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Introduction
The document contains discussions for Rel-15 NR Positioning specs maintenance (36.171, 37.171 and 36.171)
The document contains just one topic:
· Topic #1: Frequency bands for testing of A-GNSS sensitivity requirements in NR and LTE (AI 4.1.9)
Topic #1: Frequency bands for testing of A-GNSS sensitivity requirements in LTE and NR SA
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117421
	Apple
	For clarity, note from previous discussions: there are two options left for discussion:
· Option 1: LTE Bands 13, 14, 24, 44 and NR Bands n13, n14, n24, n79 and n96. In case of the same LTE and NR band supported by a UE, e.g., 14/n14, it suffices to test either LTE band 14 or NR band n14 because of the same interference mechanism (Apple, Xiaomi, Qualcomm, vivo, OPPO)
· Option 2: all UE supported bands (Spirent, R&S)

Proposal 1: On LTE and NR bands for testing, select Option 1.
Observation:  
In RAN4#100-e, there was also support for Option 2 with the following arguments. First, RAN4 core requirements are independent of operating bands. In other words, they apply to all bands by default. Second, how many bands to test is in the province of RAN5; while RAN4 guidance is sought by RAN5, ultimately it is a RAN5 decision. Third, in some regions or countries, there are regulatory requirements of positioning accuracy. Operators must comply with such requirements, and thus want to test more bands to ensure UEs do comply. 
There were extensive discussions regarding the first and second argument. And the conclusion is fairly clear, that is, RAN5 is responsible for testing, which needs to follow the RAN4 core requirements. However, how to address the third argument does merit further discussion. To accommodate it, there is another option being proposed, which states that besides option 1 that only tests a subset of bands where there is possible interference to the GNSS receiver, some “bands of interest” can be tested. Let us call this new option Option 3. We are open to exploring Option 3 further to decide if there is a way to implement it. To this end, RAN4 should discuss the following aspects:
1. As discussed at the last meeting, it is not proper to capture such bands of interest in RAN4 specification. Then how and where to capture them for the record? Can we use a running tdoc to do it?
1. How do operators propose their respective bands of interest? Should there be a mechanism similar to the backet approach in RAN4 to handle CA/DC? Furthermore, as different operators may have different bands of interest, would this eventually lead to an outcome that all the bands are included as bands of interest? Note that there is genuine desire to reduce unnecessary testing burden as expressed by quite a few UE/chipset vendors.
1. As commented also at the last meeting, is it more appropriate to handle such bands of interest in testing forums like GCF or PTCRB? 

Proposal 2: If Option 1 is not agreeable, RAN4 can further explore Option 3, with an aim to reduce unnecessary testing, i.e., not all bands are tested by default. 

	R4-2118150
	Qualcomm Incorporated
	Proposal 1:	Regarding the RAN5 question on the LTE and NR frequency bands impacting the A-GNSS sensitivity requirements, provide the following response to RAN5:
RAN4 has identified the following E-UTRA/NR frequency bands potentially impacting the A-GNSS Sensitivity Requirements: Bands 13, 14, 44 24.
Proposal 2:	Endorse the draft CRs to TS 36.171 and TS 38.171 provided in the Annex of this contribution.
(Detailed CRs attached to the Tdoc)



Open issues summary
Which ”Option” is agreeable for LTE and NR SA testing?
Note: “Option 1” and “Option 2” have been discussed in the previous three meetings with no agreement on which to select. “Option 3” was discussed in theory at the previous meeting and has now been presented as a possibility.

Proposals
· Option 1: (Apple, Xiaomi, Qualcomm, vivo, OPPO)
· LTE Bands 13, 14, 24, 44 and NR Bands n13, n14, n24, n79 and n96. In case of the same LTE and NR band supported by a UE, e.g., 14/n14, it suffices to test either LTE band 14 or NR band n14 because of the same interference mechanism. 
· Option 2: (Spirent, R&S)
· all UE supported bands.
· Option 3: (new compromise proposal) (Apple Proposal 2)
· Aim to reduce unnecessary testing, i.e., not all bands are tested by default, but allow for Bands detailed in “Option 1” plus additional “Bands of interest”. 

Recommended WF
· Discuss if “Option 3” would be acceptable and if so, how (and where)  it would be implemented. Note that one solution is proposed in the next clause 1.2.2.

	Which ”Option” is agreeable for LTE and NR SA testing?

	Company
	Comments

	Qualcomm
	First, we cannot see that all bands can have an impact on GNSS reception (Option 2), and we would like to better understand the physical reasons behind such a statement/proposal. Option 1 may not be perfect but would be a good starting point to introduce some band-dependency in our requirements, which is currently missing (propably because GNSS is considered a "RAT-independent" technology). 
The Qualcomm Text Proposal lists the bands we have identified so far. Expanding this band list as needed should not be an issue, but the "all UE supported bands" (as currently specified by RAN5) does not look rational/engineering to us. 
Maybe a NOTE can be added to the Qualcomm TP to clarify that this does not preclude additional "Bands of Interest". But the difficulty will be to have a "technical definition" for the meaning of the "Bands of interest". 
Or we can add "…the sensitivity tests shall be performed at least in each frequency band listed in Table B.1.7-1".

	Apple
	Our preference is Option 1, for which the list of LTE/NR bands proposed to be tested is based on the technical analysis of the possible interference mechanism.  Meanwhile, we are open to exploring option 3 and appreciate proponents of “bands of interest” providing more details to the questions asked in our contribution in R4-2117421, keeping in mind unnecessary testing needs to be reduced, if not completely removed.

	Spirent
	1. Concerning “all bands can have an impact on GNSS reception”:
In Tdoc R4-2110959 from RAN 4 #99e, Spirent submitted some real test data that demonstrated that the impact from cellular activity on the GNSS sensitivity in the UE is NOT ONLY from the obvious harmonic mechanisms in the bands identified in “Option 1”, but ALSO from other harmonics, noise and spurious that are generated within the UE. These other effects (probably) cannot be analysed on a general level and are likely due to individual implementations in the UE such as clock frequencies, filtering etc.
It is clear from these test results in R4-2110959 that there is a need to allow testing of other bands to ensure good performance where this is of concern to Operators for whatever reason, including for Regulatory requirements. 

2. Text to RAN 5:
Spirent proposes the following text, based on “Option 1” and “Option 3” should be sent to RAN 5:
LTE Bands 13, 14, 24, 44 and NR Bands n13, n14, n24, n79 and n96 have been identified by RAN 4 to be at high risk of generating interference in the GNSS bands due to harmonics (up to 3rd order) of the cellular signal falling into the GNSS bands. RAN 4 also notes that other bands may also impact GNSS sensitivity performance and may also need to be tested. In case of the same LTE and NR band supported by a UE and sharing the same RF chain, e.g., 14/n14, it suffices to test either LTE band 14 or NR band n14 because of the same interference mechanism

3. Text for RAN 4 specs:
Spirent proposes that no changes are made to the RAN 4 specs and that the only action is that the text above is sent to RAN 5.

	DISH
	For single bands, we would prefer an option, in which 36.171/38.171 define the minimum requirements and leave the definition of test requirements to RAN5.This would mean defining the interfence mechanism type & the operating bands/frequencies impacting GNSS. Proposal suggested by Spirent is also ok and send the information via an LS. 
If RAN4 agrees to define test requirements, RAN4 should indicate to RAN5 that aspects other than these interference mechanisms in question have not been considered when defining the testing requirements. 
Apple’s option 3) is a good proposal to add to discussion on which bands should potentially be added to the list, but we are not sure how this can be explored in RAN4. 
In relation to Spirent’s discussion paper on frequency bands for testing (R4-2110959). Our concern is that while the discussion from QC and Apple papers is saying that from core requirements pow there is no difference across operating bands, there are still aspects that show as random performance distribution across bands, which could be generated e.g. from UE implementation specific issues, also linking to this, aspects such as probability of failing a good UE / passing a bad UE have not been be considered. 
On Qualcomm CR, 
· clause B.1.13.2 is titled defining applicable EN-DC band combinations, which makes this a confusing reference
· if the table is added this option  "…the sensitivity tests shall be performed at least in each frequency band listed in Table B.1.7-1"  would be useful



What does RAN 4 respond to RAN 5 for Bands for LTE and NR SA testing?
Proposals:
Qualcomm:
Proposal 1:	Regarding the RAN5 question on the LTE and NR frequency bands impacting the A-GNSS sensitivity requirements, provide the following response to RAN5:
RAN4 has identified the following E-UTRA/NR frequency bands potentially impacting the A-GNSS Sensitivity Requirements: Bands 13, 14, 44 24.
(Proposal 2:	Endorse the draft CRs to TS 36.171 and TS 38.171 provided in the Annex of this contribution.)

It is not clear if these proposals are linked or not. So can we accept the Qualcomm Proposal 1 but reject Proposal 2? The following point has been suggested and discussed briefly at various times in the last three meetings but not really followed up so far: 
RAN 4 could simply send “guidance” to RAN 5 (which is all that RAN 5 asked for – see below) and RAN 4 could decide NOT to add anything into 36.171 and 38.171 in RAN 4. 
Note that in the original LS RAN 5 said: 
RAN5 respectfully asks RAN 4 for guidance on the LTE and NR frequency bands, ……
So, this would mean that we accept the Qualcomm Proposal 1 but reject Proposal 2, so we do not link them. This would mean RAN 4 guides RAN 5 but does not impose anything on them in the core specs but instead leave it to RAN 5 to decide what to do with the guidance. This would allow RAN 5 to accommodate the Operators needs for “Bands of interest”.

Recommended WF
· Discuss if we can accept the Qualcomm Proposal 1 but reject Proposal 2, so we do not link them. This would mean RAN 4 does NOT add anything into 36.171 and 38.171 and leaves RAN 5 the freedom to test in whatever Bands it deems necessary.

	1.2.2	What does RAN 4 respond to RAN 5 for Bands for LTE and NR SA testing?

	Company
	Comments

	Qualcomm
	The two Qualcomm Proposals do not necessarily have to be linked. However, if RAN4 agrees that these bands in Proposal 1 can have an impact on A-GNSS requirements, we cannot see a reason why the Proposal 2 should be rejected. We even specify the message sequence chart for testing in 36.171/38.171 but do not specify anything about potential RF/band impacts. All what this Proposal 2 says is that the requirement shall be verified in the identified high-risk bands, because these are the bands where we can understand that it may have some impacts. The additional Option 1 bands can also be added to the list, and any additional band for which some justification can be provided. 

	Apple
	The draft CRs can be revised to capture the bands based on technical analysis, as we commented above. In addition, we can discuss how to capture other bands if needed, which is supposed to result from the conclusion of issue 1.2.1.

	Spirent
	Spirent proposes the text as proposed above in 1.2.1 is sent to RAN 5.

	DISH
	We prefer Spirent proposal. 
At minimum, RAN4 should indicate to RAN5 that aspects other than these interference mechanisms in question have not been considered when defining the testing requirements.




Companies views’ collection for 1st round 
Open issues 

CRs/TPs comments collection

Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Topic #1
	Tentative agreements:
All  companies now seem able to accept that RAN 4 should list the “minimum” bands which can clearly cause interference (Option 1), as long as RAN 4 also allows (somehow) for other Bands to be tested for whatever reason (regional requirements, regulatory requirements ….). It is still not clear if and how RAN 4 can do this although various wordings have been suggested.
Assuming the above can be agreed and the wording resolved, then an LS to RAN 5 will be easy to generate.
Recommendations for 2nd round:
Nobody is clear if and how RAN 4 would allow wording as described above. Therefore, I will contact the RAN 4 leadership team for guidance and to see what precedence exists for such an issue. The second round discussions will depend somewhat on the answers received from RAN 4 leadership and therefore I will announce the leadership view(s), once received, on the e-mail thread to kick off the 2nd round.
Possible solutions suggested so far by the interested companies for suitable wording include the following:
1. A NOTE can be added to the Qualcomm CR to clarify that this does not preclude additional "Bands of Interest". 

2. Or add "…the sensitivity tests shall be performed at least in each frequency band listed in Table B.1.7-1”.
3. Or other options along similar lines.
RAN 4 leadership has confirmed that adding such “open-ended” wording is acceptable in RAN 4 specifications.
Therefore, for the 2nd Round we should attempt to agree one of the following Options:
Option 1. A NOTE can be added to the Qualcomm CR to clarify that this does not preclude additional "Bands of Interest". (however, “Bands of Interest) need to be explained) 

Option 2. Add "…the sensitivity tests shall be performed at least in each frequency band listed in Table B.1.7-1”. (probably also need some short explanation)
Option 3. Other wording along similar lines.



CRs/TPs

Discussion on 2nd round


	

	Company
	Comments

	Qualcomm
	The "Text to RAN 5" proposed by Spirent above seems also suitable for a NOTE in 36.171/38.171:
NOTE: The bands listed in Table X have been identified to be at high risk of generating interference in the GNSS bands due to harmonics (up to 3rd order) of the cellular signal falling into the GNSS bands. However, other bands may also impact GNSS sensitivity performance and may also need to be tested. 
The remaining part of Spirent's text (copied below) would also be good to capture. However, since we have LTE and NR requirements in different specs, this could be included in the LS to RAN5 for potential addition to 37.171:
In case of the same LTE and NR band supported by a UE and sharing the same RF chain, e.g., 14/n14, it suffices to test either LTE band 14 or NR band n14 because of the same interference mechanism.

	Apple
	In our contribution R4-2100196, for LTE and NR bands, the following interference mechanisms were analyzed:
•	Harmonic interference
•	Intermodulation interference up to IMD5
•	Cross band isolation
•	RX harmonic mixing
And the “high risk” bands were identified as a result of all the above mechanisms except IMD. As such, we recommend the revised NOTE below in 36.171/38.171:
NOTE: The bands listed in Table X have been identified to be at high risk of generating interference in the GNSS bands due to mechanisms consisting of harmonics, cross band isolation, and RX harmonic mixing. However, other bands may also impact GNSS sensitivity performance and may also need to be tested. 
Similar wording change can be made in the text to RAN5. 
In addition, it is a good idea to include the text below in the LS to RAN5:
In case of the same LTE and NR band supported by a UE and sharing the same RF chain, e.g., 14/n14, it suffices to test either LTE band 14 or NR band n14 because of the same interference mechanism.
If there is an agreement, Apple is willing to draft the LS to RAN5.

	Spirent
	We are generally in agreement with all the proposed wording but we don’t see why this new text for the RAN 4 specifications is only a “NOTE” – we think it should be part of the main text, otherwise it is possible it will not be taken to be fully part of the RAN 4 requirements.
Therefore, below I have proposed adding the new text into the main text of one of the Qualcomm CRs and I have removed “NOTE” and added “at least” and a few other editorials so that it all makes sense.

B.1.7	E-UTRA or NR frequency and frequency error
In all test cases other than Sensitivity in clause 5.1 with E-UTRA frequency, the E-UTRA frequency used shall be the mid-range for the E-UTRA operating band. The E-UTRA frequency with respect to the GNSS carrier frequency shall be offset by +0.025 PPM.
In all test cases other than Sensitivity in clause 5.1 with NR, the NR frequency used shall be as specified in TS 38.508-1 [20], clause 4.3.1. The NR frequency with respect to the GNSS carrier frequency shall be offset by + 0.025 PPM.
For verifying the sensitivity requirements in clause 5.1 with NR single carrier, the sensitivity tests shall be performed at least in each frequency band listed in Table B.1.7-1. The frequency bands listed in Table B.1.7-1 have been identified to be at high risk of generating interference in the GNSS bands due to mechanisms consisting of harmonics, cross band isolation, and receiver harmonic mixing. However, other frequency bands may also impact GNSS sensitivity performance and may also need to be tested. For the frequency bands listed in Table B.1.7-1, the NR frequency and channel configuration shall be selected to ensure second order harmonics and other distortion will fall into the GNSS receiver bands as defined in clause B.1.13.2 for the particular GNSS. If the DUT does not support any of the frequency bands listed in Table B.1.7-1 the sensitivity tests in clause 5.1 can be performed in any frequency band supported by the DUT.
Table B.1.7-1: Minimum NR operating bands for verifying GNSS sensitivity
	NR operating bands
	n14





	Qualcomm
	O.K. with the Spirent proposal above.

	DISH
	We also see this as an agreement with the intent now. Spirent proposal is fine to us. 



GTW session (November 11, 2021)
Topic #1: Frequency bands for testing of A-GNSS sensitivity requirements in LTE and NR SA
· Proposals
· TS 36.171/38.171 updates 
· Option 1: Add an informative Note in 36.171/38.171
· Option 1A: NOTE: The bands listed in Table X have been identified to be at high risk of generating interference in the GNSS bands due to harmonics (up to 3rd order) of the cellular signal falling into the GNSS bands. However, other bands may also impact GNSS sensitivity performance and may also need to be tested.
· Option 1B: NOTE: The bands listed in Table X have been identified to be at high risk of generating interference in the GNSS bands due to mechanisms consisting of harmonics, cross band isolation, and RX harmonic mixing. However, other bands may also impact GNSS sensitivity performance and may also need to be tested.
· Option 2: Add a normative text in 36.171/38.171
	B.1.7	E-UTRA or NR frequency and frequency error
In all test cases other than Sensitivity in clause 5.1 with E-UTRA frequency, the E-UTRA frequency used shall be the mid-range for the E-UTRA operating band. The E-UTRA frequency with respect to the GNSS carrier frequency shall be offset by +0.025 PPM.
In all test cases other than Sensitivity in clause 5.1 with NR, the NR frequency used shall be as specified in TS 38.508-1 [20], clause 4.3.1. The NR frequency with respect to the GNSS carrier frequency shall be offset by + 0.025 PPM.
For verifying the sensitivity requirements in clause 5.1 with NR single carrier, the sensitivity tests shall be performed at least in each frequency band listed in Table B.1.7-1. The frequency bands listed in Table B.1.7-1 have been identified to be at high risk of generating interference in the GNSS bands due to mechanisms consisting of harmonics, cross band isolation, and receiver harmonic mixing. However, other frequency bands may also impact GNSS sensitivity performance and may also need to be tested. For the frequency bands listed in Table B.1.7-1, the NR frequency and channel configuration shall be selected to ensure second order harmonics and other distortion will fall into the GNSS receiver bands as defined in clause B.1.13.2 for the particular GNSS. If the DUT does not support any of the frequency bands listed in Table B.1.7-1 the sensitivity tests in clause 5.1 can be performed in any frequency band supported by the DUT.
Table B.1.7-1: Minimum NR operating bands for verifying GNSS sensitivity
	NR operating bands
	n14






· LS to RAN5
· Option 1: In case of the same LTE and NR band is supported by a UE and sharing the same RF chain, e.g., 14/n14, it suffices to test either LTE band 14 or NR band n14 because of the same interference mechanism. 
· Discussion
· QC: We are ok with normative text from Spirent
· Apple: In general, the text is fine for us. We are ok to leave the door open for additional tests.
· AT&T: We are also ok with normative test.
· Agreements
· Add the following normative text in TS 38.171

	B.1.7	E-UTRA or NR frequency and frequency error
In all test cases other than Sensitivity in clause 5.1 with E-UTRA frequency, the E-UTRA frequency used shall be the mid-range for the E-UTRA operating band. The E-UTRA frequency with respect to the GNSS carrier frequency shall be offset by +0.025 PPM.
In all test cases other than Sensitivity in clause 5.1 with NR, the NR frequency used shall be as specified in TS 38.508-1 [20], clause 4.3.1. The NR frequency with respect to the GNSS carrier frequency shall be offset by + 0.025 PPM.
For verifying the sensitivity requirements in clause 5.1 with NR single carrier, the sensitivity tests shall be performed at least in each frequency band listed in Table B.1.7-1. The frequency bands listed in Table B.1.7-1 have been identified to be at high risk of generating interference in the GNSS bands due to mechanisms consisting of harmonics, cross band isolation, and receiver harmonic mixing. Other frequency bands may also impact GNSS sensitivity performance and thus be tested. For the frequency bands listed in Table B.1.7-1, the NR frequency and channel configuration shall be selected to ensure second order harmonics and other distortion will fall into the GNSS receiver bands as defined in clause B.1.13.2 for the particular GNSS. If the DUT does not support any of the frequency bands listed in Table B.1.7-1 the sensitivity tests in clause 5.1 can be performed in any frequency band supported by the DUT.
Table B.1.7-1: Minimum set of NR operating bands for verifying GNSS sensitivity
	NR operating bands
	n14






Note: Also agreed on the GTW session
1. To add similar text in a CR to 36.171
2. To send an LS to RAN 5 containing information on the above agreement plus the following text:
In case the same LTE and NR band is supported by a UE and sharing the same RF chain, e.g., 14/n14, it suffices to test either LTE band 14 or NR band n14 because of the same interference mechanism. 

Recommendations for Tdocs
1st round 
Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2117421
	
	Apple
	Noted
	

	R4-2118150
	
	Qualcomm Incorporated
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 
New tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2120405 
	Frequency bands for testing of A-GNSS sensitivity requirements
	Qualcomm Incorporated
	Agreeable
	CR
36.171 v16.3.0
CR 0025
TEI16
Cat F
Rel-16

	R4-2120404 
	Frequency bands for testing of A-GNSS sensitivity requirements
	Qualcomm Incorporated
	Agreeable
	CR
38.171 v16.2.0
CR 0016
NR_newRAT-Perf, TEI16
Cat F
Rel-16

	R4-2120254
	WF on frequency bands for testing of A-GNSS sensitivity requirements
	Spirent
	Withdrawn
	Not needed as agreements now reached.

	R4-2120403 
	Reply LS on frequency bands for testing of A-GNSS sensitivity requirements in LTE and NR SA

	 Apple
	Agreeable
	LS to RAN 5, CC: PTCRB, PVG, GCF CAG, CTIA OTA Working Group

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
Annex 
Contact information
	Company
	Name
	Email address

	Spirent Communications
	Richard Catmur
	Richard.catmur@spirent.com

	Qualcomm Incorporated
	Sven Fischer
	sfischer@qti.qualcomm.com

	Apple
	Steven Chen
	steven.x.chen@apple.com

	DISH Network
	Jussi Kuusisto
	jussi.kuusisto@dish.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
