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[bookmark: _Ref177802497]Introduction
A new work item on "NR Positioning Support" was agreed at RAN#83 [1]. The objectives include:
Define extensions of LPP protocol to support GNSS SSR (PPP-RTK support) based on the “Compact SSR” definitions specified for QZSS [RAN2]
In this contribution we discuss the required SSR assistance data and propose updates to the running LPP CR [2] in [8] and [9]. 

Discussion
There are two main categories of GNSS RTK Assistance Data: "Observation State Representation (OSR)" and "State Space Representation (SSR)" [3]. OSR relies on observations from a nearby RTK reference station which are provided periodically to the target receiver. The target receiver uses these observations to correct its own GNSS measurements thereby providing much more accurate positioning. SSR on the other hand relies on GNSS "error state models" which are computed at a server using a network of GNSS reference stations. The states of the individual GNSS error sources are provided separately to the target device. Essentially, OSR provides the "lump-sum" of all GNSS error sources, whereas SSR provides models for each error source individually. 
The GNSS state vector of SSR consists of the following components:
· satellite orbit errors;
· satellite clock errors;
· satellite signal biases (code bias and carrier phase bias);
· ionospheric delay parameters;
· tropospheric delay parameters;
· quality indicators for state parameters.
The resulting SSR error models are valid throughout a desired geographic area. The target receiver uses the SSR data to compute the overall corrections that it should apply based on its initial position (typically obtained using standard GNSS/A-GNSS positioning).
LPP [6] already contains the following types of correction data:
· RTK Reference Station Information;
· RTK Auxiliary Station Data;
· RTK Observation Information;
· GLONASS RTK Bias Information;
· RTK MAC Correction Differences;
· RTK Residuals;
· RTK FKP Gradients.
· SSR Orbit Corrections;
· SSR Clock Corrections;
· SSR Code Bias.
"Compact SSR" messages are defined for the Quasi-Zenith Satellite System (QZSS) Centimetre Level Augmentation Service (CLAS) [4]. 
The QZSS specification [4] provides a full set of SSR messages including phase bias and atmospheric corrections. They are structured as RTCM [3] messages and include:
1. Compact SSR GNSS Orbit Correction (MT 4073,2),
2. Compact SSR GNSS Clock Corrections (MT 4073,3),
3. Compact SSR GNSS Satellite Code Bias (MT 4073,4),
4. Compact SSR Satellite Phase Bias (MT 4073,5),
5. Compact SSR GNSS URA (MT 4073,7)
6. Compact SSR STEC Correction (MT 4073,8),
7. Compact SSR Gridded Correction (MT 4073,9).
The first three are already supported in LPP, and the rest provide the missing assistance data for a full SSR (PPP-RTK) correction service.

Proposal 1: 	Add the Compact SSR GNSS Satellite Phase Bias (MT 4073,5) message [4] to the LPP A-GNSS Assistance Data.
Proposal 2: 	Add the Compact SSR GNSS URA (MT 4073,7) message [4] to the LPP A-GNSS Assistance Data.
Proposal 3: 	Add the Compact SSR GNSS STEC Correction (MT 4073,8) message [4] to the LPP A-GNSS Assistance Data.
Proposal 4: 	Add the Compact SSR GNSS Gridded Correction (MT 4073,9) message [4] to the LPP A-GNSS Assistance Data but with Network ID (grid reference) linked to the Grid definition for this specific area.

The Gridded Correction message (MT 4073,9) is tailored to the Japan region, so adaptation and addition of a grid definition is required. This adaptation is limited to a definition of the grids themselves, the correction data is otherwise encoded as per CLAS [4].
The Grids in CLAS [4] form a predefined set that covers the Japan region. They are shown diagrammatically in the figure below. There are 230 grids divided into 12 areas each containing between 2 and 32 individual grids.
As can be seen some areas lend themselves to rectangular definitions, some do not fit rectangular areas efficiently, and some are sparse with large gaps between individual grids (e.g. islands) being most efficiently encoded as discrete grids each centred on the island in question.
[image: ]
Figure 1 CLAS [4] Grids definition for Japan region

In the case of a cellular network (NR or LTE) the region served by any particular gNB cell is relatively small and in most cases will fit within a single grid square. There is, therefore, in some cases, no reason for a gNB to broadcast corrections for grid squares outside of the cell coverage area. This allows for a unique optimisation of the broadcast data stream from each gNB to include only the atmospheric corrections for the grid squares within which the cell is located. This could be by including only the relevant grid squares from a larger regional definition of the areas and grids, or it could be by creating a set of grids centred on the gNB cells. The choice is implementation dependent, but the proposed area definition needs to be sufficiently flexible to cater for the differing requirements of different geographic regions and network topologies. For the Japan region an objective might be to use exactly the same grid squares as defined for CLAS, but with each gNB broadcasting only those grids needed to enclose the cell coverage area, and in this way the receiver can benefit from dual distribution of corrections via satellite broadcast and terrestrial network. For a region without satellite broadcast corrections, it may be more appropriate to define the grids for optimal fit with the cellular distribution network, for example with each gNB cell having its own Area definition.

Observation 1:	For distribution of corrections via a cellular network each cell (gNB) only needs to broadcast the Area, Part and Grid definition for the region enclosing the cell and it only needs to broadcast the atmospheric corrections for the Grid(s) that enclose the cell’s coverage area.

It is therefore proposed that a region is divided into Areas each of which may be subdivided into a number of contiguous Parts each of which contains a number of Grids. The Grids making up each Part are encoded using one of three different methods for efficiency and to give sufficient flexibility to cover different regions. This approach gives the flexibility that the exact set of Grids defined in CLAS for the Japan region could be encoded on a one-for-one basis and therefore the same correction stream could be broadcast using QZSS or using LPP as proposed for 3GPP. Equally it provides sufficient flexibility that each gNB could broadcast data for a single Area comprising one Part and (probably) one Grid contained in the Part. The service area with single or multiple networks can be described with the network definition as shown in Table 1. The each network definition includes the network id, the coordinates of reference point, and optionally the grid spacing. Each network includes single or multiple Parts which comprise a group of grids. Each Part can be categorized into one of the following Grid Types shown in Table 2 through 4. Type 1 grid (Table 2) is an equally and uniformly spaced grid which covers a region. Type 2 grid (Table 3) is generated by masking pre-selected grid points in a Type 1 grid. Finally, Type 3 grid (Table 4) is used to cover sparse areas such as a region with scattered remote islands.
Table 1 : Network Definition:
	content
	resolution
	bit
	note

	System Information Type
	-
	4
	 

	Issue of data grid information
	-
	3
	 

	grid direction
	-
	1
	0:E->S,1:N->E

	resolution of grid
	-
	1
	0:normal, 1:fine

	Number of networks: Nnet
	-
	5
	 

	[network definition]
	 
	 
	loop Nnet times

	[network definition]
	
	
	

	content
	resolution
	bit
	note

	Network ID
	-
	5
	 

	Latitude of reference point
	0.1/0.01deg
	11 or 15
	 

	Longitude of reference point
	0.1/0.01deg
	12 or 16
	 

	Availability of step
	-
	1
	 

	Step for latitude
	0.1/0.01deg
	5 or 8
	option

	Step for longitude
	0.1/0.01deg
	5 or 8
	option

	number of parts: Np
	-
	4
	 

	[content of parts: type 1,2 or 3]
	 
	 
	loop Np times



Table 2 : Definition for Grid Type 1
	content
	resolution
	bit
	note

	grid type
	-
	2
	1

	latitude offset ratio
	-
	2
	 

	longitude offset ratio
	-
	2
	 

	latitude offset
	0.1/0.01deg
	5
	option

	longitutde offset
	0.1/0.01deg
	5
	option

	number of steps for latitude (nlat)
	-
	4
	 

	number of steps for longitude (nlon)
	-
	4
	 




[bookmark: _GoBack]
Table 3 : Definition for Grid Type 2
	content
	resolution
	bit
	note

	grid type
	-
	2
	2

	latitude offset ratio
	-
	2
	 

	longitude offset ratio
	-
	2
	 

	latitude offset
	0.1/0.01deg
	5
	option

	longitutde offset
	0.1/0.01deg
	5
	option

	number of steps for latitude (nlat)
	-
	4
	 

	number of steps for longitude (nlon)
	-
	4
	 

	bitmask for grid
	-
	nlat*nlon
	 



Table 4 : Definition for Grid Type 3
	content
	resolution
	bit
	note

	grid type
	-
	2
	3

	size of offset
	-
	2
	0:8bit,1:10bit,2:12bit

	number of grid: Ng
	-
	6
	 

	latitude offset for each grid
	0.1/0.01deg
	8,10,12
	loop Ng times

	longitutde offset for each grid
	0.1/0.01deg
	8,10,12
	



For cellular networks it is a choice of implementation how the Grids are mapped onto the gNB cells for broadcasting the corrections. The above Grid coding scheme provides sufficient flexibility that the same corrections could be broadcast by satellite distribution or via LPP, or alternatively the corrections could be mapped to a definition optimized for the cellular network. Using the CLAS Grid definition for the Japan region, which has the Grids divided amongst 12 Areas (Network IDs) as an example, two alternative implementations could work as follows:
1. The correction message MT 4073,9 includes a Network ID field. All gNB within Area 1 (Network ID 1), for example, would be sent the grids definition for Area 1 and the correction message MT 4073,9 would include corrections for all the Grids in Area 1. All gNB in Area 2 (Network ID 2) would be sent the grid definition for Area 2 and the corrections for all Grids in Area 2. Each of the 12 Areas would be mapped to those gNB within the respective Areas as described. This method requires no changes to the CLAS data streams.
2. Recognising that most gNB cell coverage areas would be included entirely within a single Grid, or just a small number of Grids, a new set of Grid definitions could be set up such that each gNB cell has its own Area definition. The Grid squares would be unchanged: only mappings would be changed to correspond to the new Areas defined for the cellular network topology. A typical cell would have an Area containing one Part and one Grid. The corrections broadcast in the cell by the gNB would therefore be for this new Grid definition thereby minimising the amount of atmospheric correction data that needs to be broadcast by each gNB. The actual corrections would be unchanged and therefore no reprocessing of the correction data would be required in the SMLC.
The proposed Grid definition method provides sufficient flexibility to cover and efficiently encode a Grid structure for all foreseen geographic areas. It provides maximum compatibility between CLAS and the proposed LPP extensions by being able to cater for the existing correction stream as broadcast by QZSS as well as enabling the network operator to optimize broadcast of corrections for efficient use of the terrestrial 3GPP network, In either case the SMLC does not need to do any reprocessing of the actual correction data itself and the UE interprets the correction messages in exactly the same way.

Proposal 5: 	Add a new message to the LPP A-GNSS Assistance Data, in which the number and structure of the Areas, Parts and Grids is sent to the receiver. 
Proposal 6: 	Areas, Parts and Grids for atmospheric corrections may be encoded in three different grid types or possibly a combination of  the following  grid types: Type 1 Uniform Grids; Type 2 Uniform Grids with Mask; Type 3 Non-Uniform Grids; (as shown in Tables 1 to 4) in order to efficiently encode Grid structures for all envisaged geographic regions. 
Proposal 7: The additional SSR assistance data shall be applicable to E-UTRAN [5] and NR [7].	
Finally, we note that the Compact SSR messages applied for QZSS CLAS specification [4] providing enhanced compression, requiring only 2,000 bps for nation-wide PPP-RTK in Japan. Compact SSR is compatible with RTCM SSR, it is also supporting the atmospheric correction. It is 70% more efficient than RTCM-SSR [10], the satellite ID and the signal ID for all GNSS are efficiently handled by unified bitmask, the bit assignment and the dynamic range of satellite orbit, clock and bias are optimized for the narrow-band high-accuracy GNSS correction service. These functionalities may be beneficial for narrowband IoT applications which may be able to handle only low rate data.
Observation 2:	Additional compression techniques specified in QZSS CLAS specification may be beneficial for narrowband IoT applications

Conclusions
In this contribution, we have discussed the missing messages for SSR (PPP-RTK). For a cellular NR or LTE network we have made the following observations:

Observation 1:	For distribution of corrections via a cellular network each cell (gNB) only needs to broadcast the Area, Part and Grid definition for the region enclosing the cell and it only needs to broadcast the atmospheric corrections for the Grid(s) that enclose the cell’s coverage area.
Observation 2:	Additional compression techniques specified in QZSS CLAS specification may be beneficial for narrowband IoT applications

We have arrived at the following proposals:

Proposal 1: 	Add the Compact SSR GNSS Satellite Phase Bias (MT 4073,5) message [4] to the LPP A-GNSS Assistance Data.
Proposal 2: 	Add the Compact SSR GNSS URA (MT 4073,7) message [4] to the LPP A-GNSS Assistance Data.
Proposal 3: 	Add the Compact SSR GNSS STEC Correction (MT 4073,8) message [4] to the LPP A-GNSS Assistance Data.
Proposal 4: 	Add the Compact SSR GNSS Gridded Correction (MT 4073,9) message [4] to the LPP A-GNSS Assistance Data but with Network ID (grid reference) linked to the Grid definition for this specific area.
Proposal 5: 	Add a new message to the LPP A-GNSS Assistance Data, in which the number and structure of the Areas, Parts and Grids is sent to the receiver. 
Proposal 6: 	Areas, Parts and Grids for atmospheric corrections may be encoded in three different grid types or possibly a combination of  the following  grid types: Type 1 Uniform Grids; Type 2 Uniform Grids with Mask; Type 3 Non-Uniform Grids; (as shown in Tables 1 to 4) in order to efficiently encode Grid structures for all envisaged geographic regions. 
Proposal 7: The additional SSR assistance data shall be applicable to E-UTRAN [5] and NR [7].

Updates to the draft running CR [2] for Proposals 1 to 4 are in [8].
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Appendix – ASN.1 Syntax for proposed Grid Definition message

-- ASN1START

GNSS-GridDefinition-r16 ::= SEQUENCE {
    iod-grid-r16                        INTEGER (0..7),
    grid-direction-r16                  BIT STRING (SIZE(1)),
    grid-resolution-r16                 BIT STRING (SIZE(1)),
    number-of-networks-r16              INTEGER (0..31),
    gnss-grid-network-list-r16          GNSS-Grid-NetworkList-r16
}

GNSS-Grid-NetworkList-r16 ::= SEQUENCE (SIZE(1..32)) OF GNSS-Grid-NetworkElement-r16

GNSS-Grid-NetworkElement-r16 ::= SEQUENCE {
    network-id-r16                      INTEGER (0..31),
    reference-latitude-r16              INTEGER (-900..900) or (-9000..9000)
    reference-longitude-r16             INTEGER (-1800..1800) or (-18000..18000)
    step-availability-r16               BIT STRING (SIZE(1)),
    latitude-step-r16                   INTEGER (0..31) or (0..255) OPTIONAL
    longitude-step-r16                  INTEGER (0..31) or (0..255) OPTIONAL
    number-of-parts-r16                 INTEGER (0..15),
    gnss-grid-part-list-r16             GNSS-Grid-PartList-r16    
}

GNSS-Grid-PartList-r16 ::= SEQUENCE (SIZE(1..16)) OF GNSS-Grid-PartElement-r16

GNSS-Grid-PartElement-r16 ::= SEQUENCE {
    grid-type-r16                       INTEGER (0..3),
    gnss-grid-part-element-type1-r16    GNSS-Grid-PartElementType1-r16 OPTIONAL
    gnss-grid-part-element-type2-r16    GNSS-Grid-PartElementType2-r16 OPTIONAL
    gnss-grid-part-element-type3-r16    GNSS-Grid-PartElementType3-r16 OPTIONAL  
}

GNSS-Grid-PartElementType1-r16 ::= SEQUENCE {
    latitude-offset-ratio-r16           INTEGER (0..3),
    longitude-offset-raito-r16          INTEGER (0..3),
    latitude-offset-step-r16            INTEGER (-15..15),
    longitude-offset-step-r16           INTEGER (-15..15),
    number-of-grids-latitude-r16        INTEGER (0..15),
    number-of-grids-longitude-r16       INTEGER (0..15), 
}

GNSS-Grid-PartElementType2-r16 ::= SEQUENCE {
    latitude-offset-ratio-r16           INTEGER (0..3),
    longitude-offset-raito-r16          INTEGER (0..3),
    latitude-offset-step-r16            INTEGER (-15..15),
    longitude-offset-step-r16           INTEGER (-15..15),
    number-of-grids-latitude-r16        INTEGER (0..15),
    number-of-grids-longitude-r16       INTEGER (0..15),
    grid-definition-mask-r16            BIT STRING(SIZE(Nlat*Nlon))  
}

GNSS-Grid-PartElementType3-r16 ::= SEQUENCE {
    size-of-offset-r16                  BIT STRING(SIZE(2)),
    number-of-grids-offset-r16          INTEGER (0..63),
    gnss-grid-offset-list-r16           GNSS-Grid-OffsetList-r16   
}

GNSS-Grid-OffsetList-r16 ::= SEQUENCE (SIZE(1..64)) OF GNSS-Grid-OffsetElement-r16

GNSS-Grid-OffsetElement-r16 ::= SEQUENCE {
    delta-latitude-r16                  INTEGER (-127..127) or (-511..511) or (-2047..2047) 
    delta-longitude-r16                 INTEGER (-127..127) or (-511..511) or (-2047..2047)
}


-- ASN1STOP
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