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Introduction
A work item [1] has been agreed to define new band for LTE NB-IoT in the extended L band frequency range.  The initial scope of the work item is limited to Region 1 suggesting that the band may be expanded to include other regions of the world in a future work item.  This contribution reviews the UE coexistence requirements associated with this new band.
Discussion
The Extended L-band’s frequency range is 1668 – 1675 MHz uplink paired with 1518 – 1525 MHz downlink.  This is pictured below where the Extended L band is shown in dark blue.
[image: ]
It is readily apparent that the Extended L band downlink is within close proximity to a number of other 3GPP bands including the downlinks of terrestrial FDD bands 11, 21, 24/n24, 74/n74, 92/n92, 94/n94, SDL bands 75/n75, and TDD bands 50/n50.  
	LTE/NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	11
	1427.9 MHz – 1447.9 MHz
	1475.9 MHz – 1495.9 MHz
	FDD

	21
	1447.9 MHz – 1462.9 MHz
	1495.9 MHz – 1510.9 MHz
	FDD

	24/n2416
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	50/n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD

	74/n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	75/n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n92
	832 MHz – 862 MHz
	1432 MHz – 1517 MHz
	FDD9

	n94
	880 MHz – 915 MHz
	1432 MHz – 1517 MHz
	FDD9



Most of these bands are not applicable to Region 1 so can be considered out-of-scope of the present work item.  However, there is a strong suggestion that other regions may be considered in the future since the work item objective states the “initial scope for Region 1”.  Of course, if and when other regions are considered, the specifications may need to be revised and perhaps a new band number identified depending on the regulations in other regions.  For the present, the focus is on coexistence with Bands 74/n74, 75/n75, n92, and n94 which are applicable in Region 1.  
ECC CEPT in Europe has conducted a study [2] on the compatibility between satellite Mobile Earth Station (MES) operation in the extended L band with IMT supplemental downlink (SDL) operating in the range 1492 – 1518 MHz.  This study investigated frequency offsets of 1, 3, and 6 MHz between the IMT band and the satellite band.  The conclusion is that there will be some interference at all of these frequency offsets
With the assumed IMT e.i.r.p. and OOBE values and current values of MES receiver blocking, the interference at 1 MHz frequency separation is high from both IMT OOBE and MES receiver blocking. However, at frequency separations of 3 MHz and 6 MHz the interference from IMT OOBE is reduced but the interference due to MES receiver overload to currently operating MESs remains high. It may be noted that currently operating MESs include those with the tuning range 1525-1559 MHz.
The following mitigation techniques are recommended
· The interference due to IMT OOB emissions can be reduced by improved filtering on the IMT base station; 
· The interference due to blocking can be reduced by improving the MES resilience to IMT signals in the adjacent band; 
· Either adding location based frequency allocation to MSS to avoid the use of the lower couple of MHz and/or, implementing interference avoidance which would in addition allow for a better frequency utilisation of the lower part of the 1518-1559 MHz frequency band for MSS. The feasibility and impact of these techniques have not been assessed. 

Thus, there are three outcome that can be considered from this report for the purpose of 3GPP band and requirements definition.  
1. Frequency separation between TN and NTN band should be 3 MHz or larger,
2. Basestation out-of-band emissions from TN bands should be improved relative to the assumptions in the report,
3. UE receiver blocking should be improved relative to the assumptions in the report
The first outcome on frequency separation could be implemented by defining the band with the lower edge of downlink at 1521 MHz to ensure at least 3 MHz guard band from the uppermost edge of the TN bands under consideration.  However, this would only leave 4 MHz remaining for NTN DL in the band.
The second outcome on basestation emissions is not in the scope of this work item since the work item objective specifically notes “introduction of this new NTN band through this WID has no impact on existing 3GPP terrestrial band specifications.” 
The last outcome to investigate the possibility to improve the UE blocking performance can be considered.  The assumption in the ECC study for the UE (MES) characteristics is extracted from the report and copied below
[bookmark: _Ref458809468]Table 6: MES terminal characteristics
	Parameter
	Unit
	Value

	Receiver tuning range
	MHz
	1518-1559 MHz

	Reference bandwidth
	kHz
	200

	Receiver noise temperature
	K
	316

	Receiver thermal noise level
	dBW
	–150.6

	Receiver thermal noise level for 200 kHz ref. BW
	dBm/200 kHz
	–120.6

	Receiver thermal noise level for 1 MHz ref. BW
	dBm/MHz
	–113.6

	ACS (1st adjacent channel)
	dBc
	30

	ACS (2nd adjacent channel and up to 2 MHz)
	dBc
	37

	ACS above 2 MHz
	dBc
	87

	Maximum antenna gain
	dBi
	(see Table 7)

	Polarisation
	-
	circular

	Receiver Blocking[footnoteRef:1] [1: ] 

	dBm
	–60 dBm (<2 MHz separation)
–52 dBm (>2 MHz and < 5 MHz separation)
–40 dBm (>5 MHz separation)

	Land MES antenna height a.g.l.
	m
	2

	Sea (maritime) MES antenna height a.s.l.
	m
	10

	Air (aeronautical) MES antenna height a.g.l.
	m
	0-10000

	 Aircraft Earth Stations used for safety-related communications are subject to the standards published by the RTCA (http://www.rtca.org/). The two standards relevant to AES are: 
1)  DO-210 D:	“Minimum Operational Performance Standards For Geosynchronous Orbit Aeronautical Mobile Satellite Services (AMSS) Avionics” [10] operating in the frequency band 1530-1559 MHz;
2)  DO-262 B:	“Minimum Operational Performance Standards For Avionics Supporting Next Generation Satellite Systems (NGSS)” [11] operating in the frequency band 1518-1559 MHz.
Currently, both standards include minimum requirements related to the susceptibility of AES receivers to interference received on frequencies below the band 1530 MHz (DO-210) and 1518 MHz (DO-262B). The requirements in the RTCA standards are for receivers to operate with interference levels around –65 dBm to –55 dBm when interference occurs on a frequency just below 1518 MHz, whereas the value assumed in this study is –40 dBm, a value found by measurements performed by the FCC a number of years ago on land and maritime terminals. Terminals compliant with the baseline value would therefore be more resistant to interference. It’s assumed that new or updated RTCA standards will take into account the evolutions of the regulation framework, especially the IMT identification just below 1518 MHz.



Thus, ACS is assumed to be -30 dBc in the first adjacent channel and -37 dBc in the second adjacent channel.  Receiver blocking is assumed to vary between -60 dBm to -40 dBm depending on the interferer frequency separation.  The assumed blocking values for an enhanced MES receiver are 
[bookmark: _Ref458809514]Table 8: Assumed blocking level for enhanced MES receivers
	Frequency separation 
between channel edges
	Interference level 
(at output of receiving antenna)

	1 MHz
	–55 to –45 dBm

	3 MHz
	–35 to –30 dBm

	6 MHz
	–30 to –25 dBm



On the other hand, LTE Cat NB1 and NB2 ACS and blocking requirements are as follows
Table 7.5.1F: Adjacent channel selectivity parameters for category NB1 and NB2
	ACS1 test Parameters

	Interferer
	GSM (GMSK)
	E-UTRA

	Category NB1 or NB2 signal power
(Pwanted  ) / dBm
	REFSENS + 14 dB

	Interferer signal power
(PInterferer ) / dBm 
	REFSENS + 42 dB
	REFSENS + 47 dB

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from category NB1 or NB2 channel edge
	±200 kHz
	±2.5 MHz

	ACS2 test Parameters

	Interferer
	GSM (GMSK)
	E-UTRA

	Category NB1 or NB2 signal power
(Pwanted  ) / dBm
	-53 dBm
	-58 dBm

	Interferer signal power
(PInterferer ) / dBm 
	-25 dBm

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from category NB1 or NB2 channel edge
	±200 kHz
	±2.5 MHz



Table 7.6.1.1F-1: In-band blocking parameters for category NB1 and NB2
	IBB1 test Parameters

	Category NB1 or NB2 signal power
(Pwanted  ) / dBm
	REFSENS + 6 dB

	Interferer
	E-UTRA

	Interferer signal power
(PInterferer ) / dBm 
	- 56 dBm

	Interferer bandwidth
	5 MHz

	Interferer offset from category NB1 or NB2 channel edge
	+7.5 MHz + 0.005 MHz
and
-7.5 MHz - 0.005 MHz

	IBB2 test Parameters

	Category NB1 or NB2 signal power
(Pwanted  ) / dBm
	REFSENS + 6 dB

	Interferer
	E-UTRA

	Interferer signal power
(PInterferer ) / dBm 
	- 44 dBm

	Interferer bandwidth
	5 MHz

	Interferer offset range from category NB1 or NB2 channel edge
	From +12.5 MHz to FDL_high + 15 MHz
and
From -12.5 MHz to FDL_low - 15 MHz



Requirements for Cat M1 are the same as general LTE requirements in clauses 7.5.1 and 7.6.1 of TS 36.101.
In addition to the differences in specified values for ACS and blocking, the evaluation criteria used in the ECC study are different than the 3GPP definitions.  For example, 3GPP ACS and blocking values are defined when the wanted signal level is 6 or 12 dB above reference sensitivity for example and based on the UE still meeting 95% throughput for the specified RMC.  On the other hand, the ECC study used a criterion of I/N of -6 dB for its evaluation.  Thus, the ECC recommendations on blocking and the 3GPP specification are not directly comparable.  Further study is needed to properly understand whether the 3GPP UE ACS and blocking requirements need to be updated.
Conclusion
The extended L band is in close proximity to a number of TN bands and may therefore cause or experience interference when deployed in the same geographical area.  The scope of the work item is limited to Region 1, so the TN bands of potential interference have been identified as Bands 74/n74, 75/n75, n92, and n94.  The ECC CEPT in Europe conducted a study on compatibility between IMT adjacent to the extended L band.  From this study, the following proposals are offered for consideration
Proposal:  Define the Extended L-band downlink range lower edge at 1521 MHz to provide 3 MHz guard band with TN bands
Proposal:  Evaluate the LTE NB1, NB2, and M1 blocking specification to determine if it complies with the ECC assumption for enhanced performance
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