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1. 
Introduction

In Release 15, LPP [1] is used between a UE and LMF for positioning of a UE with access to NG-RAN with either NR or LTE. It needs to be decided whether to continue to extend LPP for NR positioning support in Rel-16 or introduce a new positioning protocol, which for convenience is referred to here as NR Positioning Protocol (NPP). Such a new NPP protocol could be defined and used in several different ways. These alternatives including continuation of LPP are described and evaluated below.
2. 
Continuation of LPP
With this alternative, new RAT dependent and RAT independent positioning methods for NR access would be added to LPP [1]. This has the benefit of avoiding any need to support backward compatibility for Rel-15 UEs which interact with a Rel-16 or later LMF and minimizing standardization impacts and extra implementation for a UE and LMF.

Observation 1:
Continuation of LPP will minimize standardization impacts and extra implementation for a UE and LMF.
For positioning methods with a counterpart already existing for LTE access such as ECID and OTDOA, an NR variant may be added as either a new position method in LPP or as an extension of the existing LTE position method. Such extension has already been used to add variants of OTDOA and ECID for NB-IoT and has the benefit of reducing the amount of new signalling support by sharing common parameters. The extension also more easily enables hybrid location in which a UE obtains measurements for both wideband LTE and NB-IoT. Therefore, it may be beneficial to extend existing LTE positioning methods which are carried over for NR in the same way by extending the existing LTE position methods in LPP.

Observation 2:
Continuation of LPP will allow NR variants of existing LTE position methods like OTDOA and ECID to be added as an extension to LTE position methods which will reduce additional signalling support and better support hybrid positioning.
One disadvantage of continuing to extend LPP will be the extended ASN.1 footprint size that would need to be supported by a UE and LMF. Due to way that the ASN.1 is defined in [1], support of any LPP message at a receiver requires that an ASN.1 decoder is able to decode all ASN.1 data types for the message, whether optional or mandatory and whether supported or not, with the exception of optional parameters appearing after an ellipsis. Since LPP messages now contain parameters for most or all position methods, the addition of new position methods will have the effect of increasing the required ASN.1 support. 

Observation 3:
Continuation of LPP will increase the ASN.1 footprint size at a receiver which may be problematic for some IoT UEs.
3. 
Standalone NPP

With this alternative, a new NR positioning protocol (NPP) would be added in Release 16. All RAT independent position methods from LPP would be copied over and new NR specific position methods would be added to NPP (but not to LPP). The new NPP protocol can then be used in place of LPP for a UE with NR access.

This alternative will maximize standardization impacts and increase implementation impacts to a UE and LMF compared to continuation of LPP.

Observation 4:
A standalone NPP will maximize standardization impacts and increase implementation impacts to a UE and LMF.
There will also be a need for backward compatibility support when a Rel-16 or later LMF interacts with a Rel-15 UE since the LMF will need to know whether the UE supports NPP. This might be solved by adding an NPP capability indication in LPP or by conveying NPP support to a serving AMF using NAS, but this will be an extra impact. There will also be limitations in supporting hybrid positioning using both LTE and NR measurements unless NPP also supports E-UTRA position methods which would amount to continuing with LPP in the form of a new NPP.

Observation 5:
A standalone NPP will add extra impact to support backward compatibility with Rel-15 UEs and will make hybrid positioning using both NR and LTE measurements more difficult.
One benefit may be a smaller ASN.1 footprint size. For example, NPP messages could be defined such that a receiver only needs to support ASN.1 decoding for supported position methods and not for unsupported position methods. This can be possible by embedding ASN.1 parameters in an NPP message using bit or octet strings, which will allow a receiver to support just the octet or bit string container for any unsupported position method in an ASN.1 decoder without the need to support decoding of the content of the octet or bit string. 
Observation 6:
A standalone NPP could reduce ASN.1 footprint size for a receiver which may be useful to IoT UEs.
4. 
Non-standalone NPP

With this alternative, a new NR positioning protocol (NPP) would be added in Release 16 to support NR RAT dependent position methods. The new NPP protocol would then be used in combination with LPP to support positioning of a UE with NR access, with NPP supporting NR RAT dependent position methods and any new RAT independent position methods added for NR access and with LPP supporting other position methods such as existing RAT independent position methods and LTE RAT dependent position methods. To support both NPP and LPP, the following alternatives can be used:

4A.
Exchange separate LPP and NPP messages between a UE and LMF which are included in the same transport messages.
4B.

An LPP message embeds an NPP message using the EPDU-Sequence ASN.1 data type in LPP.
4C.

An NPP message embeds an LPP message.
Since a non-standalone NPP only needs to include new NR position methods, standardization effort may not greatly exceed that for continuing to use LPP. However, there would be some standardization and protocol overheads associated with creating a new NPP protocol.

Observation 7:
A non-standalone NPP would create some extra standardization overhead and some extra protocol overhead for using LPP and NPP as separate protocols.
For alternative 4A, lower layer protocols would be impacted to support transport of both LPP and NPP messages. For alternative 4C, there would be extra impact to support backward compatibility at an LMF with Rel-15 UEs (or Rel-16 or later UEs which only support LPP). For all alternatives, NR variants of existing E-UTRA position methods which were added to NPP could not be defined as efficiently as is possible with continuation of LPP and would impose more limitation on support of hybrid NR and LTE positioning.

Observation 8:
For non-standalone NPP, alternative 4A creates some extra standardization overhead, alternative 4C adds extra impact to enable backward compatibility for Rel-15 UEs, and all alternatives impose more limitation on support of hybrid NR and LTE positioning.
A main benefit of alternatives 4A and 4C could be a smaller ASN.1 footprint when NPP only was used, similar to that possible with standalone NPP.
Observation 9:
For non-standalone NPP, ASN.1 footprint size can be smaller at a receiver for alternatives 4A and 4C when only NPP is used. 
5. 
Proposal

The following observations have been made.

Observation 1:
Continuation of LPP will minimize standardization impacts and extra implementation for a UE and LMF.

Observation 2:
Continuation of LPP will allow NR variants of existing LTE position methods like OTDOA and ECID to be added as an extension to LTE position methods which will reduce additional signalling support and better support hybrid positioning.

Observation 3:
Continuation of LPP will increase the ASN.1 footprint size at a receiver which may be problematic for some IoT UEs
Observation 4:
A standalone NPP will maximize standardization impacts and increase implementation impacts to a UE and LMF.
Observation 5:
A standalone NPP will add extra impact to support backward compatibility with Rel-15 UEs and will make hybrid positioning using both NR and LTE measurements more difficult.
Observation 6:
A standalone NPP could reduce ASN.1 footprint size for a receiver which may be useful to IoT UEs.
Observation 7:
A non-standalone NPP would create some extra standardization overhead and some extra protocol overhead for using LPP and NPP as separate protocols.
Observation 8:
For non-standalone NPP, alternative 4A creates some extra standardization overhead, alternative 4C adds extra impact to enable backward compatibility for Rel-15 UEs, and all alternatives impose more limitation on support of hybrid NR and LTE positioning.
Observation 9:
For non-standalone NPP, ASN.1 footprint size can be smaller at a receiver for alternatives 4A and 4C when only NPP is used. 
Based on these, the following proposal is made:
Proposal 1:
LPP should be extended in Release 16 to provide positioning support between a UE and LMF for new NR UE-assisted and UE-based position methods.
It is also proposed to include the above evaluation and conclusion in TR 38.855 via the TP in the Appendix which is identical to the evaluation above except for omission of the observations and some minor editorial change.
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Appendix - Text Proposal to TR 38.855
**** FIRST CHANGE ****

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2].

CID
Cell ID

ECID
Enhanced Cell ID

GNSS
Global Navigation Satellite System

LCS

LoCation Services 

LMF
Location Management Function
LPP
LTE Positioning Protocol 

NPP
NR Positioning Protocol
OTDOA
Observed Time Of Arrival

TBS
Terrestrial Beacon System

UTDOA
Uplink Time Of Arrival

WLAN
Wireless Local Area Network

**** NEXT CHANGE ****

9.2 
Procedure and protocol aspects
9.2.x
Positioning Protocol between the UE and LMF
Positioning protocol alternatives are described and evaluated below.

9.2.x.1
Continuation of LPP

With this alternative, new RAT dependent and RAT independent positioning methods for NR access would be added to LPP [x1]. This has the benefit of avoiding any need to support backward compatibility for Rel-15 UEs which interact with a Rel-16 or later LMF and minimizing standardization impacts and extra implementation for a UE and LMF.

For positioning methods with a counterpart already existing for LTE access such as ECID and OTDOA, an NR variant may be added as either a new position method in LPP or as an extension of the existing LTE position method. Such extension has already been used to add variants of OTDOA and ECID for NB-IoT and has the benefit of reducing the amount of new signalling support by sharing common parameters. The extension also more easily enables hybrid location in which a UE obtains measurements for both wideband LTE and NB-IoT. Therefore, it may be beneficial to extend existing LTE positioning methods which are carried over for NR in the same way by extending the existing LTE position methods in LPP.

One disadvantage of continuing to extend LPP will be the extended ASN.1 footprint size that would need to be supported by a UE and LMF. Due to way that the ASN.1 is defined in [x1], support of any LPP message at a receiver requires that an ASN.1 decoder is able to decode all ASN.1 data types for the message, whether optional or mandatory and whether supported or not, with the exception of optional parameters appearing after an ellipsis. Since LPP messages now contain parameters for most or all position methods, the addition of new position methods will have the effect of increasing the required ASN.1 support.  

9.2.x.2
Standalone NPP

With this alternative, a new NR positioning protocol (NPP) would be added in Release 16. All RAT independent position methods from LPP would be copied over and new NR specific position methods would be added to NPP (but not to LPP). The new NPP protocol can then be used in place of LPP for a UE with NR access.

This alternative will maximize standardization impacts and increase implementation impacts to a UE and LMF compared to continuation of LPP.

There will also be a need for backward compatibility support when a Rel-16 or later LMF interacts with a Rel-15 UE since the LMF will need to know whether the UE supports NPP. This might be solved by adding an NPP capability indication in LPP or by conveying NPP support to a serving AMF using NAS, but this will be an extra impact. There will also be limitations in supporting hybrid positioning using both LTE and NR measurements unless NPP also supports E-UTRA position methods which would amount to continuing with LPP in the form of a new NPP.

One benefit may be a smaller ASN.1 footprint size. For example, NPP messages could be defined such that a receiver only needs to support ASN.1 decoding for supported position methods and not for unsupported position methods. This can be possible by embedding ASN.1 parameters in an NPP message using bit or octet strings, which will allow a receiver to support just the octet or bit string container for any unsupported position method in an ASN.1 decoder without the need to support decoding of the content of the octet or bit string.  

9.2.x.3
Non-standalone NPP

With this alternative, a new NR positioning protocol (NPP) would be added in Release 16 to support NR RAT dependent position methods. The new NPP protocol would then be used in combination with LPP to support positioning of a UE with NR access, with NPP supporting NR RAT dependent position methods and any new RAT independent position methods added for NR access and with LPP supporting other position methods such as existing RAT independent position methods and LTE RAT dependent position methods. To support both NPP and LPP, the following alternatives can be used:

A.
Exchange separate LPP and NPP messages between a UE and LMF which are included in the same transport messages.
B.
An LPP message embeds an NPP message using the EPDU-Sequence ASN.1 data type in LPP.
C.
An NPP message embeds an LPP message.
Since a non-standalone NPP only needs to include new NR position methods, standardization effort may not greatly exceed that for continuing to use LPP. However, there would be some standardization and protocol overheads associated with creating a new NPP protocol.

For alternative A, lower layer protocols would be impacted to support transport of both LPP and NPP messages. For alternative C, there would be extra impact to support backward compatibility at an LMF with Rel-15 UEs (or Rel-16 or later UEs which only support LPP). For all alternatives, NR variants of existing E-UTRA position methods which were added to NPP could not be defined as efficiently as is possible with continuation of LPP and would impose more limitation on support of hybrid NR and LTE positioning.

A main benefit of alternatives A and C could be a smaller ASN.1 footprint when NPP only was used, similar to that possible with standalone NPP. 

9.2.x.4
Comparison of Alternatives

Based on the evaluation above, it is concluded that continuing with LPP is the best alternative in Release 16.
**** END OF CHANGE ****
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