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1. Introduction
During RAN4#100-e meeting a Way forward [1] was agreed on specification drafting effort work split. In this contribution a text proposal for clause 7.5 is presented with radiated unwanted emission requirements.  
Proposed TP is drafted using IAB core specification from TS 38.174 as a baseline. However, in some cases IAB core specification has removed some clauses or part of clauses compare to NR BS core specification TS 38.104, and if such clauses are needed for NR Repeater, such clauses are included here in presented TP.
This TP present clean version, however, principle of changes compared to IAB spec or NR spec in some cases, can be found in the last meeting draft TP submitted in Tdoc R4-2201655.

Compare to NR and IAB, and E-UTRA repeater core specifications following new definitions needs to be introduce in NR repeater specifications: 

- RF bandwidth or Radio bandwidth - > Passband 

- RF bandwidth edge – > Passband edge 

- Sub-blocks gap -> Gaps between passbands 

- Inter RF Bandwidth gaps - > Inter passband gaps
2. Conclusion

It is proposed to agree presented below TP to TS 38.106 for clause 7.5 for unwanted emissions.
References
[1] R4-2120656, WF on specification drafting, CMCC
<Start of TP to 38.106>

7.5
OTA unwanted emissions
7.5.1
General

Unwanted emissions consist of so-called out-of-band emissions and spurious emissions according to ITU definitions ITU-R SM.329 [16]. 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 7.5.1-1 for repeater type 2-O for NR operating bands.

Table 7.5.1-1: 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.

7.5.2
OTA Adjacent Channel Leakage Power Ratio (ACLR)

7.5.2.1
General

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 period.

7.5.2.2
Minimum requirement for repeater type 2-O
The OTA ACLR limit is specified in table 7.5.2.2-1 for DL and UL for Wide Area class and DL for Local Area class.
The OTA ACLR limit is specified in table 7.5.2.2-1a for UL for Local Area class.
The OTA ACLR absolute limit is specified in table 7.5.2.2-2.

The OTA ACLR (CACLR) absolute limit in table 7.5.2.2-2 or 7.5.2.2-5 or the ACLR (CACLR) limit in table 7.5.2.2-1, 7.5.2.2-3 or 7.5.2.2-4, whichever is less stringent, shall apply.

For a RIB operating in non-contiguous spectrum, the OTA ACLR requirement in table 7.5.2.2-3 shall apply in gaps between passbands for the frequency ranges defined in the table, while the OTA CACLR requirement in table 7.5.2.2-4 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 7.5.2.2-4 and the filters on the assigned channels are defined in table 7.5.2.2-6.

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 7.5.2.2-4.
For repeater type 2-O nominal repeater channel bandwidth is calculated as min(400MHz, BWpassband). 
Table 7.5.2.2-1: 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)
	28 (Note 3)

26 (Note 4)

	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 – 52.6 GHz


Table 7.5.2.2-1a: 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)
	17 (Note 3)

16 (Note 4)

	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 – 52.6 GHz


Table 7.5.2.2-2: Repeater type 2-O ACLR absolute limit

	Repeater class
	ACLR absolute limit

	Wide area DL and UL
	-13 dBm/MHz

	Medium range DL
	-20 dBm/MHz

	Local area DL
	-20 dBm/MHz


Table 7.5.2.2-3: 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 5)

Wgap≥ 250 (Note 6)
	25 MHz
	50 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	 min(400MHz, BWpassband)
	Wgap≥ 400 (Note 6)

Wgap≥ 250 (Note 5)
	100 MHz
	200 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	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 – 52.6 GHz.

NOTE 5:
Applicable in case the repeater passband at the other edge of the gap is ≤ 100 MHz.

NOTE 6:
Applicable in case the repeater passband at the other edge of the gap is > 100 MHz.


Table 7.5.2.2-4: 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 5)

50 ≤Wgap< 250 (Note 6)
	25 MHz
	50 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	 min(400MHz, BWpassband)
	200 ≤Wgap< 400 (Note 6)

200 ≤Wgap< 250 (Note 5)
	100 MHz
	200 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	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 – 52.6 GHz.

NOTE 5:
Applicable in case the repeater passband at the other edge of the gap is ≤ 100 MHz.

NOTE 6:
Applicable in case the repeater passband at the other edge of the gap is > 100 MHz.


Table 7.5.2.2-5: Repeater type 2-O CACLR absolute limit

	Repeater class
	CACLR absolute limit

	Wide area DL and UL
	-13 dBm/MHz

	Medium range DL
	-20 dBm/MHz

	Local area DL
	-20 dBm/MHz


Table 7.5.2.2-6: 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


7.5.3
OTA operating band unwanted emissions

7.5.3.1
General

The OTA limits for operating band unwanted emissions are specified as TRP per RIB unless otherwise stated.

7.5.3.2
Minimum requirement for repeater type 2-O
7.5.3.2.1
General

The requirements of either clause 7.5.3.2.2 (Category A limits) or clause 7.5.3.2.3 (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 7.5.1-1 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 thepassband. 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 7.5.3.2.2 and 7.5.3.2.3 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.

7.5.3.2.2
OTA operating band unwanted emission limits (Category A)
Repeater type 2-O unwanted emissions shall not exceed the maximum levels specified in table 7.5.3.2.2‑1 and 7.5.3.5.2-2.

Table 7.5.3.2.2-1: 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(-5 dBm, Max(Prated,t,TRP – 35 dB, -12 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 7.5.3.2.2-2: OBUE limits applicable in the frequency range 37 – 52.6 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(-5 dBm, Max(Prated,t,TRP – 33 dB, -12 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.


7.5.3.2.3
OTA operating band unwanted emission limits (Category B)
Repeater type 2-O unwanted emissions shall not exceed the maximum levels specified in table 7.5.3.2.3‑1 or 7.5.3.2.3-2.

Table 7.5.3.2.3-1: 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(-5 dBm, Max(Prated,t,TRP – 35 dB, -12 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 7.5.3.2.3-2: OBUE limits applicable in the frequency range 37 – 52.6 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(-5 dBm, Max(Prated,t,TRP – 33 dB, -12 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.


7.5.3.2.4
Additional OTA operating band unwanted emission requirements

7.5.3.2.4.1
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 7.5.3.2.4.1-1 for DL and in table7.5.3.2.4.1-2.

Table 7.5.3.2.4.1-1: 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 7.5.3.2.4.1-2: OBUE limits for protection of Earth Exploration Satellite Service for UL
	Frequency range 
	Limit
	Measurement Bandwidth

	23.6 – 24 GHz
	1 dBm
	200 MHz


7.5.4
OTA transmitter spurious emissions

7.5.4.1
General

Unless otherwise stated, all requirements are measured as mean power.

The OTA spurious emissions limits are specified as TRP per RIB unless otherwise stated.

7.5.4.2
Minimum requirement for repeater type 2-O
7.5.4.2.1
General

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 7.5.1-1.

7.5.4.2.2
General OTA transmitter spurious emissions requirements

7.5.4.2.2.1
General

The requirements of either clause 7.5.5.2.2.2 (Category A limits) or clause 7.5.5.2.2.3 (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 7.5.4.

7.5.4.2.2.2
OTA transmitter spurious emissions (Category A)

The power of any spurious emission shall not exceed the limits in table 7.5.4.2.2-1

Table 7.5.4.2.2.2-1: 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 [16], s4.1

NOTE 2:
Upper frequency as in ITU-R SM.329 [16], s2.5 table 1.


7.5.4.2.2.3
OTA transmitter spurious emissions (Category B)

The power of any spurious emission shall not exceed the limits in table 7.5.4.2.2.3-1.

Table 7.5.4.2.2.3-1: 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 [16], s4.1

NOTE 2:
Limit and bandwidth as in ERC Recommendation 74-01 [19], Annex 2.

NOTE 3:
Upper frequency as in ITU-R SM.329 [16], s2.5 table 1.

NOTE 4:
The step frequencies Fstep,X are defined in Table 9.7.5.3.2.3-2.


Table 7.5.4.2.2.3-2: 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 [19], Annex 2.
NOTE 2:
Fstep,3 and Fstep,4 are aligned with the values for ΔfOBUE in Table 9.7.1-1 and Table 9.7.1-2.


7.5.4.2.3
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. An overview of regional requirements in the present document is given in clause 4.5.

7.5.4.2.3.1
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 7.5.4.2.3.1-1 and Table 7.5.4.2.3.1-2.

Table 7.5.4.2.3.1-1: 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 7.5.4.2.3.1-2: OBUE limits for protection of Earth Exploration Satellite Service for UL
	Frequency range 
	Limit
	Measurement Bandwidth

	23.6 – 24 GHz
	1 dBm
	200 MHz


<End of TP to 38.106>
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