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1. Introduction
There is an LS from RAN5 [1] asking RAN4 to take the following actions:
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.
In this contribution, we provide our views and analysis using the radionavigation-satellite service (RNSS) band 1559-1610MHz as an example. Multiple GNSS systems including GPS operate in this band. In particular, we focus on the following interference mechanisms:
· Harmonic interference
· Intermodulation interference up to IMD5
· Cross band isolation
· RX harmonic mixing
Since we are discussing the need to reduce testing of A-GNSS Sensitivity requirements in UE, the possible interference from BS or other external equipment is outside the scope of the discussion. For instance, the potential blocking issue of band 24 BS transmission is not considered. The reason is if there is any potential interference issue, operators will find ways to address it.
2. Discussions
2.1 LTE single carrier
For single carrier mode, the possible RF interference mechanisms include harmonic interference, cross band isolation (i.e. LTE UL carrier is close to the L-band in frequency and thus may cause interference to GPS receiver), and RX harmonic mixing. For harmonics, up to 5th order harmonics are considered. It is worth noting that whether such interference will indeed be harmful depends on UE implementation choices such as filters, LO etc. Specifically, the following harmonics are considered:
Table 1: Harmonics up to 5th order
	UE UL carriers
	fx_low
	fx_high

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high

	4th harmonics frequency limits
	4*fx_low
	4*fx_high

	5th harmonics frequency limits
	5*fx_low
	5*fx_high


where fx_low and fx_high are the lower and upper limits of the band, respectively.
The interfering LTE bands are listed in Table 2 with the interference mechanisms.


Table 2: Interference mechanisms and interfering LTE bands
	RF interference mechanisms
	LTE bands

	Harmonics
	13, 14, 44 (2nd harmonic falling into RNSS band)

	Cross band isolation
	24 (is being modified to comply with updated regulatory emission limits)

	Rx harmonic mixing
	None



2.2 NR single carrier
Similar analysis can be done for NR single carrier mode, with the exception that NR has more high bands such as n77/78/79 and at the same time, some LTE bands have not yet been specified for NR.
The interfering NR bands are listed in Table 3 with the interference mechanisms.
Table 3: Interference mechanisms and interfering NR bands
	RF interference mechanisms
	NR bands

	Harmonics
	n13 (added in R17), n14 (2nd harmonic falling into RNSS band)

	Cross band isolation
	n24 (is being specified) 

	Rx harmonic mixing
	n79 (3*LO mixing), n96 (4*LO mixing)



There should be no impact of operations a FR2 band on GNSS because FR1 and FR2 have completely separate RF frontends. Case in point: RAN4 requirements for FR1 and FR2 are specified separately with little interplay of the two different frequency ranges. 
2.3 EN-DC
For inter-band EN-DC band combinations, besides the issues mentioned above for each of its constituent bands transmitting in the UL, there could be intermodulation interference due to the two ULs transmitting simultaneously. Following the previous RAN4 agreements, intermodulation distortions (IMDs) up to the 5th order are considered.  Specifically, the following IMDs are considered:
Table 4: IMD products up to 5th order
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	Two tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	Two-tone 4th order IMD products
	|2*fx_low – 2*fy_high|
	|2*fx_high – 2*fy_low|
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high| 
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|


where fx_low, fx_high, fy_low and fy_high are the lower and upper limits of the two constituent bands X and Y, respectively.
To simplify the analysis, it is proposed to focus on FR1 inter-band EN-DC configurations with two bands for two reasons. 
· First, as said, there should be no impact of operations a FR2 band on GNSS because FR1 and FR2 have completely separate RF frontends. This is true in the case of EN-DC configurations with both FR1 and FR2 bands. So there is no need to look at such configurations. 
· Second, anyway there can be at most two ULs in EN-DC configurations within FR1 so the analysis for EN-DC configurations with two bands should apply to those configurations with more than two bands. This means if a lower order EN-DC configuration has interference issues, the higher order configurations will have too. However, when it comes to testing, there is no need to repeat the testing for higher order configurations.
It is to be noted that:
· For those configurations for which the UL configuration is ULSUP-TDM, e.g. DC_8A_n93A with UL configuration DC_8A_n93A_ULSUP- TDM, there is no IMDs because there is only one UL transmitting at one time. 
· For those configurations for which single UL is allowed, RAN5 testing may not be needed as the IMD issues will not appear when only single UL is transmitted. 
· It may well be sufficient to consider up to 3rd IMDs only given that 5th order IMDs usually 20-30dB lower in power than 3rd IMDs, and that the isolation between cellular transceivers and GNSS receiver is expected to be higher than that between two LTE/NR bands in cellular transceivers.
· The analysis for EN-DC can apply to LTE CA/DC or NR CA/DC as well, as long as the constituent bands are the same.

All the EN-DC configurations in clause 5.5B.4.1 Inter-band EN-DC configurations within FR1 (two bands) of TS 38.101-3 [2], a total of 340+, are analyzed. The 111 interfering EN-DC combinations are listed in the following table with the interfering IMDs that fall into the RNSS band 1559-1610MHz.
Table 5: Interfering EN-DC combinations are listed in the following table with the interfering IMDs
	EN-DC combinations
	IMD interferences

	DC_1_n3
	3rd IMD

	DC_1_n8
	5th IMD

	DC_1_n28
	5th IMD

	DC_1_n40
	3rd IMD

	DC_1_n77
	2nd, 4th, 5th IMD

	DC_1_n78
	2nd, 5th IMD

	DC_2_n12
	5th IMD

	DC_2_n41
	4th IMD

	DC_2_n48
	5th IMD

	DC_2_n66
	3rd, 5th IMD

	DC_2_n71
	5th IMD

	DC_2_n78
	2nd, 5th IMD

	DC_3_n1
	3rd IMD

	DC_3_n5
	5th IMD

	DC_3_n7
	4th IMD

	DC_3_n8
	4th IMD

	DC_3_n20
	5th IMD

	DC_3_n34
	3rd IMD

	DC_3_n38
	4th IMD

	DC_3_n41
	4th IMD

	DC_3_n71
	5th IMD

	DC_3_n77
	2nd, 4th, 5th IMD

	DC_3_n78
	2nd, 4th, 5th IMD

	DC_3_n79
	3rd IMD

	DC_3_n41
	4th IMD

	DC_4_n78
	2nd, 4th, 5th IMD

	DC_5_n12
	2nd IMD

	DC_5_n40
	2nd IMD

	DC_5_n66
	5th IMD

	DC_5_n78
	3rd IMD

	DC_5_n79
	5th IMD

	DC_7_n3
	5th IMD

	DC_7_n8
	4th IMD

	DC_7_n78
	3rd IMD

	DC_7_n20
	4th IMD

	DC_7_n28
	2nd IMD

	DC_7_n40
	2nd IMD

	DC_7_n66
	5th IMD

	DC_7_n77
	3rd, 4th IMD

	DC_7_n78
	3rd IMD

	DC_8_n1
	5th IMD

	DC_8_n3
	4th IMD

	DC_8_n20
	4th IMD

	DC_8_n28
	2nd IMD

	DC_8_n34
	5th IMD

	DC_8_n39
	5th IMD

	DC_8_n41
	2nd IMD

	DC_8_n77
	3rd, 4th IMD

	DC_8_n78
	3rd IMD

	DC_11_n28
	5th IMD

	DC_11_n77
	5th IMD

	DC_11_n79
	3rd IMD

	DC_12_n2
	5th IMD

	DC_12_n5
	2nd IMD

	DC_12_n25
	5th IMD

	DC_12_n78
	4th IMD

	DC_13_n5
	2nd IMD

	DC_18_n3
	5th IMD

	DC_18_n77
	4th IMD

	DC_18_n79
	5th IMD

	DC_19_n77
	3rd, 4th IMD

	DC_19_n78
	3rd IMD

	DC_19_n79
	5th IMD

	DC_20_n3
	5th IMD

	DC_20_n8
	4th IMD

	DC_20_n28
	2nd IMD

	DC_20_n77
	3rd, 4th IMD

	DC_20_n78
	3rd IMD

	DC_21_n77
	5th IMD

	DC_21_n79
	3rd IMD

	DC_25_n41
	3rd, 4th IMD

	DC_26_n77
	3rd, 4th IMD

	DC_26_n78
	3rd IMD

	DC_26_n79
	5th IMD

	DC_28_n5
	2nd IMD

	DC_28_n51
	5th IMD

	DC_28_n8
	2nd IMD

	DC_28_n40
	2nd IMD

	DC_28_n50
	4th, 5th IMD

	DC_28_n77
	4th IMD

	DC_28_n78
	4th IMD

	DC_28_n79
	5th IMD

	DC_38_n78
	3rd, 4th IMD

	DC_39_n41
	4th IMD

	DC_39_n78
	2nd, 5th IMD

	DC_40_n1
	3rd IMD

	DC_40_n41
	5th IMD

	DC_40_n77
	2nd IMD

	DC_40_n79
	5th IMD

	DC_41_n3
	4th IMD

	DC_41_n77
	2nd, 3rd, 4th IMD

	DC_41_n78
	3rd, 4th IMD

	DC_41_n79
	5th IMD

	DC_42_n77
	4th IMD

	DC_42_n79
	2nd, 4th, 5th IMD

	DC_46_n78
	2nd, 3rd, 5th IMD

	DC_48_n12
	4th IMD

	DC_48_n66
	4th IMD

	DC_48_n71
	4th IMD

	DC_66_n2
	3rd, 5th IMD

	DC_66_n5
	5th IMD

	DC_66_n7
	4th IMD

	DC_66_n25
	3rd, 5th IMD

	DC_66_n38
	4th IMD

	DC_66_n41
	4th IMD

	DC_66_n48
	4th IMD

	DC_66_n71
	5th IMD

	DC_66_n78
	2nd, 4th, 5th IMD

	DC_71_n48
	4th IMD

	DC_71_n66
	5th IMD

	DC_71_n78
	4th IMD



3. Conclusion
In this contribution, we provided analysis of the following RF interference mechanisms who may have an impact on the receiver sensitivity requirement of A-GNSS operating in the RNSS band 1559-1610MHz:
· Harmonic interference
· Intermodulation interference up to IMD5
· Cross band isolation
· RX harmonic mixing
From the analysis, the following conclusions can be drawn:
1. For LTE bands operating in SA single carrier modes, only four bands, i.e. 13, 14, 24, 44 may have interference to A-GNSS operating in the RNSS band 1559-1610MHz. RAN5 testing the A-GNSS Sensitivity requirements should be focused on the four bands only.
2. For NR bands operating in SA single carrier modes, only five bands, i.e. n13, n14, n24, n79 and n96 may have interference to A-GNSS operating in the RNSS band 1559-1610MHz. RAN5 testing the A-GNSS Sensitivity requirements should be focused on the four bands only.
3. For EN-DC band combinations, there are a total of 111 that may have IMD interference to A-GNSS operating in the RNSS band 1559-1610MHz. If only up to 3rd IMDs are identified to have an impact on GNSS receiver, the number of EN-DC band combinations would go down to 50. RAN5 testing the A-GNSS Sensitivity requirements should be conducted for those only.
It is proposed that RAN4 takes the above conclusions into account when providing a reply LS to RAN5.
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