBs requested by UE are provided using approach 2 i.e. using SI scheduling frame work.
3: The scheduling information for other SI includes SIB type, validity information, periodicity, and SI-window information in minimum SI irrespective of whether other SI is periodically broadcasted or provided on demand.
FFS Whether there is an additional indication that an on demand SI is actually being broadcast at this instant in time.
4:  If minimum SI indicates that a SIB is not broadcasted, then UE does not assume that this SIB is a periodically broadcasted in its SI-Window at every SI-Period. Therefore the UE may send an SI request to receive this SIB. After sending the SI request, for receiving the requested SIB, UE monitors the SI window of requested SIB in one or more SI periods of that SIB.
	
Agreements
1: Minimum SI includes at least SFN, list of PLMN, Cell ID, cell camping parameters, RACH parameters.  
2: Scheduling information in minimum SI includes an indicator whether the concerned SI-block is periodically broadcasted or provided on demand.
3: Parameters required for requesting other SI-block(s) (if any needed, e.g. RACH preambles for request) if network allows on demand mechanism shall be included in minimum SI.
4: Cell-reselection neighbouring cell information is considered as other SI and can be provided on demand based on UE request.

According to the agreements, the scheduling information in minimum SI includes an indicator whether the concerned SI message is periodically broadcast or provided on demand. This paper discusses the highlighted FFS on whether there is a need for an additional indication in scheduling information of Minimum SI that an on-demand SI is being broadcast (on all beams) or not. 
2	Discussion
2.1	Design Options
In RAN2#97bis, the following three design options have been discussed in several contributions:
1. Option 1: The network indicates to the UEs that an on-demand SI message is being/will be broadcast by setting temporarily the on-demand SI message to a periodic broadcast SI message [3][4]. This is achieved by re-using the already agreed indicator in scheduling information in minimum SI, denoted herein by X, which determines whether an SI message is periodically broadcast or provided on demand. Thus, in option 1 there is no need for an additional indication in minimum SI to denote whether an on-demand SI will be delivered by broadcast or not.

2. Option 2: The UE determines whether a specific on-demand SI message is being broadcast or not by checking if the scheduling information for this SI message is included or not in minimum SI [5]. For an on-demand SI message that is not broadcast, there will be no scheduling information in the minimum SI. Like option 1, there is no need in option 2 for an additional indication in minimum SI. 

3. Option 3: The UE determines whether a specific on-demand SI message is being broadcast or not by checking an additional indicator for this SI message, denoted herein by Y, in the scheduling information of minimum SI [6]. In contrast to option 1, two indicators are configured per SI message in the scheduling information of minimum SI: X and Y.
2.2	Comparison of design options
The pros and cons of each option are summarized in Table 1. An example showing a periodic broadcast SIB and an on-demand SIB delivered as on-demand broadcast or on-demand unicast is shown in Table 2.
Table 1: Comparison of three design options.
	
	Option 1
	Option 2
	Option 3

	Indicator(s) broadcast in minimum SI
	One indicator X determining whether an ‘other SI’ message is delivered by periodic broadcast or on-demand 
	One indicator X determining whether an ‘other SI’ message is delivered by periodic broadcast or on-demand broadcast 
	Indicator X + Indicator Y determining whether the on-demand SI message is delivered temporarily by broadcast or not 

	UE differentiating between periodically broadcast SI message and on-demand SI message delivered by broadcast
	Not possible anymore if the indicator X is re-used to set temporarily an on-demand SI message to periodically broadcast SI message 
	Yes 
	Yes 

	Need for redefinition of indicator X if it is also used to indicate an on-demand SI that is currently being broadcast
	Required since the UE cannot differentiate anymore between periodically broadcast SI message and on-demand SI message delivered by broadcast  . New definition of the indicator: 
Indicator X determines whether an ‘other SI’ message is delivered by broadcast (periodic or on-demand broadcast) or on-demand
	Not required 
	Not required 

	Prior agreement on delivery of scheduling information
	No change to prior agreement (The scheduling information is delivered for all SI messages irrespective of whether they are broadcasted or not) 
	Requires changing prior agreement (The scheduling information is delivered only for SI messages that are being broadcasted (periodically or on-demand broadcast)) 
	No change to prior agreement (The scheduling information is delivered for all SI messages irrespective of whether  they are broadcasted or not) 

	Re-reading minimum SI before requesting an ‘other SI’ message to check if it is already delivered by broadcast, by a UE having already acquired the scheduling information of ‘other SI’ messages
	Required for ALL ‘other SI’ messages including those that are delivered by periodic broadcast 
	Required for checking the presence of scheduling information for on-demand SI messages but not for periodic broadcast SI messages 
	Required for checking the indicator Y ONLY for on-demand SI messages and not for periodic broadcast SI messages 

	Paging for system information modification
	No need to page the UEs for system information modification when toggling the indicator X since the UE would check X before acquiring the ‘other SI’ message 
	Paging is needed when      
1. Changing X, i.e., making an on-demand SI to be periodic broadcast SI and vice-versa 
2. Changing the presence of scheduling information, i.e., UEs that have sent SI requests need to acquire the scheduling information 
	Paging is needed when changing X, i.e., making an on-demand SI to be periodic broadcast SI and vice-versa. 
No need to page the UEs when toggling Y since the UE would check Y before acquiring the on-demand SI message 




Table 2: Example scenarios for the three design options
	
	Definition of different Indicators in Minimum SI
Indicator X: Already agreed indicator in Minimum SI
Indicator Y: FFS Additional indicator in Minimum SI
	Scenario 1
SIB 2 = periodic broadcast
SIB3 = on-demand unicast
	Scenario 2
SIB 2 = periodic broadcast
SIB3 = on-demand broadcast

	Option 1
	Redefined Indicator X: {broadcast, on-demand}
	Scheduling Info in Minimum SI:
   {SIB Type: SIB 2
   Indicator X: broadcast
   …
   }
   {SIB Type: SIB 3
   Indicator X: on-demand
   …
   }
	Scheduling Info in Minimum SI:
   {SIB Type: SIB 2
   Indicator X: broadcast
   …
   }
   {SIB Type: SIB 3
   Indicator X: broadcast
   …
   }

	Option 2
	Current agreed Indicator X: {periodic broadcast, on-demand}
	Scheduling Info in Minimum SI:
   {SIB Type: SIB 2
   Indicator X: periodic broadcast
   …
   }
   <SIB 3 not in Scheduling Info>
	Scheduling Info in Minimum SI:
   {SIB Type: SIB 2
   Indicator X: periodic broadcast
   …
   }
   {SIB Type: SIB 3
   Indicator X: on-demand
   …
   }

	Option 3
	Current agreed Indicator X: {periodic broadcast, on-demand}
Additional Indicator Y (On-demand broadcast?): {TRUE, FALSE}
	Scheduling Info in Minimum SI:
   {SIB Type: SIB 2
   Indicator X: periodic broadcast
   Indicator Y: <not present>
   …
   }
   {SIB Type: SIB 3
   Indicator X: on-demand
   Indicator Y: FALSE
   …
   }
	Scheduling Info in Minimum SI:
   {SIB Type: SIB 2
   Indicator X: periodic broadcast
   Indicator Y: <not present>
   …
   }
   {SIB Type: SIB 3
   Indicator X: on-demand
   Indicator Y: TRUE
   …
   }




The main disadvantage of option 2 is that the UEs need to be paged to indicate the presence of scheduling information if the network decides to broadcast an on-demand SI message. This increases the downlink radio resource overhead considering that there are multiple on-demand SI messages and network decisions to broadcast an on-demand SI message can be frequent for high SI request rate. 
Observation 1: With respect to Option 2, relying on the presence/absence of scheduling information in minimum SI to indicate the broadcast of an on-demand SI message requires paging the UEs which increases the downlink radio resource overhead.
In option 1, only one indicator X is used to inform the UE whether an on-demand SI message is delivered by broadcast or not, i.e., under the assumption that the definition of the indicator is revisited as stated in Table 1. As such, the UE cannot differentiate anymore between a periodically broadcast SI message and an on-demand SI message that is delivered by broadcast. Thus, for a UE that has already acquired the scheduling information of ‘other SI’ message it needs to check the indicator X again in minimum SI before acquiring even a periodically broadcast SI message (i.e. not just for an on-demand SI message). This results in increased UE power consumption and unnecessary delay in the acquisition of the SI message.
Observation 2: With respect to Option 1, re-using the current indicator X, which at present determines whether an ‘other SI’ message is delivered by periodic broadcast or on-demand, to temporarily indicate that an on-demand SI message is being broadcast has the following consequences:
· The meaning of the bit indicator X need to be changed from “periodic broadcast or on-demand” to “broadcast or on-demand”
· UE cannot differentiate anymore between an SI message that is delivered by periodic broadcast or on-demand broadcast which necessitates the UE to re-read the scheduling information in minimum SI before acquiring even a periodically broadcast SI message, resulting in increased power consumption and unnecessarily delay in SI acquisition.
So, if adopted, the current definition of the indicator X needs to be changed as follows: Scheduling information in minimum SI includes an indicator whether the concerned SI-block is provided by broadcast or on-demand.
In option 3, a dedicated indicator Y is proposed that determines whether on-demand SI message is currently delivered by broadcast or not, in addition to the indicator X that is used to differentiate between a periodically broadcast SI message and on-demand SI message. Thus, in contrast to option 1 and 2 two indicators are used per SI message which would increase the size of minimum SI. However, in option 3 the UE can differentiate between periodically broadcast SI message and on-demand broadcast SI message, and consequently, it does not have to re-read the minimum SI before acquiring a periodically broadcast ‘other SI’ message. Hence, option 3 overcomes the disadvantages of option 1 at the expense of an increased size of minimum SI. 
Observation 3: With respect to Option 3, having an explicit indicator Y to determine whether an on-demand SI message is delivered by broadcast or not enables the UE to differentiate between a periodically broadcast SI message and on-demand broadcast SI message. Thus, for a UE that has already acquired the scheduling information of ‘other SI’ message it can directly acquire a periodically broadcast SI message without unnecessarily re-reading the minimum SI.
Observation 4: The advantages of having an explicit indicator are at the expense of increased size of minimum SI.
In both options 1 and 3, there is no need to page the UEs when toggling the frequently changing indicator (X in option 1 and indicator Y in option 3) if the UEs always checks the setting of the indicator in minimum SI before acquiring an ‘other SI’ message. 
Observation 5: Toggling the indicator that determines whether an on-demand SI message is delivered by broadcast or not does not require paging as long as the UE always checks the indicator before acquiring an ‘other SI’ message. 
In option 3, changing the setting of the indicator X that determines whether an ‘other SI’ message is delivered by periodic broadcast or on-demand requires paging since the UE is not mandated to check regularly the minimum SI. However, considering that the changes in indicator X are infrequent, the resulting paging overhead may not be that critical.
Based on the analysis, we prefer option 3 over option 1 as it allows the UE to discriminate clearly between a periodically broadcast ‘other SI’ message and on-demand ‘other SI’ message.
Proposal 1: Two indicators are configured per ‘other SI’ message in the scheduling information: 
· The first indicator X indicates whether the ‘other SI’ message is delivered by periodic broadcast or on-demand
· The second indicator Y indicates whether the on-demand ‘other SI’ message is being/will be delivered temporarily by broadcast (on all beams) or not.
Proposal 2: Prior to the acquisition of an on-demand SI, the UE always checks the second indicator Y in scheduling information of minimum SI to determine whether an on-demand SI message is delivered temporarily by broadcast or not.
Proposal 3: Toggling the second indicator Y, which determines whether an on-demand SI message is delivered temporarily by broadcast or not, does not require paging.
Proposal 4: The scheduling information for ‘other SI’ including SIB type, validity information, periodicity, and SI-window information is always provided in minimum SI irrespective of whether ‘other SI’ is periodically broadcasted or provided on demand.
Proposal 5: If the UE has already acquired the scheduling information for ‘other SI’ message, it does not have to read the minimum SI again when acquiring a periodically broadcast SI message.
Proposal 6: Changes in the first indicator X, which determines whether an ‘other SI’ message is delivered by periodic broadcast or on-demand, requires paging as the UE (per proposal 5) is not mandated to read again the minimum SI before acquiring a periodically broadcast SI message.
3	Conclusion
In this contribution, we have analysed three design options for indicating whether an on-demand SI message is delivered by broadcast or not. The observations are summarized in the following:
Observation 1: With respect to Option 2, relying on the presence/absence of scheduling information in minimum SI to indicate the broadcast of an on-demand SI message requires paging the UEs which increases the downlink radio resource overhead.
Observation 2: With respect to Option 1, re-using the current indicator X, which at present determines whether an ‘other SI’ message is delivered by periodic broadcast or on-demand, to temporarily indicate that an on-demand SI message is being broadcast has the following consequences:
· UE cannot differentiate anymore between an SI message that is delivered by periodic broadcast or on-demand broadcast which necessitates the UE to re-read the scheduling information in minimum SI before acquiring even a periodically broadcast SI message, resulting in increased power consumption and unnecessarily delay in SI acquisition.
· If adopted, the current definition of the indicator X needs to be changed as follows: Scheduling information in minimum SI includes an indicator whether the concerned SI-block is provided by broadcast or on-demand.
 Observation 3: With respect to Option 3, having an explicit indicator Y to determine whether an on-demand SI message is delivered by broadcast or not enables the UE to differentiate between a periodically broadcast SI message and on-demand broadcast SI message. Thus, for a UE that has already acquired the scheduling information of ‘other SI’ message it can directly acquire a periodically broadcast SI message without unnecessarily re-reading the minimum SI.
Observation 4: The advantages of having an explicit indicator are at the expense of increased size of minimum SI.
Observation 5: Toggling the indicator that determines whether an on-demand SI message is delivered by broadcast or not does not require paging as long as the UE always checks the indicator before acquiring an ‘other SI’ message.
Based on the analysis, the following is proposed:
Proposal 1: Two indicators are configured per ‘other SI’ message in the scheduling information: 
· The first indicator X indicates whether the ‘other SI’ message is delivered by periodic broadcast or on-demand
· The second indicator Y indicates whether the on-demand ‘other SI’ message is being/will be delivered temporarily by broadcast (on all beams) or not.
Proposal 2: Prior to the acquisition of an on-demand SI, the UE always checks the second indicator Y in scheduling information of minimum SI to determine whether an on-demand SI message is delivered temporarily by broadcast or not.
Proposal 3: Toggling the second indicator Y, which determines whether an on-demand SI message is delivered temporarily by broadcast or not, does not require paging.
Proposal 4: The scheduling information for ‘other SI’ including SIB type, validity information, periodicity, and SI-window information is always provided in minimum SI irrespective of whether ‘other SI’ is periodically broadcasted or provided on demand.
Proposal 5: If the UE has already acquired the scheduling information for ‘other SI’ message, it does not have to read the minimum SI again when acquiring a periodically broadcast SI message.
Proposal 6: Changes in the first indicator X, which determines whether an ‘other SI’ message is delivered by periodic broadcast or on-demand, requires paging as the UE (per proposal 5) is not mandated to read again the minimum SI before acquiring a periodically broadcast SI message.
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