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Introduction

Email Discussion
During the past meetings RAN WG2 discussed the RTK assistance data encoding, but have not concluded any agreement, except that we will have a limited time to discuss this topic. It is agreed that email discussion after RAN2#99 meeting will be hold.
[99#47][LTE/Positioning] RTK assistance data encoding (Huawei)


To finalise the pros/cons of the two options and try to reach a consensus for one, considering the longer term concerns as well as Rel-15.  Start from the table in R2-1708518.


Deadline: for next meeting


Intended outcome: Report to next meeting


Deadline: 2017-09-21

The aim of this email discussion is to understand and if possible to agree on a common approach regarding RTK assistance data encoding.
Based on the discussion in RAN2#99 meeting [1][2], some pros and cons of Option 1 (RTCM container) and Option 2 (ASN.1) can be summarized as follows:
	Criteria 1
	Option 1
("RTCM Container")
	Option 2
("LPP A-GNSS (ASN.1)")

	Specification effort
	Huawei: Small. 

Considering the limited time in RAN2, it is quite a short time to make a useful specification which can be commercialized. We believe that using transparent RTCM format is a safe way to make the cellular technology support RTK. It needs a lot of work to support the correction data transmission in LPP format.

	Huawei: Medium to Big
To provide RTK service, the provider must transmit at least one message type from each of the following groups: Observations, Station Coordinates, and Antenna Description. Besides, there are also some other message groups needed: Network RTK Corrections, Auxiliary Operation Information, Transformation Parameter Information, State Space Representation Parameters, and Proprietary Information.  Each message type in the message groups consists of several data fields. There are hundreds of data fields in total. So, it needs amount of standard work on recognizing and redefining all the necessary information in 3GPP if we interpret the RTK messages into LPP GNSS concepts and ASN.1 IEs.


	
	Qualcomm: Medium.
There will be some impacts for supporting RTCM containers, particularly for broadcast in terms of identifying SIB content, but it may be small. However, for LPP, new ASN.1 parameters will be needed to indicate support for particular RTCM messages and associated GNSSs/GNSS signals and to request particular RTCM assistance data, and request and provide RTK measurements.


	Qualcomm: Bigger than Option 1.
The selected RTCM messages would need to be translated to ASN.1. This is a rather small additional task, and has been done many times before for LPP (e.g., most of the GNSS assistance data are ASN.1 conversions of byte-string encodings). However, compared to Option 1, there is no need to mix “RTCM encoding” and “ASN.1 encoding” in LPP/RRC.

Note, the selected message types would be translated (i.e., information elements that have significance), and not the “hundreds of data fields” mentioned by Huawei above. The ASN.1 built-in data types such as BIT STRING, INTEGER, etc. would be used.

Note further, only message types required and agreed to support RTK would have to be supported for both, Option 1 and Option 2.

	
	Ericsson: Medium

The RTCM encoding requires a significant specification effort, such as an analysis of what parts to support, request mechanisms, capability handling, error handling, as well as meta data representation for the RTCM data content in the broadcast case. 
	Ericsson: A bit more than medium

The ASN.1 encoding also implies a significant specification effort, such as an analysis of what parts to support, request mechanisms, capability handling, error handling, as well as meta data representation for the ASN.1 data content in the broadcast case. In addition, the assistance data needs to be ASN.1 encoded, which is building upon existing ASN.1 encoded GNSS assistance data.

	
	u-blox: Medium

There will be some impact on the specifications to ensure that the contents of the container are properly and clearly identified without having to decode it.
	u-blox: More than option 1

The biggest challenge will be to ensure that there is sufficient compatibility between RTCM formats and ASN.1 formats to reduce complexity of interpreting the data content.

It should be possible to easily map the ASN.1 messages into equivalent RTCM (or other SDO) messages,

	
	ESA: Medium/Less than Option 2. Option 1 doesn´t rule out specification efforts. Mostly the specification effort is for the addition of signalling transport of RTCM messages: container definition, segmentation of large message, description of content and thus selection of a sub-set of RTCM messages is still required.
	ESA: Higher compare to Option 1.

Similar as in Option 1 a selection of RTCM messages and methods still needs to be done. In addition, at the end of the process the messages selected will need to be translated to ASN.1. Although the number of messages could be high 3GPP have done similar works in the past: A-GNSS and Differential corrections 

	
	Nokia: Medium

In RAN2#98 it was agreed to support both UE-based and UE-assisted RTK GNSS. So, our assumption is that correction data is not just broadcast but also provided via LPP signaling. So, specification effort is not that insignificant in option 1. There are impacts to define one or more SIBs with one or more RTCM containers (depending on what is agreed), specify SIB procedure text, handling of segmented broadcast due to SIB size limitations etc. Also, as Qualcomm mentioned there is some effort needed to specify LPP signaling for capability signaling, requesting and providing assistance data and possibly the request and response for position information.
	Nokia: More than Option 1 but exact level of efforts depends on the number of RTK GNSS methods and messages to be introduced in Rel-15

Effort involves going through the agreed message types in details and specify the data fields as ASN.1 IE fields but this has been done before for A-GNSS method and can be easily done if we quickly agree on the exact methods and messages to support.

More specification effort in 3GPP will ensure less dependence on other multiple SDOs and avoidance of inter-operability problems.

Agree with Qualcomm that only message types required and agreed to support specific RTK GNSS methods would have to be supported for both, Option 1 and Option 2.



	
	Deutsche Telekom: Smaller than Op.2
Transparent container would spare RAN2 the work needed to translate fully the RTCM messages into ASN.1 format. It is also true that LPP would need minor changes/additions to support the RTCM messages.
	Deutsche Telekom: Medium-High

Technically feasible, but required amount of time and complexity to translate selected RTCM messages into ASN.1 increases.


Summary of criteria 1: Most of the companies believe option1 needs relatively less standardization efforts than option2 but acknowledge that it requires medium standardization efforts as the changes are not just the definition of a container for the signalling of RTCM messages.
	Criteria 2
	Option 1
("RTCM Container")
	Option 2
("LPP A-GNSS (ASN.1)")

	Duplication of assistance data
	Huawei: Can avoid duplication of assistance data. 

E-SMLC can choose RTCMs messages to send. In addition, we can add tag before RTCM container to indicate what message within the container, e.g. version number, RTCM message type, algorithms type. UE can read the tag to choose whether to decode the container for power saving purpose


	Huawei: Can avoid duplication of assistance data


	
	Qualcomm: Can avoid duplication of assistance data by selecting allowed RTCM message types accordingly. 
	Qualcomm: No duplication per design.

	
	Ericsson: Without “RTK knowledge”, there will be duplication of assistance data, but the duplication can be avoided with RTK knowledge and an increased specification effort
	Ericsson: No duplication

	
	u-blox: can avoid duplication of assistance data
	u-blox: no duplication when correctly designed.

	
	ESA: In our view, with proper selection of messages it can be avoided.
	ESA: No duplication

	
	Nokia: Duplication of assistance data refers to the fact that some RTCM messages may have some data fields that are already provided in LPP A-GNSS assistance data signaling. Agree with Ericsson that if we need to avoid duplication of assistance data in Option 1 then RTK knowledge (exact message types and contents of those messages) is needed (at the E-SMLC). The transparent container approach is attractive only if the Criteria 4, "RTK technology knowledge in 3GPP”, applies to E-SMLC also. Otherwise, we will leave too much to E-SMLC implementation which increases implementation efforts/complexity and is prone to IOT problems.

In Option 1 even if we can avoid duplication of assistance data by careful selection of RTCM message types, the issue of mixed encoding of assistance data that Qualcomm mentioned (due to some that is already ASN.1 encoded as part of A-GNSS assistance data and some new assistance data that will be RTCM encoded) will exist. It is simpler to have just ASN.1 encoding.
	Nokia: No duplication of assistance data since we will pick the exact message types and data fields to add/extend in LPP protocol.

	
	Deutsche Telekom: as indicated by companies above, it would be possible to avoid duplication via proper selection of allowed RTCM messages,
	Deutsche Telekom: No duplication inherently supported in ASN.1 solution. 


Summary of criteria 2: Most of the companies believe option1 can avoid duplication of assistance data with some additional standardization efforts, while option2 inherently avoids duplication.
	Criteria 3
	Option 1
("RTCM Container")
	Option 2
("LPP A-GNSS (ASN.1)")

	Implementation effort
	Huawei: Matured 

RTCM has already been there and most of the positioning company has implemented and tested the RTCM format decoder.
	Huawei: Depends on the detailed information elements. Larger than Option1
If we introduce a new ASN.1 decoder in 3GPP, the positioning company or the cellular UE chipset company has to implement another set of ASN.1 positioning decoder. These two decoders (RTCM decoder and ASN.1 positioning decoder) may exist in a single smart phone, bringing additional development cost. 


	
	Qualcomm: Bigger than Option 2. A‑GNSS implementations would have to support an additional RTCM encoder/decoder.
Note, “normal” GNSS assistance data elements (e.g., reference time, reference location, ephemeris, etc.) are also needed for efficient RTK operation. Therefore, implementations would have to support both an RTCM and ASN.1 (LPP) decoder. 
	Qualcomm: Less than Option 1.
ASN.1 encoder would in any case be needed for LPP/RRC, but there is no need for an additional RTCM decoder.

Note, no “new ASN.1 decoder” would be needed, but a new Release of LPP/RRC would have to be supported. This is independent of Option 1 and Option 2.

Note further, interoperability and testing is ensured by the usual 3GPP process (RAN5, GCF, etc.).

	
	Ericsson: Larger effort than option 2
Since an ASN.1 decoder is already available in the device, there is a need to integrate a new RTCM decoder. The test routines of RTCM in addition to the established test routine in 3GPP needs to be implemented. 

On the server side, seemingly the location server do not need to re-encode in case of option 1, but this is not necessarily correct. The location server may need to combine the RTCM information in different ways to enable user differentiation, which means that the location server needs both an RTCM decoder and encoder with option 1, instead of only an RTCM decoder in option 2 – ASN.1 encoder is already there.
	Ericsson: Less effort than option 1
The existing ASN.,1 decoder can be used and only a new LPP/RRC release needs to be supported. Test routines are already established.

	
	u-blox: not much difference. Already have both RTCM and ASN.1 decoders, additional complexity is handling the protocol extensions to pass the data blocks to the correct decoder.
	u-blox: not much difference provided that the ASN.1 encoding closely follows the data and field definitions of RTCM or other chosen SDO.

	
	ESA: RTCM is an established standard adopted by GNSS community for N-RTK, thus a good bunch of receivers support it. In this options at least two decoders are needed: RTCM and ASN.1 means that on top of ASN.1 decoder. Not a big concern but still more decoders than in Option 1
	ESA: It is our understanding that only ASN.1 decoder is needed.

	
	Nokia: High and complex

Requires UE and E-SMLC to be compliant to multiple standards (3GPP, RTCM and possibly other SDOs) and use multiple encoder/decoders.
The perceived lower specification efforts come at the cost of increased implementation efforts as UE and E-SMLC implementations must decide which RTCM or other SDO messages to support and IOT efforts are not trivial. Not selecting the specific RTK GNSS methods to be specified in 3GPP shifts this burden to implementation and IOT testing
	Nokia: Moderate but simple

Agree with Qualcomm’s and Ericsson’s comments. The more effort we spend upfront by detailing the specific RTK GNSS methods and messages and define the messages using one format (ASN.1) and not having to rely on multiple SDOs makes implementation effort and IOT testing simpler. This also helps to manage this Rel-15 work item scope better. Future enhancements in subsequent 3GPP releases can be done in a backward compatible manner.

	
	Deutsche Telekom: From terminal perspective both decoders might be implemented anyway, thus impact on implementation effort and cost is likely to be minor. Agree with Nokia that using an increased number of messages from multiple SDOs would render overall inter-operability more complex.   
	Deutsche Telekom: Similar to Option 1 from terminal perspective. 


Summary of criteria 3: Four companies (Qualcomm, Ericsson, ESA, and Nokia) believe option 1 needs more efforts on implementation than option 2. Two companies (u-blox, Deutsche Telekom) believe minor differences of impact on implementation between option 1 and option2. One company (Huawei) believes option 2 has more impact on implementation than option1.
	Criteria 4
	Option 1
("RTCM Container")
	Option 2
("LPP A-GNSS (ASN.1)")

	"RTK technology" knowledge in 3GPP
	Huawei: Not necessarily needed.
	Huawei: Some basic "RTK knowledge" would be required to e.g., select desired RTCM messages and fit them appropriately into the A‑GNSS framework. 
It is not a big concern

	
	Qualcomm: Seems required

The allowed/desired RTCM message types need to be selected which requires RTK knowledge.
Note, the allowed/desired RTCM message types need to be selected for both Options, otherwise there would be serious interoperability issues and market fragmentation. 
	Qualcomm: Required
The allowed/desired RTCM message types need to be selected and fitted into the A-GNSS framework. 

	
	Ericsson: Required

RTCM messages needs to be selected, meta data needs to be defined, for efficiency, data duplication should be avoided, which requires RTK technology knowledge
	Ericsson Required
RTCM messages needs to be selected and accomodated by enhancing existing ASN.1 encoding 

	
	u-blox: required but probably not to the same depth as option 2, especially with respect to testing.
	u-blox: Required

Some companies are members of both 3GPP and RTCM

If straight forward mapping from ASN.1 formats into the equivalent RTCM (or other SDO) messages is possible then both 3GPP and other SDO can benefit from compatible test and implementation regimes and complexity is reduced.

	
	ESA: Basic Knowledge of RTK is required for methods and messages selection, content description, etc.
	ESA: Basic Knowledge but more than in Option 1 as selected messages need to be translated in ASN.1. Nevertheless, similar to Option 1, Option 2 relies on RTCM messages as well meaning that the RTK knowledge is not foreseen to be significantly higher than Option 1, maybe a bit more demanding in terms of interpretation of RTCM standards when it comes to what parameters and fields to leave outside the scope ASN,1 in order to reduce the size while still keeping valid the information.

	
	Nokia: Required

This criterion could be about whether 3GPP delegates need to have RTK technology knowledge or not to specify 3GPP support for RTK GNSS or it could be about whether 3GPP specifications should specify details of RTK GNSS methods and RTCM messages or translation of those RTCM messages to messages in 3GPP protocols. Either way we find it hard to avoid having RTK technology knowledge in 3GPP. You need knowledge of RTK GNSS messages to design SIB signaling, to know the message sizes and frequency of signaling to decide whether segmentation of message is required and whether different SIBs with different scheduling periodicity is required, to avoid duplication of assistance data, to specify LPP ProvideAssistanceData enhancements/extensions for dedicated delivery of assistance data for UE-assisted mode, to manage the work item scope etc. 
	Nokia: Required

Allowed/desired RTCM message types need to be selected and data fields from those messages types need to be defined as IEs in suitable LPP/LPPa/RRC messages.
Note: We have the broadcast A-GNSS and OTDOA assistance data objective in the same work item. We need to signal the A-GNSS and OTDOA assistance data IEs in LPPa and RRC messages. To be consistent we should be able to do the same for RTK GNSS methods too.

	
	Deutsche Telekom: 
It seems to be needed if different RTK messages need to be selected or to avoid duplication of assistance information 
	Deutsche Telekom:
Obviously required so as to translate RTCM messages into IEs of corresponding LPP/LPPa/RRC messages


Summary of criteria 4: Most of the companies believe both options require "RTK technology" knowledge in 3GPP.
	Criteria 5
	Option 1
("RTCM Container")
	Option 2
("LPP A-GNSS (ASN.1)")

	Dependency on other SDOs
	Huawei: Depends on RTCM work. 
	Huawei: Can be independent on RTCM standard

	
	Qualcomm: Depends on RTCM work.
If RTCM moves faster than 3GPP, there may be little dependence. Otherwise, 3GPP may be kept waiting.
	Qualcomm: No dependency on other SDOs. The feature would be under 3GPP control. E.g., 3GPP can decide whether to extend the messages to other GNSSs or other GNSS signals not currently supported by RTCM, etc.

	
	Ericsson: Depends on RTCM work and specification update plans
	Ericsson: No dependency on other SDOs. 3GPP has full control over scope, update plans and interoperability tests.


	
	u-blox: Dependent on 3rd party SDOs.

The advantage is that 3GPP does not need to replicate all of the specification work; the disadvantage is that progress could be slowed or impacted and is not under the control of 3GPP.

If different SDOs could be referenced then the risk is reduced compared to limiting the dependence to only one SDO
	u-blox: not dependent on 3rd party SDOs

	
	ESA: Depends on other SDOs.
	ESA: No dependency on other SDOs.

	
	Nokia: Depends on other SDOs.
	Nokia: Under 3GPP control and hence can choose to adopt other SDO work or independently do their standardization work.

For A-GNSS, MBS and WLAN, we depend on 3GPP external documents (Interface Control Document or IEEE standard) to decide what IEs need to be added to LPP messages. 3GPP can also independently standardize some technology that is not progressing faster in other SDOs. For sure the technology introduced and time schedule is under 3GPP control.

	
	Deutsche Telekom: tied to RTCM progress.
	Deutsche Telekom: 3GPP is in control of message extensions to adopt other SDO solutions or propose its own.


Summary of criteria 5: Most of the companies believe option1 depends on other SDOs while option 2 does not depend on other SDOs.
	Criteria 6
	Option 1
("RTCM Container")
	Option 2
("LPP A-GNSS (ASN.1)")

	Message size (e.g., SIB size)
	Huawei: No significant difference between Option 1 and Option 2
	Huawei: No significant difference between Option 1 and Option 2

	
	Qualcomm: No significant difference between Option 1 and Option 2, since both Options are based on RTCM messages. However, Option 2 has 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.

	
	Ericsson: No significant difference, but option 2 enables better control over the message size and data segmentation, avoids repetition of header information, and can therefore enable reduced message size. Also, the RTCM tradition of non-backward compatibility means that it can be needed to send the same information in different ways, making the signaling of Option 1 potentially much more inefficient.

	
	u-blox: Bigger than option 2 if limited to RTCM corrections.

RTCM has not completed the specification work for SSR / PPP-RTK, in particular atmospheric corrections, integrity and data compression. RTCM message formats are more verbose and larger than needed. Network-RTK corrections are much larger than SSR/PPP-RTK corrections. Relying on OSR corrections requires more frequent updates hence higher connection bandwidth. OSR corrections also need multiple broadcast streams each covering only a small geographic region.
If correction formats from other SDOs can be accepted then message sizes and bandwidth requirement could be the same as option 2.
	u-blox: inherently less than option 1 since 3GPP can choose to use state of the art message formats and techniques not yet standardized by RTCM. This could reduce message sizes and bandwidth requirements significantly.

	
	ESA: Same size at arrival at E-SMLC in both Options, but the number of bits is expected to be reduced in Option 2
	ESA: Same as in Option 1 but with the promise of a better handling of fields to be translated to ASN.1, and thus, a chance to decrease the message size by ignoring unecessary fields in the translation process (preamble, reserved section, CRC, etc.).

	
	Nokia: Dictated by the message format defined by the other SDOs

Agree with the comments from Qualcomm, Ericsson and u-blox.
	Nokia: Message size is under 3GPP control and can be optimized

Agree with the comments from Qualcomm, Ericsson and u-blox.
Also, SIB messages and contents can be carefully designed to avoid segmentation of RTCM messages in Option 2 while in Option 1 we may need to introduces segmentation/re-assembly function in RRC before passing the RTCM messages to upper layers.

	
	Deutsche Telekom: Option 2 might give slightly more flexibility to reduce size or efficiently design SIB broadcast channel. No huge difference are expected, though. 


Summary of criteria 6: Most of the companies believe no significant difference in 3GPP defined message (RRC, LPP, LPPa messages) size between option 1 and option 2 as both options depend on size of messages defined by other SDOs. 
	Criteria 7
	Option 1
("RTCM Container")
	Option 2
("LPP A-GNSS (ASN.1)")

	Evolution and longer term concerns
	Huawei: Depends on RTCM.


	Huawei: Good. 

For content still under standardization work (such as SSR), we would need to update the 3GPP protocol in time to keep up with RTCM. In this case the development of ASN.1 may get delayed similarly to current A-GNSS methods in 3GPP.


	
	Qualcomm: Not possible in 3GPP until a new RTCM version is available. 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, future RTCM versions are not “automatically” supported with Option 1. It still requires 3GPP to agree selected new message types and add them to the e.g., SIBs, UE capabilities and assistance data request messages.
	Qualcomm: 3GPP can define its own enhancements as usual (e.g., PPP, SSR, additional GNSSs and GNSS signals, etc.). Does not necessarily need to wait until new features are introduced by RTCM.

	
	Ericsson: Depends on RTCM. New RTCM versions are not automatically supported since there is a need for selection of messages, and introduction of adequate meta data. The tradition of proprietary parts in RTCM is OK in markets with few strong solution vendors, while it does not fit well with mass markets with high interoperability requirements, and where it is important to defend an investment with long term device support. There are some concerns about the general progress of SSR and PPP in RTCM, in particular since much seems to be handled via proprietary parts.
	Ericsson: 3GPP can decide what to support and when to introduce new features without waiting for RTCM. There are mechanisms to handle interoperability to ensure that the technology investments are valid for a longer term

	
	u-blox: Reliant on 3rd party SDO

This is a risk, particularly if the solution is dependent on only one external SDO, and 3GPP cannot influence progress.

On the other hand if the solution is sufficiently flexible and message formats from other SDOs (for example QZSS) could be allowed, then the risk is mitigated and it could be advantageous since 3GPP can benefit from emerging standards without additional work being needed. Furthermore compatibility with other distribution mechanisms (e.g. satellite, internet and user plane) may be improved.

RTCM should be primary external SDO, but not the only one.
	u-blox: Will need ongoing work in 3GPP

If 3GPP is able to make updates in line with emerging standards and techniques in other SDOs, then industry compatibility will be maintained. The risk is that this work will not occur in a timely way and 3GPP will fall behind.
To manage this risk 3GPP should be willing to adopt emerging standards in parallel with other SDOs rather than waiting for their work to complete.

	
	ESA: Depends on RTCM and other similar SDOs. It will be outside the reach of 3GPP.
	ESA: Under total control of 3GPP. New features such as SSR could be easily defined from zero (though more challenging) or built on top of existing RTCM messages, other SDOs and A-GNSS in LPP.

	
	Nokia: Depends on other SDO process and schedule.

3GPP still need to follow their working procedures to create a work item and discuss and agree if the other SDO enhancements are acceptable for 3GPP. Backward compatibility and IOT testing are key requirements to be met in 3GPP work but this may be challenging with Option 1.
	Nokia: Under 3GPP control and is based on the study/work item and contribution driven process in 3GPP.

can choose to adopt other SDO work or independently do their standardization work

	
	Deutsche Telekom: it depends on RTCM’s or other SDOs’ schedule. Also with Option 1, impact on 3GPP specs need to be clarified as it might not be completely transparent to adoption of new SDO/future RTCM standards. 
	Deutsche Telekom: usual procedure to include extensions or support of new methods, which would also require a new WI.  


Summary of criteria 7: Most of the companies believe future evolution of option 1 depends on other SDOs progress and schedule, while option 2 depends on 3GPP. 
	Criteria 8
	Option 1
("RTCM Container")
	Option 2
("LPP A-GNSS (ASN.1)")

	Backward Compatibility
	Huawei: Depends on RTCM


	Huawei: Supported by LPP



	
	Qualcomm: Backwards compatibility appears not to be a concern in RTCM (e.g., professional receiver market). Existing message types are usually not modified in later versions. Instead, new RTCM message types would be introduced for new or modified features, possibly making existing message types obsolete. Therefore, extra bandwidth may be needed to broadcast RTCM messages for different releases/versions. For example, in Version 3 the new MSM messages are supposed to replace the legacy L1/L2 OSR messages. Therefore, to support “old” and “new” UEs, the network would have to broadcast both. Similar new message types replacing old messages may be introduced in future RTCM versions.
	Qualcomm: Supported by LPP.

	
	Ericsson: The RTCM tradition of proprietary parts and non-backward compatibility works well in some markets, but is not attractive in mass market scenarios, where interoperability is important 
	Ericsson: Supported by LPP/RRC and the 3GPP ways of working


	
	u-blox: Should be automatically backwards compatible.
	u-blox: Supported by LPP and decided on case-by-case basis by 3GPP

	
	ESA: Not clear if RTCM messages are backward compatible. At standard level Old messages are replaced by new messages in following releases which implies from vendors to upgrade the RTCM decoder in the receiver firmware. 
	ESA: It is our understanding that backward compatibility is supported by LPP

	
	Nokia: Dependent on other SDOs handling of backward compatibility of their work. Different SDOs may have different process for handling backward compatibility which may or may not work well with Option 1.
	Nokia: Well established 3GPP release process which ensures backward compatibility when new messages and enhancements are introduced.

	
	Deutsche Telekom: it should be ensured by RTCM 3.3, but in general this depends on how RTCM and other SDOs handle this aspect.
	Deutsche Telekom: supported by LPP and 3GPP as such.


Summary of criteria 8: Most of the companies believe backward compatibility of option 1 depends on other SDOs handling of backward compatibility, while option 2 supports backward compatibility. 
	Summary
	Option 1
(“RTCM Container”)
	Option 2
(“LPP A-GNSS (ASN.1)”)

	Preference
	Huawei: Prefer Option 1



	
	Qualcomm: Prefer Option 2.

	
	Ericsson: Prefer Option 2. 

At first sight, option 1 may seem attractive and imply less work, but the analysis above indicates that Option 1 means about the same work or even more, with significant concerns over efficiency, interoperability and control. Therefore, we see Option 2 as the natural choice.

	
	u-blox: 

Option 2 preferred if 3GPP willing to work in parallel with other SDOs rather than waiting for them to complete their work before starting standardization in 3GPP. Otherwise Option 1 may be preferred.

	
	ESA: Prefer Option 2 if 3GPP is willing to work on SSR support (partially or fully) starting with Release 15 and this WI.
During  RAN2 #99 it became clear that selecting Option 1 doesn´t mean that all messages included in RTCM 3.3 are automatically supported in LTE. On the other hand, it seems that ASN.1 encoding is more suitable for future evolutions: ASN.1 approach would allow 3GPP to decide the pace at which new features such as SSR could be standardized in 3GPP. Not only this, but Option 2, by exploiting the fact that all information will be translated in ASN.1, seems to allow combining information already defined in LPP A-GNSS with information stored in RTCM messages or other SDOs, which can lead to reduced message size, avoiding duplication of corrections, different levels of services for users, and overall a more functional architecture under the control of 3GPP. However, this means more responsibilities and work in 3GPP in order to ensure that the service provided by LTE will remain competitive when compared to what others do.

	
	Nokia: Prefer Option 2.

	
	Deutsche Telekom: Our main requirement is to have a 3GPP solution supporting network RTK assistance data, the messages of which are defined and fully standardized in RTCM 3.3, and without relying on proprietary solutions. For this purpose both Option 1 and Option 2 are technically feasible. 

Option 2 better fits current LPP protocol and future evolution although our main is concern is that RTCM expertise and additional efforts are needed to select all the needed correction messages (e.g. also amongst legacy messages) as well as re-encoding those into ASN.1 



Summary of email discussion
Summary of criteria 1: Most of the companies believe option1 needs relatively less standardization efforts than option2 but acknowledge that it requires medium standardization efforts as the changes are not just the definition of a container for the signalling of RTCM messages.
Summary of criteria 2: Most of the companies believe option1 can avoid duplication of assistance data with some additional standardization efforts, while option2 inherently avoids duplication.
Summary of criteria 3: Four companies (Qualcomm, Ericsson, ESA, and Nokia) believe option 1 needs more efforts on implementation than option 2. Two companies (u-blox, Deutsche Telekom) believe minor differences of impact on implementation between option 1 and option2. One company (Huawei) believes option 2 has more impact on implementation than option1.
Summary of criteria 4: Most of the companies believe both options require "RTK technology" knowledge in 3GPP.
Summary of criteria 5: Most of the companies believe option1 depends on other SDOs while option 2 does not depend on other SDOs.
Summary of criteria 6: Most of the companies believe no significant difference in 3GPP defined message (RRC, LPP, LPPa messages) size between option 1 and option 2 as both options depend on size of messages defined by other SDOs. 
Summary of criteria 7: Most of the companies believe future evolution of option 1 depends on other SDOs progress and schedule, while option 2 depends on 3GPP. 
Summary of criteria 8: Most of the companies believe backward compatibility of option 1 depends on other SDOs handling of backward compatibility, while option 2 supports backward compatibility. 
Seven companies submitted their analyses before the official deadline (September 21st). One company (Huawei) prefers option1. Four companies (Qualcomm, Ericsson, ESA, and Nokia) prefer option2. One company (Deutsche Telekom) conditionally prefers option2. One company conditionally supports both options (u-blox). 
Conclusion
Proposal: Select option 2 (ASN.1 encoding) for RTK assistance data for both broadcast and uni-cast.
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