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1
Introduction 
Vodafone, Telecom Italia, Telefónica, Orange, Deutsche Telekom, Telia Company, KPN, Bouygues Telecom and Fraunhofer IIS submitted RP-233879 [1] to RAN 102 meeting to highlight the need to avoid causing interference on already established networks from band n101. As a result of the discussion at the RAN plenary, the RAN plenary Way Forward in RP-234008 [2] was agreed:

“RAN tasks RAN4 to investigate what possibilities exist in the RAN4 specifications for n101 to avoid causing interference on already established networks, which corresponds to the objectives of WID NR_RAIL_EU_1900MHz_TDD, and report to RAN#103.”
This document summaries RP-233879 and provides additional results from a measurement campaign conducted by TU Wien in [3] which indicate the harm that can be caused by band n101 mobiles to existing mobile networks.
2
Background
At RAN 91e (March 2021), new WIDs were agreed for the introduction of Rail Mobile Radio (RMR) spectrum (as FDD) in 900 MHz (RP-210878) and (as TDD) in 1900 MHz (in RP-210879).

The adjacent bands around RMR 1900MHz (band n101) are shown below (source R4-2107313 Huawei, HiSilicon):
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Fig 1: Band allocations at 1900 MHz.
Both the RMR WIDs contained the objective:

· The Block-Edge-Mask (BEM) is developed on the basis that detailed coordination and cooperation agreements would not be required to be in place prior to network deployment.
Following discussions in RAN 4 electronic meetings regarding the normal content of the RAN 4 specifications, at RAN 92e in June 2021, that objective was modified in RP-211542 to:

NOTE-1:
The introduction of the 1900 MHz band for use by Rail Mobile Radio is intended to ensure coexistence with adjacent spectrum ranges in Europe in compliance with the applicable regulations, to avoid causing interference on already established networks.

At RAN 92e there was also discussion on missing “open issues” in the status report and the SR was revised to RP-211544. 

Subsequent Status Reports (RP-211684 at RAN 93e, Sept 2021; RP-212859 at RAN 94e; and RP-220913 at RAN 95e, March 2022) did not highlight any controversy on delivering on the WID’s objectives, so it ought to be safe to assume that the objectives were delivered into the specifications.
3
RF Blocking of band 1 base stations from use of n101

Investigations commissioned by Vodafone (see annex A) indicate that the agreed RMR 1900 MHz specifications for band n101 can have significant impact to the uplink reception at a large number of MNO base station sites in band n1. We anticipate:
Observation 1: Blocking caused by FRMCS base stations (in case EIRP is 65 dBm)
· Mobile Operator base stations in the 2 GHz band which are <500 m away from a FRMCS base station: 27.9 dB additional selectivity required.
· Interference possible even at distances > 3.6 km
At RAN 96, Budapest, June 2022, a new WID was agreed for High Power UE support for band n100 and n101 for Rail Mobile Radio (RMR) in Europe in RP-221878.( Note: the WID in RP-221878 is now incorporated into the basket HPUE WID). As a consequence of these High power UEs, we anticipate: 
Observation 2: Blocking caused by FRMCS Cab Radios (in case Tx power is 31 dBm & EIRP is 33 dBm)
· Possible at distances to mobile operator base station up to 450 m.
Subsequent to RAN #102, Vodafone has reviewed a measurement campaign conducted by TU Wien [3] that investigated the path loss between mobiles with train-roof mounted antennas and mobile operator base stations in band 3. Some of the results are shown below. The results are expected to be very similar to the path loss between train-cab radios using band n101 and mobile operator base stations in band 1. 
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Fig 2: Pathloss measurements.
These results indicate that using a COST-Hata model may underestimate the harm from cab-radios by around 10 dB. Further details are in annex B of this document.
Observation 3: Results from the TU Wien measurement campaign show around 10 dB greater damage to public operators compared to the COST-Hata path loss model. 
The COST-Hata path loss model was used in the Annex A investigations commissioned by Vodafone . This extra data from TU Wien indicates that the actual harm caused to mobile networks will be worse than we indicated at RAN #102.
The co-signing companies believe that these levels of interference to existing, installed, operational networks are not acceptable and that the Work Item’s objective’s have not been achieved.

Proposal 1:  RAN WG 4 to respond to RAN plenary stating that the requirement to “avoid causing interference on already established networks” has not been achieved by neither the base station specifications for band n101 nor the UE specifications for band n101.
The co-signing companies are aware of the new (2021-10) ETSI specification TS 103 807 on Base Stations (BS) Additional Regulatory Requirements, but (a) does not see how they can apply retrospectively to already installed equipment and (b) does not believe that resolves all the interference issues.
4
Unwanted emissions from band n101 into band n1 e/gNBs
4.1 
Unwanted emissions from n101 gNB into band 1
Band 1 starts 10 MHz away from the edge of band n101 so, based on table 6.6.1-1 and section 6.6.5.1 in TS 38.104 and the use of BS-type 1-C (non-AAS base station as in the WID in RP-211542), the out of operating band emissions in Table 6.6.4.2.2.2-1 of TS 38.104 do not apply, instead the spurious emissions of 6.6.5 apply. 
Note: band n101 is not listed in the Category A out of band emission clauses, and option 2 of the Category B out of band requirements are for Europe.
Extracts from TS 38.104 are attached in annex C. 
With regard to the spurious emissions from band n101, table 6.6.5.2.3-1 of TS 38.104 indicates a value of -49dBm/MHz, however, this is overwritten by the specific requirement for band n1 in table 6.6.5.2.3-12 of -57dBm / 5 MHz (which is ≈ 16 dB tighter). This tighter value aligns with table 8 of CEPT report 76 when 18 dB and antenna gain and 4 dB of cable losses are applied to CEPT’s -43dBm / 5MHz value.
TS 38.104:Table 6.6.5.2.3-12: Additional BS Spurious emissions limits for Band n101
	Frequency range
	Maximum Level
	Measurement Bandwidth 
	Note

	1920 MHz – 1980 MHz
	-57 dBm
	5 MHz
	This limit is derived from ECC Decision(20)02 [21] assuming a 18 dBi maximum antenna gain and 4  dB losses, and assuming one antenna connector. For more details on the maximum level derivation, refer to TR 38.852 [23]


At what range can these band n101 spurious emissions harm reception at a band n1 base station?
For typical band n1 operating bandwidths of 5, 10 or 15 MHz, Table 7.2.2-1 of TS 38.104 indicates a reference sensitivity level of ≈ -101.7 dBm. From Table A.1-1:  -101.7 dBm / (25 * 180 kHz) = -168.2 dBm/Hz
Then in the lower 10 MHz of band n1, the n101 spurious emission power is:

 (-57 dBm / 5 MHz) + 18 dBi (antenna gain) – 4 dB (feeder losses) = -110 dBm/Hz
If “no harm” to the n1 base station is caused when this spurious emission is 3dB less than the Prefsens of -101.7 dBm (-168.2 dBm/Hz), the path loss between the n101 base station and the n1 base station needs to exceed:

-110 dBm/Hz  - (-168.2 dBm/Hz – 3 dB) = 61.2 dB 
This loss equates to approximately 14 m of free space path loss.
Observation 4: provided that the n101 base station complies with the restrictions of table 6.6.5.2.3-12 in TS 38.104, the unwanted emissions from the n101 base station are probably acceptable to the band n1 base station.
However, if the n101 base station merely complies with the -49 dBm/MHz in table 6.6.5.2.3-1 of TS 38.104 then a path loss of around 81 dB is needed, which correlates to a free space distance of about 140 m. This distance could be problematic to operators with band n1 base stations.
Proposal 2: RAN 4 should indicate to RAN plenary that compliance with table 6.6.5.2.3-12 in TS 38.104 should be part of the certification process for n101 base stations.
4.2 
Unwanted emissions from n101 High Power UE into band 1
Operators often deploy base stations near railway lines in order to provide coverage to their customers inside trains. Railway cuttings are a frequent railway feature and this leads to base stations being directly adjacent to the railway, e.g. the distance between the base station and the nearest railway track can be around 5 meters. 
The general NR spectrum emission mask (Table 6.5.2.2-1 in TS 38.101) and the general spurious emissions requirement (TS 38.101, Table 6.5.3.1-2) apply to UEs in band n101 (extracts from TS 38.101 are copied in Annex D). As a result, a UE using n101 may generate -25 dBm/MHz between 1920-1925 MHz and -30 dBm/MHz between 1925-1980 MHz. This is aligned with section 4.1.2 of CEPT report 76.
This 5 MHz of -25dBm/MHz plus 5 MHz of -30 dBm/MHz permits the n101 UE to transmit about -17dBm into the 10 MHz from 1920-1930 MHz.
Table 7.2.2-1 of TS 38.104 indicates a reference sensitivity level of  ≈ -101.7 dBm for the n1 base station. . From Table A.1-1: -101.7 dBm / (25 * 180 kHz) = -168.2 dBm/Hz.
If “no harm” to the n1 base station is caused when the band n101 UE’s unwanted emission is 3dB less than the Prefsens of -101.7 dBm (-168.2 dBm/Hz), then the path loss between the n101 UE and the n1 base station needs to exceed:

(-17 dBm / 10 MHz) – (-168.2 dBm/Hz -3 dB) = -84.2 dB 
For public operator base stations deployed to give in-train coverage to their customers, the path loss may be close to free space propagation loss, and this -84 dB path loss equates to a distance of about 200 m, assuming that the unwanted emissions are measure at the train’s antenna and are not ‘conducted measurements’ done before transmission by a, for example, 6 dB gain antenna! 
Observation 5: the unwanted emissions from the n101 cab radio may cause problems to public operator base stations deployed to give in-train coverage to their customers.
For public operator base stations deployed for their general customer base, the path loss will typically be greater than the free space loss, and the results (fig 2, above) from the TU Wien measurement campaign may be realistic of such a scenario. For 88 dB path loss this would translate to less than 100 m range. However, if the path loss also needs to compensate for the gain of the e.g., 6 dB roof-top cab radio antenna, then the interference range may be problematic.
Observation 6: the antenna gain, and roof top positioning of the cab radio antenna can lead to the n101 HPUE’s unwanted emissions causing problems to the band 1 base stations of public operators.
Annex 3 of CEPT Report 76 indicates that extra receiver filtering may be needed by the n101 Cab Radios. This might be performed by dedicated filters deployed on the cable between the roof top antenna and the receiver. With such a physical architecture, extra filters could also be deployed to ensure that the unwanted emissions from the cab radio antenna do not exceed the limits in CEPT Report 76. While “over the air”, 360 degree testing of trains may well not be feasible, the train’s antenna gain will be well documented and this number can be use to tighten up the conducted mode unwanted emission requirements.
Proposal 3: the unwanted emission specifications for band n101 UE should apply to the power emitted from the aerial, i.e. the “conducted” measurement requirements for the unwanted emissions should compensate for the antenna gain.
Observation 7: the mechanisms to handle post antenna connector gain for V2X and NS_33 and documented in TS 38.101 by reference to Annex I of TS 36.101 might be reusable. 
The above text from TS 36.101 is copied into annex E of this document.
Proposal 4: Change Requests are drafted to TS 38.101 to ensure that the n101 UE’s unwanted emissions are compensated for post antenna connector gain.

5
Alternative interference mitigation techniques 
The blocking impacts described in section 3, above are likely to lead to some ‘co-ordinated deployments’ of n101 base stations around existing band 1 base stations. However, by deploying n101 base stations far away from band 1 base stations, the cab radios are likely to be at greater range from the n101 base stations and hence the cab radios may be transmitting at maximum power. 
Observation 7: co-ordinated n101 and band 1 base station deployment should consider the likely consequences on cab radio transmit power.
As part of the FRMCS system, the FRMCS network should know the geographic location of the train cab radios. Combining this knowledge with information on the geographic location of the band 1 base stations, the n101 base station could (should) use power control mechanisms to avoid interfering with band 1 base stations operating in 1920-[1940] MHz. 
Proposal 5: RAN 4 to indicate to RAN plenary that FRMCS n101 gNBs should use knowledge of the distance between cab radios and band 1 base stations to reduce the n101 UE transmit power to levels that are not harmful to the band 1 base station.

6
Summary
Observation 1: Blocking caused by FRMCS base stations (in case EIRP is 65 dBm)
· Mobile Operator base stations in the 2 GHz band which are <500 m away from a FRMCS base station: 27.9 dB additional selectivity required.

· Interference possible even at distances > 3.6 km
Observation 2: Blocking caused by FRMCS Cab Radios (in case Tx power is 31 dBm & EIRP is 33 dBm)
· Possible at distances to mobile operator base station up to 450 m.
Observation 3: Results from the TU Wien measurement campaign show around 10 dB greater damage to public operators compared to the COST-Hata path loss model. 
Proposal 1:  RAN WG 4 to respond to RAN plenary stating that the requirement to “avoid causing interference on already established networks” has not been achieved by neither the base station specifications for band n101 nor the UE specifications for band n101.

Observation 4: provided that the n101 base station complies with the restrictions of table 6.6.5.2.3-12 in TS 38.104, the unwanted emissions from the n101 base station are probably acceptable to the band n1 base station.
Proposal 2: RAN 4 should indicate to RAN plenary that compliance with table 6.6.5.2.3-12 in TS 38.104 should be part of the certification process for n101 base stations.

Observation 5: the unwanted emissions from the n101 cab radio may cause problems to public operator base stations deployed to give in-train coverage to their customers.
Observation 6: the antenna gain, and roof top positioning of the cab radio antenna can lead to the n101 HPUE’s unwanted emissions causing problems to the band 1 base stations of public operators.
Proposal 3: the unwanted emission specifications for band n101 UE should apply to the power emitted from the aerial, i.e. the “conducted” measurement requirements for the unwanted emissions should compensate for the antenna gain.

Observation 7: the mechanisms to handle post antenna connector gain for V2X and NS_33 and documented in TS 38.101 by reference to Annex I of TS 36.101 might be reusable. 

Proposal 4: Change Requests are drafted to TS 38.101 to ensure that the n101 UE’s unwanted emissions are compensated for post antenna connector gain.

Observation 7: co-ordinated n101 and band 1 base station deployment should consider the likely consequences on cab radio transmit power.
Proposal 5: RAN 4 to indicate to RAN plenary that FRMCS n101 gNBs should use knowledge of the distance between cab radios and band 1 base stations to reduce the n101 UE transmit power to levels that are not harmful to the band 1 base station.
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8 Own Interference Analysis in Coexistence Scenarios

“This chapter will assess the interference power levels including propagation effects
LOS / NLOS propagation when sites for FRMCS and Vodafone are separated
Realistic channel models for urban, suburban and rural environments, like Hata-Okumura
path loss model
« With and without antenna discrimination (few values, e.g. antenna gain values from
antenna patterns in CEPT reports, and for 0%, 45°, 90° de-pointing of FRMCS and
Vodafone antennas)

81 Minimum Distance to keep Blocking Levels

Plotted in Figure 23 is the received signal power from the FRMCS BS transmissions in 1900-1910
MHz at the MFCN BSs (receiving in 1920~1940 MHz). The results are computed with the EIRP.
levels (see Figure 15, Figure 16 and Figure 17), the MCL equation and the EPM-73 path loss model
discussed in Section 7.1.2; the parameters (Gaay = 14 dBi, Gagecy = 15 dBi 2nd the total antenna
discrimination Dagg + Dygeey = 14 0B, while varying the distance) are chosen from the table in
reproduced in Figure 14. Specifcally, the received power 2t MECN BS from FRMCS BS
transmissions (in 1900 - 1910 MH2) is computed s follows, in dgm:
FRMCS Total Radiated Power — MCL
= (FRMCS EIRP — Gagq) —~ MCL

— Guagew + Daa + Dytrcw, Smplifies to
FRMCSEIRP — PL(75) + Gugscy — Dnait — Dacrc
= FRMCS EIRP — PLz,g) + 15 dBi — (Daga + Dycrcy)

Received power

‘which, with MC]
Received power.

PLisa) = Ga

Also plotted for comparison are a couple of curves with the COST-Hata path loss model [16]
(which is more applicable to B5-to-UE links). Note that the 3GPP blocking level requirement [11] of
-43 dBm s not reached without sufficient selectivity through antenna discrimination (or achieved
through additional ittering).

‘e, very large BS-BS separation in distance is needed to maintain the requirement

Recall from Figure 13 that the vertical 2ntenna discriminations depend on the distance between
the BS sites, height difference of the BS sites and the down-tifts, while the horizontal antenna
discrimination only depends on the orientation of the sector beams. Note that the horizontal
‘antenna discrimination of each sector antenna at a BS site to a nearby FRMCs BS site vary with the
orientation as indicated by Figure 22. For examples, considering the horizontal antenna pattern
from Figure 18, a few possible horizontal discrimination values from the three sectors of an MFCN
85 site are noted in Table 6.

Recommendations

The examples for rotating the MFCN antenna sectors indicate, that some horizontal discrimination
can also be achieved for even the worst sector at each MFCN site, if the sectors can be
conveniently oriented, e g. by 60°.
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Figure 22 An example depiction of the possible horizontal antenna discrimination between

‘nearby MFCN and FRMCS BS sectors.

Table 6 Example horizontal antenna discriminations from the MFCN BS sectors assuming the
Kathrein celllar antenna pattern from Figure 18.

BS site Azimuth angle Horizontal antenna
ntations between sectorand | discrimination (dB)
FRMCS BS (degrees)
Example 1 o o
+120 25
120 30
Example 2 +30 3
+150 33
20 20
Example 3 +60 -10
+180 36
-60 B
Example 4 +90 2
-150 -40
30 3
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Figure 23: Received power at MFCN BS from FRMCS BS transmissions, subject to path loss models
and assumed BS heights. Data tips indicating points where the blocking-level requirement of -43
dBm for MFCN BS in the 1900~1910 MHz band is met, ranging from 200 m to 2470 m; EPM-73

channel model assuming no antenna discrimination requires >>3.5 km separation distance.
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With the same assumptions and parameters settings as in the previous plot, but varying the
discrimination (achieved through antenna depointing and/or additional R fittering), Figure 24
plots the required distance for meeting the 43 d8m blocking level requirement.

EIRP =507 dBim. i, =20 1. gy = 30, EPULTS mod
EIRP = 407 6B,y =20 1, gy = 30, EPUATS mods
I EIRP = 65d8m, g 10y 30 m, COST-231-Hatasmalomeadumaty

| ERe=ssemnng, = 0 m i, =30 m COST281 Halsarg-cty

ask

43 dBim blacking level (k)

» 2 E3 W E) £l
‘Antenna discrimination plus additonal fiering attenuation (48)

Figure 24: Required distance for meeting -43 dBm blocking level (km), given the level of antenna
discrimination and/or additional filtering attenuation. EPM-73 as used in CEPT reports is a LoS.
model, and COST-231 is a channel model defined for mobile base station links.

For other MFCN uplink channels with the FRMCS channel falling farther away (below than Fu i~
20 MHz or above Fu g +20 MHz, like Vodafone bands 3, 7, 20, 28, 78), the allowed blocking
level for a CW interering signal can be s high as -15 d8m according to 3GPP specifications.
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Annex B: Measurement campaign by TU Wien

[image: image7.png]Measurement Campaign

For VPL indoor and outdoor measurements are required
Outdoor:
> Trains and modern cars equipped with rooftop antennas.
> Simulation tools for simulating outside signal strengths.
Indoor:
> Measurement campaign with indoor scanner or UEs.
> Crowdsourced Minimization of Drive Test (MDT) data.

Measurement campaign for testing the framework:

> OEBB Talent Train, 65km Nordbahn track
> 800 and 1800 MHz bands (closest to FRMCS)
> PCTel MXflex scanner (outdoor), 4 Samsung UEs (indoor)
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Annex C: Information from TS 38.104  
BS type 1-C:
NR base station operating at FR1 with requirements set consisting only of conducted requirements defined at individual antenna connectors
/…./

4.3
Conducted and radiated requirement reference points

4.3.1
BS type 1-C
For BS type 1-C, the requirements are applied at the BS antenna connector (port A) for a single transmitter or receiver with a full complement of transceivers for the configuration in normal operating conditions. If any external apparatus such as an amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (port B).
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Figure 4.3.1-1: BS type 1-C transmitter interface

/…/
6.6
Unwanted emissions

6.6.1
General

Unwanted emissions consist of out-of-band emissions and spurious emissions according to ITU definitions [2]. In ITU terminology, out of band emissions are unwanted emissions immediately outside the BS channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions.

The out-of-band emissions requirement for the BS transmitter is specified both in terms of Adjacent Channel Leakage power Ratio (ACLR) and operating band unwanted emissions (OBUE).
The maximum offset of the operating band unwanted emissions mask from the operating band edge is ΔfOBUE. The Operating band unwanted emissions define all unwanted emissions in each supported downlink operating band plus the frequency ranges ΔfOBUE above and ΔfOBUE below each band. Unwanted emissions outside of this frequency range are limited by a spurious emissions requirement.

The values of ΔfOBUE are defined in table 6.6.1-1 for the NR operating bands.

Table 6.6.1-1: Maximum offset of OBUE outside the downlink operating band
	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	BS type 1-H
	FDL,high – FDL,low < 100 MHz  
	10 

	
	100 MHz ( FDL,high – FDL,low ( 900 MHz
	40 

	
	
	

	BS type 1-C
	FDL,high – FDL,low ( 200 MHz
	10 

	
	200 MHz < FDL,high – FDL,low ( 900 MHz
	40 

	
	
	


  /…./
[image: image10.png]664222 Category B requirements (Option 2)

‘The limits in this clause are intended for Europe and may be applied regionally for BS operating in bands n1, n3, n7, ns,
138, 165, 0100, 101

For a BS operating in bands n1, n3, n8, n65 or BS fype 1-C operating in bands n7, n38, 100 or 101, basic limits are
specified in Tables 6.6.4.2.2.2-1 and 6.6.4.2.2.2-1a

Table 6.6.4.2.2.2-1: Regional Wide Area BS operating band unwanted emission limits for above 3 MHz

channel bandwidth for Category B

NOTE 2:

NOTE 3:
NOTE 4:
NOTE 5:

Frequency offset of Frequency offset of Basic limits (Note 1, 2) Weasurement
measurement measurement filter centre ‘bandwidth
filter -3dB point, AF frequency, f offset
0MHz<Af<0.2MHz | 0.015MHz <f offset < 0.215 MHz ~14.dBm 30 khz
02MHz<Af<1MHz | 0215 MHz<{ offset < 1.015 MHz 30 kHz
(Note 5)
(Note 4) 1.015 MHz < offset < 15 MHz 26 dBm (Note 5) 30 kHz
1MHz <Af< 1.5 MHz < _offset < ~13 dBm (Note 5) 1 MHz
min( 10 MHz, Afnex) min(10.5 MHz, T_offSetmar)
10 MHZ < AT< Afmex | 105 MHZ < offset < offselmer ~15 dBm (Note 3) (Note 5) 1 MHz
NOTE 1-_For a BS supporling non-contiguous spectrum operafion within any operating band, the minimum requirement

within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side
ofthe sub-block gap, where the contribution from the far-end sub-block shall be scaled according to the
measurement bandwidth of the near-end sub-block. Exception is Af = 10MHz from both adjacent sub-blocks on
each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -15dBm/1MHz.
For BS supporting mulfi-band operation, either this limit or -16dBm/100kHz (f_offset adjusted according to the
measurement bandwidth), whichever is less stringent, shall apply at Af > 10MHz for operating bands <1GHz
For a multi-band connector with Iner RE Bandwidth gap < 2*Afoaye the minimum requirement within the /ner
RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF
Bandwidth on each side of the Inter RF Bandwidth gap, where the contribution from the far-end sub-block or RF
Bandwidth shall be scaled according to the measurement bandwidth of the near-end sub-block or RF
Bandwidth

The requirement is not applicable when Afmex < 10 MHz.

This frequency range ensures that the range of values of f_offset is continuous.

For BS supporting mulfi-band operation, either this limit or -16dBm/100kHz (_offset adjusted according to the
measurement bandwidth), whichever is less stringent, shall apply for operating bands <1GHz





/…./

6.6.5
Transmitter spurious emissions

6.6.5.1
General

The transmitter spurious emission limits shall apply from 9 kHz to 12.75 GHz, excluding the frequency range from ΔfOBUE below the lowest frequency of each supported downlink operating band, up to ΔfOBUE above the highest frequency of each supported downlink operating band, where the ΔfOBUE is defined in table 6.6.1-1. For some operating bands, the upper limit is higher than 12.75 GHz in order to comply with the 5th harmonic limit of the downlink operating band, as specified in ITU-R recommendation SM.329 [2].

For a multi-band connector, for each supported operating band together with ΔfOBUE around the band is excluded from the transmitter spurious emissions requirement.

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification. 

The requirements shall also apply if the BS supports NB-IoT operation in NR in-band.
Unless otherwise stated, all requirements are measured as mean power (RMS).

/…./

Table 6.6.5.2.3-1: BS spurious emissions basic limits for BS for co-existence with systems operating in other frequency bands
	UTRA FDD Band I or
	2110 – 2170 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to BS operating in band n1 or n65

	E-UTRA Band 1 or NR Band n1
	1920 – 1980 MHz

	-49 dBm
	1 MHz
	This requirement does not apply to BS operating in band n1 or n65, since it is already covered by the requirement in clause 6.6.5.2.2.

	UTRA FDD Band II or
	1930 – 1990 MHz

	-52 dBm
	1 MHz
	This requirement does not apply to BS operating in band n2 or n70.  

	E-UTRA Band 2 or NR Band n2
	1850 – 1910 MHz

	-49 dBm
	1 MHz
	This requirement does not apply to BS operating in band n2, since it is already covered by the requirement in clause 6.6.5.2.2.

	UTRA FDD Band III or
	1805 – 1880 MHz

	-52 dBm
	1 MHz
	This requirement does not apply to BS operating in band n3.

	E-UTRA Band 3 or NR Band n3
	1710 – 1785 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to BS operating in band n3, since it is already covered by the requirement in clause 6.6.5.2.2. 


/…/
	NR band n101
	1900 – 1910 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to BS operating in Band n101.


/…/

The following requirement shall apply to BS operating in Band n101 in CEPT countries. The power of any spurious emission shall not exceed:

Table 6.6.5.2.3-12: Additional BS Spurious emissions limits for Band n101
	Frequency range
	Maximum Level
	Measurement Bandwidth 
	Note

	1920 MHz – 1980 MHz
	-57 dBm
	5 MHz
	This limit is derived from ECC Decision(20)02 [21] assuming a 18 dBi maximum antenna gain and 4  dB losses, and assuming one antenna connector. For more details on the maximum level derivation, refer to TR 38.852 [23]


/…./

7.2.2.1

Table 7.2.2-1: NR Wide Area BS reference sensitivity levels
	BS channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel


	Reference sensitivity power level, PREFSENS
 (dBm)

	3
	15
	G-FR1-A1-7 (Note 1)
	-103.6

	5, 10, 15 
	15
	G-FR1-A1-1 (Note 1)
	 -101.7

	
	
	G-FR1-A1-10 (Note 3)
	-101.7 (Note 2)

	10, 15 
	30
	G-FR1-A1-2 (Note 1)
	 -101.8

	10, 15
	60
	G-FR1-A1-3 (Note 1)
	 -98.9

	20, 25, 30, 35, 40, 45, 50 
	15
	G-FR1-A1-4 (Note 1)
	 -95.3

	
	
	G-FR1-A1-11 (Note 4)
	-95.3 (Note 2)

	20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100 
	30
	G-FR1-A1-5 (Note 1)
	 -95.6

	20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100 
	60
	G-FR1-A1-6 (Note 1)
	 -95.7

	NOTE 1:
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth.

NOTE 2:
The requirements apply to BS that supports NB-IoT operation in NR in-band.
NOTE 3:
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of G-FR1-A1-10 mapped to the 24 NR resource blocks adjacent to the NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-A1-1 mapped to disjoint frequency ranges with a width of 25 resource blocks each.

NOTE 4:
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single inefstance of G-FR1-A1-11 mapped to the 105 NR resource blocks adjacent to the NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-A1-4 mapped to disjoint frequency ranges with a width of 106 resource blocks each.
NOTE 5:
Void.
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6.1 General

Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single or
multiple transmit antenna(s). For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed.

Transmitter requirements for UL MIMO operation apply when the UE transmits on 2 ports/4 ports on the same CDM
group. The UE may use higher MPR values outside this limitation.

The applicability of transmitter requirements for Band n90 is in accordance with that for Band n41; a UE supporting
Band n90 shall meet the minimum requirements for Band n41.
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Table 6.5.3.1-2: Requirement for general spurious emissions limits

Frequency Range Maximum Measurement NOTE
Level bandwidth
9 kHz < f < 150 kHz -36 dBm 1kHz
150 kHz = f < 30 MHz -36 dBm 10 kHz
30 MHz < f < 1000 MHz -36 dBm 100 kHz
1GHz<f<12.75 GHz -30 dBm 1 MHz 4
-25 dBm 1 MHz 3
12.75 GHz < f < 51 -30 dBm 1 MHz 1

harmonic of the upper
frequency edge of the
UL operating band in
GHz
12.75 GHz < f < 26 GHz -30 dBm 1 MHz 2
NOTE 1: Applies for Band for which the upper frequency edge of the UL Band is
greater than 2.55 GHz and less than or equal to 5.2 GHz
NOTE 2: Applies for Band that the upper frequency edge of the UL Band more
than 5.2 GHz
NOTE 3: Applies for Band n41, CA configurations including Band n41, and EN-
DC configurations that include n41 specified in clause 5.2B of TS
38.101-3 [3] when NS_04 is signalled.
NOTE 4: Does not apply for Band n41, CA configurations including Band n41,
and EN-DC configurations that include n41 specified in subclause 5.2B
of TS 38.101-3 [3] when NS _04 is signalled.
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The spectrum emission mask of the UE applies to frequencies (Afoo) starting from the + edge of the assigned NR
channel bandwidth. For frequencies offset greater than Afoo, the spurious requirements in clause 6.5.3 are applicable.

NOTE: For measurement conditions at the edge of each frequency range, the lowest frequency of the
measurement position in each frequency range should be set at the lowest boundary of the frequency
range plus MBW/2. The highest frequency of the measurement position in each frequency range should

be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement
bandwidth defined for the protected band.

The power of any UE emission shall not exceed the levels specified in Table 6.5.2.2-1 for the specified channel

bandwidth.

Table 6.5.2.2-1: General NR spectrum emission mask

£ BWonanner-(BWenanner+5)|

Afoos Channel bandwidth (MHz) / Spectrum emission limit (dBm) Measurement
(MHz) 3 5 10, 15, 20, 25, 30, 35, 40, 45 50, 60, 70, 80, 90, 100 bandwidth
+0-1 -13 [ -13 -13 1 % of channel BW
+0-1 -24 30 kHz
+1-5 -10 | -10 -10
+5-6 25 | -13
+6-10 -25 1 MHz

2 5-BWenannel -13





TS 38.104, Table A.1-1: FRC parameters for FR1 reference sensitivity level, ACS, in-band blocking, out-of-band blocking, receiver intermodulation, in-channel selectivity, OTA sensitivity, OTA reference sensitivity level, OTA ACS, OTA in-band blocking, OTA out-of-band blocking, OTA receiver intermodulation and OTA in-channel selectivity.
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Subcarrie r spacing  (kHz)  15  30  60  15  30  60  15  30  60  15  15  15  15  

Allocated  resource  blocks  25  11  11  106  51  24  15  6  6  24  105  9  12  

CP - OFDM  Symbols  per  slot  (Note 1)  12  12  12  12  12  12  12  12  12  12  12  12  12  

Modulati on  QPS K  QPS K  QPS K  QPS K  QPS K  QPS K  QPS K  QPS K  QPS K  QPS K  QPSK  QPS K  QPS K  

Code  rate   (Note 2)  1/3  1/3  1/3  1/3  1/3  1/3  1/3  1/3  1/3  1/3  1/3  1/3  1/3  

Payload  size (bits)  2152  984  984  9224  4352  2088  1320  528  528  [208 8]  [8968]  808  1032  

Transport  block  CRC  (bits)  16  16  16  24  24  16  16  16  16  16  24  16  16  

Code  block  CRC size  (bits)  -  -  -  24  -  -  -  -  -  -  24  -  -  

Number  of code  blocks  -   C  1  1  1  2  1  1  1  1  1  1  2  1  1  

Code  block  size  including  CRC  (bits)  (Note 3)  2168  1000  1000  4648  4376  2104  1336  544  544  [210 4]  [4520]  824  1048  

Total  number  of bits  per  slot  7200  3168  3168  3052 8  1468 8  6912  4320  1728  1728  [691 2]  [3024 0]  2592  3456  

Total  symbols  per  slot  3600  1584  1584  1526 4  7344  3456  2160  864  864  [345 6]  [1512 0]  1296  1728  

NOTE 1:   UL - DMRS - config - type   = 1 with  UL - DMRS - max - len   = 1,  UL - DMRS - add - pos   = 1 with 

0

l

= 2, 

l

= 11 as  per  table 6.4.1.1.3 - 3 of TS   38.211 [9] .   NOTE 2:   MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver  sensitivity and in - channel selectivity   NOTE  3 :   Code block size including CRC (bits )   equals to 

' K

  in sub - clause  5.2.2 of TS 38.212 [15].   
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Supported Post Antenna Gain

1.1 Declared Supported Post Antenna Gain for UE

For V2X service at band 47, some regional requirements (region 1) are defined per cffective isotropic radiated power
(EIRP), which is a combination of the transmitted power (or in some cases speciral density) and the effective antenna
gain.

Due to large form factor, V2X UE can have external antenna placed far away from the chipset unit. In this case, the
effective antenna gain is a UE specific condition. This effective antenna gain includes the feeding loss of all
components after the chipset unit antenna connector and the peak directional gain of the external antenna and hence will
be call the post connector gain Gpos cossecr

‘The 3GPP specifications mandate UE manufacturer declarations of at least one supported value of the post connector
£2in Goost conmscr 35 2 Way to accommodate the refered regional requirement without putting requirements on the UE
specific condtion.

The possible values of declared supported post connector gains are: 0, 1,2, 3,4, 5, 6, 7 dBi. If no value is declared, or if
external antenna is not used, the default value of 0dBi will be used.

The regional requirements in Perep in Subclauses 6.2.2G, 6.2.5G, 6.6.2.2.4, 6.6.3.2 and 7.9.1 will be converted to
conducted requirements by subtracting Gpos comacto 3.

Pantncea = Pirep - Gpostcomecton.
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