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1
Introduction
There are different rules and guidelines for specification of protocol messages with ASN.1 in different 3GPP groups. Although LPP is owned by RAN2, LPP is an application-layer protocol, similar to RRLP used in GERAN. RRLP uses ASN.1 in essentially the same manner as other GSM/UMTS (non-radio related) protocols such as MAP or Supplementary Services, but also OMA SUPL. Extensions to the protocol (e.g., for addition of new positioning methods, or modification of existing ones, such as the introduction of new assistance data elements, or new fields within existing assistance data) are performed using the ASN.1 extension marker “…”, where each later version of the protocol is compatible with any previous version. Indeed, RRLP Release-9 is fully backwards compatible with its first Release-98 without “critical extensions” (no such mechanism is defined for RRLP anyhow, and no mechanism for protocol version agreement between the encoder and decoder of RRLP is needed). 
For LPP, it is proposed to allow for the addition of new positioning methods, or new variants of existing methods via non-critical extensions, using the ASN.1 extension marker “…” to keep backwards compatibility between LPP Releases (and LPP versions within one Release, if the LPP version schedule is not linked to the LTE release schedule). This can be done without violating common LTE RRC practices, but with emphasis on the ellipsis notation instead of using the “non-critical” extension container mechanism; it is in fact consistent with the intended RRC philosophy in which the noncritical extension mechanism is the primary means for extending messages. The overhead associated with the extension markers is not a problem in LPP, where messages are generally quite large and messaging is relatively infrequent compared to RRC.
The flexibility of the RRC “critical” extension mechanism on message level is also proposed for LPP for exceptional cases where backwards compatible changes may not be possible anymore (and protocol version negotiation is needed), but it is expected that the likelihood for the need of “critical” extensions in the future will be rather low or even zero (as the history of, e.g., RRLP shows). To allow the critical extension mechanism to be used for these exceptional cases, a basic method of version negotiation will need to be specified from the beginning, as proposed in [1].
2 
High Level Message Structure
LPP defines one message container as follows:

-- ASN1START

LPP-Message ::= SEQUENCE {


-- LPP Version is FFS

transactionID


TransactionID


OPTIONAL,


endTransaction


BOOLEAN

-- Transport ack is FFS


lpp-MessageBody


LPP-MessageBody


OPTIONAL,


...

}

-- ASN1STOP

The ASN.1 extension marker is used if additional elements are needed in future versions of the specification.
As an aside, since additions to this generic wrapper are likely to affect the common “header” or “frontmatter” fields, it might be sensible to capture those initial fields in a separate SEQUENCE object that can itself be extended, rather than having any future additions appear after the message body in the over-the-air bit stream.  We therefore offer
Proposal 1: The common fields at the beginning of the LPP-Message structure should be captured as a separate, noncritically-extensible SEQUENCE.

(As the word “header” seems to be little liked based on past discussion, we are willing to entertain all reasonable candidates for the name of this structure.)
For LPP, there are three pairs of message types currently defined, i.e., Request/Provide Capabilities, Request/Provide Assistance Data, and Request/Provide Location Information. The LPP-MessageBody definition follows common RRC practice:
-- ASN1START

LPP-MessageBody ::= CHOICE {

c1





CHOICE {


requestCapabilities


RequestCapabilities,



provideCapabilities


ProvideCapabilities,



requestAssistanceData

RequestAssistanceData,



provideAssistanceData

ProvideAssistanceData,



requestLocationInformation
RequestLocationInformation,



provideLocationInformation
ProvideLocationInformation


},

messageClassExtension
SEQUENCE {}
}

-- ASN1STOP

No spare values are available in the inner level c1 CHOICE; this is an oversight and it seems clearly beneficial to have at least the two “free” spare values available for a potential future Request/Response pair. Further extension of the number of alternative LPP-MessageBody types would be included in messageClassExtension outer level CHOICE.  However, if the two spares were used for a Request/Response pair, there would be no value available to indicate an extension.  Thus the two spares are really only adequate for the addition of a single message.

In RRLP, two additional messages (to request and provide capabilities) were added in a backward compatible manner in Rel-7. In LPP it is possible that two or more messages may similarly need to be added in later releases.  Accordingly, we suggest that more than the two spare values should be available, either through increasing the number of spares to 10 (4 bits instead of 3) or by introducing an extension marker in the CHOICE.
Proposal 2: Define ten spare values for the LPP Message Body, or introduce an extension marker.
3
Message Definition

Each of the (currently) six LPP-MessageBody CHOICEs has the same structure, and is defined in agreement with common RRC practices. E.g., the current form of the Provide Assistance Data message is as follows:
-- ASN1START

ProvideAssistanceData ::= SEQUENCE {


criticalExtensions

CHOICE {



c1





CHOICE {




provideAssistanceData-r9
ProvideAssistanceData-r9-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture
SEQUENCE {}


}

}

ProvideAssistanceData-r9-IEs ::= SEQUENCE {


commonIEs-ProvideAssistanceData


CommonIEs-ProvideAssistanceData


OPTIONAL,


a-gnss-ProvideAssistanceData


A-GNSS-ProvideAssistanceData


OPTIONAL,


downlinkOTDOA-ProvideAssistanceData

DownlinkOTDOA-ProvideAssistanceData

OPTIONAL,
}

-- ASN1STOP
The extension marker is erroneously omitted from the ProvideAssistanceData-r9-IEs SEQUENCE structure, and we assume that it is clearly acceptable to introduce it there.
Proposal 3: The extension marker should be introduced for each of the [Message]-r9-IEs structures.
As mentioned in section 1, there was no need in other location application protocols for “critical extensions” in the past, and therefore, it is expected that critical extensions are not needed in the future Releases of LPP. In this view, the RRC common inner level c1 CHOICE and the spare alternatives could be excluded in the various LPP-MessageBody CHOICEs.  Alternatively, the three spare values could be reduced to one to allow for one “free” critical extension, with the assumption that this would be needed only in case of an unforeseen non-backward-compatible change.
Proposal 4: RAN2 should determine whether there is any value to maintaining the “inner branch” critical extension structure in LPP messages.
When new positioning methods are added in the future, the LPP-MessageBody CHOICEs will be extended by use of the ASN.1 extension marker “…”. E.g., if a new method is added in Release-10, the e.g., needed assistance data definitions will be added in the Release-9 definitions of the LPP messages:

-- ASN1START

ProvideAssistanceData-r9-IEs ::= SEQUENCE {


commonIEs-ProvideAssistanceData


CommonIEs-ProvideAssistanceData


OPTIONAL,


a-gnss-ProvideAssistanceData


A-GNSS-ProvideAssistanceData


OPTIONAL,


downlinkOTDOA-ProvideAssistanceData

DownlinkOTDOA-ProvideAssistanceData

OPTIONAL,

...,

newMethod1-ProvideAssistanceData

NewMethod1-ProvideAssistanceData

OPTIONAL
}

-- ASN1STOP
Similarly, if yet another method is added in e.g., Release-12, the Release-9 IEs will be further extended:

-- ASN1START

ProvideAssistanceData-r9-IEs ::= SEQUENCE {


commonIEs-ProvideAssistanceData


CommonIEs-ProvideAssistanceData


OPTIONAL,


a-gnss-ProvideAssistanceData


A-GNSS-ProvideAssistanceData


OPTIONAL,


downlinkOTDOA-ProvideAssistanceData

DownlinkOTDOA-ProvideAssistanceData

OPTIONAL,

...,


newMethod1-ProvideAssistanceData

NewMethod1-ProvideAssistanceData

OPTIONAL,


newMethod2-ProvideAssistanceData

NewMethod2-ProvideAssistanceData

OPTIONAL
}

-- ASN1STOP
The same applies to all the other LPP-MessageBody CHOICEs.

Modifications and enhancements of the Release-9 positioning methods will be performed by use of the ASN.1 extension marker “…” in the various information elements themselves.
4
Information Elements 
As mentioned above, modifications to Release-9 positioning methods will be done by use of the ASN.1 extension marker “…”. E.g., if new GNSS assistance data are added to a future Release, they will be added in the existing structure.  For example, if new GNSS common assistance data are defined, they will be added accordingly:
-- ASN1START

GNSSCommonAssistData ::= SEQUENCE {


gnssReferenceTime

 

GNSSReferenceTime

 


OPTIONAL,


gnssReferenceLocation


GNSSReferenceLocation

 

OPTIONAL,


gnssIonosphericModel


GNSSIonosphericModel
 


OPTIONAL,


gnssEarthOrientationParameters
GNSSEarthOrientationParameters

OPTIONAL,


...,


gnssNewAssistance



GNSSNewAssistance




OPTIONAL
}

-- ASN1STOP

New GNSS assistance data applicable to a specific GNSS will be added in the corresponding Release-9 structure:

-- ASN1START

GNSSGenericAssistData ::= SEQUENCE (SIZE (1..16)) OF GNSSGenericAssistDataElement
GNSSGenericAssistDataElement ::= SEQUENCE {

gnssID 





GNSS‑ID,


sbasID





SBAS‑ID 





OPTIONAL, -- Cond GNSS‑ID‑SBAS

gnssTimeModels



GNSSTimeModelList



OPTIONAL,


gnssDifferentialCorrections
GNSSDifferentialCorrections

OPTIONAL,


gnssNavigationModel


GNSSNavigationModel



OPTIONAL,


gnssRealTimeIntegrity

GNSSRealTimeIntegrity


OPTIONAL,


gnssDataBitAssistance

GNSSDataBitAssistance


OPTIONAL,


gnssAcquisitionAssistance
GNSSAcquisitionAssistance 

OPTIONAL,


gnssAlmanac




GNSSAlmanac





OPTIONAL,


gnssUTCModel



GNSSUTCModel




OPTIONAL,


gnssAuxiliaryInformation
GNSSAuxiliaryInformation

OPTIONAL,


...,


gnssNewSpecificAssistance
GNSSNewSpecificAssistance

OPTIONAL
}
-- ASN1STOP

Each of the various assistance data elements and other information elements in the various LPP Stage 3 proposals use an extensible SEQUENCE type in order to add additional information to existing assistance data or measurements, etc. For example, if new clock model parameters are needed (or the range of an existing parameter needs to be increased, etc.), the IEs will be extended accordingly:
-- ASN1START

NAVclockModel ::= SEQUENCE {


navToc


INTEGER (0..37799),


navaf2


INTEGER (-128..127),


navaf1


INTEGER (-32768..32767),


navaf0


INTEGER (-2097152..2097151),


navTgd


INTEGER (-128..127),


...,


navNewPara

INTEGER
(a..b)

OPTIONAL
}
-- ASN1STOP

Some assistance data elements are defined as CHOICEs. If additional GNSS methods are added in the future, the CHOICEs will be extended. E.g.,
GNSSAlmanacElement ::= CHOICE {

keplerianAlmanacSet
 
Almanac-KeplerianSet,

-- Model-1

 
keplerianNAVAlmanac
 
Almanac-NAVKeplerianSet, 
-- Model-2


keplerianReducedAlmanac
Almanac-ReducedKeplerianSet,-- Model-3


keplerianMidiAlmanac
Almanac-MidiAlmanacSet, 
-- Model-4


keplerianGLONASS

Almanac-GlonassAlmanacSet, 
-- Model-5


ecefSBASAlmanac


Almanac-ECEFsbasAlmanacSet,
-- Model-6

...,


newAlmanacModel


NewAlmanacModel



-- Model-7
}
The UE capability information will be extended accordingly, to allow for indication of support of the new methods or new method variants. I.e., the sender is always aware whether or not the receiver supports the extended value. For this particular example:

-- ASN1START

GNSSAlmanacSupport ::= 
SEQUENCE {

almanacModel

BIT STRING { 
Model-1 
(0),











Model-2 
(1),











Model-3

(2),











Model-4

(3),











Model-5

(4),











Model-6 
(5),











Model-7

(6) } (SIZE (1..8))

OPTIONAL,


...

}

-- ASN1STOP
The same principles apply to all other information elements, related to measurements, capabilities, etc. ASN.1 extension markers “…” are added in the various LPP Stage 3 proposals at all places where allowed to enable modifications of Release-9 methods, and addition of new methods at a level in the ASN.1 where the modification logically/functionally belongs. 
We assume that the discussion of this section is unsurprising; the question is how far to apply it, i.e., which IEs should be extensible and which can be left as they are.  We assume that these decisions can be made on a case-by-case basis, but that certain principles are plausible:
· SEQUENCE and CHOICE structures should typically be extensible;

· Enumerations should be extensible if their semantics make an extension sensible; i.e., a list of positioning methods should be extensible, but an enumeration with values “true/false” or “UE-based/UE-assisted/network-based” may not need to be;

· A SEQUENCE that is introduced only to avoid the “SEQUENCE OF SEQUENCE” construction need not be extensible.

If it is desirable to aggregate several extensions of an element of the same version or same Release of the specification, a single group can be defined, as also recommended by RRC extension principles, and a suffix can indicate the version or Release when the extension was introduced.  E.g.:
-- ASN1START

GNSSCommonAssistData ::= SEQUENCE {


gnssReferenceTime

 

GNSSReferenceTime

 


OPTIONAL,


gnssReferenceLocation


GNSSReferenceLocation

 

OPTIONAL,


gnssIonosphericModel


GNSSIonosphericModel
 


OPTIONAL,


gnssEarthOrientationParameters
GNSSEarthOrientationParameters

OPTIONAL,


...,


gnssCommonAssistance-r12

GNSSCommonAssistance-r12


OPTIONAL
}

-- ASN1STOP

The intention here is that the type GNSSCommonAssistance-r12 contains the new fields introduced for Rel-12; i.e., it is not the same as the “GNSSCommonAssistData-r12” that might be spawned for a critical extension and that would contain the contents of the original Rel-9 version in addition to new extensions.  That is, in this example, the Release-12 assistance data elements will still be included in the Release-9 ProvideAssistanceData‑r9-IEs.  (The naming convention used in this example may not make this distinction sufficiently clear.)
In all cases of extensions in a later release to data types defined in an earlier release, the release name (e.g. "r12") can be included in parameter and data type names to help distinguish information specific to different releases. In general, aggregation of information for a particular release will be preferable (which is the convention rigorously followed in RRLP) but by including extensibility at all levels in LPP, it will be possible to make these decisions in a flexible manner.
5
Proposals
Proposal 1: The common fields at the beginning of the LPP-Message structure should be captured as a separate, noncritically-extensible SEQUENCE.

Proposal 2: Define ten spare values for the LPP Message Body, or introduce an extension marker.
Proposal 3: The extension marker should be introduced for each of the [Message]-r9-IEs structures.
Proposal 4: RAN2 should determine whether there is any value to maintaining the “inner branch” critical extension structure in LPP messages.
We finally note that once the issues raised here have been resolved, there may be value in including an informative annex in the LPP specification documenting the extensibility practices, as has been done in the RRC.

6
References

[1]
R2-096963: “LPP version number” (Qualcomm Europe, RAN2#68)























































































































































































































































































































































































































































































































































































�  Note that in the past, even apparently closed sets like “UE-based/UE-assisted/network-based” have proven to be open when the idea of preferred positioning modes arose – e.g. "UE-based-preferred/UE-assisted-allowed", so care should be taken not to be too rigid.





