3GPP TSG-RAN WG2 Meeting #99
R2-1708518
Berlin, Germany, 21 – 25 August 2017
Agenda item:
9.8.2
Source: 
Qualcomm Incorporated
Title: 
Comparison of Options for RTK Support in 3GPP
Document for:

Discussion and Decision
1. 
Introduction
A new work item on "UE Positioning Accuracy Enhancements for LTE" was approved at RAN#75 [1] and updated at RAN#76 [2]. The objectives of this work item include support for Real-Time Kinematic (RTK) positioning:

· GNSS positioning enhancements:
· Specify the signalling and procedure to support RTK GNSS positioning over LPP and LPPa, taking into account both UE and network complexity. [RAN2, RAN3, RAN1]

RTK is a technique that uses carrier-based ranging measurements which can enable centimetre-level accurate baseline determination (i.e., the distance and attitude between two receivers). If the absolute position of one receiver is known with a high accuracy, the absolute position of the other receiver can easily be determined. 

Contrary to the typical satellite navigation based on code-phase measurements, where the position is available almost instantly (in an assisted case typically well under 30 s) the carrier phase based techniques need to accumulate data for a while (typically several minutes) before the baseline between the receivers can be solved at high accuracy. Therefore, (parts of the) the assistance data must be provided rather frequently/periodically to the target receiver; in conventional RTK solutions typically at a rate of 1Hz [3]. Therefore, broadcast of assistance data is included in the objectives [2]:

· Broadcasting of assistance data [RAN2, RAN3, SA3, SA2]
· Specify a new SIB to support signalling of positioning assistance information for A-GNSS, RTK and, as second priority, UE-based OTDOA assistance information. 

· Specify optional encryption procedure for broadcast assistance data, including mechanism for delivery of UE-specific encryption keys. 

At RAN2#98 RTK positioning has been discussed, and essentially two different approaches for supporting RTK positioning in 3GPP have been proposed [4]. 
This contribution summarizes these two approaches together with some pros and cons, and proposes to continue the specification work in RAN2 using the "LPP A-GNSS Approach" (Option 2 in section 2 below), where the relevant RTCM messages are translated to ASN.1 and incorporated into the LPP A-GNSS framework.
2. 
Approaches for Supporting RTK in 3GPP
The two approaches proposed so far for RTK support in 3GPP can be summarized as follows:
Option 1: "Transparent RTCM Container Approach"
In this approach, the RTK assistance data (reference station measurements, etc.) are provided to a target device in an "RTCM container" [5]. In 3GPP protocols (e.g., RRC, LPP, LPPa), this container would be an OCTET STRING which carries RTCM standard messages, fomatted and encoded as specified in [3]. The latest revision of the RTCM standard is version 3.3 [3] which is the main standard for RTK messages today. In total, about 40 message types are defined in [3]. 
Note, that RTCM [3] defines only DL messages from the "network" to the "target device". There are no e.g., measurement reporting (location measurements or location estimates), capability exchange, or location and assistance data request messages and procedures defined. 

Option 2: "LPP A-GNSS Approach"
In this approach, RTK is integrated into the existing LPP A-GNSS framework [6]. The RTK assistance data (reference station measurements, etc.) are added to the LPP A-GNSS-ProvideAssistanceData message. For the RTK assistance data definitions the RTCM messages [3] are proposed to be used as a starting point, but translated to ASN.1 and fitted into the "common" and "generic" assistance data split. The LPP RTK messages may not necessarily be exactly the same as defined in RTCM, since some "overhead" definitions and elements already exist in LPP (such as GNSS-IDs, GNSS-Signal-IDs, ephemeris, etc.). 
Other LPP messages, such as location information transfer and capability exchange, would have to be updated accordingly to allow e.g., reporting of carrier-phase measurements and high-accuracy location estimates as well as UE capabilities to the E-SMLC. 
General characteristics of Option 1 and Option 2
1. The primary use case for Option 1 appears to be the broadcast of RTK reference measurements (assistance data) for UE-centric/standalone applications only. I.e., the "RTCM container" would be provided via System Information Blocks (SIBs) to target devices and there is no measurement reporting. 
However, a "full solution" would also require LPP support (which is also according to the WID objectives), which means that the "RTCM container" should also be provided within a  LPP Provide Assistance Data message. This requires at least some ASN.1 wrapper module for the RTCM OCTET STRING, either defined directly in LPP or defined as an EPDU (which could be defined in an Annex of the LPP specification). However, since this "RTCM container" can only provide assistance data, the remaining LPP work such as request messages, location information transfer, capability exchange, and periodic assistance data delivery would be the same as for Option 2. 
2. If the "RTCM container" in Option 1 would allow to carry any of the ~40 RTCM messages, there would be some duplication of data with existing LPP and broadcast SIBs, such as conventional DGNSS and ephemeris messages, which appears to be additional and unnecessary implementation complexity for both, E-SMLC and target devices (e.g., possibility to request/deliver the same assistance data in two different formats/encodings). Note, that broadcast of A-GNSS is part of the WI, and A-GNSS in LPP also includes e.g., differential corrections in essentially the same way as RTCM (but converted to ASN.1)). 
3. There is no need for Option 1 to deal with the actual "RTK technology" in 3GPP, but only with delivery of the data to target devices. I.e., the "RTK technology" is hidden in the "RTCM container" which is taken as a "black-box" in 3GPP (content is specified in RTCM). However, this also means that any progress/evolution of "RTK technology" is dependent on RTCM. It is not possible in 3GPP to make any e.g., adaption of the RTK messages to mass-market needs, support GNSSs not considered by RTCM, or add enhancements like SSR/PPP before they have been added to a new revision of the RTCM specification. 
4. RTCM messages are also proposed as baseline for Option 2, but it is possible in 3GPP to modify them as needed (e.g., perform some optimization or add additional fields as needed). For example, some RTCM features are currently only supported for GPS and GLONASS L1 and L2 signals. With Option 2, it would be possible to extend the messages to other GNSSs and other GNSS signals, either already in Rel-15, or in later Releases. A continuous improvement/maintenance of the feature is possible in 3GPP, without depending on RTCM specification updates. 

5. Since any RTK capable terminals are likely based on RTCM messages (since this is the primary RTK standard available), there may be no (or little) additional development work required for Option 1 to support RTK in 3GPP. However, the transport protocol for the "RTCM container" would in any case have to be implemented (e.g., in RRC SIBs and/or LPP), as well as ciphering. Since Option 2 is also based on RTCM messages (but translated to ASN.1), the only additional implementation work compared to Option 1 would be to map the ASN.1 encoded assistance data parameter to some RTCM equivalent parameter inside the UE/E-SMLC, which appears to be a minor and quite trivial task. 

6. It is not clear how multiple GNSSs and GNSS signals should be handled with Option 1 in case of broadcast. For example, the "RTCM container" would include an RTCM message, which may contain data for GPS and GLONASS L1 and L2 signals. However, a UE supporting e.g., GPS only should not be required to receive data for non-supported GNSSs and non-supported GNSS signals (or in general, not supported assistance data); this would result in unnecessary processing delays and a waste of UE resources and battery power. Therefore, also Option 1 may require to define multiple "RTCM container" and the data must be split among the different container in a reasonable way. I.e., a single "black-box" container does not appear to be feasible in a multi-vendor environment . That also means that at least some basic "RTK technology" need to be handled in 3GPP for Option 1 (see item 3 above), since the "RTCM container" cannot be taken completely as a "black box" (i.e., the data need to be split into multiple container in a meaningful way). 
7. For inclusion of the assistance data in RRC System Information Blocks, there would likely be some segmentation of the assistance data required [7]
. This may be difficult with Option 1, since the format and encoding is given by RTCM. It may therefore be required that all segments of the SIB would have to be received by the UE before decoding (and possibly deciphering) of the data can commence, whereas with Option 2 some pseudo-segmentation of assistance data (e.g., data segmented into data per satellite etc.) would be possible [7]. 
8. At RAN2#98, the support of PPP (Precise Point Positioning) and SSR (State Space Representation) has been discussed, and some desire was expressed to support these features also in 3GPP. However, PPP and SSR are not (or not fully) defined in RTCM specifications. For Option 1, this would require 3GPP to wait for any RTCM progress on these features, whereas Option 2 would allow 3GPP to define them using other sources (e.g., LPPe, etc.) as guideline (either now, or as an evolution/continuation of the work item). In general, evolution of RTK and related enhancements would be under 3GPP control with Option 2, and any experience with e.g., mass-market RTK deployments can be considered in future enhancements. 

9. LPP has been designed to be backward compatible to allow UEs for an older release to interwork with an E‑SMLC for a newer release and vice versa. That is, in LPP new features are added by modifying existing IEs and procedures, whereas in RTCM new or modified features are added via new message types (usually making previous message types obsolete). It is not clear how backwards compatibility will be possible with RTCM containers. In a worst case, a network may need to broadcast older RTCM messages (for UEs for an older release) along with newer RTCM messages (for UEs for a newer release) which would increase network bandwidth usage.
3. 
Comparison of Option 1 and Option 2

Based on the discussion in section 2 above, some pros and cons of Option 1 and 2 can be summarized as follows:
	Criteria
	Option 1
("RTCM Container")
	Option 2
("LPP A-GNSS (ASN.1)")

	Specification effort
	Small, if only broadcast is considered. If LPP is considered as well, effort is only slightly less than Option 2. 
	Bigger than Option 1, but once LPP elements are defined, the broadcast would be defined as well.

	Duplication of assistance data
	Some assistance data elements such as conventional DGNSS and ephemeris would be duplicated in the RTCM container, unless explicitely forbidden in the specification (NOTE 1).
	No duplication of assistance data.

	Implementation effort
	There appears to be no significant difference between Option 1 and Option 2 (Option 2 may require a trivial mapping of ASN.1 parameter to RTCM parameter). 

	"RTK technology" knowledge in 3GPP
	Not necessarily needed. (NOTE 2)
	Some basic "RTK knowledge" would be required to e.g., select desired RTCM messages and fit them appropriately into the A‑GNSS framework. However, this is not much different to basic "A-GNSS knowledge" (and the same/similar work has already been done for e.g., LPPe). 

	Dependency on other SDOs
	Depends on RTCM work. 
	Current RTCM work is used as starting point, but there is no dependency on other SDOs. 

	Message size (e.g., SIB size)
	There should be no significant difference between Option 1 and Option 2, since both Options are based on RTCM messages. However, Option 2 may have the potential for a reduced message size, since some overhead fields such as message/parameter length fields, bit-maps of included fields, reserved fields, CRC check sums, etc. may not be needed or may be more compact with ASN.1 PER. 

	Evolution (e.g., beyond GPS and GLONASS L1 and L2 signals)
	Not possible in 3GPP until a new RTCM version is available (NOTE 3, NOTE 4).
	3GPP can define its own enhancements as usual (e.g., PPP, SSR, additional GNSSs and GNSS signals, etc.). 

	Backward Compatibility
	Unclear whether this is possible. If not, extra bandwidth may be needed to broadcast RTCM messages for different releases.
	Supported by LPP.

	NOTE 1: 
For example, if a network broadcasts RTCM container and A-GNSS differential corrections (as defined in LPP). 

NOTE 2: 
Some basic knowledge may be required if segmentation of RTCM messages into multiple "RTCM container" is required (e.g., for proper SIB handling). 
NOTE 3:  There may be a double delay: first to obtain a new RTCM version and then to include selected RTCM messages into the next 3GPP Release.
NOTE 4: 
Or a "hybrid Option 1 – Option 2" approach is considered, which however, appears nonsensical.


4. 
Proposal
Based on the discussion and comparison of the two Options for supporting RTK in 3GPP above, it is proposed that RAN2 commence with the specification work for Option 2 ("LPP A-GNSS Approach"). The work can be done in two phases, for example:
Phase 1:

1. Add the common RTK observation messages to the LPP A-GNSS Provide Assistance Data message. 

a. Select the required/desired RTCM message types.

b. Translate the RTCM messages to ASN.1.

NOTE: 
Once the LPP assistance data elements are defined, the broadcast content (SIBs) would be defined as well [7].

2. Update the Capability Exchange and Location Information Transfer procedures. 

a. Add the new assistance data elements to the A-GNSS Provide Capabilities message.

b. Update the A-GNSS Provide Location Information message (add a high-accuracy GAD shape, and improve the UE measurement report [8]).

3. Specify a periodic assistance data delivery procedure (e.g., similar as LPPe [9]).


Phase 2:
4. Add SSR assistance data elements using e.g., current RTCM, LPPe, QZSS, or other sources as baseline/starting point.

Phase 2 could also be split into multiple phases, in the same/similar way as currently being done by RTCM [3]:
1. The development of messages for precise orbits, satellite clocks and satellite code biases. This is compatible to the basic PPP mode using IGS products. Such messages will enable real-time PPP for dual frequency receivers.

a. Already done by RTCM, but only for GPS and GLONASS [3].

2. The development of vertical Total Electron Content (TEC) (VTEC) messages. This will enable RT-PPP for single frequency receivers. 

3. The development of slant TEC (STEC) messages, tropospheric messages and satellite phase biases messages. This will enable RTK-PPP. 
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