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1	Introduction

The document describes the requirement that a radio base station has in terms of the number of SIs that has to be scheduled for transmission to enable UEs to perform various procedures.
In this document we analyze the practical limits of NR’s system information broadcast mechanism. Not only but in particular for positioning the current mechanism imposes severe limitations. We explain why the scheduling mechanism for positioning SIBs that was introduced in Rel-16 must be corrected. 
We propose introducing means by which the gNB can indicate the start position of a positioning SI-message explicitly. Besides fixing the current error it also allows spreading the SI-load in time and thereby to increase the capacity for the broadcast without causing load spikes.
Furthermore, we suggest introducing such explicit scheduling mechanism also for Rel-16 SIBs that are not related to positioning. This will help NR to cope with the increasing amount of System Information broadcast expected due to introducing V2X, NPN and other techniques. 

[bookmark: _Ref178064866]Number of SIBs to be broadcast
Below we analyse typical number of SIs that would be needed to be transmitted by a street micro/macro radio base station.



· SI for SIB1

-	SIB1 defines the scheduling of other system information blocks and contains information required for initial access. SIB1 is also referred to as Remaining Minimum SI (RMSI) and is periodically broadcast on DL-SCH or sent in a dedicated manner on DL-SCH to UEs in RRC_CONNECTED.
[bookmark: _Toc85727890]There has to be one SI which will carry only SIB1; i.e the SIB1 is carried in an own message. The SIB1 size depends upon the configured number of PLMNs, number of frequency bands, number of scheduling SIs and number of positioning scheduling SIs.
Even with some moderate consideration such as 4 PLMNs out of 12 possible, 4 multi-frequency bands out of 8, and 4 scheduling SIs and 5 positioning scheduling SIs, without SUL resource config the size could be around 1200 bits. 
· SI for Cell access and Idle/Inactive mode mobility
-	SIB2 contains cell re-selection information, mainly related to the serving cell;
-	SIB3 contains information about the serving frequency and intra-frequency neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);
-	SIB4 contains information about other NR frequencies and inter-frequency neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters), which can also be used for NR idle/inactive measurements;
-	SIB5 contains information about E-UTRA frequencies and E-UTRA neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);
-	SIB11 contains information related to idle/inactive measurements;

Depending upon the configuration, the number of SIs required to map SIB2, SIB3, SIB4, SIB5 and SIB11 may vary from one to two. The size depends upon configured number of
· frequency band list
· Intra frequency cell list
· Inter frequency carrier list
· EUTRA Frequency list 
[bookmark: _Toc85727891]In some Network configurations, more than one SI would be needed for cell access and idle mode mobility. The size can easily cross the 3000 bits size limitation of one SI. Typically, more than one SI is needed, due to size and different requirements on how often the content should be distributed.

· SI for Public Warning System
-	SIB6 contains an ETWS primary notification;
-	SIB7 contains an ETWS secondary notification;
-	SIB8 contains a CMAS warning notification;

[bookmark: _Toc85727892]A separate SI would be needed for public warning system. To assure robust distribution and possibly different periodicity (e.g. for ETWS primary there are requirements on short latency) one SI message is typically used for each PWS SIB. 

· SI for V2X
For sidelink, Other SI also includes:
-	SIB12 contains information related to NR sidelink communication;
-	SIB13 contains information related to SystemInformationBlockType21 for V2X sidelink communication as specified in TS 36.331 clause 5.2.2.28 [29];
-	SIB14 contains information related to SystemInformationBlockType26 for V2X sidelink communication as specified in TS 36.331 clause 5.2.2.33 [29].

[bookmark: _Toc85727893]V2X SI would need a separate SI with its own periodicity.

[bookmark: _Toc77674407][bookmark: _Toc85727894]5-7 SIs would be needed for NR (non-positioning) SIBs


· SI for Positioning SIBs
When it comes to positioning SIBs, this is considered as value added service to the user. The Positioning SIBs can be ciphered and only UE with certain subscription class may obtain such service (example vehicles).  It is expected that within few years the demand for positioning application (including navigation, tracking) would further explode. The positioning SIB broadcast would be needed for scaling purpose (when mass users need this; rather than dedicated signalling a broadcast-based solution is required). This would pave a way to monetize from operators by offering this sort of broadcast solution of the posSIBs
-	SIBpos contains positioning assistance data as defined in TS 37.355 [43] and TS 38.331 [12].
The positioning SIBs can be classified into RAT independent and RAT dependent positioning method.
		For RAT Independent A-GNSS below positioning SIBs have been defined:
		

	GNSS Common Assistance Data (clause 6.5.2.2)
	posSibType1-1
	GNSS-ReferenceTime

	
	posSibType1-2
	GNSS-ReferenceLocation

	
	posSibType1-3
	GNSS-IonosphericModel

	
	posSibType1-4
	GNSS-EarthOrientationParameters

	
	posSibType1-5
	GNSS-RTK-ReferenceStationInfo

	
	posSibType1-6
	GNSS-RTK-CommonObservationInfo

	
	posSibType1-7
	GNSS-RTK-AuxiliaryStationData

	
	posSibType1-8
	GNSS-SSR-CorrectionPoints

	GNSS Generic Assistance Data (clause 6.5.2.2)
	posSibType2-1
	GNSS-TimeModelList

	
	posSibType2-2
	GNSS-DifferentialCorrections

	
	[bookmark: _Hlk505571245]posSibType2-3
	GNSS-NavigationModel

	
	posSibType2-4
	GNSS-RealTimeIntegrity

	
	posSibType2-5
	GNSS-DataBitAssistance

	
	posSibType2-6
	GNSS-AcquisitionAssistance

	
	posSibType2-7
	GNSS-Almanac

	
	posSibType2-8
	GNSS-UTC-Model

	
	posSibType2-9
	GNSS-AuxiliaryInformation

	
	posSibType2-10
	BDS-DifferentialCorrections

	
	posSibType2-11
	BDS-GridModelParameter

	
	posSibType2-12
	GNSS-RTK-Observations

	
	posSibType2-13
	GLO-RTK-BiasInformation

	
	posSibType2-14
	GNSS-RTK-MAC-CorrectionDifferences

	
	posSibType2-15
	GNSS-RTK-Residuals

	
	posSibType2-16
	GNSS-RTK-FKP-Gradients

	
	posSibType2-17
	GNSS-SSR-OrbitCorrections

	
	posSibType2-18
	GNSS-SSR-ClockCorrections

	
	posSibType2-19
	GNSS-SSR-CodeBias

	
	posSibType2-20
	GNSS-SSR-URA

	
	posSibType2-21
	GNSS-SSR-PhaseBias

	
	posSibType2-22
	GNSS-SSR-STEC-Correction

	
	posSibType2-23
	GNSS-SSR-GriddedCorrection

	
	posSibType2-24
	NavIC-DifferentialCorrections

	
	posSibType2-25
	NavIC-GridModelParameter



The RAT dependent positioning SIBs can be categorized into MAC, FKP, SSR.
MAC Network-RTK
A typical MAC Network-RTK needs 7 SIBs as shown below.
Table 1: MAC Network-RTK Service [2]
	IE
	Approx. IE Size
[bits]
	Example
Nsig=2
Nsat=12
Nstation = 16
	# of Segments for the Example

	
	
	
	SIB Size 3000 bits

	GNSS-RTK-ReferenceStationInfo
	127+90 (~antenna descr.)=217
	217 bits
	1

	GNSS-RTK-CommonObservationInfo
	20
	20 bits
	1

	GNSS-RTK-Observations
	{[(87×Nsig )+5]+38}×Nsat+6+40
	2650 bits
	1

	GLO-RTK-BiasInformation
	77
	77 bits
	1

	GNSS-RTK-AuxiliaryStationData
	[(76×Nstation)+5]+24
	1245 bits
	1

	GNSS-RTK-MAC-CorrectionDifferences
	{[(56×Nsat)+6]+52}×Nstation+5+24
	11709 bits
	4

	GNSS-RTK-Residuals
	(49×Nsat)+6+59
	653 bits
	1




Those SIBs could be grouped into SI messages as follows:
SI Message 1: 
· GNSS-RTK-ReferenceStationInfo, 
· GNSS-RTK-CommonObservationInfo,
· GLO-RTK-BiasInformation
· GNSS-RTK-AuxiliaryStationData


SI Message 2: GNSS-1
· GNSS-RTK-Observations 

SI Message 3: GNSS-2
· GNSS-RTK-Observations

SI Message 4: GNSS-1
· GNSS-RTK-MAC-CorrectionDifferences 
· 4 segments

SI Message 5: GNSS-2
· GNSS-RTK-MAC-CorrectionDifferences 
· 4 segments

SI Message 6: GNSS-1
· GNSS-RTK-Residuals 

SI Message 7: GNSS-2
· GNSS-RTK-Residuals 

[bookmark: _Toc77674408][bookmark: _Toc85727895]A typical MAC Network-RTK requires 7 SIBs in 5 to 7 SI message.
FKP Network-RTK
The Table below summarizes the assistance data for FKP Network RTK service.

Table 2: FKP Network-RTK Service[2]
	IE
	Approx. IE Size
[bits]
	Example
Nsig=2
Nsat=12

	
	
	

	GNSS-RTK-ReferenceStationInfo
	127+90 (~antenna descr.)=217
	217 bits

	GNSS-RTK-CommonObservationInfo
	20
	20 bits

	GNSS-RTK-Observations
	{[(87×Nsig )+5]+38}×Nsat+6+40
	2650 bits

	GLO-RTK-BiasInformation
	77
	77 bits

	GNSS-RTK-FKP-Gradients
	(69×Nsat)+6+52
	886 bits

	GNSS-RTK-Residuals
	(49×Nsat)+6+59
	653 bits



Those SIBs could be grouped into SI messages as follows:
SI Message 1: 
· GNSS-RTK-ReferenceStationInfo, 
· GNSS-RTK-CommonObservationInfo,
· GLO-RTK-BiasInformation

SI Message 2: GNSS-1
· GNSS-RTK-Observations 

SI Message 3: GNSS-2
· GNSS-RTK-Observations

SI Message 4: GNSS-1
· GNSS-RTK-FKP-Gradients 
· GNSS-RTK-Residuals 


SI Message 5: GNSS-2
· GNSS-RTK-FKP-Gradients 
· GNSS-RTK-Residuals 


[bookmark: _Toc77674409][bookmark: _Toc85727896]A typical FKP Network RTK requires 6 SIBs in 5 SI messages.

SSR PPP and RTK Service
The Table below summarizes the assistance data for SSR PPP service.

Table 3: SSR PPP & RTK Service
	IE
	Approx. IE Size
[bits]
	Example
Nsig=2
Nsat=12
Total Size in bits for each message

	
	
	

	GNSS-SSR-OrbitCorrections
	(138×Nsat)+6+51
	1713

	GNSS-SSR-ClockCorrections
	(76×Nsat)+6+48
	966

	GNSS-SSR-CodeBias
	{[(21×Nsig)+4]+6}×Nsat+6+48
	678

	GNSS-SSR-URA
	epochTime: 70 bytes +
(SSR-URA-SatElement)xNsat
	808

	GNSS-SSR-PhaseBias
	epochTime: 70 bytes +
(PhaseBias-satList)xNsat
	968

	GNSS-SSR-STEC-Correction
	epochTime: 70 bytes +
(Stec-SatList)xNsat
	920

	GNSS-SSR-GriddedCorrection
	epochTime: + 4-gridList + 12 satellites in each grid

	1448



[bookmark: _Toc85727897]SSR PPP and RTK assistance data requires typically 7 SIBs in 3 SI messages.


A-GNSS Assistance Data
The Table below shows the assistance data element size for some of the A-GNSS assistance data.
Table 4: GNSS Assistance Data [2]
	IE
	Approx. IE Size
[bits]
	Example
Nsig =2
Nsat=12
	# of Segments for the Example

	
	
	
	SIB Size 3000 bites

	GNSS-ReferenceTime
	132
	132
	1

	GNSS-AcquisitionAssistance
	(66×Nsat)+6+7
	805
	1

	GNSS-ReferenceLocation
	100
	100
	1

	GNSS-NavigationModel (NAV)
	(462×Nsat)+7
	5545
	2

	GNSS-NavigationModel (GLO)
	(245×Nsat)+7
	2947
	1

	GNSS-DifferentialCorrections
	[(45×Nsat)+6+10]×Nsig+12
	1124
	1

	BDS-GridModelParameter
	7061
	7061
	3



[bookmark: _Toc77674410][bookmark: _Toc85727898]A-GNSS Assistance Data requires typically 7 SIBs in 4 SI messages.
RAT Dependent TDOA / AoD positioning service
For RAT dependent DL-TDOA/DL-AoD below positioning SIBs have been defined:
	NR DL-TDOA/DL-AoD Assistance Data (clauses 6.4.3, 7.4.2)
	posSibType6-1
	NR-DL-PRS-AssistanceData

	
	posSibType6-2
	NR-UEB-TRP-LocationData

	
	posSibType6-3
	NR-UEB-TRP-RTD-Info



As such there can be need of 3 positioning SIs for this RAT dependent positioning method. The UE-B SIBs need to be transmitted separate from the UE-A SIBs. Further the frequency of posSIBType6-2 and 6-3 differs which speaks in favour of two different SIs.
[bookmark: _Toc77674411][bookmark: _Toc85727899]2 to 3 SIs would be needed for RAT dependent positioning SIBs (DL-TDOA/DL-AoD). 

[bookmark: _Toc77674412][bookmark: _Toc85727900]About 20 SIs would be needed to transmit positioning SIBs. 

[bookmark: _Toc77674413][bookmark: _Toc85727901]For positioning related and non-positioning related system information a total of 27 SI messages may need to be transmitted. 
One may argue that the operator may choose to provision the positioning assistance information by dedicated signalling rather than by SI broadcast. While this is true and while this may be preferable in certain deployments, there are certainly deployments and use cases where broadcast is a lot more efficient. The fact that RAN2 specified all those SIBs for positioning and for other services indicates that it is a viable and important means for transmitting this information. Hence, RAN2 should ensure that the standardized SIBs can actually be broadcast.
[bookmark: _Toc77674414][bookmark: _Toc85727886]RAN2 should specify means to schedule and transmit more SI messages than possible so far. 
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	2/4	
3		Problem Analysis
2.1.1	Problem analysis for legacy SI broadcast
The ASN.1 in 38.331 suggests that a gNB may schedule up to 32 SI-messages in a cell:
SI-SchedulingInfo ::=       SEQUENCE {
    schedulingInfoList          SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo,
    si-WindowLength             ENUMERATED {s5, s10, s20, s40, s80, s160, s320, s640, s1280},
    si-RequestConfig            SI-RequestConfig                    OPTIONAL,  -- Cond MSG-1
    si-RequestConfigSUL         SI-RequestConfig                    OPTIONAL,  -- Cond SUL-MSG-1
    systemInformationAreaID     BIT STRING (SIZE (24))              OPTIONAL,  -- Need R
    ...
}

SchedulingInfo ::=          SEQUENCE {
    si-BroadcastStatus          ENUMERATED {broadcasting, notBroadcasting},
    si-Periodicity              ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
    sib-MappingInfo             SIB-Mapping
}

maxSI-Message                           INTEGER::= 32       -- Maximum number of SI messages

With the parameters shown above, the network indicates the number of SI-messages being scheduled. While they all use the same si-WindowLength, the network can choose a different si-Periodicity for each message. The UE determines the start position of each SI message by the rules and formulas defined in 38.331 section 5.2.2.3.2. In short, the SI messages appear in the order in which they are listed in the schedulingInfoList. Each SI-message may occur for the duration of an si-WindowLength. The subsequent window of a particular SI-message occurs after one si-Periodicity. If different SI messages use different si-Periodicity values, some SI messages remain unused; i.e there are empty slots. 
The problem of this scheme is that the SI-message scheduled with the shortest periodicity limits the total number of SI-messages that can be scheduled. In other words, SI-windows that are left empty due to some SI-messages having larger periodicities cannot be used for other SI-messages. The algorithm defined in section 5.2.2.3.2 does not map them into those empty SI-Windows but rather on top of the most frequently recurring SI-messages.

 
[bookmark: _Toc85727902]The maximum number of SI-messages is limited by the recurrence of the SI-message with the shortest si-Periodicity. SI-windows that remain empty due to SI-messages using larger si-Periodicity cannot be used with the current SI scheduling algorithm in 38.331 section 5.2.2.3.2.
To illustrate this limitation, in the following example we chose an si-WindowLength of 20 slots and assume 20 slots per frame (30 kHz SCS). The table and figure show that 8 SI-Messages are scheduled. The first has an si-Periodicity of 8 frames (8 frames * 20 slots/frame = 160 slots). The other SI-Messages recur every 16th, 32nd or 64th frame. Hence, as can be seen, some SI-windows are not associated with any SI message. This seems to suggest that it would be possible to schedule additional SI-messages.
[image: ]
However, when adding just one more SI-messages with a sparse recurrence of 64 frames, the algorithm in the current spec maps it on top of the second occurrence of the first SI-message so that a collision occurs: 
[image: ]
Besides limiting the total number of schedulable SI-messages the current algorithm also causes an uneven distribution of the load imposed by SI broadcast. As mentioned above and as also visible in the figure, some SI-windows (here periods of 20 slots) are not associated with any SI-message and hence, no resources will be consumed by SI broadcast (empty slots). During other periods the scheduler must assign a sufficient number of resources to the scheduled SI messages. 
While being acceptable in many network configurations, there are cases where the even distribution of SI broadcast transmissions is vital. One such case is dynamic spectrum sharing on a 15 kHz carrier. To protect the NR SIB transmissions from underlying LTE CRSs, the gNB should transmit NR SIBs in LTE MBSFN subframe. However, since MBSFN subframes reduce the capacity available for LTE traffic, it is vital to minimize their occurrences and consequently the SI-Windowlength needs to be longer for DSS. To achieve that while still giving the UE the possibility to soft-combine several occurrences of an SI-message within one SI-window, the SI-Windowlength should be chosen sufficiently long. The following figure shows a possible setting for a 15 kHz carrier operating with dynamic spectrum sharing: 
[image: ]
As can be seen above, the current SI-scheduling algorithm does not allow more than 2 SI-messages with the given parameters (which are chosen to minimize the capacity impact of an underlying LTE cell) since a collision is created. And the collision is created even though there are empty SI-windows. In those empty SI-windows the MBSFN subframes intended for NR SIB transmissions cannot be used for that purpose. If one could consider halving the SI window and doubling number of MBSFN subframes but that would obviously lead to a significant capacity loss for the underlying LTE carrier. 
[bookmark: _Toc85727903]The current scheduling scheme leaves SI-windows empty which results in a sub-optimal distribution of the load imposed by SI broadcast. 
2.1.2	Problem analysis for Positioning SI broadcast
In Rel-16 a separate broadcast mechanism was introduced for system information related to positioning functionality. The mechanism inherited the SI-message scheduling mechanism used for the legacy system information (see section 2.1.1). To determine which positioning SI-message occurs in which SI-window the UE determines the order of the SI message across both, the posSchedulingInfoList and the schedulingInfoList. Obviously, the mechanism suffers from the same limitations and problems outlined in the previous sub-section. And of course the above-mentioned problems are more likely to occur since the total number of SI messages increases substantially due to the additional positioning SIBs. 
[bookmark: _Toc85727904]The scheduling mechanism for positioning SI-messages suffers from the same limitations as the scheduling for regular SI-messages. The problem is more pronounced due to the additional positioning SI-messages to be scheduled. 
To overcome the scheduling limitations, a second variant of the scheduling rules for positioning SIB was introduced: The gNB may set a flag offsetToSI-Used for positioning SI-messages. If present, the UE applies the following rules to determine the associated SI-windows:
	2>	else if the concerned SI message is configured by the posSchedulingInfoList and offsetToSI-Used is configured:
3>	determine the number m which corresponds to the number of SI messages with an associated si-Periodicity of 8 radio frames (80 ms), configured by schedulingInfoList in SIB1;
3>	for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by posSchedulingInfoList in SIB1;
3>	determine the integer value x = m × w + (n – 1) × w, where w is the si-WindowLength
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N) +8, where T is the posSI-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];



The intention of this alternative mechanism was that the positioning SI-messages are postponed into the above-mentioned gaps that occur if some SI messages use a longer periodicity than others. However, due to the way it is specified, it works only if there is at least one SI message scheduled with a periodicity of 8 frames. That would e.g. not be the case in configurations as the one depicted at the end of section 2.1.1 (DSS). In that case the “offsetToSI-Used” parameter does not help fitting the positioning SI-message into any of the remaining gaps.
[bookmark: _Toc85727905]The work-around for scheduling positioning SI-messages into gaps of the legacy SI-message pattern works only if there is at least one legacy SI message with a periodicity of 8 frames. If all legacy SI message are configured to use 16 frames or more, the rule enforces a collision.
One could consider replacing the hard-coded “si-Periodicity of 8 radio frames (80 ms)” and “+8” by a more flexible term such as “minimum si-Periodicity configured for any of the SI-messages”.  But this scheme would also be limited to at most 7 positioning SI-messages (considering for typical NR deployment with shortest SI periodicity of 160ms and SI-WindlowLength 20ms). 
[bookmark: _Toc85727906]An adjusted rule that could cope with different combinations of si-Periodicities would be more complex but still not offer full flexibility and capacity for SI scheduling. And such change would anyway be non-backwards compatible (but affect only positioning related SI broadcast).
2.2	Proposed solution: Configurable si-WindowStart
The SI scheduling restrictions outlined in the previous sub-sections result from the rules by which gNB and UE determine the mapping of SI-messages to SI-windows. According to section 5.2.2.3.2, the start position is determined by the order of the SI-messages in the schedulingInfoList:
1>	determine the start of the SI-window for the concerned SI message as follows:
2>	if the concerned SI message is configured in the schedulingInfoList:
3>	for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in si-SchedulingInfo in SIB1;
3>	determine the integer value x = (n – 1) × w, where w is the si-WindowLength;
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N), where T is the si-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
As shown in the second figure in section 2.1.1, the algorithm determines the SI message 9 (n=9) to start in slot 160. However, this slot is also the second occurrence of the SI message 1. The next SI-window (starting in slot 180) is empty since the SI-message 2 uses a longer periodicity. 
To overcome the restrictions without defining more complex rules, we therefore suggest allowing the gNB to configure the start of the SI-window of an SI-message explicitly instead of deriving it from the order in the schedulingInfoList. 
The following figure shows the same example as the second figure in section 2.1.1 but zoomed into the first series of SI-windows. Unlike section 2.1.1 the gNB now configures the parameter “n” by an explicit ASN.1 parameter. In the table it is named “configured n” and set it to 10, i.e. the 10th si-window. Thereby the gNB pushes the occurrence of the SI message 9 to the subsequent SI window occurrence and hence avoids the collision with the SI message 1. 
RRC supports scheduling of up to 32 SI messages by an array/list of 32 SIs; 1 to 32 (5-bits). With this solution; the array will be prolonged so that the start occurrence would be configured by the NW. As, in this example; the “configured n” would be 10 instead of value 9 as per current algorithm. 
The required value range for the “configured n” depends on the chosen “si-WindowLength”, on the slots per radio frame (which depends on the SCS) and on the number of SI messages to be positioned. A range of 1..128 should be sufficient for all practical cases.
 [image: ]
[bookmark: _Toc85727907]By signalling the start position of an SI-message explicitly it is possible to utilize all SI-windows and thereby to schedule more SI-messages.
The following figure depicts the same scenario as the third figure in section 2.1.1, i.e., the dynamic spectrum sharing deployment:
[image: ]
While UE and network derive the positions of the first two SI-messages using the existing rule, the gNB configures the SI-windows’ start occasions for SI-messages 3 and 4 explicitly. This avoids collisions with the first and second SI message and allows utilizing all SI windows. Furthermore, all LTE MBSFN subframes that were reserved for NR SIB transmission can be used as intended. Hence, the total number of LTE MBSFN subframes can be minimized and the capacity of the underlying LTE cell is maximized. By signalling the start position of an SI-message explicitly it is possible to distribute the SI-messages evenly in time domain which helps in scenarios such as Dynamic Spectrum Sharing.

[bookmark: _Toc85727908]It is possible to combine the legacy SI scheduling scheme with a scheme that configures SI windows explicitly. The latter should be applied primarily to Rel-16 posSIBs and new SIBs from Rel-17. 
[bookmark: _Toc85727887]Introduce means to configure the start position of an SI-message’s window explicitly. 
[bookmark: _Toc85727888]Introduce a new parameter posSI-WindowStart in a new PosSchedulingInfoList2. This new list contains rel-16 posSIBs. 

[bookmark: _Toc85727889]Introduce a new schedulingInfoList2 in which a new parameter si-WindowStart is signalled for each SI-message. This new list contains rel-17 SIBs. 
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[bookmark: _Ref189046994]3	Text Proposal
[bookmark: _Toc60776711][bookmark: _Toc68014651]5.2.2.3.2	Acquisition of an SI message
For SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213[13]. If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.
When acquiring an SI message, the UE shall:
1>	determine the start of the SI-window for the concerned SI message as follows:
2>	if the concerned SI message is configured in the schedulingInfoList 
3>	for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in si-SchedulingInfo in SIB1;
3>	determine the integer value x = (n – 1) × w, where w is the si-WindowLength;
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N), where T is the si-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
[bookmark: _Hlk71038631]2>	else if the concerned SI message is configured in the schedulingInfoList2 
3>	determine the integer value x = (si-WindowStart -1) × w, where w is the si-WindowLength;
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N), where T is the si-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
2>	else if the concerned SI message is configured in the posSchedulingInfoList and offsetToSI-Used is not configured:
3>	create a concatenated list of SI messages by appending the posSchedulingInfoList in posSI-SchedulingInfo in SIB1 to schedulingInfoList in si-SchedulingInfo in SIB1;
3>	for the concerned SI message, determine the number n which corresponds to the order of entry in the concatenated list;
3>	determine the integer value x = (n – 1) × w, where w is the si-WindowLength;
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N), where T is the posSI-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
2>	else if the concerned SI message is configured by the posSchedulingInfoList and offsetToSI-Used is configured:
3>	determine the number m which corresponds to the number of SI messages with an associated si-Periodicity of 8 radio frames (80 ms), configured by schedulingInfoList in SIB1;
3>	for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by posSchedulingInfoList in SIB1;
3>	determine the integer value x = m × w + (n – 1) × w, where w is the si-WindowLength
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N) +8, where T is the posSI-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
2>	else if the concerned SI message is configured in the posSchedulingInfoList2 
3>	determine the integer value x = (si-WindowStart -1) × w, where w is the si-WindowLength;
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N), where T is the si-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
1>	receive the PDCCH containing the scheduling RNTI, i.e. SI-RNTI in the PDCCH monitoring occasion(s) for SI message acquisition, from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength, or until the SI message was received;
1>	if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion for the concerned SI message in the current modification period;
NOTE 1:	The UE is only required to acquire broadcasted SI message if the UE can acquire it without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.
NOTE 2:	The UE is not required to monitor PDCCH monitoring occasion(s) corresponding to each transmitted SSB in SI-window.
NOTE 3:	If the concerned SI message was not received in the current modification period, handling of SI message acquisition is left to UE implementation.
NOTE 4:	A UE in RRC_CONNECTED may stop the PDCCH monitoring during the SI window for the concerned SI message when the requested SIB(s) are acquired.
NOTE 5:	A UE capable of NR sidelink communication and configured by upper layers to perform NR sidelink communication on a frequency, may acquire SIB12 from a cell other than current serving cell (for RRC_INACTIVE or RRC_IDLE) or current PCell (for RRC_CONNECTED), if SIB12 of current serving cell (for RRC_INACTIVE or RRC_IDLE) or current PCell (for RRC_CONNECTED) does not provide configuration for NR sidelink communication for the frequency, and if the other cell providing configuration for NR sidelink communication for the frequency meets the S-criteria as defined in TS 38.304 [20] and TS 36.304 [27].

1>	perform the actions for the acquired SI message as specified in sub-clause 5.2.2.4.
<Unmodified sections omitted>



–	SI-SchedulingInfo
The IE SI-SchedulingInfo contains information needed for acquisition of SI messages.
SI-SchedulingInfo information element
-- ASN1START
-- TAG–SI-SCHEDULINGINFO-START

SI-SchedulingInfo ::=               SEQUENCE {
    schedulingInfoList                  SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo,
    si-WindowLength                     ENUMERATED {s5, s10, s20, s40, s80, s160, s320, s640, s1280},
    si-RequestConfig                    SI-RequestConfig                                                OPTIONAL,  -- Cond MSG-1
    si-RequestConfigSUL                 SI-RequestConfig                                                OPTIONAL,  -- Cond SUL-MSG-1
    systemInformationAreaID             BIT STRING (SIZE (24))                                          OPTIONAL,   -- Need R
    ...,
	schedulingInfoList2-r17             SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo2-r17       OPTIONAL   -– Need R

}

SchedulingInfo ::=                  SEQUENCE {
    si-BroadcastStatus                  ENUMERATED {broadcasting, notBroadcasting},
    si-Periodicity                      ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
    sib-MappingInfo                     SIB-Mapping
}

SchedulingInfo2-r17 ::=           SEQUENCE {
    si-BroadcastStatus-r17              ENUMERATED {broadcasting, notBroadcasting},
    si-WindowStart-r17                  INTEGER (1..128),
    si-Periodicity-r17                  ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
    sib-MappingInfo-r17                 SIB-Mapping
}

SIB-Mapping ::=                     SEQUENCE (SIZE (1..maxSIB)) OF SIB-TypeInfo

SIB-TypeInfo ::=                    SEQUENCE {
    type                                ENUMERATED {sibType2, sibType3, sibType4, sibType5, sibType6, sibType7, sibType8, sibType9,
                                                     sibType10-v1610, sibType11-v1610, sibType12-v1610, sibType13-v1610, sibType14-v1610,
                                                    spare3, spare2, spare1,... },
    valueTag                            INTEGER (0..31)                                                  OPTIONAL, -- Cond SIB-TYPE
    areaScope                           ENUMERATED {true}                                                OPTIONAL -- Need S
}

-- TAG-SI-SCHEDULINGINFO-STOP
-- ASN1STOP

	SchedulingInfo field descriptions

	areaScope
Indicates that a SIB is area specific. If the field is absent, the SIB is cell specific.

	si-BroadcastStatus
Indicates if the SI message is being broadcasted or not. Change of si-BroadcastStatus should not result in system information change notifications in Short Message transmitted with P-RNTI over DCI (see clause 6.5). The value of the indication is valid until the end of the BCCH modification period when set to broadcasting.

	si-Periodicity
Periodicity of the SI-message in radio frames. Value rf8 corresponds to 8 radio frames, value rf16 corresponds to 16 radio frames, and so on.

	si-WindowStart-r17
Indicates the start position of the associated SI-message.

	sib-MappingInfo
Indicates which SIBs are contained in the SI message. The following type values should not be used in SchedulingInfo2-v16xy to ensure backwards compatibility: sibType2, sibType3, sibType4, sibType5, sibType6, sibType7, sibType8, sibType9 



	SI-RequestResources field descriptions

	ra-AssociationPeriodIndex
Index of the association period in the si-RequestPeriod in which the UE can send the SI request for SI message(s) corresponding to this SI-RequestResources, using the preambles indicated by ra-PreambleStartIndex and rach occasions indicated by ra-ssb-OccasionMaskIndex.

	ra-PreambleStartIndex
If N SSBs are associated with a RACH occasion, where N > = 1, for the i-th SSB (i=0, …, N-1) the preamble with preamble index = ra-PreambleStartIndex + i is used for SI request; For N < 1, the preamble with preamble index = ra-PreambleStartIndex is used for SI request.



	SI-SchedulingInfo field descriptions

	si-RequestConfig
Configuration of Msg1 resources that the UE uses for requesting SI-messages for which si-BroadcastStatus is set to notBroadcasting.

	si-RequestConfigSUL
Configuration of Msg1 resources that the UE uses for requesting SI-messages for which si-BroadcastStatus is set to notBroadcasting.

	si-WindowLength
The length of the SI scheduling window. Value s5 corresponds to 5 slots, value s10 corresponds to 10 slots and so on. The network always configures si-WindowLength to be shorter than or equal to the si-Periodicity.

	systemInformationAreaID
Indicates the system information area that the cell belongs to, if any. Any SIB with areaScope within the SI is considered to belong to this systemInformationAreaID. The systemInformationAreaID is unique within a PLMN.



<Unmodified sections omitted>
–	PosSI-SchedulingInfo
-- ASN1START
-- TAG-POSSI-SCHEDULINGINFO-START

PosSI-SchedulingInfo-r16 ::=               SEQUENCE {
    posSchedulingInfoList-r16                  SEQUENCE (SIZE (1..maxSI-Message)) OF PosSchedulingInfo-r16,
    posSI-RequestConfig-r16                        SI-RequestConfig                                 OPTIONAL,  -- Cond MSG-1
    posSI-RequestConfigSUL-r16                     SI-RequestConfig                                 OPTIONAL,  -- Cond SUL-MSG-1
    ... ,
	posSchedulingInfoList2-r17             SEQUENCE (SIZE (1..maxSI-Message)) OF PosSchedulingInfo2-r17       OPTIONAL   -– Need R


}

PosSchedulingInfo-r16 ::= SEQUENCE {
    offsetToSI-Used-r16          ENUMERATED {true}                                              OPTIONAL,  -- Need R
    posSI-Periodicity-r16        ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
    posSI-BroadcastStatus-r16    ENUMERATED {broadcasting, notBroadcasting},
    posSIB-MappingInfo-r16       PosSIB-MappingInfo-r16,
    ...
}

PosSchedulingInfo2-r17 ::=           SEQUENCE {
    posSI-BroadcastStatus-r17              ENUMERATED {broadcasting, notBroadcasting},
    posSI-WindowStart-r17                  INTEGER (1..128),
    posSI-Periodicity-r17                  ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
    posSIB-MappingInfo-r17      		   PosSIB-MappingInfo-r16
}


PosSIB-MappingInfo-r16 ::=   SEQUENCE (SIZE (1..maxSIB)) OF PosSIB-Type-r16

PosSIB-Type-r16 ::=          SEQUENCE {
    encrypted-r16                ENUMERATED { true }                                            OPTIONAL,  -- Need R
    gnss-id-r16                  GNSS-ID-r16                                                    OPTIONAL,  -- Need R
    sbas-id-r16                  SBAS-ID-r16                                                    OPTIONAL,  -- Need R
    posSibType-r16               ENUMERATED { posSibType1-1, posSibType1-2, posSibType1-3, posSibType1-4, posSibType1-5, posSibType1-6,
                                              posSibType1-7, posSibType1-8, posSibType2-1, posSibType2-2, posSibType2-3, posSibType2-4,
                                              posSibType2-5, posSibType2-6, posSibType2-7, posSibType2-8, posSibType2-9, posSibType2-10,
                                              posSibType2-11, posSibType2-12, posSibType2-13, posSibType2-14, posSibType2-15,
                                              posSibType2-16, posSibType2-17, posSibType2-18, posSibType2-19, posSibType2-20,
                                              posSibType2-21, posSibType2-22, posSibType2-23, posSibType3-1, posSibType4-1,
                                              posSibType5-1,posSibType6-1, posSibType6-2, posSibType6-3,... },
    areaScope-r16                ENUMERATED {true}                                              OPTIONAL -- Need S
}

GNSS-ID-r16 ::= SEQUENCE {
    gnss-id-r16              ENUMERATED{gps, sbas, qzss, galileo, glonass, bds, ...},
    ...
}

SBAS-ID-r16 ::= SEQUENCE {
    sbas-id-r16              ENUMERATED { waas, egnos, msas, gagan, ...},
    ...
}

-- TAG-POSSI-SCHEDULINGINFO-STOP
-- ASN1STOP

	PosSI-SchedulingInfo field descriptions

	areaScope
Indicates that a posSIB is area specific. If the field is absent, the posSIB is cell specific.

	encrypted
The presence of this field indicates that the pos-sib-type is encrypted as specified in TS 37.355 [49].

	gnss-id
The presence of this field indicates that the positioning SIB type is for a specific GNSS. Indicates a specific GNSS (see also TS 37.355 [49])

	posSI-BroadcastStatus
Indicates if the SI message is being broadcasted or not. Change of posSI-BroadcastStatus should not result in system information change notifications in Short Message transmitted with P-RNTI over DCI (see clause 6.5). The value of the indication is valid until the end of the BCCH modification period when set to broadcasting.

	posSI-RequestConfig
Configuration of Msg1 resources that the UE uses for requesting SI-messages for which posSI-BroadcastStatus is set to notBroadcasting.

	posSI-RequestConfigSUL
Configuration of Msg1 resources that the UE uses for requesting SI-messages for which posSI-BroadcastStatus is set to notBroadcasting.

	posSI-WindowStart-r16
Indicates the start position of the associated SI message.

	posSIB-MappingInfo
List of the posSIBs mapped to this SystemInformation message.

	posSibType
The positioning SIB type is defined in TS 37.355 [49].

	posSI-Periodicity
Periodicity of the SI-message in radio frames, such that rf8 denotes 8 radio frames, rf16 denotes 16 radio frames, and so on. If the offsetToSI-Used is configured, the posSI-Periodicity of rf8 cannot be used.

	offsetToSI-Used
This field, if present indicates that the SI messages in posSchedulingInfoList are scheduled with an offset of 8 radio frames compared to SI messages in schedulingInfoList. offsetToSI-Used may be present only if the shortest configured SI message periodicity for SI messages in schedulingInfoList is 80ms.

	sbas-id
The presence of this field indicates that the positioning SIB type is for a specific SBAS. Indicates a specific SBAS (see also TS 37.355 [49]).



	Conditional presence
	Explanation

	MSG-1
	The field is optionally present, Need R, if posSI-BroadcastStatus is set to notBroadcasting for any SI-message included in PosSchedulingInfo. It is absent otherwise.

	SUL-MSG-1
	The field is optionally present, Need R, if supplementaryUplink is configured in ServingCellConfigCommonSIB and if posSI-BroadcastStatus is set to notBroadcasting for any SI-message included in PosSchedulingInfo. It is absent otherwise.




Conclusion
In the previous sections we made the following observations: 
Observation 1	There has to be one SI which will carry only SIB1; i.e the SIB1 is carried in an own message. The SIB1 size depends upon the configured number of PLMNs, number of frequency bands, number of scheduling SIs and number of positioning scheduling SIs.
Observation 2	In some Network configurations, more than one SI would be needed for cell access and idle mode mobility. The size can easily cross the 3000 bits size limitation of one SI. Typically, more than one SI is needed, due to size and different requirements on how often the content should be distributed.
Observation 3	A separate SI would be needed for public warning system. To assure robust distribution and possibly different periodicity (e.g. for ETWS primary there are requirements on short latency) one SI message is typically used for each PWS SIB.
Observation 4	V2X SI would need a separate SI with its own periodicity.
Observation 5	5-7 SIs would be needed for NR (non-positioning) SIBs
Observation 6	A typical MAC Network-RTK requires 7 SIBs in 5 to 7 SI message.
Observation 7	A typical FKP Network RTK requires 6 SIBs in 5 SI messages.
Observation 8	SSR PPP and RTK assistance data requires typically 7 SIBs in 3 SI messages.
Observation 9	A-GNSS Assistance Data requires typically 7 SIBs in 4 SI messages.
Observation 10	2 to 3 SIs would be needed for RAT dependent positioning SIBs (DL-TDOA/DL-AoD).
Observation 11	About 20 SIs would be needed to transmit positioning SIBs.
Observation 12	For positioning related and non-positioning related system information a total of 27 SI messages may need to be transmitted.
Observation 13	The maximum number of SI-messages is limited by the recurrence of the SI-message with the shortest si-Periodicity. SI-windows that remain empty due to SI-messages using larger si-Periodicity cannot be used with the current SI scheduling algorithm in 38.331 section 5.2.2.3.2.
Observation 14	The current scheduling scheme leaves SI-windows empty which results in a sub-optimal distribution of the load imposed by SI broadcast.
Observation 15	The scheduling mechanism for positioning SI-messages suffers from the same limitations as the scheduling for regular SI-messages. The problem is more pronounced due to the additional positioning SI-messages to be scheduled.
Observation 16	The work-around for scheduling positioning SI-messages into gaps of the legacy SI-message pattern works only if there is at least one legacy SI message with a periodicity of 8 frames. If all legacy SI message are configured to use 16 frames or more, the rule enforces a collision.
Observation 17	An adjusted rule that could cope with different combinations of si-Periodicities would be more complex but still not offer full flexibility and capacity for SI scheduling. And such change would anyway be non-backwards compatible (but affect only positioning related SI broadcast).
Observation 18	By signalling the start position of an SI-message explicitly it is possible to utilize all SI-windows and thereby to schedule more SI-messages.
Observation 19	It is possible to combine the legacy SI scheduling scheme with a scheme that configures SI windows explicitly. The latter should be applied primarily to Rel-16 posSIBs and new SIBs from Rel-17.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should specify means to schedule and transmit more SI messages than possible so far.
Proposal 2	Introduce means to configure the start position of an SI-message’s window explicitly.
Proposal 3	Introduce a new parameter posSI-WindowStart in a new PosSchedulingInfoList2. This new list contains rel-16 posSIBs.
Proposal 4	Introduce a new schedulingInfoList2 in which a new parameter si-WindowStart is signalled for each SI-message. This new list contains rel-17 SIBs.
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