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1	Introduction
The LTE Accurate Positioning Release 15 work item introduced support for broadcast of positioning assistance data via system information. A new generic system information block type has been introduced to contain generic positioning assistance data, which is encoded by the location server, and transferred to the eNB for broadcast. The main reason for introducing the support for positioning assistance data broadcast is to enable scalable provisioning of GNSS RTK assistance data, which in turn enable precise GNSS positioning based on GNSS  signal carrier phase measurements, for example to support automotive use cases such as autonomous driving.
One remaining key issue is the resource availability for the SI messages that carry the system information blocks. This has been discussed in the breakout sessions in the LTE accurate positioning work item, but at the RAN2#103 meeting it was decided [1] to move that discussion to TEI15 to address the potential impacts to legacy system information. The main reasons for the resource shortage is due to the design to concatenate legacy and positioning system information messages, and the fact that positioning assistance data broadcast imply quite many system information messages. 
For example, in typical positioning SIB configurations, there will be resource shortages unless an si-WindowLength of 2 or 5 ms is used. Such si-Windows are not compatible with the public warning systems (PWS) broadcast, which requires an si-WindowLength of 10ms or larger. Hence, when broadcasting public warnings, the full support for accurate positioning assistance data broadcast has to be discontinued or diminished, which can be hazardous. It can alternatively imply that support for Galileo and BeiDu is excluded from the assistance data broadcast. 
This contribution describes the SI message resource situation, and discusses ways to ensure that the positioning SIBs can be scheduled in SI messages in SI windows that do not impact the legacy SI windows with SI messages. Furthermore, the same strategy can be used to support the addition of more system information in the future that also will avoid resource conflicts with the legacy system information. 
[bookmark: _Ref178064866]2	Discussion
The resource shortage stems from how the SI messages containing positioning assistance data currently is assumed to be concatenated to the legacy SI messages. Therefore, SI messages will be stacked in the beginning of the SFN cycle, see Figure 1. A typical, minimal legacy system information configuration is
· One SI message containing SIB2 and SIB3, periodicity 80ms
· One SI message containing SIB4 and SIB5, periodicity 160ms
In many cases, legacy system information contains more SI messages.
With an si-WindowLength of 10ms to support PWS without disruptions, there are only six windows left for the remaining SI messages to carry both additional legacy system information as well as positioning assistance data. The fact that the periodicity of the assistance data is in the order of 1-10s for different parts of the information does not help, since all of these periodicities start in the beginning of the SFN cycle.
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Figure 1. Example scheduling of SI messages containing legacy system information. In this example, only six windows left for positioning SIBs, which is insufficient.
The appendix will discuss different typical configurations of positioning assistance data for system information broadcast. Among these, the lowest number of needed SI messages is seven, and the highest number is 29 SI messages. The latter configuration was also used as basis for the discussions and decisions concerning segmentation of positioning assistance data.
[bookmark: _Toc525730795]A minimalistic configuration of Rel. 15 positioning assistance data with GNSS RTK implies 7 SI messages to be broadcasted.
The contribution [2] has presented a typical configuration of SI messages. This configuration example has been used in the Rel. 15 WI as a basis when designing the segmentation of positioning assistance data. It is therefore relevant to consider this configuration when assuring that there are enough broadcast resources to support positioning assistance data.

[bookmark: _Toc525730796]A more comprehensive, but plausible, configuration [2] used as basis for the Rel. 15 positioning assistance data segmentation decisions with A-GNSS and GNSS RTK MAC corresponds to 29 unique SI messages with positioning assistance data sent with minimum delay
Hence, we notice that the available six windows for SI messages is insufficient even for a minimalistic configuration of positioning assistance data and now legacy system information beyond what is deemed absolutely necessary.
[bookmark: _Toc525730797]With a minimalistic legacy system information and support for PWS, the remaining available scheduling resources are insufficient for the positioning assistance data under a multi-GNSS configuration. The current approach might imply that support for some of the GNSS is excluded. 
Due to the construction of the scheduling of SI messages with legacy system information, there is a resource shortage in the beginning of the SFN cycle. Later in the cycle, there are numerous resources that cannot be scheduled with the current design as illustrated by Figure 2.
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Figure 2. System information scheduling resources. Due to the design, extending the legacy scheduling will result in resource conflicts between positioning SIBs and legacy, and potentially also with future additions of system information in the designated Region A. However, there are plenty of resources available, such as Region B and C, that cannot be scheduled by extending the legacy scheduling design.  

[bookmark: _Toc525730798]There are available resources for considerable extensions of the system information, but these resources cannot be scheduled using the legacy scheduling design. 
For example, Figure 2 illustrates that there are free periodic resources (160ms periodicity) at an offset of 80ms that are only limited by the SI messages scheduled at the shortest periodicity 80ms.
[bookmark: _Toc525730799]It is possible to define SI message resources at an offset 80ms for positioning assistance data that supports 160ms periodicities or longer.
[bookmark: _GoBack]It is also possible to disallow a 160ms periodicity for the use of these scheduling resources and only 320ms and longer. We will refer to these resources as Region B that repeats every 320ms. That will leave a set of resources at an offset of 160ms that also repeats every 320ms. We will refer to these resources as Region C, which are free for future use. These may accommodate comprehensive system information that may be added in the future. 

[bookmark: _Toc525730800]Alternatively, it is possible to define SI message resources for positioning assistance data in a Region B that supports 320ms periodicities or longer, and leave resources in a Region C that supports 320ms periodicities or longer for future use.
In case the Region B is considered for scheduling of positioning assistance data, this region could also be subject to a specific configuration of the posSi-WindowLength, independent of the legacy si-WindowLength. Thereby, it is possible to support an extensive set of SI messages for positioning assistance data. For example, with a posSi-WindowLength of 2ms, and seven radio frames free for positioning assistance data in Region B, it is possible to schedule up to 35 SI messages with positioning assistance data. This will handle the typical configuration by a margin, see Figure 3.
[bookmark: _Toc525730801]A dedicated posSi-WindowLength enables a specific and dense scheduling of the positioning assistance data that well meets the typical assistance data configuration.
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Figure 3. Example of proposed scheduling of positioning assistance data
From the observations, it is clear that concatenating the SI messages with legacy and positioning assistance data can lead to resource shortage. It is also clear that by introducing a 80ms offset [3], legacy and positioning assistance data system information will not be competing for the same scheduling resources.  
[bookmark: _Toc525730802]Introduce an 80ms scheduling offset for SI messages containing positioning assistance data broadcast. 
Since positioning assistance data typically is configured with periodicities in the range 1-10 s, we can without loss of applicability exclude the shortest periodicities from what can be configured for the SI messages containing positioning assistance data. By only allowing periodicities of 320ms or longer, the positioning assistance data SI messages will only be scheduled in Region B in Figure 2, which leaves scheduling resources in Region C for future use.
[bookmark: _Toc525730803]Support an SI message periodicity of 320ms or longer for SI messages containing positioning assistance data.
With separated scheduling resources for legacy and positioning assistance data, it is natural to introduce a separate SI window length for the SI messages containing positioning assistance data for full flexibility. 
[bookmark: _Toc525730804]Introduce a separate pos-si-WindowLength for SI messages containing positioning assistance data broadcast.
An LTE RRC CR [4] has been prepared to accommodate these limited changes that separates legacy and positioning assistance data scheduling resources and reserves scheduling resources for future use.
[bookmark: _Toc525730805]Agree to the LTE RRC CR in [4]. 

3.	Conclusions
In this paper, we stressed that there is a resource conflict between legacy and positioning assistance data system information. In conclusion, we have the following observations:
Observation 1	A minimalistic configuration of Rel. 15 positioning assistance data with GNSS RTK implies 7 SI messages to be broadcasted.
Observation 2	A more comprehensive, but plausible, configuration [2] used as basis for the Rel. 15 positioning assistance data segmentation decisions with A-GNSS and GNSS RTK MAC corresponds to 29 unique SI messages with positioning assistance data sent with minimum delay
Observation 3	With a minimalistic legacy system information and support for PWS, the remaining available scheduling resources are insufficient for the positioning assistance data under a multi-GNSS configuration. The current approach might imply that support for some of the GNSS is excluded.
Observation 4	There are available resources for considerable extensions of the system information, but these resources cannot be scheduled using the legacy scheduling design.
Observation 5	It is possible to define SI message resources at an offset 80ms for positioning assistance data that supports 160ms periodicities or longer.
Observation 6	Alternatively, it is possible to define SI message resources for positioning assistance data in a Region B that supports 320ms periodicities or longer, and leave resources in a Region C that supports 320ms periodicities or longer for future use.
Observation 7	A dedicated posSi-WindowLength enables a specific and dense scheduling of the positioning assistance data that well meets the typical assistance data configuration.

Based on the discussion in the previous sections we propose tor separate the legacy and positioning assistance data scheduling resources:
Proposal 1	Introduce an 80ms scheduling offset for SI messages containing positioning assistance data broadcast.
Proposal 2	Support an SI message periodicity of 320ms or longer for SI messages containing positioning assistance data.
Proposal 3	Introduce a separate pos-si-WindowLength for SI messages containing positioning assistance data broadcast.
Proposal 4	Agree to the LTE RRC CR in [4].
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Appendix
The contribution [2] has presented a plausible and typical configuration of SI messages. This configuration example has been used in the Rel. 15 WI as a basis when designing the segmentation of positioning assistance data. It is therefore relevant to consider this as one configuration when assuring that there are enough broadcast resources to support positioning assistance data.
In addition, we also consider a minimalistic configuration for a typical positioning assistance data broadcast. It is assumed that data associated to four physical or non-physical reference stations enable the device to be empowered to move in all directions and still have broadcasted assistance data for both a current and a next reference station. In addition, we consider data from three GNSS, e.g. GPS, GLONASS and GALILEO, 12 satellites each, encoded as OSR with full observables from one master reference station and relative observations from three auxiliary reference stations. In summary:
SI Message 1: 
· GNSS-RTK-ReferenceStationInfo, GNSS-RTK-CommonObservationInfo, GLO-RTK-BiasInformation, GNSS-RTK-AuxiliaryStationData
· 1 segment
 
SI Message 2: GPS
· GNSS-RTK-Observations 
· 2 segments
 
SI Message 3: GLONASS
· GNSS-RTK-Observations
· 2 segments
 
SI Message 4: GALILEO or BeiDu
· GNSS-RTK-Observations
· 2 segments
 
SI Message 5: GPS
· GNSS-RTK-MAC-CorrectionDifferences, GNSS-RTK-Residuals 
· 1 segment

SI Message 6: GLONASS
· GNSS-RTK-MAC-CorrectionDifferences, GNSS-RTK-Residuals 
· 1 segment
 
SI Message 7: GALILEO or BeiDu
· GNSS-RTK-MAC-CorrectionDifferences, GNSS-RTK-Residuals 
· 1 segment

In summary, this implies 7 SI messages minimum to send for the positioning assistance data in this minimalistic configuration, or 10 SI messages if the data is sent with a minimum delay.

In the typical configuration in [2], that was used for the segmentation decisions, the following set of messages was considered, based on an assumption of 16 auxiliary reference stations in a MAC configuration, two GNSS, 12 satellites each and A-GNSS. 
MAC Network-RTK
SI Message 1: 
· GNSS-RTK-ReferenceStationInfo, 
· GNSS-RTK-CommonObservationInfo,
· GLO-RTK-BiasInformation
· GNSS-RTK-AuxiliaryStationData
· 1 segment

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

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

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

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

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

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

Part summary for MAC Network-RTK, this adds up to 7 SI messages, or 19 if all data is sent with minimum delay.
A-GNSS Assistance Data
The Table below shows the assistance data element size for some of the A-GNSS assistance data.
Table 6: GNSS Assistance Data
	IE
	Approx. IE Size
[bits]
	Example
Nsig =2
Nsat=12
	# of Segments for the Example

	
	
	
	SIB Size 277 bytes
	SIB/SI Size
85 bytes

	GNSS-ReferenceTime
	132
	132
	1
	1

	GNSS-AcquisitionAssistance
	(66×Nsat)+6+7
	805
	1
	2

	GNSS-ReferenceLocation
	100
	100
	1
	1

	GNSS-NavigationModel (NAV)
	(462×Nsat)+7
	5545
	3
	9

	GNSS-NavigationModel (GLO)
	(245×Nsat)+7
	2947
	2
	5

	GNSS-DifferentialCorrections
	[(45×Nsat)+6+10]×Nsig+12
	1124
	1
	2

	BDS-GridModelParameter
	7061
	7061
	4
	11



SI Message 1: 
· GNSS-ReferenceTime, GNSS-AcquisitionAssistance, GNSS-ReferenceLocation, GNSS-DifferentialCorrections
· 1 segment

SI Message 2: 
· GNSS-NavigationModel (NAV)
· 3 segments

SI Message 3: 
· GNSS-NavigationModel (GLO)
· 2 segments

SI Message 4: 
· BDS-GridModelParameter
· 4 segments

Part summary for A-GNSS, this adds up to 4 SI messages, or 10 if all data is sent with minimum delay.
Summary for the typical case in [2], in total 11 SI messages, or 29 if all data is sent with minimum delay.
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