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1 Introduction
[bookmark: OLE_LINK91][bookmark: OLE_LINK90][bookmark: OLE_LINK6]In RAN 4 #98-e meeting, an LS [1] was received from RAN 5 requesting guidance on the frequency bands to be used for testing of A-GNSS Sensitivity requirements in NR and LTE with the following actions for RAN 4:
	2. Actions:
To RAN 4 group
ACTION: 	RAN5 respectfully asks RAN 4 for guidance on the LTE and NR frequency bands, and band combinations, impacting the A-GNSS Sensitivity requirements in LTE and NR, and in particular in EN-DC, taking into account possible intermodulation and other interference mechanisms that may affect the GNSS bands.
In the case that this action is expected to take some time to complete, RAN 5 would greatly appreciate one or more status reports on the progress.



During the RAN 4 meeting there was extensive discussion and a WF [2] was approved. This detailed the following discussion topics:
· LTE and NR bands for testing
· EN-DC combinations for testing
· GNSS band(s) to be considered in RAN4 analysis when identifying LTE/NR bands or high-risk UL band combinations for testing
· As RAN4 continues to introduce new bands or new EN-DC band combinations, the list of bands or band combinations needs to updated
This contribution provides our views on the above topics.
2 Discussion
[bookmark: _Hlk71637911]2.1 LTE and NR (SA) bands for testing
In the previous meeting three options were discussed:
· Option 1: Repeat the test in all UE supported bands
· Option 2: Repeat the test in a subset of UE supported bands
· Option 3: Perform the test in any bearer band supported by the UE (i.e., only 1 (any) band is enough)
No agreements were reached. 
Note that this discussion only concerns “standalone” LTE and NR bands, NR EN-DC band combinations are covered in the next topic.
In RAN 5 the current status is that for both LTE and NR SA: “If the UE supports multiple frequency bands then the A-GNSS Sensitivity tests … shall be repeated in each supported frequency band.”
In the case of LTE this has been the case since the introduction of LTE and has been accepted by the industry without any questioning. Note that this only applies to the Sensitivity requirement and not to any of the other RAN 4 requirements.
From the testing of many UEs it is clear that cellular frequency harmonics are not the only effect that impacts GNSS performance.  It is clear that spurious effects, noise, intermodulation and harmonics from the cellular modem RF chain and internal clocks etc. often affect the GNSS receiver and impact the sensitivity performance.
This table show the GPS sensitivities for 14 LTE UEs released and tested in 2020 with the orange cells showing the worst performance:
	UE
	Band 2
	Band 4
	Band 5
	Band 12
	Band 14
RB #1
	Band 14
RB #2
	Band 30
	Band 66
	Sensitivity difference across bands, dB

	UE1
	 
	 
	 
	-142
	-139
	-138.9
	-148.3
	-143.9
	9.4

	UE2
	-152.5
	-151
	-152.5
	-152
	-149.5
	-146
	-153
	 
	7

	UE3
	-148.4
	-149.4
	-149.9
	-148.9
	-149.9
	-149.4
	-149.9
	 
	1.5

	UE4
	-151
	 
	-151.5
	-150
	-153
	-152.5
	-150
	-150
	3

	UE5
	-150.85
	 
	-151.08
	-150.69
	-149.07
	-148.39
	-151.28
	-150.41
	2.89

	UE6
	-150.21
	 
	-150.71
	-150.71
	-150.71
	-149.71
	-150.21
	-149.71
	1

	UE7
	-151.7
	 
	-152.3
	-151.5
	-152.4
	-152.9
	-153.1
	-152.5
	1.6

	UE8
	-151.8
	 
	-151.9
	-150.9
	-151.2
	-151.5
	-149.7
	-151.6
	2.2

	UE9
	-150.42
	 
	-150.35
	-149.6
	-149.59
	-149.58
	-149.11
	-150.78
	1.67

	UE10
	-149.25
	 
	-149.75
	-149.25
	-149.25
	-148.75
	-149.25
	-148.75
	1

	UE11
	-152.7
	 
	-152.2
	-151.2
	-152
	-149.5
	-152.7
	-152.2
	3.2

	UE12
	-151.25
	 
	-152.25
	-152.25
	-151.25
	-151.25
	-151.75
	-151.25
	1

	UE13
	-150.88
	 
	-150.88
	-150.88
	-150.88
	-150.88
	-150.38
	-150.88
	0.5

	UE14
	-151.58
	 
	-151.58
	-152.58
	-150.58
	-150.58
	-151.58
	-151.58
	2



Band 14 is the well-known band with harmonic issues and has been proposed under Option 2 as one of the target bands to be used for testing. It might therefore be expected to have the worst performance for all UEs, and indeed this is the case for about 50% of the UEs. However, it can be seen that for the other 50% of the UEs, other bands (not proposed for testing under Option 2) contain  a fairly random distribution of poor performances. 
It can also be seen that just selecting one band, as proposed under Option 3, could lead to results that fail to pick up poor performance, depending on how that one band is selected (either at random or by manufacturer’s choice).
We therefore propose that for LTE and NR SA we continue to test in every band to avoid missing bands in which the GNSS performance is poor. 
Proposal 1: for the LTE and NR (SA) bands for testing we should maintain the current status with Option 1: 
•	Option 1: Repeat the test in all UE supported bands

2.2 EN-DC combinations for testing
We support the current agreement:
· Agreements: (For the EN-DC combinations for testing) It is agreed to focus the testing on “high-risk UL band combinations” that generate 2nd or 3rd IMDs falling into the GNSS bands.
We would comment that this may appear to still involve a lot of testing of band combinations, but we would remind companies that the actual testing performed is mostly controlled by the GCF and the PTCRB. Therefore, only those band combinations actually of interest to Network Operators will be  required by the GCF and PTCRB which may reduce the testing to some degree.
Proposal 2: for the EN-DC band combinations for testing we adopt the lists of  UL band combinations that generate 2nd or 3rd IMDs falling into the GNSS bands as proposed by other companies, while allowing that GCF and PTCRB may further select from these lists.
[bookmark: _Hlk71642002]2.3 GNSS band(s) to be considered in RAN4 analysis when identifying LTE/NR bands or high-risk UL band combinations for testing
· Option 1: both 1559-1610 MHz and 1164-1300 MHz
· Option 2: only 1559-1610 MHz
The RAN 4 requirements and the RAN 5 testing apply irrespective of whether the UE supports one or both the GNSS bands and if both bands are supported, then these are specified and tested together and are not specified or tested separately. 
To date it has always been assumed that all UEs will always support the 1559-1610 MHz band, however this may not always be the case going forward. We therefore suggested that the 1164-1300 MHz should also be used in the RAN 4 analysis to avoid issues in future.
To date it has always been assumed that in the case a UE supports both bands then the performance in the 1164-1300 MHz band will only “improve” the performance in the 1559-1610 MHz band and will never “degrade” it, however this may not always be the case going forward if UEs should appear that support the 1164-1300 MHz band as their “primary” band. We therefore suggest that in the case that the UE supports both bands then it is safe to only consider the UE’s “primary” band, but that may be either of the two GNSS bands. Note that the term “primary” band here may not be generally understood and other terms (such as “acquisition” band) may be preferred.
Proposal 3: for the GNSS band(s) to be considered in RAN4 analysis when identifying LTE/NR bands or high-risk UL band combinations for testing:
· The analysis is performed on both GNSS bands 
· In the case a UE only supports one of the GNSS bands then (obviously) only the analysis for that GNSS band is used for the testing
· In the case a UE supports both of the GNSS bands then only the analysis for the “primary” (or “acquisition”) GNSS band is used for the testing

2.4 As RAN4 continues to introduce new bands or new EN-DC band combinations, the list of bands or band combinations needs to updated:
· Option 1: the lists are documented in TS 36.171 and TS 38.171, i.e. maintained by RAN 4
· [bookmark: _Hlk71643027][bookmark: _Hlk71642974]Option 2: the list is documented in TS 37.571-1, i.e. maintained by RAN 5
With current workloads, in some meetings RAN 4 is reluctant to allow any “maintenance” CRs, therefore we suggest that RAN 4 should simply guide RAN 5 in an LS on the finally agreed proposals and leave the implementation and maintenance to RAN 5.
Proposal 4: for the documentation and maintenance we should adopt Option 2:
· Option 2: the list is documented in TS 37.571-1, i.e. maintained by RAN 5

3 Conclusion
In this contribution, we discussed the topics raised in the Way Forward for A-GNSS Sensitivity in the last meeting and made the following proposals.
Proposal 1: for the LTE and NR (SA) bands for testing we should maintain the current status with Option 1: 
•	Option 1: Repeat the test in all UE supported bands

Proposal 2: for the EN-DC band combinations for testing we adopt the lists of  UL band combinations that generate 2nd or 3rd IMDs falling into the GNSS bands as proposed by other companies, while allowing that GCF and PTCRB may further select from these lists.

Proposal 3: for the GNSS band(s) to be considered in RAN4 analysis when identifying LTE/NR bands or high-risk UL band combinations for testing:
· The analysis is performed on both GNSS bands 
· In the case a UE only supports one of the GNSS bands then (obviously) only the analysis for that GNSS band is used for the testing
· In the case a UE supports both of the GNSS bands then only the analysis for the “primary” (or “acquisition”) GNSS band is used for the testing

Proposal 4: for the documentation and maintenance we should adopt Option 2:
· Option 2: the list is documented in TS 37.571-1, i.e. maintained by RAN 5
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