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1. 
Introduction
The 3GPP TS 36.331 [1], clause 5.2 states the following on the number of bits that can be carried inside a SIB:
"The physical layer imposes a limit to the maximum size a SIB can take. When DCI format 1C is used the maximum allowed by the physical layer is 1736 bits (217 bytes) while for format 1A the limit is 2216 bits (277 bytes), see TS 36.212 [22] and TS 36.213 [23]. For BL UEs and UEs in CE, the maximum SIB and SI message size is 936 bits, see TS 36.213 [23]. For NB-IoT, the maximum SIB and SI message size is 680 bits, see TS 36.213 [23]."

For "normal LTE" the size limit applies to the SIB; for BL/CE and NB-IoT UEs, the size limit applies to both, SIB and SI message. Therefore, a segmentation of assistance data SIBs is in general required. 

At RAN2#101, the following was agreed [2]:
· => Octet string segmentation will be supported.  FFS which node does it.

· => FFS pseudo segmentation (contributions invited)
In this contribution, we calculate typical assistance data SIB sizes, and propose to support pseudo-segmentation of assistance data SIBs. OCTET STRING segmentation should only be required in case some SIBs/assistance data elements cannot be pseudo-segmented. 
2. 
Discussion

As discussed in e.g., [3], two principle SIB segmentation options are possible:

1. "Octet String Segmentation":
The encoded and (possibly) encrypted assistance data OCTET STRING is segmented. This means that all segments (OCTET STRINGs) of a SIB must be received and assembled before deciphering (if needed) and ASN.1 decoding of the assistance data IE can commence.
2. "Pseudo-Segmentation":
The assistance data (before encoding and possibly encrypting) are segmented. This means that each segment is a valid and independent ASN.1 encoded (and possibly ciphered) IE; e.g., navigation model for a sub-set of satellites, etc.

For the Octet String Segmentation, the ciphering information would have to be included in the first SIB segment only; for the Pseudo-Segmentation, the ciphering information could be included in each SIB segment (independent ciphering of each segment) or in the first segment only (dependent ciphering of each segment) [4]. 
If we assume N SIB segments are broadcast at intervals of T seconds (with a complete period of N×T seconds), the average latency to receive or begin receiving a SIB would be:
Table 1: Average Latency
	OCTET STRING segmentation
	1.5×N×T

	Pseudo-segmentation with independent ciphering of each segment
	0.5×T

	Pseudo-segmentation with dependent ciphering of each segment
	0.5×N×T


Therefore, OCTET STRING segmentation has the highest average latency; pseudo-segmentation with independent ciphering of each segment has the lowest average latency. 
2.1
Example SIB Size
Using the running LPP CR [5], the assistance data element/SIB size can be estimated.

Example 1: Single Base RTK

The Table below summarizes the assistance data for Single Base RTK service. The size depends on the number of signals and satellites. As an example, we assume 2 signals are supported, and data for 12 SVs are provided. 

Table2: Single Base RTK Service
	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-RTK-ReferenceStationInfo
	127+90 (~antenna descr.)=217
	217 bits
	1
	1

	GNSS-RTK-CommonObservationInfo
	20
	20 bits
	1
	1

	GNSS-RTK-Observations
	{[(87×Nsig )+5]+38}×Nsat+6+40
	2650 bits
	2
	4

	GLO-RTK-BiasInformation
	77
	77 bits
	1
	1


Therefore, the GNSS-RTK-Observations generally need segmentation; in the example above 2-4 segments are required. When pseudo-segmentation is used, the data could be provided for a subset of satellites in each segment and/or a subset of signals in each segment. The UE could start measuring the signals once a SIB segment has been received and does not need to wait until all segments have been received (as in case of OCTET STRING segmentation). Therefore, the UE processing time is better distributed over the duration of a complete SIB and the time between a complete SIB reception is not wasted. 
Assuming data for two GNSSs are provided (e.g., GPS and GLONASS), three SI messages could be configured for non- BL/CE UEs as follows:
SI Message 1: 

· GNSS-RTK-ReferenceStationInfo, 

· GNSS-RTK-CommonObservationInfo,

· GLO-RTK-BiasInformation

· 1 Segment

SI Message 2: GNSS-1

· GNSS-RTK-Observations 

· 2 segments

SI Message 3: GNSS-2

· GNSS-RTK-Observations

· 2 segments

Example 2: MAC Network-RTK
The Table below summarizes the assistance data for MAC Network RTK service.
Table 3: MAC Network-RTK Service
	IE
	Approx. IE Size

[bits]
	Example
Nsig=2

Nsat=12

Nstation = 16
	# of Segments for the Example

	
	
	
	SIB Size 277 bytes
	SIB/SI Size

85 bytes

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

	GNSS-RTK-CommonObservationInfo
	20
	20 bits
	1
	1

	GNSS-RTK-Observations
	{[(87×Nsig )+5]+38}×Nsat+6+40
	2650 bits
	2
	4

	GLO-RTK-BiasInformation
	77
	77 bits
	1
	1

	GNSS-RTK-AuxiliaryStationData
	[(76×Nstation)+5]+24
	1245 bits
	1
	2

	GNSS-RTK-MAC-CorrectionDifferences
	{[(56×Nsat)+6]+52}×Nstation+5+24
	11709 bits
	6
	18

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


In addition to the GNSS-RTK-Observations, the GNSS-RTK-MAC-CorrectionDifferences generally needs segmentation; in the example above 6-18 segments are required for 16 auxiliary stations. However, with pseudo-segmentation the UE would not need to wait until all segments have been received. Once the segment with the desired auxiliary station data has been received, the UE can begin processing the data.
A possible example for grouping the SIBs into SI messages for non- BL/CE UEs could be as follows:

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

Example 3: FKP Network-RTK
The Table below summarizes the assistance data for FKP Network RTK service.

Table 4: FKP Network-RTK Service
	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-RTK-ReferenceStationInfo
	127+90 (~antenna descr.)=217
	217 bits
	1
	1

	GNSS-RTK-CommonObservationInfo
	20
	20 bits
	1
	1

	GNSS-RTK-Observations
	{[(87×Nsig )+5]+38}×Nsat+6+40
	2650 bits
	2
	4

	GLO-RTK-BiasInformation
	77
	77 bits
	1
	1

	GNSS-RTK-FKP-Gradients
	(69×Nsat)+6+52
	886 bits
	1
	2

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


For this example, FKP data could fit into a single LTE SIB, but GNSS-RTK-Observations typically needs segmentation. 
A possible example for grouping the SIBs into SI messages for non- BL/CE UEs could be as follows:

SI Message 1: 

· GNSS-RTK-ReferenceStationInfo, 

· GNSS-RTK-CommonObservationInfo,

· GLO-RTK-BiasInformation

· 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-FKP-Gradients 
· 1 segment

SI Message 5: GNSS-2

· GNSS-RTK-FKP-Gradients 

· 1 segments

SI Message 6: GNSS-1

· GNSS-RTK-Residuals 
· 1 segment

SI Message 7: GNSS-2

· GNSS-RTK-Residuals 

· 1 segment

Example 4: SSR PPP Service
The Table below summarizes the assistance data for SSR PPP service.

Table 5: SSR PPP Service
	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-SSR-OrbitCorrections
	(138×Nsat)+6+51
	1713
	1
	3

	GNSS-SSR-ClockCorrections
	(76×Nsat)+6+48
	966
	1
	2

	GNSS-SSR-CodeBias
	{[(21×Nsig)+4]+6}×Nsat+6+48
	678
	1
	1


In this example, segmentation would only be needed for NB-IoT.  6 SI messages could be configured in this example; one for each assistance data IE and GNSS. 

Example 5: 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


GNSS-NavigationModel usually requires segmentation; even if only 12 SVs are considered as in the example above. 

Example 6: OTDOA Assistance Data

The Table below shows some typical assistance data element size for OTDOA assistance data.
Table 7: OTDOA Assistance Data
	IE
	Approx. IE Size

[bits]
	Example
Ncell=24

Nfreq = 2
	# of Segments for the Example

	
	
	
	SIB Size 277 bytes
	SIB/SI Size

85 bytes

	OTDOA-ReferenceCellInfo
	145
	145
	1
	1

	OTDOA-NeighbourCellInfoList
	(182×Ncell) ×Nfreq
	8736
	4
	13


OTDOA assistance data typically requires SIB segmentation.
3. 
Summary and Proposal

In this contribution, we calculated some typical assistance data SIB sizes for the various positioning methods and method variants. Segmentation of assistance data is typically required for those assistance data elements which can/must be provided for multiple satellites or multiple cells. These assistance data can also be pseudo-segmented, which would allow the UE to use each segment as soon as it has been received by the UE. I.e., the UE would not have to wait until all segments of an assistance data element/SIB has been received before processing the data. For example, the UE could begin measuring a sub-set of neighbour cells or satellites once an assistance data segment has been received, instead of waiting for all segments before processing. This would reduce the average latency of the positioning service and would make better (distributed) use of UE processing resources. 
Therefore, the following is proposed:

Proposal 1:
Support pseudo-segmentation of large assistance data elements for each SIB. 

OCTET STRING segmentation should only be needed in case some assistance data cannot be pseudo-segmented (e.g., do not include satellite or neighbour cell lists).

Proposal 2:
Pseudo-segmentation should be the primary segmentation method. OCTET STRING segmentation should only be used if the SIB/assistance data cannot be pseudo-segmented.

Since only the E-SMLC can perform pseudo-segmentation, this leads to a further proposal.

Proposal 3:
Segmentation should be performed in the E-SMLC transparently to eNBs.
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