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1	Introduction
This document is to kick off the following post meeting email discussion:
[Post121][401][POS] LS to RTCM on SSR orbit and clock correction reference for BDS (Ericsson)
	Scope: Draft an LS to RTCM inquiring about the SSR orbit and clock correction reference for BDS, in line with the issues discussed in [AT121][402].
	Intended outcome: Approved LS
	Deadline: Short (not for RP)

[bookmark: _Hlk128718929]At RAN2#121 it was identified that there is a need to clarify the reference of SSR corrections for orbits and clocks in the case of BDS. SSR orbits are correcting broadcast ephemeris, and in case the broadcast ephemeris is provided in multiple satellite navigation messages, then there is an ambiguity. For BDS, broadcast ephemeris is provided in both BDS B1I/B3I and BDS B1C/B 2a, and 3GPP LPP needs to specify which of these that provided SSR orbit corrections relate to.

Similarly, the SSR clock corrections need to a well-defined satellite clock reference. In 3GPP LPP, this made by a general reference to the same broadcast ephemeris as referred to by the SSR orbit corrections. It is important that the referred broadcast ephemeris then includes clock offsets/group delay between that signal and other signals so that the clock of all signals can be corrected.  

In order to ensure legacy support, the suggested approach is to specify that BDS B1I/B3I is specified as the reference in case of BDS. However, then it needs to be confirmed that SSR corrections can relate to all satellites and signals satisfactory. 

The intention with this post meeting discussion is to converge to an LS to RTCM including a specific statement about what 3GPP LPP preliminary intends to specify to properly reference the SSR orbit and clock corrections. Basically
1. Confirm that referring to BDS B1I/B3I with SSR orbit corrections will enable supporting UEs to correct the broadcast ephemeris satisfactory
2. Confirm that referring to BDS B1I/B3I with SSR clock corrections will enable supporting UEs to correct the clock of all signals of all satellites (subjective to capabilities)
3. Agree on an LS to RTCM SC 104 

If B1I/B3I can be confirmed as the suitable reference for SSR orbit and clock corrections, then following specification correction is needed in 3GPP LPP to Note 2 of the GNSS-SSR-OrbitCorrections IE:

NOTE 1:	The update intervals are aligned to the GPS time scale for all GNSSs in order to allow synchronous operation for multiple GNSS services. This means that the update intervals may not be aligned to the beginning of the day for another GNSS. Due to the leap seconds, this is generally the case for GLONASS.
NOTE 2:	In the cases that gnss-ID indicates 'gps', or 'qzss' or ‘bds’, the iod refers to the NAV broadcast ephemeris (GPS L1 C/A, or QZSS QZS-L1 or BDS B1I/B3I, respectively, in table GNSS to iod Bit String(11) relation in IE GNSS‑NavigationModel).
NOTE 3:	The reference time t0 is epochTime + ½ × ssrUpdateInterval. The reference time t0 for ssrUpdateInterval '0' is epochTime.


2	Contact Information
Respondents to the offline discussion are kindly asked to fill in the following table. 
	Company
	Contact: Name (E-mail)

	CATT
	Jianxiang Li (lijianxiang@catt.cn)

	Swift Navigation
	grant@swiftnav.com

	Ericsson
	Fredrik.gunnarsson@ericsson.com

	
	

	
	

	
	

	
	

	
	

	
	

	
	



3	References
[1] [bookmark: OLE_LINK19][bookmark: OLE_LINK20]R2-2302187	[AT121][402][POS] GNSS-SSR-OrbitCorrections (Ericsson)	Ericsson	discussion	Rel-16	NR_pos-Core

4 Discussion
4.1	Confirm SSR orbit correction reference for BDS
In the offline discussions during RAN2#121, Swift Navigation confirmed that SSR orbit corrections for BDS with a reference to the broadcast ephemeris of BDS B1I/B3I will be useful for all UEs supporting SSR orbit corrections. 
Q1: Are you fine with the conclusion to use BDS B1I/B3I as reference for BDS SSR orbit corrections？
	Company
	 Yes/ No
	Comments

	CATT
	No
	What will happen to the device which only supports B1C, if BDS B1I/B3I as reference for BDS SSR orbit corrections is agreed? The device with only B1C support won't work smoothly since it does not support B1I.
So if both B1I/B3I and B1C/B2a are supported for SSR in RTCM, both B1I/B3I and B1C/B2a should be supported here together.

	Qualcomm
	No
	There was no input contribution supporting this conclusion. It is also not clear what this statement means:
"SSR orbit corrections for BDS with a reference to the broadcast ephemeris of BDS B1I/B3I will be useful for all UEs supporting SSR orbit corrections".
Does it mean "useful for all UEs supporting BDS and SSR orbit corrections?" (i.e., no matter which BDS signals(s) are supported by the UE).  
If so, supporting information for this statement would be needed. I.e., there will be UEs supporting B1I or B1C. It is not clear that the corrections for B1I ephemeris/clock can also be used for B1C ephemeris/clock, and vice versa. 

	Swift Navigation
	
	Our understanding is as follows:
Precise orbit = broadcast ephemeris + SSR orbit correction
So the NW and UE must use the same ephemeris in order to apply the SSR corrections consistently. If multiple ephemeris types exist for one GNSS constellation, we need to clarify which is the reference for SSR. We had the same issue for GPS which is why the NOTE was introduced in the first place, i.e. to clarify using C/A code (LNAV) as the reference for SSR instead of the CNAV message broadcast on modernized GPS signals. 
Assuming the same approach is taken for BDS, i.e. specifying one ephemeris type as the reference, we indicated at the meeting that B1I/B3I is widely adopted (introduced in R12 and carried forward to future generations of BDS 2/3 etc) whereas B1C/B2a wasn’t introduced until R16 (meaning a R16 device using B1C/B2a as the reference can’t interpret ephemeris data from a R15 location server). Whereas even if a device does not track B1I/B3I directly it should be possible to broadcast the corresponding ephemeris data (B1I/B3I) and SSR corrections from any location server.
In light of the comments from CATT and QC above, we see two potential options to consider:
a) Specify the reference ephemeris explicitly for BDS (same approach we used for GPS by adding the current NOTE) 
b) Add an optional flag to signal the choice of ephemeris.
The backward compatibility of option b) is to be discussed but adding this optional flag in R16 with default behaviour to use B1I/B3I as the reference unless otherwise signalled (Need OP) may be one solution.

	Ericsson
	Yes
	We share the view of Swift Navigation that it should be fine to use the B1I/B3I broadcast ephemeris as reference for SSR corrections. As for the other constellations, there is a need to define a reference. The possibility to signal the reference is not plausible in case of broadcast and that we expect existing devices without support for B1C.
Are there any indications that there will be devices that only support B1C but not B1I/B3I? This can be expressed as a specific question to RTCM as well. The opposite situation we already have with existing devices.

	
	
	



4.2	Confirm SSR clock correction reference for BDS
The established way of reference SSR clock corrections in LPP is to refer to the same as for SSR orbit corrections. Therefore, we need to conform that this is satisfactory also for BDS given that BDS B1I/B3I is used for BDS SSR orbit corrections. More specifically, we need to confirm that the broadcast ephemeris of BDS B1I/B3I can be used for all UEs supporting SSR clock corrections to correct the clock of all BDS signals and satellites using relative offset/group delay information between signals.
Q1: Any company that can confirm that BDS B1I/B3I can be used as reference for BDS SSR clock corrections？
	Company
	 Yes/ No
	Comments

	CATT
	No
	If the conclusion to use BDS B1I/B3I as reference for BDS SSR clock corrections is agreed, what will happen to the device which only supports B1C? The device with only B1C support won't work smoothly since it does not support B1I.
So if both B1I/B3I and B1C/B2a are supported for SSR in RTCM, both B1I/B3I and B1C/B2a should be supported here together.

	Qualcomm
	No 
	See first Q1 above.

	Swift Navigation
	
	See background and options discussed in Q1.
Also, RTCM v3 states the following:
“Satellite clocks are determined from ionospheric free signals derived from observations used by the service provider. Such observations are affected by delays introduced in the satellite hardware (code biases). For example, GPS broadcast clocks are referenced to the ionospheric free linear combination of the P codes on L1 and L2, ignoring any code biases of these signals. For SSR, the selection of signals used to generate the satellite clock corrections and the treatment of code biases are left to the service provider. The service provider shall ensure a consistent transmission of clock and code bias parameters. A rover must then consistently apply the code biases and clock corrections.”
In other words, do not apply the group delay in the clock correction itself; only the bdsA0, bdsA1, bdsA2 parameters, which are present in both BDS-ClockModel (B1I/B3I) and BDS-ClockModel2 (B1C/B2a).
This means it’s fine to use B1I/B3I as the reference for BDS SSR clock corrections. We may however benefit from adding more explicit description / NOTEs to help explain these subtle interpretations given RTCM specs are not free and may be difficult to access for clarification.

	Ericsson
	Yes
	Agree with Swift Navigation. Given the information above from Swift, it is thereby to consider either B1I/B3I or B1C as reference for the SSR clock corrections and get corrections of all BDS clocks. Given the installed base of devices with support for B1I/B3I but without support for B1C it is clear that we should let the SSR clock corrections for BDS use B1I/B3/ as reference.

	
	
	

	
	
	

	
	
	



4.3. Draft LS from RAN2 to RTCM SC 104
There is a draft LS in the annex. If it has been confirmed that BDS B1I/B3I can be a reference for BDS SSR orbit and clock corrections, there is a need to agree on an LS to RTCM SC 104, where we have the ambition to send a specific question reflecting the working assumption regarding the reference for BDS SSR orbit and clock corrections. 

Q3: Any agreements or comments to the draft LS in the annex? [First draft]
	Company
	 Yes/No
	Comments

	CATT
	No
	We may ask an open question to RTCM, like the question as below:
What’s the SSR orbit and clock correction reference for BDS, considering the devices which support B1I/B3I and B1C/B2a separately?

	Qualcomm
	No
	There were no input contributions supporting this "working assumption".
The scope of this email discussion was to draft an LS "inquiring RTCM about the SSR orbit and clock correction reference for BDS." Therefore, the LS should ask RTCM which clock/orbit reference they are using for the BDS SSR corrections in RTCM. One possibility may be that the BDS SSR clock/orbit corrections indicate for which ephemeris/clock model the corrections are provided.
We could also ask RTCM whether the SSR orbit/clock corrections for BDS B1I broadcast ephemeris/clock can also be used for the B1C broadcast ephemeris/clock and vice versa.

	Swift Navigation
	
	Current version is ok but also fine to generalise if people prefer, i.e.
· 3GPP respectfully asks which broadcast ephemeris RTCM intends to use for the BDS SSR orbit/clock corrections, considering the ephemeris types associated with B1I/B3I and B1C/B2a? 

	Ericsson
	
	Agree with the suggested change by Swift Navigation. Maybe we could also add one question regarding RTCMs view about B1I/B3I vs B1C device support?

Maybe
3GPP respectfully asks 
· which broadcast ephemeris RTCM intends to use for the BDS SSR orbit/clock corrections, considering the ephemeris types associated with B1I/B3I and B1C/B2a?
· whether RTCM expects devices that support SSR orbit/clock corrections and
  - BI1/B3I but not B1C
  - B1C but not BI1/B3I

	
	
	

	
	
	

	
	
	


 
Q4: Any agreements or comments to the second draft LS in the annex? 
	Company
	 First bullet OK/second bullet OK/both bullets OK
	Comments

	Qualcomm
	First bullet OK
	What is the reason for the 2nd question? E.g., what would be the impact to  3GPP/LPP when a response has been received from RTCM?
Isn't an answer for the 2nd question needed from 3GPP, and not from RTCM…??

	Swift Navigation
	First bullet
	Similar view to Qualcomm. The theme of the second bullet will be considered implicitly as part of the first question.

	
	
	

	
	
	

	
	
	



Q5: Any agreements or comments to the thirs draft LS in the annex? 
	Company
	 First bullet OK/second bullet OK/both bullets OK
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




5	Conclusion
To be added 

Annex	Draft LS to RTCM SC 104
[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk40295327]3GPP TSG RAN WG2#121	R2-23xxxxx
Athens, Greece, 27th February - 3rd March, 2023


Title:	LS on SSR orbit and clock correction reference for BDS in 3GPP LPP

Release:	Release 17
Work Item:	NR_pos-Core

Source:	3GPP RAN2
To:	RTCM SC 104
Cc:	

Contact Person:
Name:	
Email address:		
Attachments: -

1. Overall Description:
3GPP RAN2 discusses suitable SSR orbit and clock corrections reference for BDS
3GPP RAN2 respectfully asks 
· which broadcast ephemeris RTCM intends to use for the BDS SSR orbit/clock corrections, considering the ephemeris types associated with B1I/B3I and B1C/B2a?

2. Actions:
To RTCM SC 104:
3GPP RAN2 respectfully asks RTCM SC 104 to provide comments to the question above. 

3. Date of Next TSG-RAN2 Meetings:
RAN WG2 Meeting #121-bis-e	Apr 17 – Apr 26, 2023	Online
RAN WG2 Meeting #122	May 22 – May 26, 2023	Incheon, KR




