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1 Introduction
This contribution provides a text proposal to TS38.115-2 [2] for scope, reference and other editorial changes 
2 Reference
[1] R4-2214368,TS 38.115-2 0.1.0, ZTE Corporation. Approved.
Text Proposal
[bookmark: _Toc382471338][bookmark: _Toc401926271][bookmark: _Toc382471341]----- Start of TP -----
[bookmark: scope][bookmark: _Toc27163][bookmark: _Toc477]1	Scope
The present document specifies the Radio Frequency (RF) test methods and conformance requirements for NR Repeater type 2-O. These have been derived from, and are consistent with the radiated requirements for Repeater type 2-O in Repeater specification defined in TS 38.106 [2].
A repeater type 1-C only has conducted requirements so it does not require compliance to this specification.
Repeater type 2-O have only radiated requirements so they require compliance to this specification only.
[bookmark: references][bookmark: _Toc13128][bookmark: _Toc28661]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]                      3GPP TR 21.905: "Vocabulary for 3GPP Specifications"
[2]                       3GPP TS 38.106: "NR repeater radio transmission and reception"
[3]	Recommendation ITU-R M.1545: "Measurement uncertainty as it applies to test limits for the terrestrial component of International Mobile Telecommunications-2000"
[4]	ITU-R Recommendation SM.329: "Unwanted emissions in the spurious domain"
[5]	3GPP TS 38.104: "NR Base Station (BS) radio transmission and reception"
[6]	3GPP TS 38.141-2: "NR; Base Station (BS) conformance testing; Part 2: Radiated conformance testing"



[bookmark: definitions][bookmark: _Toc152656504]4.3.2 	Repeater class for uplink
The requirements in this specification apply to uplink Wide Area repeaters and uplink Local Area repeaters unless otherwise stated. The associated deployment scenarios for each class are exactly the same for repeater with and without connectors.
For repeater type 1-C and type 2-O, repeater uplink classes are defined as indicated below:
-	Wide Area repeaters are characterised by requirements derived from Macro Cell and/or Micro Cell scenarios.
-	Local Area repeaters are characterised by requirements derived from Pico Cell and/or Micro Cell scenarios.
[bookmark: _Toc9040][bookmark: _Toc15285]4.4	Regional requirements
Some requirements in the present document may only apply in certain regions either as optional requirements, or as mandatory requirements set by local and regional regulation. It is normally not stated in the 3GPP specifications under what exact circumstances the regional requirements apply, since this is defined by local or regional regulation.
Table 4.4-1 lists all requirements in the present specification that may be applied differently in different regions.
Table 4.4-1: List of regional requirements
	Clause number
	Requirement
	Comments

	5.2
	Operating bands
	Some NR operating bands may be applied regionally.

	7.3.4
	OTA repeater output power:
Additional requirements
	These requirements may be applied regionally as additional repeater output power requirements.

	7.5.3.2
	OTA operating band unwanted emissions
	Category A or Category B operating band unwanted emissions limits may be applied regionally.

	7.5.4.2
	OTA Tx spurious emissions
	Category A or Category B spurious emission limits, as defined in ITU-R Recommendation SM.329 [54], may apply regionally.

	7.5.4.2.3
	OTA Tx spurious emissions: additional requirements
	These requirements may be applied for the protection of system operating in frequency ranges other than the repeater operating band.


[bookmark: _Toc15448][bookmark: _Toc27847]5	Operating bands and channel arrangement
For the NR operation in NR operating bands specification, their channel bandwidth configurations, channel spacing and raster, as well as synchronization raster specification, refer to TS 38.106 [x2], clause 5 and its relevant clauses.
[bookmark: _Toc152656520]For the radiated testing purposes in this specification, only FR2-1 operating bands are considered.
[bookmark: _Toc2607][bookmark: _Toc13710][bookmark: _Toc18916181]6	Radiated characteristics
[bookmark: _Toc30119][bookmark: _Toc7475]6.1	General
<Text will be added.>
[bookmark: _Toc28478][bookmark: _Toc25733]6.2	OTA output power
<Text will be added.>
[bookmark: _Toc5577][bookmark: _Toc20254]6.3	OTA frequency stability
[bookmark: _Toc21075][bookmark: _Toc21099920][bookmark: _Toc75242690][bookmark: _Toc58862670][bookmark: _Toc82595139][bookmark: _Toc58860166][bookmark: _Toc29809718][bookmark: _Toc66727976][bookmark: _Toc53182425][bookmark: _Toc36645102][bookmark: _Toc76545036][bookmark: _Toc45884402][bookmark: _Toc61182663][bookmark: _Toc37272156][bookmark: _Toc74961779]6.3.1	Definition and applicability
[bookmark: _Toc29809719][bookmark: _Toc66727977][bookmark: _Toc58862671][bookmark: _Toc82595140][bookmark: _Toc76545037][bookmark: _Toc61182664][bookmark: _Toc37272157][bookmark: _Toc21099921][bookmark: _Toc74961780][bookmark: _Toc58860167][bookmark: _Toc45884403][bookmark: _Toc36645103][bookmark: _Toc53182426][bookmark: _Toc75242691]Frequency stability is the ability to maintain the same frequency on the output signal with respect to the input signal.
[bookmark: _Toc14752]6.3.2	Minimum Requirement
The minimum requirement is in TS 38.106 [x2], clause 7.3.2.
[bookmark: _Toc45884404][bookmark: _Toc25772][bookmark: _Toc36645104][bookmark: _Toc21099922][bookmark: _Toc58860168][bookmark: _Toc53182427][bookmark: _Toc29809720][bookmark: _Toc76545038][bookmark: _Toc37272158][bookmark: _Toc82595141][bookmark: _Toc58862672][bookmark: _Toc66727978][bookmark: _Toc74961781][bookmark: _Toc61182665][bookmark: _Toc75242692]6.3.3	Test purpose
The test purpose is to verify that frequency stability is within the limit specified by the minimum requirement.
[bookmark: _Toc29809721][bookmark: _Toc76545039][bookmark: _Toc36645105][bookmark: _Toc75242693][bookmark: _Toc45884405][bookmark: _Toc58862673][bookmark: _Toc53182428][bookmark: _Toc61182666][bookmark: _Toc74961782][bookmark: _Toc66727979][bookmark: _Toc21099923][bookmark: _Toc58860169][bookmark: _Toc22945][bookmark: _Toc82595142][bookmark: _Toc37272159]6.3.4	Method of test
Requirement is tested together with modulation quality test, as described in clause 7.6.
[bookmark: _Toc58862674][bookmark: _Toc21099924][bookmark: _Toc45884406][bookmark: _Toc82595143][bookmark: _Toc75242694][bookmark: _Toc29809722][bookmark: _Toc36645106][bookmark: _Toc76545040][bookmark: _Toc37272160][bookmark: _Toc3488][bookmark: _Toc53182429][bookmark: _Toc74961783][bookmark: _Toc61182667][bookmark: _Toc66727980][bookmark: _Toc58860170]6.3.5	Test Requirements
The frequency deviation of the output signal with respect to the input signal shall be accurate to within ±(0.01 ppm + 12 Hz) observed over 1 ms.
[bookmark: _Toc23465][bookmark: _Toc6525]6.4	OTA out of band gain
[bookmark: _Toc7438]6.4.1	Definition and applicability
Out of band gain refers to the gain of the repeater outside the passband.
[bookmark: _Toc208]6.4.2	Minimum Requirement
The minimum requirement is in TS 38.106 [x2], clause 7.4.2.
[bookmark: _Toc7764]6.4.3	Test purpose
The test purpose is to verify that out of band gain is within the limit specified by the minimum requirement.
[bookmark: _Toc28378]6.4.4	Method of test
[bookmark: _Toc14275]6.4.4.1	Initial conditions
Test environment:
-	Normal, see annex B.2,
[bookmark: _Toc19592]6.4.4.2	Procedure
For normal test environment conditions in OTA domain, the test procedure is as follows:
1)	Place the repeater at the positioner.
2)	Align the manufacturer declared coordinate system orientation (D.2) of the repeater with the test system.
3)	Orient the positioner (and repeater and test signal generator) in order that the direction to be tested aligns with the test antenna and the correct angle of arrival for the input signal is achieved..
4)	Set the CW generator power at the RIB as shown in annex D.1.1 with a power equivalent to Pin,p,EIRP, in the correct direction in respect to the repeater.
5)	Orient the positioner (and repeater and test signal source) in order that the direction to be tested aligns with the test antenna such that measurements to determine TRP can be performed (see annex I) whilst maintaining the correct direction of arrival for the test signal.
6)	Measure the radiated power for any two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2. 
7)	Repeat step 6-7 for all directions in the appropriated TRP measurement grid needed for full TRP estimation (see annex I), whilst maintaining the input signal in the correct direction with respect to the repeater.
8)	Calculate TRP using the EIRP measurements. The out of band gain at the frequency under test is given by the difference in dB between the measured output TRP and the EIRP of the input signal.
9) Repeat steps 2-8, shifting the offset frequency of the CW from the edge of the passband from 200kHz to 10MHz in steps of 200kHz for each passband and, for the case of multi-band connectors each operating band
[bookmark: _Toc8941]6.4.5	Test Requirements
The gain outside the passband shall not exceed the maximum level specified in table 6.4.5-1, where:
-	f_offset_CW is the offset between the outer channel edge frequency of the outer channel in the passband and a CW signal.
Table 6.4.5-1: Out of band gain limits
	Frequency offset, f_offset_CW
	Maximum gain

	0.1*Minimum {400MHz, passband BW}  f_offset_CW < 150 MHz 
	68 dB

	150 MHz  f_offset_CW < 400 MHz
	55 dB

	400 MHz  f_offset_CW < f_offset_max
	35 dB


[bookmark: _Toc30740][bookmark: _Toc15161]6.5	OTA unwanted emissions
6.5.1	General
[bookmark: _Hlk505597907]Unwanted emissions consist of so-called out-of-band emissions and spurious emissions according to ITU definitions ITU-R SM.329 [5]. In ITU terminology, out of band emissions are unwanted emissions immediately outside the passband 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 OTA out-of-band emissions requirement for the repeater type 2-O transmitter is specified both in terms of Adjacent Channel Leakage power Ratio (ACLR) and operating band unwanted emissions (OBUE). OTA Unwanted emissions outside of this frequency range are limited by an OTA spurious emissions requirement.
The maximum offset of the operating band unwanted emissions mask from the operating band edge is ΔfOBUE. The value of ΔfOBUE is defined in table 6.5.1-1 for repeater type 2-O for NR operating bands.
Table 6.5.1-1: Maximum offset ΔfOBUE outside the downlink operating band for repeater type 2-O
	Repeater type
	Operating band characteristics
	ΔfOBUE (MHz)

	Repeater type 2-O
	FDL,high – FDL,low ≤ 4000 MHz
	1500



The unwanted emission requirements are applied per cell for all the configurations. Requirements for OTA unwanted emissions are captured using TRP, directional requirements or co-location requirements as described per requirement.
[bookmark: _Toc21127666][bookmark: _Toc61184734][bookmark: _Toc61183556][bookmark: _Toc82450166][bookmark: _Toc44712340][bookmark: _Toc61183950][bookmark: _Toc66386468][bookmark: _Toc61184342][bookmark: _Toc76542184][bookmark: _Toc37267737][bookmark: _Toc29811875][bookmark: _Toc57821280][bookmark: _Toc53185867][bookmark: _Toc45893653][bookmark: _Toc61185124][bookmark: _Toc36817427][bookmark: _Toc53185491][bookmark: _Toc57820353][bookmark: _Toc74583371][bookmark: _Toc82450814][bookmark: _Toc37260349]6.5.2	OTA Adjacent Channel Leakage Power Ratio (ACLR)
[bookmark: _Toc37272188][bookmark: _Toc58860198][bookmark: _Toc82595171][bookmark: _Toc75242722][bookmark: _Toc76545068][bookmark: _Toc21099952][bookmark: _Toc74961811][bookmark: _Toc53182457][bookmark: _Toc66728008][bookmark: _Toc45884434][bookmark: _Toc58862702][bookmark: _Toc36645134][bookmark: _Toc61182695][bookmark: _Toc27721][bookmark: _Toc29809750]6.5.2.1	Definition and applicability
[bookmark: _Hlk47639108][bookmark: _Toc36645135][bookmark: _Toc58860199][bookmark: _Toc53182458][bookmark: _Toc61182696][bookmark: _Toc45884435][bookmark: _Toc37272189][bookmark: _Toc66728009][bookmark: _Toc21099953][bookmark: _Toc75242723][bookmark: _Toc74961812][bookmark: _Toc58862703][bookmark: _Toc29809751][bookmark: _Toc82595172][bookmark: _Toc76545069]OTA Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. The measured power is TRP.
The requirement shall be applied per RIB during the transmitter ON state.
[bookmark: _Toc32414]6.5.2.2	Minimum requirement
The minimum requirement in TS 38.106 [x2], clause 7.5.2.2.
[bookmark: _Toc53182459][bookmark: _Toc66728010][bookmark: _Toc21099954][bookmark: _Toc58862704][bookmark: _Toc29809752][bookmark: _Toc61182697][bookmark: _Toc23799][bookmark: _Toc45884436][bookmark: _Toc58860200][bookmark: _Toc76545070][bookmark: _Toc75242724][bookmark: _Toc36645136][bookmark: _Toc82595173][bookmark: _Toc37272190][bookmark: _Toc74961813]6.5.2.3	Test purpose
To verify that the adjacent channel leakage power ratio requirement shall be met as specified by the minimum requirement.
[bookmark: _Toc61182698][bookmark: _Toc58862705][bookmark: _Toc66728011][bookmark: _Toc53182460][bookmark: _Toc37272191][bookmark: _Toc6997][bookmark: _Toc75242725][bookmark: _Toc45884437][bookmark: _Toc82595174][bookmark: _Toc58860201][bookmark: _Toc36645137][bookmark: _Toc21099955][bookmark: _Toc74961814][bookmark: _Toc29809753][bookmark: _Toc76545071]6.5.2.4	Method of test
[bookmark: _Toc75242726][bookmark: _Toc53182461][bookmark: _Toc36645138][bookmark: _Toc76545072][bookmark: _Toc37272192][bookmark: _Toc21099956][bookmark: _Toc74961815][bookmark: _Toc58862706][bookmark: _Toc66728012][bookmark: _Toc61182699][bookmark: _Toc58860202][bookmark: _Toc45884438][bookmark: _Toc82595175][bookmark: _Toc29809754][bookmark: _Toc18351]6.5.2.4.1	Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier: B, M and T; see clause 4.9.1.
[bookmark: _Toc82595176][bookmark: _Toc58860203][bookmark: _Toc21099957][bookmark: _Toc28978][bookmark: _Toc53182462][bookmark: _Toc45884439][bookmark: _Toc29809755][bookmark: _Toc75242727][bookmark: _Toc66728013][bookmark: _Toc76545073][bookmark: _Toc36645139][bookmark: _Toc74961816][bookmark: _Toc61182700][bookmark: _Toc58862707][bookmark: _Toc37272193]6.5.2.4.2	Procedure
[bookmark: _Hlk513388270]The following procedure for measuring TRP is based on the directional power measurements as described in annexI. 
1)	Place the repeater at the positioner.
2)	Align the manufacturer declared coordinate system orientation (D.2) of the repeater with the test system.
3)	The measurement devices characteristics shall be:
	- measurement filter bandwidth: defined in clause 6.7.3.5.
	- detection mode: true RMS voltage or true power averaging.
4a)	Set the input signal at the RIB according to the applicable test configuration and direction in clause 4.8 using the corresponding test models NR-FR1‑TM 1.1 in clause 4.9.2 at the input power intended to produce the maximum rated output power, Pin,p,EIRP + 10dB.
4b) Verify measurement impact from feeding test signal by generating a signal for repeater input with repeater to be turned off.  Verify measured result is enough below requirement limit.
5)	Orient the positioner (and repeater and test signal source) in order that the direction to be tested aligns with the test antenna such that measurements to determine TRP can be performed (see annex I) whilst maintaining the correct direction of arrival for the test signal.
6)	Measure the absolute power of the assigned channel frequency and the (adjacent channel frequency).
7)	Repeat step 5-6 for all directions in the appropriated TRP measurement grid needed for TRPEstimate (see annex I).
8)	Calculate TRPEstimate for the absolute total radiated power of the wanted channel and the adjacent channel using the measurements made in Step 7.
9)	Calculate relative ACLR estimate.
NOTE 1:	ACLR is calculated by the ratio of the absolute TRP of the assigned channel frequency and the absolute TRP of the adjacent frequency channel.
10)	Measure OTA ACLR for the frequency offsets both side of channel frequency as specified in table 6.5.2.5-1. In multiple carrier case only offset frequencies below the lowest and above the highest carrier frequency used shall be measured.
11)	For the OTA ACLR requirement applied inside sub-block gap for non-contiguous spectrum operation or inside Inter RF Bandwidth gap for multi-band operation:
a)	Measure OTA ACLR inside sub-block gap or Inter RF Bandwidth gap, if applicable.
b)	Measure OTA CACLR inside sub-block gap or Inter RF Bandwidth gap, if applicable.
[bookmark: _Toc75242728][bookmark: _Toc58860204][bookmark: _Toc31266][bookmark: _Toc66728014][bookmark: _Toc29809756][bookmark: _Toc36645140][bookmark: _Toc74961817][bookmark: _Toc61182701][bookmark: _Toc45884440][bookmark: _Toc58862708][bookmark: _Toc53182463][bookmark: _Toc76545074][bookmark: _Toc21099958][bookmark: _Toc82595177][bookmark: _Toc37272194]6.5.2.5	Test requirements
[bookmark: _Hlk515966075]The OTA ACLR limit is specified in table 6.5.2.5-1 for DL and UL for Wide Area class and DL for Local Area class.
The OTA ACLR limit is specified in table 6.5.2.5-1a for UL for Local Area class.
The OTA ACLR absolute limit is specified in table 6.5.2.5-2.
[bookmark: _Hlk515966152]The OTA ACLR (CACLR) absolute limit in table 6.5.2.5-2 or 6.5.2.5-5 or the ACLR (CACLR) limit in table 6.5.2.5-1, 6.5.2.5-3 or 6.5.2.5-4, whichever is less stringent, shall apply.
For a RIB operating in non-contiguous spectrum, the OTA ACLR requirement in table 6.5.2.5-3 shall apply in gaps between passbands for the frequency ranges defined in the table, while the OTA CACLR requirement in table 6.5.2.5-4 shall apply in gaps between passbands for the frequency ranges defined in the table.
The CACLR in a gap between passbands is the ratio of:
a)	the sum of the filtered mean power centred on the assigned channel frequencies for the two carriers adjacent to each side of the gap between passbands, and
b)	the filtered mean power centred on a frequency channel adjacent to one of the respective sub-block edges.
The assumed filter for the adjacent channel frequency is defined in table 6.5.2.5-4 and the filters on the assigned channels are defined in table 6.5.2.5-6.
For operation in non-contiguous spectrum, the CACLR for NR carriers located on either side of the gap between passbands shall be higher than the value specified in table 6.5.2.5-4.
[bookmark: _Hlk96979310]For repeater type 2-O nominal repeater channel bandwidth is calculated as min(400MHz, BWpassband). 

Table 6.5.2.5-1: Repeater type 2-O ACLR limit for DL and UL for WA class and DL for LA class  
	Repeater nominal channel bandwidth of lowest/highest carrier transmitted
BWChannel (MHz)
	Repeater adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit
(dB)

	 min(400MHz, BWpassband)
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	25.7 (Note 3)
23.4 (Note 4)
23.2 (Note 5)

	NOTE 1:	BWChannel and BWConfig are the nominal repeater bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2:	With SCS that provides nominal bandwidth configuration (BWConfig).
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 43.5 GHz
NOTE 5:	Applicable to bands defined within the frequency spectrum range of 43.5 – 48.2 GHz



Table 6.5.2.5-1a: Repeater type 2-O ACLR limit for UL LA class
	Repeater nominal channel bandwidth of lowest/highest carrier transmitted
BWChannel (MHz)
	Repeater adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit
(dB)

	 min(400MHz, BWpassband)
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	14.7 (Note 3)
13.4 (Note 4)
13.2 (Note 5)

	NOTE 1:	BWChannel and BWConfig are the nominal repeater bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2:	With SCS that provides nominal bandwidth configuration (BWConfig).
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 43.5 GHz
NOTE 5:	Applicable to bands defined within the frequency spectrum range of 43.5 – 48.2 GHz



Table 6.5.2.5-2: Repeater type 2-O ACLR absolute limit
	Repeater class
	ACLR absolute limit (Note 1)
	ACLR absolute limit (Note 2)

	Wide-area DL and UL
	-10.3 dBm/MHz
	-10.1 dBm/MHz

	Medium-range DL
	-17.3 dBm/MHz
	-17.1 dBm/MHz

	Local-area DL
	-17.3 dBm/MHz
	-17.1 dBm/MHz

	NOTE 1:	Applicable to bands defined within the frequency spectrum range of 24.25 – 43.5 GHz
NOTE 2:	Applicable to bands defined within the frequency spectrum range of 43.5 – 48.2 GHz



Table 6.5.2.5-3: Repeater type 2-O ACLR limit in non-contiguous spectrum
	Repeater nominal channel bandwidth of lowest/highest carrier transmitted (MHz)
	Gap between passbands size (Wgap) where the limit applies (MHz)
	Repeater adjacent channel centre frequency offset below or above the sub-block edge (inside the gap)
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	 min(400MHz, BWpassband)
	Wgap≥ 100 (Note 6)
Wgap≥ 250 (Note 7)
	25 MHz
	50 MHz NR (Note 2)
	Square (BWConfig)
	25.7 (Note 3)
23.4 (Note 4)
23.2 (Note 5)

	 min(400MHz, BWpassband)
	Wgap≥ 400 (Note 7)
Wgap≥ 250 (Note 6)
	100 MHz
	200 MHz NR (Note 2)
	Square (BWConfig)
	25.7 (Note 3)
23.4 (Note 4)
23.2 (Note 5)

	NOTE 1:	BWConfig is the nominal bandwidth configuration of the assumed adjacent channel carrier.
NOTE 2:	With SCS that provides nominal bandwidth configuration (BWConfig).
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz.
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 43.5 GHz.
NOTE 5:	Applicable to bands defined within the frequency spectrum range of 43.5 – 52.6 GHz.
NOTE 6:	Applicable in case the repeater passband at the other edge of the gap is ≤ 100 MHz.
NOTE 7:	Applicable in case the repeater passband at the other edge of the gap is > 100 MHz.



Table 6.5.2.5-4: Repeater type 2-O CACLR limit in non-contiguous spectrum
	Repeater channel bandwidth of lowest/highest carrier transmitted (MHz) 
	Gap between passbands size (Wgap) where the limit applies (MHz)
	Repeater adjacent channel centre frequency offset below or above the sub-block edge (inside the gap)
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	CACLR limit

	 min(400MHz, BWpassband)
	50 ≤Wgap< 100 (Note 6)
50 ≤Wgap< 250 (Note 7)
	25 MHz
	50 MHz NR (Note 2)
	Square (BWConfig)
	25.7 (Note 3)
23.4 (Note 4)
23.2 (Note 5)

	 min(400MHz, BWpassband)
	200 ≤Wgap< 400 (Note 7)
200 ≤Wgap< 250 (Note 6)
	100 MHz
	200 MHz NR (Note 2)
	Square (BWConfig)
	25.7 (Note 3)
23.4 (Note 4)
23.2 (Note 5)

	NOTE 1:	BWConfig is the nominal bandwidth configuration of the assumed adjacent channel carrier.
NOTE 2:	With SCS that provides nominal bandwidth configuration (BWConfig).
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz.
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 43.5 GHz.
NOTE 5:	Applicable to bands defined within the frequency spectrum range of 43.5 – 52.6 GHz.
NOTE 6:	Applicable in case the repeater passband at the other edge of the gap is ≤ 100 MHz.
NOTE 7:	Applicable in case the repeater passband at the other edge of the gap is > 100 MHz.



Table 6.5.2.5-5: Repeater type 2-O CACLR absolute limit
	Repeater class
	ACLR absolute limit (Note 1)
	ACLR absolute limit (Note 2)

	Wide-area DL and UL
	-10.3 dBm/MHz
	-10.1 dBm/MHz

	Medium-range DL
	-17.3 dBm/MHz
	-17.1 dBm/MHz

	Local-area DL
	-17.3 dBm/MHz
	-17.1 dBm/MHz

	NOTE 1:	Applicable to bands defined within the frequency spectrum range of 24.25 – 43.5 GHz
NOTE 2:	Applicable to bands defined within the frequency spectrum range of 43.5 – 48.2 GHz



Table 6.5.2.5-6: Filter parameters for the assigned channel
	RAT of the carrier adjacent to the gap between passbands 
	Filter on the assigned channel frequency and corresponding filter bandwidth

	NR
	NR of same BW with SCS that provides largest nominal bandwidth configuration



[bookmark: _Toc57820358][bookmark: _Toc21127670][bookmark: _Toc82450819][bookmark: _Toc53185872][bookmark: _Toc45893657][bookmark: _Toc82450171][bookmark: _Toc44712344][bookmark: _Toc61184347][bookmark: _Toc37260353][bookmark: _Toc37267741][bookmark: _Toc53185496][bookmark: _Toc61185129][bookmark: _Toc61184739][bookmark: _Toc36817431][bookmark: _Toc61183561][bookmark: _Toc74583376][bookmark: _Toc66386473][bookmark: _Toc76542189][bookmark: _Toc61183955][bookmark: _Toc29811879][bookmark: _Toc57821285][bookmark: _Hlk496084370]6.5.3	OTA operating band unwanted emissions
[bookmark: _Toc58862714][bookmark: _Toc23386][bookmark: _Toc76545079][bookmark: _Toc75242733][bookmark: _Toc82595182][bookmark: _Toc53182469][bookmark: _Toc61182707][bookmark: _Toc74961823][bookmark: _Toc29809762][bookmark: _Toc58860210][bookmark: _Toc36645146][bookmark: _Toc45884446][bookmark: _Toc66728020][bookmark: _Toc37272200][bookmark: _Toc21099964]6.5.3.1	Definition and applicability
[bookmark: _Hlk492900636][bookmark: _Toc82595183][bookmark: _Toc21099965][bookmark: _Toc53182470][bookmark: _Toc36645147][bookmark: _Toc75242734][bookmark: _Toc61182708][bookmark: _Toc58860211][bookmark: _Toc74961824][bookmark: _Toc76545080][bookmark: _Toc58862715][bookmark: _Toc29809763][bookmark: _Toc37272201][bookmark: _Toc45884447][bookmark: _Toc66728021]The requirements of either clause 6.5.4.5.2 (Category A limits) or clause 6.5.4.5.3 (Category B limits) shall apply. The application of either Category A or Category B limits shall be the same as for General OTA transmitter spurious emissions requirements (repeater type 2-O) in clause 7.5.3.3.2. In addition, the limits in clause 7.5.3.2.4 may also apply.
Out-of-band emissions in FR2 are limited by OTA operating band unwanted emission limits. 
For repeater type 2-O, unless otherwise stated, the OTA operating band unwanted emission limits in FR2 are defined 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. 
The values of ΔfOBUE are defined in table 6.5.1-1 for the NR operating bands.
The requirements shall apply whatever the type of transmitter considered and for all transmission modes foreseen by the manufacturer's specification. For a RIB operating in contiguous CA, the requirements apply to the frequencies (ΔfOBUE) starting from the edge of the passband. In addition, for a RIB operating in non-contiguous spectrum, the requirements apply inside any gap between passbands.
Emissions shall not exceed the maximum levels specified in the tables below, where:
-	f is the separation between the passband edge frequency and the nominal -3dB point of the measuring filter closest to the passband edge.
-	f_offset is the separation between the passband edge frequency and the centre of the measuring filter.
-	f_offsetmax is the offset to the frequency ΔfOBUE outside the downlink operating band, where ΔfOBUE is defined in table 7.5.1-1.
-	fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.
In addition, inside any gap between passbands for a RIB operating in non-contiguous spectrum, emissions shall not exceed the cumulative sum of the limits specified for the adjacent sub-blocks on each side of the gap between passbands. The limit for each sub-block is specified in clauses 6.5.4.5.2 and 6.5.4.5.3 below, where in this case:
-	f is the separation between the sub-block edge frequency and the nominal -3 dB point of the measuring filter closest to the sub-block edge.
-	f_offset is the separation between the sub-block edge frequency and the centre of the measuring filter.
-	f_offsetmax is equal to the gap between passbands bandwidth minus half of the bandwidth of the measuring filter.
-	fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.
[bookmark: _Toc24141]6.5.3.2	Minimum requirement
The minimum requirement is defined in TS 38.106 [x2], clause 7.5.3.2
[bookmark: _Toc76545081][bookmark: _Toc37272202][bookmark: _Toc61182709][bookmark: _Toc36645148][bookmark: _Toc66728022][bookmark: _Toc21099966][bookmark: _Toc45884448][bookmark: _Toc82595184][bookmark: _Toc75242735][bookmark: _Toc20882][bookmark: _Toc58862716][bookmark: _Toc53182471][bookmark: _Toc29809764][bookmark: _Toc74961825][bookmark: _Toc58860212]6.5.3.3	Test purpose
This test measures the emissions close to the assigned channel bandwidth of the wanted signal, while the transmitter is in operation.
[bookmark: _Toc75242736][bookmark: _Toc21099967][bookmark: _Toc29809765][bookmark: _Toc53182472][bookmark: _Toc76545082][bookmark: _Toc29591][bookmark: _Toc37272203][bookmark: _Toc82595185][bookmark: _Toc45884449][bookmark: _Toc74961826][bookmark: _Toc58860213][bookmark: _Toc66728023][bookmark: _Toc58862717][bookmark: _Toc61182710][bookmark: _Toc36645149]6.5.3.4	Method of test
[bookmark: _Toc2425][bookmark: _Toc37272204][bookmark: _Toc53182473][bookmark: _Toc66728024][bookmark: _Toc58862718][bookmark: _Toc36645150][bookmark: _Toc21099968][bookmark: _Toc82595186][bookmark: _Toc74961827][bookmark: _Toc61182711][bookmark: _Toc75242737][bookmark: _Toc76545083][bookmark: _Toc45884450][bookmark: _Toc58860214][bookmark: _Toc29809766]6.5.3.4.1	Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier: B, M and T; see clause 4.9.1.
[bookmark: _Toc53182474][bookmark: _Toc61182712][bookmark: _Toc36645151][bookmark: _Toc66728025][bookmark: _Toc58862719][bookmark: _Toc29809767][bookmark: _Toc21099969][bookmark: _Toc17842][bookmark: _Toc74961828][bookmark: _Toc45884451][bookmark: _Toc76545084][bookmark: _Toc58860215][bookmark: _Toc37272205][bookmark: _Toc82595187][bookmark: _Toc75242738]6.5.3.4.2	Procedure
The following procedure for measuring TRP is based on the directional power measurements as described in annex I. 
1)	Place the repeater at the positioner.
2)	Align the manufacturer declared coordinate system orientation (D.2) of the repeater with the test system.
3)	The measurement devices characteristics shall be:
	- detection mode: true RMS.
As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity, efficiency and avoiding e.g. carrier leakage, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
4a)	Set the input signal at the RIB according to the applicable test configuration and direction in clause 4.8 using the corresponding test models NR-FR1‑TM 1.1 in clause 4.9.2 at the input power intended to produce the maximum rated output power, Pin,p,EIRP + 10dB.
4b) Verify measurement impact from feeding test signal by generating a signal for repeater input with repeater to be turned off.  Verify measured result is enough below requirement limit.
5)	Orient the positioner (and repeater and test signal source) in order that the direction to be tested aligns with the test antenna such that measurements to determine TRP can be performed (see annex I) whilst maintaining the correct direction of arrival for the test signal.
6)   Step the centre frequency of the measurement filter in contiguous steps and measure the emission within the specified frequency ranges with the specified measurement bandwidth. For connector under test declared to operate in non-contiguous spectrum, the emission within the sub-block gap shall be measured using the specified measurement bandwidth from the closest sub block edge.
7)	Repeat step 5-6 for all directions in the appropriated TRP measurement grid needed for TRPEstimate (see annex I).
8)	Calculate TRPEstimate using the measurements made in Step 7.
[bookmark: _Toc29809768][bookmark: _Toc604][bookmark: _Toc66728026][bookmark: _Toc53182475][bookmark: _Toc76545085][bookmark: _Toc82595188][bookmark: _Toc58860216][bookmark: _Toc37272206][bookmark: _Toc58862720][bookmark: _Toc45884452][bookmark: _Toc61182713][bookmark: _Toc74961829][bookmark: _Toc36645152][bookmark: _Toc75242739][bookmark: _Toc21099970]6.5.3.4	Test requirements
[bookmark: _Toc57820366][bookmark: _Toc61184355][bookmark: _Toc37260361][bookmark: _Toc37267749][bookmark: _Toc82450827][bookmark: _Toc66386481][bookmark: _Toc61183569][bookmark: _Toc61185137][bookmark: _Toc36817439][bookmark: _Toc45893665][bookmark: _Toc74583384][bookmark: _Toc53185504][bookmark: _Toc76542197][bookmark: _Toc53185880][bookmark: _Toc21127678][bookmark: _Toc61183963][bookmark: _Toc82450179][bookmark: _Toc61184747][bookmark: _Toc29811887][bookmark: _Toc44712352][bookmark: _Toc57821293][bookmark: _Toc36645160][bookmark: _Toc82595197][bookmark: _Toc76545094][bookmark: _Toc74961838][bookmark: _Toc61182721][bookmark: _Toc53182483][bookmark: _Toc37272214][bookmark: _Toc29809776][bookmark: _Toc58862728][bookmark: _Toc58860224][bookmark: _Toc75242748][bookmark: _Toc45884460][bookmark: _Toc66728034][bookmark: _Toc21099978]6.5.3.4.1	OTA operating band unwanted emission limits (Category A)
Repeater type 2-O unwanted emissions shall not exceed the maximum levels specified in table 6.5.3.4.1‑1 or 6.5.3.4.1-2 or 6.5.3.4.1-3.
Table 6.5.3.4.1-1: OBUE limits applicable in the frequency range 24.25 – 33.4 GHz
	Frequency offset of measurement filter -3B point,  f 
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz  f < 0.1*BWcontiguous
	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	Min(-2.3 dBm, Max(Prated,t,TRP – 32.3 dB, -9.3 dBm))

	1 MHz

	0.1*BWcontiguous  f < fmax
	0.1* BWcontiguous +0.5 MHz  f_offset < f_ offsetmax
	Min(-13 dBm, Max(Prated,t,TRP – 43 dB, -20 dBm))

	1 MHz

	NOTE 1:	For non-contiguous spectrum operation within any operating band the limit within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the gap between passbands. 



Table 6.5.3.4.1-2: OBUE limits applicable in the frequency range 37 – 43.5 GHz
	Frequency offset of measurement filter -3B point,  f 
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz  f < 0.1*BWcontiguous
	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	Min(-2.3 dBm, Max(Prated,t,TRP – 30.3 dB, -9.3 dBm))

	1 MHz

	0.1*BWcontiguous  f < fmax
	0.1* BWcontiguous +0.5 MHz  f_offset < f_ offsetmax
	Min(-13 dBm, Max(Prated,t,TRP – 41 dB, -20 dBm))

	1 MHz

	NOTE 1:	For non-contiguous spectrum operation within any operating band the limit within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the gap between passbands.



Table 6.5.3.4.1-3: OBUE limits applicable in the frequency range 43.5 – 48.2 GHz
	Frequency offset of measurement filter -3B point,  f 
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz  f < 0.1*BWcontiguous
	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	Min(-2.1 dBm, Max(Prated,t,TRP – 30.1 dB, -9.1 dBm))
	1 MHz

	0.1*BWcontiguous  f < fmax
	0.1* BWcontiguous +0.5 MHz  f_offset < f_ offsetmax
	Min(-13 dBm, Max(Prated,t,TRP – 41 dB, -20 dBm))
	1 MHz

	NOTE 1:	For non-contiguous spectrum operation within any operating band the limit within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the gap between passbands.



[bookmark: _Toc74583385][bookmark: _Toc76542198][bookmark: _Toc61183570][bookmark: _Toc61185138][bookmark: _Toc82450180][bookmark: _Toc21127679][bookmark: _Toc36817440][bookmark: _Toc37260362][bookmark: _Toc82450828][bookmark: _Toc66386482][bookmark: _Toc61183964][bookmark: _Toc61184748][bookmark: _Toc37267750][bookmark: _Toc53185505][bookmark: _Toc29811888][bookmark: _Toc57820367][bookmark: _Toc57821294][bookmark: _Toc61184356][bookmark: _Toc53185881][bookmark: _Toc44712353][bookmark: _Toc45893666]6.5.3.4.2	OTA operating band unwanted emission limits (Category B)
Repeater type 2-O unwanted emissions shall not exceed the maximum levels specified in table 6.5.3.4.2‑1 or 6.5.3.4.2-2 or 6.5.3.4.2-3.
Table 6.5.3.4.2-1: OBUE limits applicable in the frequency range 24.25 – 33.4 GHz
	Frequency offset of measurement filter -3 dB point,  f 
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz  f < 0.1*BWcontiguous
	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	Min(-2.3 dBm, Max(Prated,t,TRP – 32.3 dB, -9.3 dBm))
	1 MHz

	0.1*BWcontiguous  f < fB
	0.1* BWcontiguous +0.5 MHz  f_offset < fB +0.5 MHz
	Min(-13 dBm, Max(Prated,t,TRP – 43 dB, -20 dBm))
	1 MHz

	fB  f < fmax
	fB +5 MHz  f_offset < f_ offsetmax
	Min(-5 dBm, Max(Prated,t,TRP – 33 dB, -10 dBm))
	10 MHz

	NOTE 1:	For non-contiguous spectrum operation within any operating band the limit within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the gap between passbands. 
NOTE 2:	fB = 2*BWcontiguous when BWcontiguous ≤ 500 MHz, otherwise fB = BWcontiguous + 500 MHz.



Table 6.5.3.4.2-2: OBUE limits applicable in the frequency range 37 – 43.5 GHz
	Frequency offset of measurement filter -3 dB point,  f
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz  f < 0.1*BWcontiguous
	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	Min(-2.3 dBm, Max(Prated,t,TRP – 30.3 dB, -9.3 dBm))
	1 MHz

	0.1*BWcontiguous  f < fB
	0.1* BWcontiguous +0.5 MHz  f_offset < fB +0.5 MHz
	Min(-13 dBm, Max(Prated,t,TRP – 41 dB, -20 dBm))
	1 MHz

	fB  f < fmax
	fB +5 MHz  f_offset < f_ offsetmax
	Min(-5 dBm, Max(Prated,t,TRP – 31 dB, -10 dBm))
	10 MHz

	NOTE 1:	For non-contiguous spectrum operation within any operating band the limit within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the gap between passbands. 
NOTE 2:	fB = 2*BWcontiguous when BWcontiguous ≤ 500 MHz, otherwise fB = BWcontiguous + 500 MHz.



Table 6.5.3.4.2-2: OBUE limits applicable in the frequency range 43.5 - 48.2 GHz
	Frequency offset of measurement filter -3 dB point,  f
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz  f < 0.1*BWcontiguous
	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	Min(-2.3 dBm, Max(Prated,t,TRP – 30.3 dB, -9.3 dBm))
	1 MHz

	0.1*BWcontiguous  f < fB
	0.1* BWcontiguous +0.5 MHz  f_offset < fB +0.5 MHz
	Min(-13 dBm, Max(Prated,t,TRP – 41 dB, -20 dBm))
	1 MHz

	fB  f < fmax
	fB +5 MHz  f_offset < f_ offsetmax
	Min(-5 dBm, Max(Prated,t,TRP – 31 dB, -10 dBm))
	10 MHz

	NOTE 1:	For non-contiguous spectrum operation within any operating band the limit within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the gap between passbands. 
NOTE 2:	fB = 2*BWcontiguous when BWcontiguous ≤ 500 MHz, otherwise fB = BWcontiguous + 500 MHz.



[bookmark: _Toc57821295][bookmark: _Toc45893667][bookmark: _Toc61185139][bookmark: _Toc44712354][bookmark: _Toc61183965][bookmark: _Toc74583386][bookmark: _Toc61184749][bookmark: _Toc57820368][bookmark: _Toc66386483][bookmark: _Toc53185506][bookmark: _Toc53185882][bookmark: _Toc76542199][bookmark: _Toc82450181][bookmark: _Toc82450829][bookmark: _Toc61183571][bookmark: _Toc61184357]6.5.3.4.3	Additional OTA operating band unwanted emission requirements
[bookmark: _Toc44712355]6.5.3.4.3.1	Protection of Earth Exploration Satellite Service
For repeater operating in the frequency range 24.25 – 27.5 GHz, the power of unwanted emission shall not exceed the limits in table 6.5.3.4.3.1-1 for DL and in table 6.5.3.4.3.1-2 for UL.
Table 6.5.3.4.3.1-1: OBUE limits for protection of Earth Exploration Satellite Service for DL
	Frequency range 
	Limit
	Measurement Bandwidth

	23.6 – 24 GHz
	-3 dBm (Note 1)
	200 MHz

	23.6 – 24 GHz
	-9 dBm (Note 2)
	200 MHz

	NOTE 1:	This limit applies to repeater brought into use on or before 1 September 2027.
NOTE 2: 	This limit applies to repeater brought into use after 1 September 2027.



Table 6.5.3.4.3.1-2: OBUE limits for protection of Earth Exploration Satellite Service for UL
	Frequency range 
	Limit
	Measurement Bandwidth

	23.6 – 24 GHz
	1 dBm
	200 MHz


[bookmark: _Toc61184750][bookmark: _Toc74583387][bookmark: _Toc61183572][bookmark: _Toc66386484][bookmark: _Toc45893668][bookmark: _Toc57820369][bookmark: _Toc61184358][bookmark: _Toc82450830][bookmark: _Toc82450182][bookmark: _Toc76542200][bookmark: _Toc61183966][bookmark: _Toc21127680][bookmark: _Toc37267751][bookmark: _Toc37260363][bookmark: _Toc53185883][bookmark: _Toc29811889][bookmark: _Toc61185140][bookmark: _Toc53185507][bookmark: _Toc36817441][bookmark: _Toc57821296][bookmark: _Toc44712356]6.5.4	OTA transmitter spurious emissions
[bookmark: _Toc30604][bookmark: _Toc61182729][bookmark: _Toc58862736][bookmark: _Toc29809783][bookmark: _Toc53182491][bookmark: _Toc66728043][bookmark: _Toc36645168][bookmark: _Toc58860232][bookmark: _Toc76545103][bookmark: _Toc82595206][bookmark: _Toc74961847][bookmark: _Toc21099985][bookmark: _Toc45884468][bookmark: _Toc37272222][bookmark: _Toc75242757]6.5.4.1	Definition and applicability
[bookmark: _Toc58860233][bookmark: _Toc53182492][bookmark: _Toc76545104][bookmark: _Toc74961848][bookmark: _Toc61182730][bookmark: _Toc66728044][bookmark: _Toc58862737][bookmark: _Toc37272223][bookmark: _Toc82595207][bookmark: _Toc29809784][bookmark: _Toc36645169][bookmark: _Toc75242758][bookmark: _Toc45884469][bookmark: _Toc21099986]For repeater type 2-O, the OTA transmitter spurious emission limits apply from 30 MHz to 2nd harmonic of the upper frequency edge of the downlink operating band, excluding the frequency range from ΔfOBUE below the lowest frequency of the downlink operating band, up to ΔfOBUE above the highest frequency of the downlink operating band, where the ΔfOBUE is defined in table 6.5.1-1.
[bookmark: _Toc22754]6.5.4.2	Minimum requirement
The minimum requirement is defined in TS 38.106 [x2], clause 7.5.4.2.2.
[bookmark: _Toc74961849][bookmark: _Toc58860234][bookmark: _Toc36645170][bookmark: _Toc76545105][bookmark: _Toc58862738][bookmark: _Toc75242759][bookmark: _Toc66728045][bookmark: _Toc37272224][bookmark: _Toc21099987][bookmark: _Toc53182493][bookmark: _Toc61182731][bookmark: _Toc27358][bookmark: _Toc29809785][bookmark: _Toc82595208][bookmark: _Toc45884470]6.5.4.3	Test purpose
This test measures conducted spurious emissions while the transmitter is in operation.
[bookmark: _Toc58862739][bookmark: _Toc58860235][bookmark: _Toc76545106][bookmark: _Toc75242760][bookmark: _Toc74961850][bookmark: _Toc66728046][bookmark: _Toc29809786][bookmark: _Toc36645171][bookmark: _Toc53182494][bookmark: _Toc82595209][bookmark: _Toc61182732][bookmark: _Toc37272225][bookmark: _Toc21099988][bookmark: _Toc45884471][bookmark: _Toc26851]6.5.4.4	Method of test
[bookmark: _Toc36645172][bookmark: _Toc58860236][bookmark: _Toc61182733][bookmark: _Toc21099989][bookmark: _Toc74961851][bookmark: _Toc82595210][bookmark: _Toc75242761][bookmark: _Toc45884472][bookmark: _Toc58862740][bookmark: _Toc29809787][bookmark: _Toc4374][bookmark: _Toc53182495][bookmark: _Toc66728047][bookmark: _Toc76545107][bookmark: _Toc37272226]6.5.4.4.1	Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier:
-	B when testing the spurious emissions below FDL_low - ΔfOBUE,
-	T when testing the spurious emissions above FDL_high + ΔfOBUE; see clause 4.9.1.
[bookmark: _Toc29809788][bookmark: _Toc21099990][bookmark: _Toc45884473][bookmark: _Toc58860237][bookmark: _Toc37272227][bookmark: _Toc76545108][bookmark: _Toc75242762][bookmark: _Toc53182496][bookmark: _Toc66728048][bookmark: _Toc36645173][bookmark: _Toc82595211][bookmark: _Toc74961852][bookmark: _Toc14117][bookmark: _Toc58862741][bookmark: _Toc61182734]6.5.4.4.2	Procedure
The following procedure for measuring TRP is based on the directional power measurements as described in annex. 
1)	Place the repeater at the positioner.
2)	Align the manufacturer declared coordinate system orientation (D.2) of the repeater with the test system.
3)	The measurement devices characteristics shall be:
	- detection mode: true RMS.
4a)	Set the input signal at the RIB according to the applicable test configuration and direction in clause 4.8 using the corresponding test models NR-FR1‑TM 1.1 in clause 4.9.2 at the input power intended to produce the maximum rated output power, Pin,p,EIRP + 10dB.
4b) Verify measurement impact from feeding test signal by generating a signal for repeater input with repeater to be turned off.  Verify measured result is enough below requirement limit.
5)	Orient the positioner (and repeater and test signal source) in order that the direction to be tested aligns with the test antenna such that measurements to determine TRP can be performed with the specified measurement bandwidth (see annex I) whilst maintaining the correct direction of arrival for the test signal.
7)	Repeat step 5-6 for all directions in the appropriated TRP measurement grid needed for TRPEstimate (see annex I).
[bookmark: _Toc82595212][bookmark: _Toc58862742][bookmark: _Toc53182497][bookmark: _Toc61182735][bookmark: _Toc74961853][bookmark: _Toc45884474][bookmark: _Toc37272228][bookmark: _Toc29809789][bookmark: _Toc76545109][bookmark: _Toc58860238][bookmark: _Toc36645174][bookmark: _Toc75242763][bookmark: _Toc21099991][bookmark: _Toc66728049]8)	Calculate TRPEstimate using the measurements made in Step 7.
[bookmark: _Toc6322]6.5.4.5	Test requirements
[bookmark: _Toc57820379][bookmark: _Toc29811900][bookmark: _Toc44712367][bookmark: _Toc74583397][bookmark: _Toc82450840][bookmark: _Toc61184368][bookmark: _Toc21127691][bookmark: _Toc53185517][bookmark: _Toc37260374][bookmark: _Toc61184760][bookmark: _Toc82450192][bookmark: _Toc66386494][bookmark: _Toc37267762][bookmark: _Toc61183582][bookmark: _Toc36817452][bookmark: _Toc76542210][bookmark: _Toc61183976][bookmark: _Toc10708][bookmark: _Toc57821306][bookmark: _Toc53185893][bookmark: _Toc61185150][bookmark: _Toc45893679]6.5.4.5.1	General
The requirements of either clause 6.5.4.5.2 (Category A limits) or clause 6.5.4.5.3 (Category B limits) shall apply. The application of either Category A or Category B limits shall be the same as for Operating band unwanted emissions in clause 6.5.3.
[bookmark: _Toc61184761][bookmark: _Toc61183583][bookmark: _Toc61185151][bookmark: _Toc61184369][bookmark: _Toc29811901][bookmark: _Toc74583398][bookmark: _Toc44712368][bookmark: _Toc36817453][bookmark: _Toc21127692][bookmark: _Toc66386495][bookmark: _Toc53185518][bookmark: _Toc61183977][bookmark: _Toc575][bookmark: _Toc82450841][bookmark: _Toc37260375][bookmark: _Toc76542211][bookmark: _Toc57821307][bookmark: _Toc53185894][bookmark: _Toc82450193][bookmark: _Toc37267763][bookmark: _Toc45893680][bookmark: _Toc57820380]6.5.4.5.2	OTA transmitter spurious emissions (Category A)
The power of any spurious emission shall not exceed the limits in table 6.5.4.5.2-1
Table 6.5.4.5.2-1: Repeater radiated Tx spurious emission limits in FR2
	Frequency range
	Limit
	Measurement Bandwidth
	Note

	30 MHz – 1 GHz
	-13 dBm
	100 kHz
	Note 1

	1 GHz – 2nd harmonic of the upper frequency edge of the passband
	
	1 MHz
	Note 1, Note 2

	NOTE 1:	Bandwidth as in ITU-R SM.329 [5], s4.1
NOTE 2:	Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.



[bookmark: _Toc53185519][bookmark: _Toc3572][bookmark: _Toc21127693][bookmark: _Toc44712369][bookmark: _Toc82450194][bookmark: _Toc61185152][bookmark: _Toc61184762][bookmark: _Toc66386496][bookmark: _Toc76542212][bookmark: _Toc29811902][bookmark: _Toc61183584][bookmark: _Toc53185895][bookmark: _Toc37267764][bookmark: _Toc37260376][bookmark: _Toc36817454][bookmark: _Toc74583399][bookmark: _Toc57820381][bookmark: _Toc61184370][bookmark: _Toc82450842][bookmark: _Toc45893681][bookmark: _Toc61183978][bookmark: _Toc57821308]6.5.4.5.3	OTA transmitter spurious emissions (Category B)
The power of any spurious emission shall not exceed the limits in table 6.5.4.5.3-1.
Table 6.5.4.5.3-1: Repeater radiated Tx spurious emission limits in FR2 (Category B)
	Frequency range 
(Note 4)
	Limit
	Measurement Bandwidth
	Note

	30 MHz    1 GHz
	-36 dBm
	100 kHz
	Note 1

	1 GHz    18 GHz
	-30 dBm
	1 MHz
	Note 1

	18 GHz    Fstep,1
	-20 dBm
	10 MHz
	Note 2

	Fstep,1    Fstep,2
	-15 dBm
	10 MHz
	Note 2

	Fstep,2    Fstep,3  
	-10 dBm
	10 MHz
	Note 2

	Fstep,4    Fstep,5
	-10 dBm
	10 MHz
	Note 2

	Fstep,5    Fstep,6
	-15 dBm
	10 MHz
	Note 2

	Fstep,6    2nd harmonic of the upper frequency edge of the passband
	-20 dBm
	10 MHz
	Note 2, Note 3

	NOTE 1:	Bandwidth as in ITU-R SM.329 [54], s4.1
NOTE 2:	Limit and bandwidth as in ERC Recommendation 74-01 [9], Annex 2.
NOTE 3:	Upper frequency as in ITU-R SM.329 [54], s2.5 table 1.
NOTE 4:	The step frequencies Fstep,X are defined in Table 6.5.4.5.3-2.



Table 6.5.4.5.3-2: Step frequencies for defining the Repeater radiated Tx spurious emission limits in FR2 (Category B)
	Operating band
	Fstep,1
(GHz)
	Fstep,2
(GHz)
	Fstep,3
(GHz) (Note 2)
	Fstep,4
(GHz) (Note 2)
	Fstep,5
(GHz)
	Fstep,6
(GHz)

	n258
	18
	21
	22.75
	29
	30.75
	40.5

	n259
	23.5
	35.5
	38
	45
	47.5
	59.5

	NOTE 1:	Fstep,X are based on ERC Recommendation 74-01 [9], Annex 2.
NOTE 2:	Fstep,3 and Fstep,4 are aligned with the values for ΔfOBUE in Table 6.5.1-1


[bookmark: _Toc61185153][bookmark: _Toc61184371][bookmark: _Toc74583400][bookmark: _Toc45893682][bookmark: _Toc61183585][bookmark: _Toc61184763][bookmark: _Toc29811903][bookmark: _Toc57821309][bookmark: _Toc53185520][bookmark: _Toc66386497][bookmark: _Toc57820382][bookmark: _Toc82450195][bookmark: _Toc61183979][bookmark: _Toc44712370][bookmark: _Toc76542213][bookmark: _Toc21127694][bookmark: _Toc37260377][bookmark: _Toc36817455][bookmark: _Toc53185896][bookmark: _Toc37267765][bookmark: _Toc82450843]
[bookmark: _Toc17060]6.5.4.5.4	Additional OTA transmitter spurious emissions requirements
These requirements may be applied for the protection of systems operating in frequency ranges other than the repeater-Node. The limits may apply as an optional protection of such systems that are deployed in the same geographical area as the repeater-Node, or they may be set by local or regional regulation as a mandatory requirement for an NR operating band. It is in some cases not stated in the present document whether a requirement is mandatory or under what exact circumstances that a limit applies, since this is set by local or regional regulation. 
[bookmark: _Toc74583401][bookmark: _Toc61184764][bookmark: _Toc66386498][bookmark: _Toc82450196][bookmark: _Toc57821310][bookmark: _Toc53185521][bookmark: _Toc61183980][bookmark: _Toc61183586][bookmark: _Toc82450844][bookmark: _Toc53185897][bookmark: _Toc61184372][bookmark: _Toc61185154][bookmark: _Toc57820383][bookmark: _Toc45893683][bookmark: _Toc44712371][bookmark: _Toc76542214]6.5.4.5.4.1	Limits for protection of Earth Exploration Satellite Service
For repeater operating in the frequency range 24.25 – 27.5 GHz, the power of any spurious emissions shall not exceed the limits in Table 6.5.4.5.4.1-1 and Table 6.5.4.5.4.1-2.
[bookmark: _Hlk41916699]Table 6.5.4.5.4.1-1: Limits for protection of Earth Exploration Satellite Service for DL
	Frequency range 
	Limit
	Measurement Bandwidth
	Note

	23.6 – 24 GHz
	-3 dBm 
	200 MHz
	Note 1

	23.6 – 24 GHz
	-9 dBm
	200 MHz
	Note 2

	NOTE 1:	This limit applies to Repeater brought into use on or before 1 September 2027.
NOTE 2:	This limit applies to Repeater brought into use after 1 September 2027.



Table 6.5.4.5.4.1-2: OBUE limits for protection of Earth Exploration Satellite Service for UL
	Frequency range 
	Limit
	Measurement Bandwidth

	23.6 – 24 GHz
	1 dBm
	200 MHz



[bookmark: _Toc3683][bookmark: _Toc6426]6.6	OTA Error Vector Magnitude
6.6.1	Downlink Error vector magnitude
[bookmark: _Toc1113][bookmark: _Toc106094184]6.6.1.1	General
The Error Vector Magnitude (EVM) is a measure of the difference between the symbols provided at the input of the repeater and the measured signal symbols at the output of the repeater after the equalization by the measurement equipment. This difference is called the error vector. Details about how the EVM is determined are specified in TS 38.104 [x5] Annex [C] for FR2. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent.
OTA modulation quality requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range on the transmit side and the AoA of the incident wave of the received signal is in the reference direction at the receive side.
The EVM requirement is applicable when the repeater is operating with an input power level within the range from what is required to reach the rated beam EIRP output power (Prated,p,EIRP) to the minimum power levels in table 6.6.1.1-1.
Table 6.6.1.1-1: Minimum input power for EVM
	BS class
	Minimum input power (dBm/MHz)

	
	24.25 – 33.4 GHz
	37 – 52.6 GHz

	
	Up to 16 QAM
	64QAM 1
	256QAM 2
	Up to 16 QAM
	64QAM 1
	256QAM  2

	WA, MR, LA
	[-77- GRX_ANT]
	[-73- GRX_ANT]
	[-66- GRX_ANT]
	[-75- GRX_ANT]
	[-71- GRX_ANT]
	[-64- GRX_ANT]

	Note 1: support of 64QAM is based on the declaration
Note 2: support of 256QAM is based on the declaration


Where GRX_ANT is the gain of the receive side antennas and is based on EIRP and TRP declaration.
[bookmark: _Toc21034][bookmark: _Toc503965085]6.6.1.2	Minimum requirements
The minimum requirement is in TS 38.106 [x2] clause 7.6.1.2.
[bookmark: _Toc503965086][bookmark: _Toc26551]6.6.1.3	Test purpose
To verify that the downlink EVM deterioration is within the limit specified by the minimum requirements after the signal passed through the Repeater.
[bookmark: _Toc24830][bookmark: _Toc503965087]6.6.1.4	Method of test
[bookmark: _Toc503965088][bookmark: _Toc25234]6.6.1.4.1	Initial conditions
Test environment: normal; see Annex [B.2]
RF channels to be tested for single carrier:
-	B and T; see clause 4.9.1.
Passband positions to be tested for multi-carrier:
-	BRFBW and TRFBW in single-band operation, see clause 4.9.1;
-	BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band operation, see clause 4.9.1.
Directions to be tested:
-	The OTA coverage range reference direction [(D.35)].
-	The OTA coverage range maximum directions [(D.36)].
Polarizations to be tested: For dual polarized systems the requirement shall be tested and met for both polarizations.
[bookmark: _Toc1037][bookmark: _Toc503965089]6.6.1.4.2	Procedure
1a)	Place the repeater at the positioner.
1b) Verify measurement impact from feeding test signal by generating a signal for repeater input with repeater to be turned off.  Verify measured result is enough below requirement limit. 
2)	Align the manufacturer declared coordinate system orientation [(D.2)] of the repeater with the test system.
3)	Orient the positioner (and repeater) in order that the direction to be tested aligns with the test antenna. 
For repeater type 2-O declared to be capable of single carrier operation only, set the repeater to transmit a signal according to the applicable test signal configuration and corresponding power setting specified in clause 4.7.2 and 4.8 using the corresponding test models on all carriers configured: 
-	RDL-FR2-TM3.1a with 256QAM signal if 256QAM is supported by repeater without power back off, or
-	RDL-FR2-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by repeater with power back off, and RDL-FR2-TM3.1 with highest modulation order supported without power back off, or
-	RDL-FR2-TM3.1 with 64QAM signal if 64QAM is supported by repeater without power back off, or
-	RDL-FR2-TM3.1 with highest modulation order without power back off if 64QAM is not supported by repeater, or
-	if 64 QAM is supported by repeater with power back off, RDL-FR2-TM 3.1 with 64QAM at manufacturer's declared rated output power (Prated,c,EIRP) and RDL-FR2-TM3.1 with highest modulation order supported at maximum power.
	For repeater type 2-O declared to be capable of multi-carrier, set the repeater to transmit according to: 
-	RDL-FR2-TM3.1a with 256QAM signal if 256QAM is supported by repeater without power back off, or
-	RDL-FR2-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by repeater with power back off, and RDL-FR2-TM3.1 at maximum power, or
-	RDL-FR2-TM3.1 with 64QAM signal if 64QAM is supported by repeater without power back off, or
-	RDL-FR2-TM3.1 with highest modulation order supported without power back off if 64QAM is not supported by repeater, or
-	if 64QAM is supported by repeater with power back off, RDL-FR2-TM3.1 with 64QAM signal at manufacturer's declared rated output power (Prated,c,EIRP) and RDL-FR2-TM3.1 with highest supported modulation order at maximum power
	For RDL-FR1-TM 3.1a and RDL-FR2-TM 3.1, power back-off shall be applied if it is declared.
5)	For each carrier, measure the EVM and frequency error as defined in annex L.
6)	Repeat steps 5 and 6 for RDL-FR2-TM2 if 256QAM is not supported by repeater type 2-O or for RDL-FR2-TM2a if 256QAM is supported by repeater type 2-O. For RDL-FR2-TM2 the OFDM symbol power (in the conformance direction) shall be at the lower limit of the dynamic range according to the test procedure in clause 6.4.3.4.2 and test requirements in clause 6.4.3.5.2.
2)	Adjust the input power to the Repeater to create the maximum nominal Repeater output power at maximum gain.
3)	Measure the EVM and frequency error as defined in TS 38.141-2 [x] Annex [F].
4)	Repeat the procedure with all the narrower bandwidths of NR-FR2-TM3.1
[bookmark: _Toc8619][bookmark: _Toc503965090]6.6.1.5	Test requirement
The downlink of the Repeater EVM levels for different modulation schemes shall not exceed values in table 6.6.1.5-1. 
Table 6.6.1.5-1: EVM test requirements
	Parameter
	Required EVM

	Up to 16QAM
	[13.75%]

	64QAM
	[9.25 %] 1

	256QAM
	[4.75 %]2

	Note 1: support of 64QAM is based on the declaration
Note 2: support of 256QAM is based on the declaration.


6.6.2	Uplink Error vector magnitude
[bookmark: _Toc9363]6.6.1.1	General
The Error Vector Magnitude (EVM) is a measure of the difference between the symbols provided at the input of the repeater and the measured signal symbols at the output of the repeater after the equalization by the measurement equipment. This difference is called the error vector. Details about how the EVM is determined are specified in TS 38.104 [x5] Annex [C] for FR2. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent.
OTA modulation quality requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range on the transmit side and the AoA of the incident wave of the received signal is in the reference direction at the receive side.
The EVM requirement is applicable when the repeater is operating with an input power level within the range from what is required to reach the rated beam EIRP output power (Prated,p,EIRP) to the minimum power levels in table 6.6.1.1-1.
Table 6.6.1.1-1: Minimum input power for EVM
	BS class
	Minimum input power (dBm/MHz)

	
	24.25 – 33.4 GHz
	37 – 52.6 GHz

	
	Up to 16 QAM
	64QAM 1
	256QAM 2
	Up to 16 QAM
	64QAM 1
	256QAM  2

	WA, MR, LA
	[-77- GRX_ANT]
	[-73- GRX_ANT]
	[-66- GRX_ANT]
	[-75- GRX_ANT]
	[-71- GRX_ANT]
	[-64- GRX_ANT]

	Note 1: support of 64QAM is based on the declaration
Note 2: support of 256QAM is based on the declaration


Where GRX_ANT is the gain of the receive side antennas and is based on EIRP and TRP declaration.
[bookmark: _Toc8904]6.6.1.2	Minimum requirements
The minimum requirement is in TS 38.106 [x2] clause 7.6.1.2.
[bookmark: _Toc1232]6.6.1.3	Test purpose
To verify that the downlink EVM deterioration is within the limit specified by the minimum requirements after the signal passed through the Repeater.
[bookmark: _Toc13424]6.6.1.4	Method of test
[bookmark: _Toc8529]6.6.1.4.1	Initial conditions
Test environment: normal; see Annex [B.2]
RF channels to be tested for single carrier:
-	B and T; see clause 4.9.1.
Passband positions to be tested for multi-carrier:
-	BRFBW and TRFBW in single-band operation, see clause 4.9.1;
-	BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band operation, see clause 4.9.1.
Directions to be tested:
-	The OTA coverage range reference direction [(D.35)].
-	The OTA coverage range maximum directions [(D.36)].
Polarizations to be tested: For dual polarized systems the requirement shall be tested and met for both polarizations.

[bookmark: _Toc12446]6.6.1.4.2	Procedure
1a)	Place the repeater at the positioner.
1b) Verify measurement impact from feeding test signal by generating a signal for repeater input with repeater to be turned off.  Verify measured result is enough below requirement limit. 
2)	Align the manufacturer declared coordinate system orientation [(D.2)] of the repeater with the test system.
3)	Orient the positioner (and repeater) in order that the direction to be tested aligns with the test antenna. 
For repeater type 2-O declared to be capable of single carrier operation only, set the repeater to transmit a signal according to the applicable test signal configuration and corresponding power setting specified in clause 4.7.2 and 4.8 using the corresponding test models on all carriers configured: 
-	RDL-FR2-TM3.1a with 256QAM signal if 256QAM is supported by repeater without power back off, or
-	RDL-FR2-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by repeater with power back off, and RDL-FR2-TM3.1 with highest modulation order supported without power back off, or
-	RDL-FR2-TM3.1 with 64QAM signal if 64QAM is supported by repeater without power back off, or
-	RDL-FR2-TM3.1 with highest modulation order without power back off if 64QAM is not supported by repeater, or
-	if 64 QAM is supported by repeater with power back off, RDL-FR2-TM 3.1 with 64QAM at manufacturer's declared rated output power (Prated,c,EIRP) and RDL-FR2-TM3.1 with highest modulation order supported at maximum power.
	For repeater type 2-O declared to be capable of multi-carrier, set the repeater to transmit according to: 
-	RDL-FR2-TM3.1a with 256QAM signal if 256QAM is supported by repeater without power back off, or
-	RDL-FR2-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by repeater with power back off, and RDL-FR2-TM3.1 at maximum power, or
-	RDL-FR2-TM3.1 with 64QAM signal if 64QAM is supported by repeater without power back off, or
-	RDL-FR2-TM3.1 with highest modulation order supported without power back off if 64QAM is not supported by repeater, or
-	if 64QAM is supported by repeater with power back off, RDL-FR2-TM3.1 with 64QAM signal at manufacturer's declared rated output power (Prated,c,EIRP) and RDL-FR2-TM3.1 with highest supported modulation order at maximum power
	For RDL-FR1-TM 3.1a and RDL-FR2-TM 3.1, power back-off shall be applied if it is declared.
5)	For each carrier, measure the EVM and frequency error as defined in annex L.
6)	Repeat steps 5 and 6 for RDL-FR2-TM2 if 256QAM is not supported by repeater type 2-O or for RDL-FR2-TM2a if 256QAM is supported by repeater type 2-O. For RDL-FR2-TM2 the OFDM symbol power (in the conformance direction) shall be at the lower limit of the dynamic range according to the test procedure in clause 6.4.3.4.2 and test requirements in clause 6.4.3.5.2.
2)	Adjust the input power to the Repeater to create the maximum nominal Repeater output power at maximum gain.
3)	Measure the EVM and frequency error as defined in TS 38.141-2 [x] Annex [F].
4)	Repeat the procedure with all the narrower bandwidths of NR-FR2-TM3.1
[bookmark: _Toc25949]6.6.1.5	Test requirement
The downlink of the Repeater EVM levels for different modulation schemes shall not exceed values in table 6.6.1.5-1. 
Table 6.6.1.5-1: EVM test requirements
	Parameter
	Required EVM

	Up to 16QAM
	[13.75%]

	64QAM
	[9.25 %] 1

	256QAM
	[4.75 %]2

	Note 1: support of 64QAM is based on the declaration
Note 2: support of 256QAM is based on the declaration.


[bookmark: _Toc12769][bookmark: _Toc31492]6.7	OTA input intermodulation
[bookmark: _Toc106094125][bookmark: _Toc97737209][bookmark: _Toc503964276][bookmark: _Toc5120]6.7.1	Definition and applicability
[bookmark: _Toc106094126][bookmark: _Toc97737210][bookmark: _Toc16079]6.7.1.1	General
The input intermodulation is a measure of the capability of the repeater to inhibit the generation of interference in the passband, in the presence of interfering signals on frequencies other than the passband.
Third and higher order mixing of the two interfering RF signals can produce an interfering signal in the band of the desired channel. Intermodulation response rejection is a measure of the capability of the repeater to maintain the wanted frequency free of internally created interference.
The measurements shall apply to both uplink and downlink paths of the repeater, at maximum gain.
[bookmark: _Toc4689]6.7.1.2	Minimum requirements
The minimum requirement is in TS 38.106 [x2] clause 7.7.2.
[bookmark: _Toc1455]6.7.1.3	Test purpose
The purpose of this test is to verify that the repeater meets the intermodulation characteristics requirements as specified by the minimum requirements.
[bookmark: _Toc25816]6.7.1.4	Method of test
[bookmark: _Toc21186]6.7.1.4.1	Initial conditions
Test environment: normal; see Annex B
A measurement system set-up is shown in Annex E.
[bookmark: _Toc327][bookmark: _Hlk112341514]6.7.1.4.2	Procedure
1a)	Verify measurement impact from feeding test signal by generating a signal for repeater input with repeater to be turned off.  Verify measured result is enough below requirement limit.
1b)	Set the repeater to maximum gain.
2)	Place the repeater with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in Annex E.
3)  Align the test antennas and repeater both in input and output directions of the repeater.
4)  Align the repeater and test antennas so that repeater antennas are polarization matched with the test antenna(s)
5)	Configure the beam peak direction of the repeater according to declared reference beam direction pair for the appropriate beam identifier.
6)	Adjust the frequency of the input signals, either below or above the passband, so that one carrier, f1, is 1 MHz outside the channel edge frequency of the first or last channel in the passband, and the lowest order intermodulation product from the two carriers is positioned in the centre of the passband.
7)	Measure the increase in output power in the passband when the interferer is applied 
8)	Repeat the measurement for all supported polarizations and all specified measurement directions. 
9)  Repeat the measurement for the opposite path of the repeater.
[bookmark: _Toc32155]6.7.1.5	Test requirements
For the parameters specified in table 6.7.1.5-1, the power in the passband shall not increase with more than [10+TT] dB at the output of the repeater as measured with 1 MHz measurement bandwidth, compared to the level obtained without interfering signals applied.
Table 6.7.1.5-1 specifies the parameters for two interfering signals, where:
-	f1 offset is the offset from the channel edge frequency of the first or last channel in the passband of the closer carrier.
-	GRX_ANT is the gain of the receive side antennas and is calculated from EIRP and TRP declaration.
Table 6.7.1.5-1: Input intermodulation requirement
	f1 offset
	Interfering signal levels 
	Type of signals
	Measurement bandwidth

	1 MHz
	-53dBm – G_RX_ANT
	2 CW carriers
	1 MHz


[bookmark: _Toc24294][bookmark: _Toc4020]6.8	OTA Adjacent Channel Rejection Ratio (ACRR)
[bookmark: _Toc503965119][bookmark: _Toc11871]6.8.1	Definitions and applicability
[bookmark: _Toc503965121]OTA Adjacent Channel Rejection Ratio (ACRR) is the ratio of the average gain over a carrier of the repeater in the passband to the average gain of the repeater over an adjacent channel outside the repeater passband. The requirement shall apply to the uplink and downlink of the Repeater. The bandwidth of the channel inside the passband and the adjacent channel are assumed to be minimum {400MHz, passband BW}.
The requirement is differentiated between downlink and uplink.
The requirement shall apply during the transmitter ON state.
The ACRR is a ratio of gain in the adjacent channel to gain in the wanted channel. The gain in each case is defined as the ratio of TRP output power to directional input power.
[bookmark: _Toc17241]6.8.2	Co-existence with NR
This requirement shall be applied for the protection of NR signals in geographic areas in which NR Repeater and NR BS are deployed so that they serve adjacent channels. The reference carrier is a NR carrier.
[bookmark: _Toc8681][bookmark: _Toc503965122]6.8.2.1	Minimum requirements
The minimum requirement is in TS 38.106 [2] sub-clause 7.8.1.1.
[bookmark: _Toc30385][bookmark: _Toc503965123]6.8.2.2	Test purpose
To verify that the Repeater OTA ACRR requirement is met as specified in sub-clause 6.8.2.1.
[bookmark: _Toc3106][bookmark: _Toc503965124]6.8.2.3	Method of test
[bookmark: _Toc8420][bookmark: _Toc503965125]6.8.2.3.1	Initial conditions
Test environment: 	normal; see Annex A2.
RF channels to be tested for single carrier: B, M, T; see clause 4.9.1.
Beams to be tested:
As the requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement procedure (see annex I) as long as the required TRP level is achieved.
[bookmark: _Toc29201][bookmark: _Toc503965126]6.8.2.3.2	Procedure
1a)	Place the repeater with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.2.7.
[bookmark: _Hlk112273677]1b) Verify measurement impact from feeding test signal by generating a signal for repeater input with repeater to be turned off.  Verify measured result is enough below requirement limit.
2)	Align the manufacturer declared coordinate system orientation of the repeater with the test system.
3)	Align the repeater with the test antenna in the declared direction to be tested.
4)	Align the repeater to that the wanted signal and interferer signal is polarization matched with the test antenna(s).
5)	Set the signal generator to transmit a signal modulated with test model XX for downlink and  test model XX for uplink as defined in section 4.9 at the first or last channel with channel offset from frequency range of passband defined in section 6.8.2.3.3 within the pass band.
6)	Adjust the input power to the Repeater to create the maximum nominal Repeater output power at maximum gain
7)	Orient the positioner (and repeater) in order that the direction to be tested aligns with the test antenna such that measurements to determine TRP can be performed (see annex XX).
8)	Measure the absolute power of the assigned channel frequency.
9)	Repeat step 7-8 for all directions in the appropriated TRP measurement grid needed for TRPEstimate (see annex XX).
10)	  Calculate TRPEstimate for the absolute total radiated power of a carrier of the repeater in the passband and  using the measurements made in Step 9.
11)	  Set the signal generator to transmit the same signal and the same input power at one of the channel offsets outside the repeater pass band according to Tables in section 6.8.2.3.3.
12)	  Repeat step 7) to 9) for the measurement of the input signal outside the repeater pass-band.;
13)	  Calculate TRPEstimate for the absolute total radiated power of a carrier over an adjacent channel outside the repeater passband and  using the measurements made in Step 9.
14)	  Calculate relative ACRR estimate.
15)  Repeat step 5) to 14) until all channel offsets in Tables in section 6.8.2.3.3 are measured.
[bookmark: _Toc503965127][bookmark: _Toc25630]6.8.2.3.3	Test Requirements
The requirement shall apply at the RIB when the AoA of the incident wave of a received signal in the passband and a received signal on an adjacent channel outside repeater passband is from the same direction and are the same as the TX reference direction for the opposite DL/UL setting.
For a repeater operating at passband operating in FR2, the ACRR requirements in table 6.8.2.3.3-1 shall apply in downlink. In normal conditions the ACRR for downlink shall be higher than the value specified in the Table 6.8.2.3.3-1.
Table 6.8.2.3.3-1: Repeater Downlink ACRR 
	Co-existence with other systems
	Repeater Class
	Channel offset from frequency edge of passband (MHz)
	ACRR limit
 (dB)

	NR
	Wide Area repeater
	minimum {400MHz, passband BW}/2
	[28] (Note 2)
[26] (Note 3)

	
	Medium Range repeater
	minimum {400MHz, passband BW}/2
	[28] (Note 2)
[26] (Note 3)

	
	Local Area repeater
	minimum {400MHz, passband BW}/2
	[28] (Note 1, 2)
[26] (Note 1, 3)

	NOTE 1:	This requirement is not applicable if the passband occupies the entire operating band.
NOTE 2:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz.
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz



For a repeater operating at passband operating in FR2, the ACRR requirements in table 6.8.2.3.3-2 shall apply in uplink. In normal conditions the ACRR for uplink shall be higher than the value specified in the Table 6.8.2.3.3-2.
Table 6.8.2.3.3-2: Repeater Uplink ACRR
	Co-existence with other systems
	Repeater Class
	Channel offset from frequency edge of passband (MHz)
	ACRR limit
 (dB)

	 NR
	Wide Area repeater
	minimum {400MHz, passband BW}/2
	[28] (Note 2)
[26] (Note 3)

	
	Local Area repeater
	minimum {400MHz, passband BW}/2
	[17] (Note 1, 2)
[16] (Note 1, 3)

	NOTE 1:	This requirement is not applicable if the passband occupies the entire operating band.
NOTE 2:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz.
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz



[bookmark: _Toc24941][bookmark: _Toc23320][bookmark: _Toc37260326][bookmark: _Toc67916805][bookmark: _Toc53178801][bookmark: _Toc45893630][bookmark: _Toc74663426][bookmark: _Toc36817404][bookmark: _Toc61179039][bookmark: _Toc61179509][bookmark: _Toc21127643][bookmark: _Toc29811852][bookmark: _Toc82621967][bookmark: _Toc53178350][bookmark: _Toc44712317][bookmark: _Toc37267714]6.9	OTA transmit ON/OFF power
[bookmark: _Toc82621963][bookmark: _Toc45893626][bookmark: _Toc74663422][bookmark: _Toc61179505][bookmark: _Toc61179035][bookmark: _Toc37267710][bookmark: _Toc29811848][bookmark: _Toc53178797][bookmark: _Toc21127639][bookmark: _Toc53178346][bookmark: _Toc67916801][bookmark: _Toc44712313][bookmark: _Toc36817400][bookmark: _Toc37260322]6.9.1	OTA transmitter OFF power
[bookmark: _Toc82536303][bookmark: _Toc76114295][bookmark: _Toc58917849][bookmark: _Toc21102668][bookmark: _Toc36635869][bookmark: _Toc45885892][bookmark: _Toc29810517][bookmark: _Toc37272815][bookmark: _Toc66693718][bookmark: _Toc58915668][bookmark: _Toc53183001][bookmark: _Toc74915670][bookmark: _Toc76544181]6.9.1.1	Definition and applicability
[bookmark: _Toc66693719][bookmark: _Toc58917850][bookmark: _Toc76114296][bookmark: _Toc45885893][bookmark: _Toc53183002][bookmark: _Toc29810518][bookmark: _Toc21102669][bookmark: _Toc82536304][bookmark: _Toc36635870][bookmark: _Toc37272816][bookmark: _Toc74915671][bookmark: _Toc76544182][bookmark: _Toc58915669][bookmark: _Hlk498674997]OTA transmitter OFF power is defined as the mean power measured over 70/N µs filtered with a square filter of bandwidth equal to the passband bandwidth of the repeater (BWpassband) centred on the assigned channel frequency during the transmitter OFF state. N = SCS/15, where SCS is Sub Carrier Spacing in kHz of the input signal. The OTA transmitter OFF power is defined as TRP.
6.9.1.2	Minimum requirement
The minimum requirement is in TS 38.106 [x2], clause 7.9.2.2.
[bookmark: _Toc58917851][bookmark: _Toc58915670][bookmark: _Toc76114297][bookmark: _Toc36635871][bookmark: _Toc82536305][bookmark: _Toc76544183][bookmark: _Toc66693720][bookmark: _Toc74915672][bookmark: _Toc29810519][bookmark: _Toc21102670][bookmark: _Toc45885894][bookmark: _Toc37272817][bookmark: _Toc53183003]6.9.1.3	Test purpose
The purpose of this test is to verify the OTA transmitter OFF power is within the limits of the minimum requirements.
[bookmark: _Toc29810520][bookmark: _Toc76544184][bookmark: _Toc82536306][bookmark: _Toc37272818][bookmark: _Toc45885895][bookmark: _Toc66693721][bookmark: _Toc21102671][bookmark: _Toc58917852][bookmark: _Toc36635872][bookmark: _Toc74915673][bookmark: _Toc76114298][bookmark: _Toc53183004][bookmark: _Toc58915671]6.9.1.4	Method of test
Requirement is tested together with transmitter transient period, as described in clause 6.9.2.4.
[bookmark: _Toc76114299][bookmark: _Toc21102672][bookmark: _Toc82536307][bookmark: _Toc76544185][bookmark: _Toc74915674][bookmark: _Toc45885896][bookmark: _Toc53183005][bookmark: _Toc37272819][bookmark: _Toc36635873][bookmark: _Toc58917853][bookmark: _Toc58915672][bookmark: _Toc66693722][bookmark: _Toc29810521]6.9.1.5	Test requirements
The conformance testing of transmit OFF power is included in the conformance testing of transmitter transient period; therefore, see clause 6.9.2.5 for test requirements.
6.9.2	OTA transient period
[bookmark: _Toc36635875][bookmark: _Toc74915676][bookmark: _Toc82536309][bookmark: _Toc76114301][bookmark: _Toc58917855][bookmark: _Toc76544187][bookmark: _Toc29810523][bookmark: _Toc66693724][bookmark: _Toc45885898][bookmark: _Toc53183007][bookmark: _Toc58915674][bookmark: _Toc21102674][bookmark: _Toc37272821]6.9.2.1	Definition and applicability
[bookmark: _Hlk104392742][bookmark: _Toc58917856][bookmark: _Toc76544188][bookmark: _Toc36635876][bookmark: _Toc45885899][bookmark: _Toc58915675][bookmark: _Toc37272822][bookmark: _Toc74915677][bookmark: _Toc21102675][bookmark: _Toc82536310][bookmark: _Toc76114302][bookmark: _Toc29810524][bookmark: _Toc66693725][bookmark: _Toc53183008]The OTA transmitter transient period is the time period during which the transmitter is changing from the transmitter OFF state to the transmitter ON state or vice versa. The transmitter transient period is illustrated in figure 6.9.2.1-1.



Figure 6.9.2.1-1: Example of relations between transmitter ON state, transmitter OFF state and transmitter transient period
This requirement shall be applied at each RIB supporting transmission in the operating band. 
For a repeater that is not declared to be a long delay repeater (D.15), the beginning and end point of downlink and uplink bursts are referenced to the slot timing at the input.
For a repeater that is declared to be a long delay repeater (D.15), the beginning and end point of downlink and uplink bursts are referenced to the slot timing at the input plus the declared repeater delay.
6.9.2.2	Minimum requirement
The minimum requirement is in TS 38.106 [x2], clause 7.9.3.2.
[bookmark: _Toc58917857][bookmark: _Toc74915678][bookmark: _Toc45885900][bookmark: _Toc29810525][bookmark: _Toc21102676][bookmark: _Toc76544189][bookmark: _Toc58915676][bookmark: _Toc82536311][bookmark: _Toc66693726][bookmark: _Toc76114303][bookmark: _Toc36635877][bookmark: _Toc53183009][bookmark: _Toc37272823]6.9.2.3	Test purpose
The purpose of this test is to verify the OTA transmitter transient periods are within the limits of the minimum requirements.
[bookmark: _Toc82536312][bookmark: _Toc21102677][bookmark: _Toc66693727][bookmark: _Toc58917858][bookmark: _Toc58915677][bookmark: _Toc29810526][bookmark: _Toc45885901][bookmark: _Toc76544190][bookmark: _Toc74915679][bookmark: _Toc37272824][bookmark: _Toc53183010][bookmark: _Toc36635878][bookmark: _Toc76114304]6.9.2.4	Method of test
[bookmark: _Toc76114305][bookmark: _Toc45885902][bookmark: _Toc82536313][bookmark: _Toc53183011][bookmark: _Toc21102678][bookmark: _Toc66693728][bookmark: _Toc37272825][bookmark: _Toc58915678][bookmark: _Toc58917859][bookmark: _Toc29810527][bookmark: _Toc74915680][bookmark: _Toc36635879][bookmark: _Toc76544191]6.9.2.4.1	Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested: M; see clause 4.9.1.
Directions to be tested:
-	The requirement is verified by an EIRP measurement at a direction corresponding to the OTA peak directions set reference beam direction pair (D.8) for the beam identifier (D.3) which provides the highest intended EIRP.
[bookmark: _Toc53183012][bookmark: _Toc21102679][bookmark: _Toc36635880][bookmark: _Toc82536314][bookmark: _Toc58915679][bookmark: _Toc58917860][bookmark: _Toc29810528][bookmark: _Toc76114306][bookmark: _Toc45885903][bookmark: _Toc74915681][bookmark: _Toc37272826][bookmark: _Toc76544192][bookmark: _Toc66693729]6.9.2.4.2	Procedure
1a)	Place the repeater at the positioner.
1b) Verify measurement impact from feeding test signal by generating a signal for repeater input with repeater to be turned off.  Verify measured result is enough below requirement limit.
2)	Align the manufacturer declared coordinate system orientation (D.2) of the repeater with the test system.
4a)	For trainsient period measurement, set the input signal at the RIB according to the applicable test configuration and direction in clause 4.8 using the corresponding test models NR-FR2‑TM 1.1 in clause 4.9.2 at the input power intended to produce the maximum rated output power, Prated,in, EIRP + 10dB.
4b)For OFF power measurement, set the signal generator RF output turned off for not to generate input signal.
5)	Orient the positioner (and repeater and test signal source) in order that the direction to be tested aligns with the test antenna such that measurements to determine TRP can be performed (see annex I) whilst maintaining the correct direction of arrival for the test signal.
6)	Measure the mean EIRP spectral density as the power sum over two orthogonal polarizations over 70/N μs filtered with a square filter of bandwidth equal to the passband bandwidth of the repeater centred on the central frequency of the passband. 70/N μs average window centre is set from 35/N μs after end of one transmitter ON period + 3 μs to 35/N μs before start of next transmitter ON period - 3 μs. N = SCS/15, where SCS is Sub Carrier Spacing in kHz.
NOTE:	Make sure that the measurement receiver is not overloaded.
[bookmark: _Toc37272830][bookmark: _Toc21102683][bookmark: _Toc36635884][bookmark: _Toc58917861][bookmark: _Toc82536315][bookmark: _Toc74915682][bookmark: _Toc53183013][bookmark: _Toc66693730][bookmark: _Toc58915680][bookmark: _Toc76114307][bookmark: _Toc76544193][bookmark: _Toc45885907][bookmark: _Toc29810532]6.9.2.5	Test requirements
The OTA transmitter OFF TRP spectral density for repeater type 2-O shall be less than ‑33.1 dBm/MHz for the frequency range 24.25 – 29.5 GHz.
The OTA transmitter OFF TRP spectral density for repeater type 2-O shall be less than ‑32.7 dBm/MHz for the frequency range 37 - 43.5 GHz.
The OTA transmitter OFF TRP spectral density for repeater type 2-O shall be less than ‑32.4 dBm/MHz for the frequency range 43.5 – 48.2 GHz.
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