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At RAN2#100, it was agreed to have an offline email discussion in order to review the baseline Stage 2 CR for RTK and PPP positioning.
[101#78][LTE/Positioning] Stage 2 CR on positioning (ESA)
	To endorse the draft stage 2 CR as a baseline for further work.
	Output: Updated CR for next meeting
	Deadline:  Thursday 2018-03-29
This email discussion will have two parts:
· First part, with deadline 23.03.2018, to review the existing content and propose additions.
· Second part, with deadline 28.03.2018, to check the solutions to issues raised in first part and to have a quick last round of comments.
The aim of this email discussion is to address the necessary changes to TS 36.305 in order to support RTK and PPP service levels. A draft has been already submitted to RAN2 #101 [3] and this should be used as starting point.
RTK and PPP support in TS 36.305
3GPP has endorsed support for the following Network RTK methods: MAC, FKP and VRS. In addition, a real-time PPP service based on SSR concept, consisting in GNSS satellite clocks, orbits and code bias, is supported in LPP.

During the revision phase of Stage 3 CR for LPP [4] a series of issues, specific to Stage 2 TS, have been identified by the participating companies. Most of them have been already addressed in R2-1803282: 
· Introduction of all new assistance data elements, together with their definition, needed for different high accuracy GNSS positioning services,
· grouping of assistance data elements per service levels, 
· definition of all RTK service levels, 
· definition of GNSS raw observables,

Companies are invited to provide comments on Chapter 8, regarding the support of RTK and PPP positioning services.
Phase 1: Suggestions/comments for Stage 2 CR
	Company
	Comment/suggestion

	Spirent/European Commission
	1. A number of suggested minor editorial changes for better understanding and consistency. See attached file.
2. In 8.1.2.1.13 you say … for a stationary reference station …..I don't understand what this is referring to or its relevance. Perhaps you could explain or re-word this?
3. In 8.1.2.1.14 you introduce a "Master Reference Station" which is only defined later in subclause 8.1.2.1a. Could you either add a reference to this subclause or add definitions of Master and Auxiliary stations to the Definitions clause 3.1?
4. In 8.1.2.1.15 you say that the GNSS RTK Observations provides the GNSS receiver with all (…data…) generated at a Master reference station. However, in 8.1.2.1.13 you do not mention that a GNSS RTK Reference Station can be (or is) a Master reference station. Therefore it is unclear how I send observations from a GNSS RTK Reference Station (is it a Master station so I can use GNSS RTK Observations? Or not?). This needs to be clarified.
5. In 8.1.2.1.19 you suddenly introduce the term "rover" – this has not been defined anywhere or explained. Elsewhere you also use " the mobile device (rover)", " mobile (rover)" and " target device (rover)". Do we really need to use the term "rover" at all? Couldn't we just stay with "GNSS receiver" or "target UE" in all these places? You also use "target device" in many places – could we change this to "target UE" to be consistent with the remainder of the document?

	Qualcomm
	1. Section 3.2 and at other places: Use of the term VRS.
- I would suggest using the term "non-physical reference station" only. It seems VRS is one specific implementation of a "non-physical reference station" concept, and may be trademarked. RTCM spec says: "The Non-Physical or Computed Reference Stations are sometimes trademarked and may not be compatible. Examples of these names are ‘Virtual Reference Stations’, ‘Pseudo-Reference Stations’, and ‘Individualized Reference Stations’."
2. Section 8.1.1:
- "…so the UE can use these products, together…". Suggest changing "…so the UE can use these assistance data, together…".
- "…code and carrier phase measurements from a continuously operating GNSS reference receiver or network of receivers,… ": Are these assistance data "providing means for position calculation" (as this paragraph is intended for)? I think these data are to improve the accuracy. Must the reference receiver really be "continuously operating"? I actually do not see that this paragraph requires changes. 
3. Table 8.1.2.1-1:
- Suggest to delete the "GNSS" to be better aligned with the rest of the table entries. Similar for all the new sub-sections and Tables later. The whole section is for GNSS.
4. Section 8.1.2.1.13: 
- "…typically the bottom of the antenna mounting surface, for a stationary reference station, and the height of the ARP above the survey monument".  I don’t think this is necessarily the case. I suggest deleting this part.
5. Section 8.1.2.1.14: 
- "…data stream…": This appears to be RTCM terminology. Suggest using "assistance data" (at several other places as well).
6. Section 8.1.2.1.15: 
- "…generated at a Master reference station for each GNSS signal. " Should be just "reference station" (without "Master"). A reference station ID is always included in the message.
7. Section 8.1.2.1.16: 
- "…this assistance data shall always be used together GNSS RTK Observations". I don’t think this is always true/required. Suggest: "this assistance data is used together with RTK Observations". 
8. Section 8.1.2.1.17:
- Suggest using GLONASS instead of GLO.
- "This complementary information is transmitted only for GLONASS FDMA signals." Suggest to use "This complementary information is applicable only for…".
- "In case MAC Network RTK method is used, GLO RTK Bias Information defines CPB related to the Master Reference Station".  I don’t think this is needed, since the station ID 	is provided in the assistance data. Master/Auxiliary stations may change over time (moving vehicle). It should be the same station for which the observations are provided. 
9. Section 8.1.2.1.18: 
- "…corrections generated only between Master Reference Station and its Auxiliary Reference…". I think the only can be deleted.
10. Section 8.1.2.1.19: 
- "Rover" should be changed to "UE" or "target device". (also at other places). 
11. Section 8.1.2.1.23: 
- What is meant by: "A UE can consistently use signals for which a code bias is transmitted."? I suggest deleting this sentence.
-  What is meant by "It is not reliable for a UE to use a signal without retrieving a corresponding code bias from the data stream."?  Suggest to delete this sentence.
12. Section 8.1.2.1a: 
- Style should be "Heading 4".
- "Instructions on grouping assistance data…": Suggest to use "Recommendations for grouping of assistance data…". 
- "The network-assisted GNSS methods can be classified in: ": Maybe better "..RTK methods…" ?
- Single Base RTK:  "…to a base station,…": Base Station has a well-defined meaning. Suggest using "Reference Station" throughout the new text (consistent with RTK Reference Station Information assistance).
-  "central processing station", "network RTK server", etc.: In the architecture, there is only an E-SMLC/location server, and it is the E-SMLC which provides the assistance data.  I suggest to use simply "location server". Which functions in the location server perform which tasks is not specified.  
- PPP Service: "…streams…" should be "…assistance data…" (see also above).
13. Section 8.1.2.2.1.1: 
- There should be no change needed in this section. Velocity is a vector, and consists of speed and heading.

14. Section 8.1.2.2.1.2: 
- Only ADR can be requested by the E-SMLC, not Doppler and CNR. 

	u-blox AG
	1. Definitions: VRS. Note that “VRS” is a trademark belonging to Trimble, see http://www.trimble.com/trademarks.aspx. Do we need to acknowledge this?
2. Section 8.1.1 “Each global GNSS can be used …”. Delete “global”, it is repetition.
3. Section 8.1.1 “UE-based: The UE performs GNSS measurements and calculates its own location, …” shouldn’t this be “position” instead of “location” to remain consistent with the subject of “positioning methods”.
4. Section 8.1.1 “…code and carrier phase measurements from a continuously operating GNSS reference receiver…”. Sugest deleting “continuously operating” as unnecessary.
5. Frequently the abbreviation “GLO” is used to mean “GLONASS”. Since GLONASS is already an acronym and GLO is not in the list of definitions we suggest writing GLONASS wherever GLO has been used to avoid the use of an abbreviation of an acronym. There are many occurrences: Table 8.1.2.1-1, 8.1.2.1.1, 8.1.2.1.17 (x3), Table 8.1.2.1a-1, Table 8.1.2.1a-2, Table 8.1.2.1a-3, Table 8.1.2.1a-4
6. GLONASS should be written all capitalized and not as “Glonass”, 8.1.2.1.15
7. A reference to the GRS80 ellipsoid is included in 8.1.2.1.14. It is not defined anywhere. The RTCM MAC methods refer to GRS80 so the reference to it is correct – maybe it would be best to include GRS80 in the list of abbreviations. 
8. Section 8.1.2.1a refers several times to the “mobile device (rover)” and also to “rovers”. These references should be changed to UE, UE GNSS receiver, or similar terminology as used elsewhere in the specification. The same comment may also be applicable to “target device” which is also used several times.


	ESA
	1. In 8.1.1 a new category was introduced to classify assistance data -> data increasing the position accuracy
2. In 8.1.2.1a we added Ephemeris and Clock models to all RTK service levels since these are needed to compute the satellite position in ECEF. In case users can’t or don’t want to download broadcast ephemeris from their equipment (maybe to save power or reduce TTFF). Furthermore, in PPP case, the Orbit and Clock corrections are applied to broadcast ephemeris and clock parameters from the navigation message.
3. In 8.1.2.1a:
· Subnetwork concept briefly explained in MAC section
· SSR PPP service: “…as well as global atmospheric models to perform single station positioning [33]”.  We removed global as there might be cases when local atmospheric models might be provided instead.
4. In 8.1.3.2 we mention the possibility to provide periodic assistance data (UE-triggered or E-SMLC triggered) in case of high-accuracy GNSS.
Answers to EC´s and Spirent´s comments:
1. Thank you for the suggested editorial changes. 
2. removed “for a stationary reference station” in v2.
3. added a reference to subclause 8.1.2.1a. I think no need to add definitions of Master and Auxiliary stations to the Definitions clause 3.1.
4. 8.1.2.1.13 a note was added to highlight that in case of MAC method (where Master and Auxiliary concept are used) the Reference Station Info is used only for Master Reference station. For all the other RTK methods, information from only one Reference Station is provided to UE -> no need to distinguish in Master and Auxiliary.
5. comment raised by QCOM and u-blox. This should be solved in v2.
Answers to QCOM´s comments:
1. Use of the term VRS – replaced by “non-physical reference station” in v2.
2. “Assistance data” replaces “products” in v2.
- Are the code and carrier phase measurements from a Reference station providing means for position calculation? 
In RTK and N-RTK UE algorithms has to solve for baseline length UE-RefStation (so a relative position). Without observables from Reference station, RTK position cannot be computed. Based on XYZRef.Station and the now known relative position, an absolute UE position is obtained and reported in a Reference System (e.g. WGS84). To conclude, I believe observables from RefStation are means for relative position calculation. 
Satellite code biases and atmospheric models are not means for position calculcation indeed. => I introduced a new category (see ESA #1)
-Must the reference receiver really be "continuously operating"? As a side note, Reference stations that are part of global or regional networks must be continuously operating and located at a permanent site – the so-called CORS network. However, I think it is not necessary to stress this aspect here -> I removed “continuously operating” in v2.
        3. Table 8.1.2.1-1:
  -  GNSS was removed, GLO became GLONASS. The initial Assistance Data seems to follow the name of the corresponding IEs in LPP. This was the reason “GNSS” and “GLO” were added to the names of the new Assistance Data. Can it be confirmed there is no need to use identical names for the Assistance Data in Stage 2 and the corresponding IEs in Stage 3?
      4. Section 8.1.2.1.13:  done in v2
5. “data stream” replaced by “assistance data” in v2.
      6. Section 8.1.2.1.15: 
- “master” deleted. Added a note that with MAC method this assistance data is used with the master station only. 
7. Section 8.1.2.1.16: Suggestion: "this assistance data is used together with RTK Observations" added in v2.
     8. Section 8.1.2.1.17:
- Suggest using GLONASS instead of GLO. See answet to QCOM #3. 

-  This complementary information is applicable only for…".  Done in v2.

- "In case MAC Network RTK method is used, GLO RTK Bias Information defines CPB related to the Master Reference Station".  I don’t think this is needed, since the station ID 	is provided in the assistance data. Master/Auxiliary stations may change over time (moving vehicle). It should be the same station for which the observations are provided. 
Agree, it should be same station for which observations are provided (which will always be of Master type in MAC case). In MAC data from Master RS and Aux stations are provided, so RTK Observations, RTK Reference Station Info and GLONASS RTK Bias Information shall be used only for Master station. For instance, GLONASS RTK Bias Information should not be applied to ambiguity-levelled data from Auxiliary stations.
9. Section 8.1.2.1.18: 
- "…corrections generated only between Master Reference Station and its Auxiliary Reference…". only was removed in v2 
10. Section 8.1.2.1.19: 
- "Rover" changed to "target UE" which seems is the term preponderantly used in Stage 2. 
11. Section 8.1.2.1.23: 
- What is meant by: "A UE can consistently use signals for which a code bias is transmitted."? I suggest deleting this sentence.

-  What is meant by "It is not reliable for a UE to use a signal without retrieving a corresponding code bias from the data stream."?  Suggest to delete this sentence.
Pseudoranges computed with GNSS signals for which satellite hardware code bias is not transmitted are characterized by larger errors. UE should be aware of the fact that it is preferable to apply code bias to pseudoranges.

12. Section 8.1.2.1a: 
- Style should be "Heading 4". Done in v2
- "Instructions on grouping assistance data…": Suggest to use "Recommendations for grouping of assistance data…". Done in v2 
- "The network-assisted GNSS methods can be classified in: ": Maybe better "..RTK methods…" ?. 

It was my initial thought as well but what do we do about PPP? It has a totally different operating principle than RTK methods (not a differential method – no baseline estimation, corrections are provided for satellite HW, etc.). I proposed “The high-accuracy GNSS methods…” ?It seems more appropriate and in line with the term we use in Stage 3 (ha-GNSS-Req flag)

- Single Base RTK:  "…to a base station,…": Base Station has a well-defined meaning. Suggest using "Reference Station" throughout the new text (consistent with RTK Reference Station Information assistance). Done in v2

-  "central processing station", "network RTK server", etc. replaced by "location server" in v2

- PPP Service: "…streams…" should be "…assistance data…" (see also above). Done in v2
13. Section 8.1.2.2.1.1: 
- There should be no change needed in this section. Velocity is a vector, and consists of speed and heading. Done in v2

14. Section 8.1.2.2.1.2: 
- Only ADR can be requested by the E-SMLC, not Doppler and CNR. 
Doppler and CNR removed in v2.

Answers to u-blox´s comments:
1. VRS removed in v2.
2. Section 8.1.1 “Each global GNSS can be used …”.  Removed “global” in v2
3. Section 8.1.1 “position” instead of “location” done in v2
4. Section 8.1.1 “continuously operating” deleted in v2
5. Frequently the abbreviation “GLO” is used to mean “GLONASS”. Done in v2
6. GLONASS should be written all capitalized and not as “Glonass”. Corrected in v2.
7. GRS80 included in the list of abbreviations. 
8. Section 8.1.2.1a refers several times to the “mobile device (rover)” and also to “rovers”. Similar comments received from Spirent and QCOM. This inconsistency should be now fixed: “target UE” is used in v2.


	HW
	Section 8.1.2.1.19: "rover" should be changed to "UE" as stated in this specification.

Section 8.1.2.1.20: according to [33], RTK FKP gradients should also be typically transmitted every 10-60 seconds. Therefore similar with Section 8.1.2.1.19the following sentence can be added：“According to [33], RTK FKP gradient information should be typically transmitted every 10-60 seconds.”
Section 8.1.2.1a: to make the table title simple, the “Single base RTK service ”, “Non-Physical Reference Station Network RTK service” and the following terms can be omitted, because they have been already under the corresponding categories. 
“the central processing station”  should be changed to “ E-SMLC”, which is the only server mentioned in the TS36.305.
“mobile device” should be also changed to “UE”.

	
	



Phase 2: Suggestions/comments

	Company
	Comment/suggestion

	Ericsson
	# 2.1
For the non-physical reference station network RTK service, the following comment can be considered to be a bit off the mark
“This approach is most suited if a two-way communication link is available, since the observation data are customized for the initial target device location.”
The customization could also be via a position associated to the eNB in the broadcast scenario for example, Also, there may be multiple non-physical (and physical) ref stations reported as well. Our suggestion is that we remove this sentence.
#2.2
The section 8.1.2.1.13 is currently
8.1.2.1.13	RTK Reference Station Information
RTK Reference Station Information provides the GNSS receiver with the Earth-Centred-Earth-Fixed (ECEF) coordinates of the Reference Station's installed antenna´s ARP, and the height of the ARP above the survey monument. Additionally, this assistance data provides information about the antenna type installed at the reference site. 
Note, with the MAC N-RTK technique this assistance data is used to provide information regarding the Master Reference Station (see subclause 8.1.2.1a).
Comments:
· antennaDescriptor and antennaSetUpID are FFS here, and if to be added, then proper references needs to be introduced, typically in this section
· the reference station ID discussion is FFS, and once settled, a definition should be introduced here as well.
#2.3
In section 8.1.2.1.15	RTK Observations, the term “beat frequency” is used. Better replace that with something more commonly used here in stage 2.
Also, u-Blox had some concern about ensuring that the assumptions from [33] are also ensured here, for example when it comes to phase alignments of observations at the same carrier. This was listed as Issue 2.2, to be considered in stage-2. It would be appropriate to include that here.
#2.4
There are different opinions about how to report ADR, still FFS. Once settled, a clarifying text could be added to the UE assisted part.


	ESA
	1. Non-Physical Reference Station: there was one place left where I described the location server with another word. Now, only location server should be found in the text proposals for Stage 2 CR.

Answers to EAB´s comments:
#2-1: Agree.
#2-2: The chairman report is a bit confusing here. At a place, antenna descriptor and antenna setup ID are included, in another place the decision to keep them is marked as FFS. I tried to clarify this after the online session in Athnes but things are still not clear. Nevertheless, it was my impression that information about antenna (descriptor and setup ID) will be added as this has a direct impact on the position accuracy, we just need to work out the details. I agree that a proper definition needs to be introduced (e.g. IGS naming convention, etc.). I propose to keep the text description as is for the time being and based on the final decision we update Stage 2 accordingly.
#2-3: a. definition updated
        b. I added a sentence on signal generation and gave an example.
#2-4:  Is there something I need to remove/add now?

Answers to HW´s comments:
1. Section 8.1.2.1.19: the word rover should not be found in this draft CR anymore.

2. Section 8.1.2.1.20: done in v3
3. I suggest to keep the title as are.  At a quick glance, one can get the complete picture of for all high accuracy GNSS methods.
4. Done. I believe phrases like “the central processing station”  no longer appear in the draft CR.
5. Done. 

	Nokia
	· Section 8.1.1: There are three bullets under the text: “The assistance data signalled to the UE can be broadly classified into:”. The second bullet has the following addition: “code and carrier phase measurements from a GNSS reference receiver or network of receivers ;”. Shouldn’t this be added under the third bullet instead of the second one? 
· I don’t see a good definition (other than the acronym) for SSR. I also don’t see OSR mentioned at all. Will be good to add definitions for these 


	ESA
	Answers to Nokia¶s comments:
· Section 8.1.1 – see similar comment from Qualcom (#2)
· OSR and SSR definitions added



Summary
Inputs from 8 companies/institutions have been collected as part of this email: Spirent, EC, QCOM, EAB, HW, UBX, Nokia, and ESA. During the two phases of the discussion, the following tasks have been undertake:
· Revision of high accuracy GNSS assistance data defintions
· Revision of RTK service levels and recommendations on grouping assistance data 
· Defintion of OSR and SSR have been added under Definitions section
· Adapt the CR wording to 3GPP terminology e.g, use UE instead of Rover, etc.
· Fix typos 
Some companies pointed out that some elements are still under FFS in RAN2 and, based on the final decision, further changes to Stage 2 CR are expected in the near future:
· antennaDescriptor and antennaSetUpID are FFS here, and if to be added, then proper references needs to be introduced, typically in this section
· the reference station ID discussion is FFS, and once settled, a definition should be introduced here as well.
· there are different opinions about how to report ADR, still FFS. Once settled, a clarifying text could be added to the UE assisted part.
The effect of this email discussion can be seen in the final version of the draft CR.
Proposal 1. To endorse the draft stage 2 CR as a baseline for further work.
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