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1. Introduction
RAN#99 approved a New Work Item for the specification of a new 3GPP LTE band addressing the MSS Extended L-band, with frequency range of 1518-1525 MHz DL and 1668-1675 MHz UL, focusing on IoT NTN support (Cat M1 and Cat NB1, NB2) [9].

The need for further discussion of additional UE blocking requirements was identified during discussion at RAN4#106-bis-e .
The discussion has further continued during RAN4#107 and RAN4#108, RAN4#108-bis and is still ongoing as of this meeting, materially blocking progress of the WI.

The latest standing agreement is as follows [10]:

Agreement:
· Further discuss how to reconcile blocking requirements from EN 301 681 and ECC Report 263 with 3GPP blocking requirements and coexistence assumptions, taking also into account alignment with ongoing ETSI SES work. 
· Companies to check whether existing 3GPP blocking requirements can be sufficient to meet regulatory requirements. 
With the present document, we would like to produce further input to the discussion, in order to help achieving convergence.

2. [bookmark: OLE_LINK20][bookmark: OLE_LINK10][bookmark: OLE_LINK14][bookmark: OLE_LINK13]Discussion  
2.1 NTN Operating Assumptions
The first topic to be addressed is related to the operating assumptions for NTN UE in relation to TN (IMT) networks and base stations.
ECC Report 263 [1] considers also geographical separation between the MSS receiver and the IMT base station.  This can be used as one of the parameters to assess coexistence in the context of 3GPP.

As already mentioned in a previous contribution to RAN4#108, during the 3GPP TN-NTN coexistence analysis for FR1, 1500 m geographical separation was assumed between NTN UE and edge of the TN coverage.  That is different from the ECC Report 263, in which the geographical separation was calculated from the actual Base Station.  
This means that the actual TN BS to NTN UE separation assumed during the NTN coexistence phase in TR 38.863 [11] should be read as [TN cell radius] + 1500 m, which can result in a larger value than the 6100 m identified by ECC Report 263 for Land MES.   In fact, for low gain Land MES, the separation distance at which the interference levels become acceptable is 5000 m.  
For example, TR 38.863 TN deployment assumptions for Rural in fact assume a 7500 m ISD, which would roughly convert to a 3750 m cell radius, which, when adding the 1500 m geographical isolation assumed in the TR, would in fact yield a total separation distance between TN BS and NTN UE of 5250 m, sufficient to meet the ECC Report 263 suggested value at 1 MHz frequency separation at least for low-gain Land UE, which would align with a typical smartphone or IoT NTN use case.

So, on the surface level, it would seem that, by adopting the same coexistence assumptions as in TS 38.863, it would not be necessary to specify additional, more stringent blocking requirements for the NTN UE.
However, the assumption that an NTN UE will always operate at such large distance from TN BS is an entirely arbitrary one and may not be realistic at all in practice.

There are at least three cases, where this assumption may not apply at all:
1) For a Smartphone or similar type of UE, the user may be wishing to test and exercise the NTN functionality even within the terrestrial network coverage, if anything for the purpose of familiarizing with it.  This is especially true for emergency and personal safety services, which are expected to work flawlessly in the field, and that the user would thus want to exercise beforehand, in a safe environment,
2) For an IoT device, especially a mobile one, it’s often very difficult or impossible to predict its trajectory or deployment location, and the customer may still want to use NTN connectivity in areas where the TN connectivity available is not suitable.
3) For a number of other non-consumer use cases, such as Automotive, Public Safety, Maritime and UAV, it is not possible to expect that the devices will always only operate far away from terrestrial coverage.

Observation 1: There are a number of use case scenarios, including for consumer Smartphone (service testing), IoT and logistics, Automotive, Public Safety, Maritime and UAV, where a 5+ km separation from a TN base station cannot be assumed, but the system is expected to work nonetheless.


2.2 Receiver blocking requirement
The ECC Report 263 [1] on adjacent band compatibility of IMT operating in the frequency band 1492-1518 MHz and the MSS operating in the frequency band 1518-1525 MHz, concluded on the need for a set of minimum in-band blocking characteristic for land mobile earth station receivers operating above 1520 MHz, to improve resiliency to harmful interference from a 5 MHz broadband IMT signal interferer (LTE) operating below 1517 MHz with an interference power of −30dBm. 
In addition to the enhanced receiver blocking requirement, ECC Report 263 introduces an EIRP limit to IMT base stations unwanted emissions of −30dBm/MHz above 1520 MHz and assumes a BS e.i.r.p. = 58 dBm/5MHz in rural, 56 dBm/5MHz in suburban and urban.
So far, the discussion in terms of addressing the blocking requirements for NTN bands has been limited to the outcome of ECC Report 263.
However, it should also be acknowledged that LTE transmissions can potentially extend further down, for tens of MHz below 1512MHz. In fact, CEPT Report 065 [2] states the following (section 5.3):
For base stations operating below 1512 MHz (i.e. more than 6 MHz away from MSS terminals), there is no reason to restrict the WBB ECS BS maximum in band e.i.r.p.. Therefore, the maximum in-band e.i.r.p. framework defined in EC Decision (EU) 2015/750 is applicable to the band 1492-1512 MHz.
and the following (section A2.1)
Based on deployment requirements and on compatibility studies with other services operating in adjacent bands, or with legacy services operating in the band, an administration could at national level:
· restrict base stations in-band e.i.r.p. in the band 1427-1452 and 1492-1512 MHz. Such limit may range up to 68 dBm.
Thus, since the maximum LTE EIRP between 1492MHz and 1512MHz can be up to 10dB higher than an LTE blocker between 1512MHz and 1517MHz, the following blocking scenarios should be considered (see Figure 1) :
1. -30dBm/5MHz LTE blocker between 1512MHz and 1517MHz
2. -20dBm/20MHz LTE blocker between 1492MHz and 1512MHz

[image: ]
[bookmark: _Ref149770945]Figure 1 Graphical representation of two LTE blocking scenarios

There is a body of literature suggesting that it is at the very least appropriate to define one of the two blocking scenarios of above, or ideally both: RTCA DO-262 [3], ETSI Harmonized Standards EN 301 444 [4] and EN 301 681 [5], IMO MSC.513(105)) [6].

Due to the contribution from the out of band (see snapshot in Figure 2 from ECC Report 263 and its graphical representation in Figure 3), it appears appropriate to define two sets of blocking requirements, as described below:

1) 5MHz LTE interferer placed between 1512MHz and 1517MHz (-30dBm) (i.e. point 1. mentioned above):
it is suggested to have a blocking requirement at 1520MHz against this 5MHz LTE interferer placed between 1512MHz and 1517MHz (-30dBm).  The level of spectrum regrowth in the adjacent frequencies (i.e. between 1517MHz and 1520MHz), is up to -0.8dBm/1MHz at the input of the receiver when considering a 1 MHz distance between the IMT block and the satellite receiver, according to ECC Report 263 (see Table 4 and Figure 1 in ECC Report 263).
As the spectrum regrowth in these adjacent frequencies may dominate the interference contribution with a high "co-channel" interference between 1518MHz and 1520MHz, it seems reasonable to define a blocking requirement at 1520MHz for this blocking scenario.

2) 20MHz LTE interferer placed between 1492MHz and 1512MHz (-20dBm) (i.e. point 2. mentioned above):
The spectrum regrowth in the adjacent frequencies may have rolled off to approximately -23dBm/1MHz at 6MHz offset (i.e. at 1518MHz if the upper edge of LTE is 1512MHz).
Thus, it seems reasonable to define a blocking requirement at 1518MHz for this blocking scenario.

	[bookmark: _Ref149821151][image: ]

Figure 2 Out-of-Band contribution table (snapshot from ECC Report 263)
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[bookmark: _Ref149859483]Figure 3 Out-of-Band contribution plot (snapshot from ECC Report 263)




In conclusion, the proposal is summarized as follows (see Table 1):
	Blocking scenario
	Interferer level at the receiver’s input from a 20MHz LTE Carrier (1492-1512 MHz)
	Interferer level at the receiver’s input from a 5MHz LTE Carrier (1512-1517 MHz)
	Lower edge for victim’s waveform [MHz]
	Notes

	1.
	Not present
	-30 dBm
	1520
	May be regarded as in-band requirement (see sections ‎2.2.1 and ‎2.2.2) 

	2.
	-20 dBm
	Not present
	1518
	May be regarded as out-of-band requirement (see sections ‎2.2.3‎ and 2.2.4)


[bookmark: _Ref149822867]Table 1 - Summary of blocking scenarios and proposed lower edge for victim's waveform

2.2.1 [bookmark: _Ref149833215] In-band blocking requirement for UE category M1
TS 36.102 [7] defines in-band blocking (section 7.6.1) as “an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for the specified measurement channels”. 
Therefore, blocking scenario 1 of Table 1 and Figure 1 can be introduced as a case 3 in-band blocking requirement in Table 2 (mirroring the relevant table in the relevant section of [7]).

	E-UTRA band
	Parameter
	Unit
	Case 1
	Case 2
	Case 34

	
	PInterferer
	dBm
	-56
	-44
	-30

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&
=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&
≥+BW/2 + FIoffset,case 2
	N/A

	256, 255
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 15
to
FDL_high + 15
	N/A

	2535
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 15
to
FDL_high + 15
	1514.5

	NOTE 1:	For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band
NOTE 2:	For each carrier frequency the requirement is valid for two frequencies:
a. the carrier frequency -BW/2 – FIoffset, case 1 and
b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:  FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 
NOTE 4: The Interferer bandwidth for Case 3 is a 5 MHz broadband signal interferer (LTE)
NOTE 5: The lower edge of the victim’s NTN channel is assumed to be at 1520 MHz


[bookmark: _Ref149835449]Table 2 - In-band blocking for Cat M1
Proposal 1: For the extended L-band, add an LTE blocking scenario to the relevant in-band blocking sections of the 3GPP specification as proposed in Table 2. The lower edge of the victim’s NTN channel is assumed to be at 1520 MHz when a 5MHz LTE interferer placed between 1512MHz and 1517MHz (-30dBm) is applied.
Furthermore, the blocking allowance, which is currently defined as a +6dB margin over REFSENS (see Table 7.6.1.1-1 in TS 36102), should be reviewed in light of the available link margin from link budget when considering the LTE blocking scenario #1 of Table 1 of this document. 
Proposal 2: review the blocking allowance against a 5MHz LTE interferer placed between 1512MHz and 1517MHz (-30dBm) in light of available link margin from link budget. A change, if necessary, may be applied to the relevant in-band blocking sections of the 3GPP specification.
2.2.2 [bookmark: _Ref149913661] In-band blocking requirement for UE category NB1 and NB2
Similarly, 3GPP TS 38.101-5 [8] for UE category NB1 and NB2, states that “For NR satellite bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz in-band blocking (IBB) is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band”.
Thus, the same rationale as in ‎2.2.1 of this document can be applied, and the additional in-band blocking requirement for UE category NB1 and NB2 can be specified as shown in Table 3. 
Proposal 3: In line with Proposal 1 and Proposal 2, similarly apply additional in-band blocking requirements as follows in Table 3:
	IBB3 test Parameters

	Category NB1 or NB2 signal power
(Pwanted  ) / dBm
	REFSENS + [6 dB]1

	Interferer
	E-UTRA

	Interferer signal power
(PInterferer ) / dBm 
	- 30 dBm

	Interferer bandwidth
	5 MHz

	Interferer centre frequency / MHz
	1514.5

	NOTE 1: Values in square brackets may be subject to change pending review


[bookmark: _Ref149836157]Table 3 - Additional in-band blocking parameters for category NB1 and NB2
2.2.3 [bookmark: _Ref149854525][bookmark: _Ref149913677] Out-of-band blocking requirement for UE category M1
The LTE interferer corresponding to blocking scenario 2 in Table 1 does not fulfil the “in-band” condition in TS 36.102 [7] and referenced in section ‎2.2.1 of this document, thus resilience against blocking scenario 2 of Table 1 should be added as an out-of-band blocking requirement.
Proposal 4: rephrase wording in 7.6.2 Out-of-band blocking in TS 36.102 to allow the inclusion of an 20MHz LTE interferer placed between 1492MHz and 1512MHz (-20dBm) (see blocking scenario 2 in Table 1 of this document).
Specifically, the “CW” reference should be removed from the sentence “Out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band. For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or adjacent channel selectivity in subclause 7.5.1 and subclause 7.6.1 shall be applied”. Alternatively, wording should be rephrased to allow the inclusion of an 20MHz LTE interferer placed between 1492MHz and 1512MHz (-20dBm) as a type of interferer.
Similarly to the in-band blocking described above, the blocking allowance, which is currently defined as a +6dB margin over REFSENS (see Table 7.6.2A-1 in TS 36102), should be reviewed in light of the available link margin from link budget when considering the LTE blocking scenario #2 of Table 1 of this document. 
Proposal 5: review the blocking allowance against a 20MHz LTE interferer placed between 1492MHz and 1512MHz (-20dBm) in light of available link margin from link budget. A change, if necessary, may be applied to the out-of-band blocking sections of the 3GPP specification.
In addition, the definition of LTE blocking scenario #2 of Table 1 of this document should be added into Table 7.6.2A-2: Out of-band blocking for category M1 UE of TS 36.102 as follows (text in yellow highlight is newly added text):
Table 4 – Out of band blocking requirements for Cat M1
	Operating Band
	Parameter
	Unit
	Range 1
	Range 2
	Range 3
	Range 42

	
	Pinterferer
	dBm
	-44
	-30
	-15
	-20

	255
	Finterferer (CW)
	MHz
	-60 < f – FDL_low < -15
or
15 < f – FDL_high < 60
	-85 < f – FDL_low ≤ -60
or
60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 85
or
FDL_high + 85 ≤ f
≤ 12750
	N/A

	2561
	Finterferer (CW)
	MHz
	-100 < f – FDL_low < -15
or
15 < f – FDL_high < 60
	-145 < f – FDL_low ≤ -100
or
60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 145
or
FDL_high + 85 ≤ f
≤ 12750
	N/A

	2533
	Finterferer (LTE)
	MHz
	N/A
	N/A
	N/A
	1502

	NOTE 1:	Band 256 lower frequency ranges are modified to enable specific implementations.
NOTE 2:   The Interferer bandwidth for Range 4 is a 20 MHz broadband signal interferer (LTE)
NOTE 3:   The lower edge of the victim’s NTN channel is assumed to be at 1518 MHz



Proposal 6: For the extended L-band, add an LTE blocking scenario to the relevant out-of-band blocking sections of the 3GPP specification as proposed in Table 4. The lower edge of the victim’s NTN channel is assumed to be  at 1518 MHz when a 20MHz LTE interferer placed between 1492MHz and 1512MHz (-20dBm) is considered.
2.2.4 [bookmark: _Ref149913679] Out-of-band blocking requirement for UE category NB1 and NB2

Same rationale as section ‎2.2.3 of this document applies here. Proposal 5 and Proposal 6 should also be applied to this section. 
[bookmark: OLE_LINK2]Proposal 7: Proposal 5 and Proposal 6 can be similarly applied to Table 7.6.2B-1: Out-of-band blocking parameters for category NB1 and NB2 UE of TS 36.102 as follows in Table 5.
Table 5 - Out of band blocking for Cat NB1 and NB2
	Operating Band
	Parameter
	Unit
	Range 1
	Range 2
	Range 3
	Range 45

	
	Pwanted
	dBm
	REFSENS + 6 dB
	REFSENS + [6 dB]6

	
	Pinterferer
	dBm
	-44
	-30
	-153
	-20

	255
	Finterferer (CW)
	MHz
	-60 < f – FDL_low < -15
or
15 < f – FDL_high < 60
	-85 < f – FDL_low ≤ -60
or
60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 85
or
FDL_high + 85 ≤ f
≤ 12750
	N/A

	2562
	Finterferer (CW)
	MHz
	-100 < f – FDL_low < -15
or
15 < f – FDL_high < 60
	-145 < f – FDL_low ≤ -100
or
60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 145
or
FDL_high + 85 ≤ f
≤ 12750
	N/A

	2537
	Finterferer (LTE)
	MHz
	N/A
	N/A
	N/A
	1502

	NOTE 1:	The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 in TS 36.101 with PCMAX_L as defined in subclause 6.2.5.
NOTE 2:	Band 256 lower frequency ranges are modified to enable specific implementations.
NOTE 3:	For operating bands which downlink band frequency range is between 1475.9 MHz < f < 2690 MHz the power level of the interferer (PInterferer) for Range 3 shall be modified to: -20 dBm for the frequency range which is bounded by FDL_low- 200 MHz of the lowest band that UE supports in frequency range 1475.9 MHz < f < 2690 MHz and FDL_high  + 200 MHz of the highest band that UE supports in frequency range 1475.9 MHz < f < 2690 MHz.”
NOTE 4:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz.
NOTE 5:   The Interferer bandwidth for Range 4 is a 20 MHz broadband signal interferer (LTE)
NOTE 6:   Values in square brackets may be subject to change
NOTE 7:   The lower edge of the victim’s NTN channel is assumed to be at 1518 MHz



Conclusions
Observation 1: There are a number of use case scenarios, including for consumer Smartphone (service testing), IoT and logistics, Automotive, Public Safety, Maritime and UAV, where a 5+ km separation from a TN base station cannot be assumed, but the system is expected to work nonetheless.

Proposal 1: For the extended L-band, add an LTE blocking scenario to the relevant in-band blocking sections of the 3GPP specification as proposed in Table 2. The lower edge of the victim’s NTN channel is assumed to be at 1520 MHz when a 5MHz LTE interferer placed between 1512MHz and 1517MHz (-30dBm) is applied.
Proposal 2: review the blocking allowance against a 5MHz LTE interferer placed between 1512MHz and 1517MHz (-30dBm) in light of available link margin from link budget. A change, if necessary, may be applied to the relevant in-band blocking sections of the 3GPP specification.
Proposal 3: In line with Proposal 1 and Proposal 2, similarly apply additional in-band blocking requirements as follows in Table 3:
Proposal 4: rephrase wording in 7.6.2 Out-of-band blocking in TS 36.102 to allow the inclusion of an 20MHz LTE interferer placed between 1492MHz and 1512MHz (-20dBm) (see blocking scenario 2 in Table 1 of this document).
Proposal 5: review the blocking allowance against a 20MHz LTE interferer placed between 1492MHz and 1512MHz (-20dBm) in light of available link margin from link budget. A change, if necessary, may be applied to the out-of-band blocking sections of the 3GPP specification.
Proposal 6: For the extended L-band, add an LTE blocking scenario to the relevant out-of-band blocking sections of the 3GPP specification as proposed in Table 4. The lower edge of the victim’s NTN channel is assumed to be  at 1518 MHz when a 20MHz LTE interferer placed between 1492MHz and 1512MHz (-20dBm) is considered. 
Proposal 7: Proposal 5 and Proposal 6 can be similarly applied to Table 7.6.2B-1: Out-of-band blocking parameters for category NB1 and NB2 UE of TS 36.102 as follows in Table 5.
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Table 5: IMT base station 00B values used in the studies

e
1 MHz -0.8 dBm/MHz —2.8 dBm/MHz
3MHz —30 dBm/MHz —32 dBm/MHz
6 MHz —33 dBm/MHz —35 dBm/MHz
13 MHz —40 dBm/MHz —42 dBm/MHz
43 MHz —60 dBm/MHz —62 dBm/MHz
70 MHz —78 dBm/MHz —80 dBm/MHz
73 MHz —80 dBm/MHz —80 dBm/MHz
80 MHz —80 dBm/MHz —80 dBm/MHz
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