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1. Introduction
At the last RAN4 meeting (RAN4#99-E) specific details for BS RF core requirements applicable for the frequency range 52.6 to 71 GHz was extensively discussed. The outcome was captured and guidance for this meeting was captured in a way forward contribution in [1]. 
In this contribution we present an overview of BS transmitter requirements and some proposals necessary to progress the work related to defining RF core requirements for the NR extension up to 71 GHz. To further stimulate the discussion draft specification text related to TS 38.104, clause 9 with updates to extend NR support up to 71 GHz is provided as an attachment at the end of contribution. 

2. Discussion
Based on NR BS type 2-O requirements a transmitter requirement overview and status after last RAN4 meeting is presented in Table 2-1.
Table 2-1: Requirement overview 
	Requirement
	TS 38.104 subclause
	Status

	Radiated transmit power
	9.2
	Re-use BS type 2-O requirement. Further study FBW breakpoint.

	OTA base station power
	9.3
	Re-use BS type 2-O requirement.

	OTA output power dynamics
	9.4
	Re-use BS type 2-O requirement. Extend table to include new SCS and CBW required for 52.6 to 71 GHz.

	OTA transmit ON/OFF power
	9.5
	Re-use FR2 TDD OFF power level. While transient period is FFS. 

	OTA transmitted signal quality
	9.6
	Re-use BS type 2-O frequency error requirement. Re-use BS type 2-O EVM requirement up to 64QAM. The TAE requirement is FFS.

	OTA unwanted emissions
	9.7
	FFS

	OTA transmitter intermodulation
	9.8
	This requirement is not applicable for BS type 2-O.



From the requirement overview it is clear that several requirements can be reused directly from FR2, while some requirements need dedicated table entries applicable for the frequency range 52.6 to 71 GHz. Some requirements will require new tables to handle requirements applicable in the frequency range 52.6 to 71 GHz, e.g. unwanted emission requirements. 
The way forward from last meeting [1] captured following:
1. Re-use FR2 EIRP accuracy as baseline. Proponents of new EIPR accuracy limits (other than the current FR2 ones) should provide technical justifications in next RAN4 meeting.
2. Re-use fractional bandwidth concept from current FR2. Further study whether 6% is correct breakpoint for fractional bandwidth.
3. Re-use OFF power requirement of -36 dBm/MHz from FR2.
4. Consider transient period together with transmit OFF power, and also together with UE requirement. For information, no agreement was reached in 1st round to change UE transient period.
5. Total power dynamic range requirement is based on 10*log10(Nrb) for all SCS and ChBW.
6. Study CA TAE and MIMO TAE further. Proponents of new CA TAE and MIMO TAE limits (other than the current FR2 ones) should provide technical justifications (e.g., preliminary simulation results) in next RAN4 meeting.
7. Consider BS type 2-O EVM requirements but allow further time to check. Proponents of new EVM limits (other than the current FR2 ones) should provide technical justifications (e.g., preliminary simulation results) in next RAN4 meeting.
8. Apply FR2 approach for spurious emissions, with necessary adaptations to emissions mask step frequencies.
9. Occupied bandwidth measurement step size postponed to performance part.
10. For licensed operation, further consider how to adjust OBUE for 52.6 – 71 GHz taking to account the larger channel bandwidths.
11. Further consider EN 303 722 for unwanted emissions in unlicensed operation in Europe where the regulatory requirements are clear.
12. FFS for low emission PSD. Depending on decision of the OBUE.
13. FFS for ACLR. Depending on decision (together with UE side) on whether new simulation exercise should be performed.


2.1	BS parameters 
When RAN4 develop RF requirements the technical background is typically built on simulation results relevant for different deployment scenarios. For relevant simulation results it is essential to assume relevant parameters for the base station power EIRP capability. The base station EIRP capability is determined by the array antenna configuration and power amplifier capability. For AAS base station RAN4 have adopted an antenna model in described in TR 37.840, subclause 5.4.4 [11]. The model has been used for numerous studies in RAN4, including AAS, NR, HST, IAB, etc. The model has been adopted in other forums outside RAN4 and is also described in RAN1 in TR 36.897 [12] and in ITU-R in recommendation M.2101 [13]. 
The antenna model is built around pattern multiplication between the element radiation pattern and the array factor radiation pattern. The equations constituting the core of the antenna model is summarized in Table 2.1-1. 
Table 2.1-1: Antenna model 
	Description
	Equation

	Peak normalized element radiation pattern
	


	Element radiation pattern
	

	Array excitation
	

	Composite array radiation pattern
	
, where




When modelling network performance different scenarios using different base station types suitable for different types of deployment scenarios should be considered. For scenarios intended for outdoor deployments typically 3-sector configurations are considered, while for indoor scenarios omni-directional base stations mounted in the roof can be considered. 
It is reasonable to assume that a larger antenna is required for urban deployment scenarios compared to the scenario intended for indoor deployment.
For the frequency range 52.6 to 71 GHz it is reasonable to believe that multiple deployment scenarios will be relevant for different types on use-cases. Based on the size of the antenna array multiple set of antenna parameters have been created for AAS base stations operating within the frequency band 52.6 to 71 GHz in Table 2.1-2.
Table 2.1-2: Deployment scenarios
	Parameter
	Sub-urban
	Urban
	Dense urban
	Indoor 

	Am (dB)
	30
	30
	30
	30

	SLAv (dB)
	30
	30
	30
	30

	3dB (deg.)
	90
	90
	90
	90

	3dB (deg.)
	90
	90
	90
	90

	GE,max (dBi)
	5.3
	5.3
	5.3
	5.3

	LE (dB)
	2.2
	2.2
	2.2
	2.2

	M
	32
	16
	8
	4

	N
	32
	16
	16
	8

	P
	2
	2
	2
	2

	dv (m)
	0.5l
	0.5l
	0.5l
	0.5l

	dh (m)
	0.5l
	0.5l
	0.5l
	0.5l

	range (deg.)
	90 to 120
	90 to 120
	90 to 120
	60 to 120 
(1)

	range (deg.)
	-60 to 60
	-60 to 60
	-60 to 60
	-60 to 60 
(1)

	Ptx (dBm)
	2
	2
	2
	2

	Note 1: Ceiling mounted base station is considered



The parameters sets are based on a common array topology based on equally spaced elements (0.5l), where the array size is scaled for different deployment scenarios. The peak element gain GE is calculated based on true peak directivity and element loss LE relevant for the frequency range 52.6 to 71 GHz. 
Based on the array parameters sets fundamental characteristics such as TRP and peak EIRP can be derived. For BS output power considerations, the Total Radiated Power (TRP) is calculated in logarithmical scale as:
	(Eq. 2.1-1)
, where P, M, N, Ptx and LE is given by Table 2.1-2. 
For radiated power considerations peak Equivalent Isotropic Radiated Power (EIRP) is calculated in logarithmical scale calculated as:
 		(Eq. 2.1-2)
, where P, M, N, Ptx, GE and LE is given by Table 2.1-2. 
The power capability relevant for parameter sets listed in Table 2.1-2 for different deployments is listed in Table 2.1-3.
Table 2.1-3: powerbase station power capability 
	Deployment

	TRP
(dBm)
	EIRP
(dBm)

	Sub-urban
	32.9
	70.5

	Urban
	26.9
	58.5

	Dense urban
	23.9
	52.5

	Indoor
	17.9
	40.4



With the proposed parameter sets, different types of base station deployment situations have been considered. It is reasonable to assume that a base station implementation will be designed to support one deployment scenario. 
[bookmark: _Hlk78875435]Proposal 1: It is proposed to use antenna model parameter sets in Table 2.1-2 if co-existence simulations are considered or if antenna parameters are shared to other groups.
In Figure 2.1-1, radiation patterns associated to reference direction and maximum steered direction for all parameter sets are plotted. The radiation pattern EIRP refer to partial EIRP considering only one linear polarization. 
[image: ]
Figure 2.1-1: Typical radiation patterns

2.2	EIRP fractional bandwidth declaration
In TS 38.104 [2], the output power requirement for NR BS type 2-O base stations are divided into two requirements: 
· Radiated output power based on EIRP used to characterize the base station capability to generate power in a specific direction. 
· OTA base station output power based on TRP used to characterize the base station output power capability.
The EIRP accuracy requirement for FR2 base stations states that the declared EIRP shall fall within an accuracy window of +/- 3.4 dB. For the frequency range 52.6 to 71 GHz it would be reasonable to use the same accuracy windows as base line.  
The NR BS RF core specification have support to allow the manufacturer to declare multiple EIRP values per operating band if the fractional band width is wider than 6 %. The intension is to account for the fact that the antenna gain would vary as function of frequency within the operating band, if the operating band is considered wider than 6 %. When the NR specification was created it was decided to set to limit to allow two EIRP declarations for systems supporting an operating band wider than 6 % fractional bandwidth. Below 6 % it was concluded that the EIRP drop can be managed within the specified EIRP accuracy requirement interval. 
The parameter fractional bandwidth is defined in percent as:
		(Eq. 2.2-1)
, where fh-fl is the width of the operating band and fc is the centre frequency. The EIRP drop within the operating band due to the relative antenna aperture difference between lowest and highest frequency can be expressed as:
			(Eq. 2.2-2)
In Table 2.2-1, the FBW and expected EIRP drop is listed for current FR2 bands and proposed new frequency bands for licensed and unlicensed operation within the frequency range 52.6 to 71 GHz.
Table 2.2-1: Expected EIRP drop due to large operating band support  
	Operating band
	Frequency range
fl to fh
(MHz)
	Centre frequency
fc
(MHz)
	Width
fh-fl
(MHz)
	FBW
(%)
	EIRP drop
d
(dB)

	n257
	26500 to 29500
	28000
	3000
	10.7
	0.9

	n258
	24250 to 27500
	25875
	3250
	12.6
	1.1

	n259
	39500 to 43500
	41500
	4000
	9.6
	0.8

	n260
	37000 to 40000
	38500
	3000
	7.8
	0.7

	n261
	27500 to 28350
	27925
	850
	3.0
	0.3

	Proposed licensed band
	66000 to 71000
	68500
	5000
	7.3
	0.6

	Proposed unlicensed band
	57000 to 71000
	64000
	14000
	21.9
	1.9



It can be noticed that multiple EIRP values can be declared for most FR2 bands. 
For the proposed licensed band between 66000 to 71000 MHz the EIRP drop is in the same range as for previous FR2 bands, hence the FBW declaration concept can be used as defined for FR2. For the proposed frequency range 57000 to 71000 MHz proposed for unlicensed operation, the EIRP drop of 1.9 dB over frequency within the operating band expected. For the proposed unlicensed band, the fractional bandwidth is 21.9 %, which allows for declaration of two EIRP values as described in TS 38.104, subclause 9.2.1. By utilizing two declared EIRP values it seems reasonable to manage the expected EIRP drop of less than 1 dB within each sub range meeting the EIRP accuracy requirement (+/- 3.4 dB). Since power is a limited resource operating within 52.6 to 71 GHz it would not reasonable to make the accuracy requirement wider for TRP accuracy and EIRP accuracy compared to current FR2 requirements.

Proposal 2: Re-use FR2 radiated transmit power (EIRP) accuracy requirement of +/- 3.4 dB for the frequency range 52.6 to 71 GHz.
Proposal 3: Re-use 6 % as limit to allow two EIRP values to be declared for radiated transmit power requirement.

2.3	EVM
During the SI phase, up-to-date phase noise characteristics and parameterized models were presented and documented in TR38.808, subclause 4.2.3 [5]. During the link evaluation analysis to decide on numerology, modulation schemes up to 64QAM were investigate. Due to degradation in phase noise when moving towards higher frequencies, the analysis indicated that the performance is limited by UE phase noise regardless of chosen model.
In addition, extensive analysis around the PA trends and complex dependencies considering the relation between power, linearity and efficiency was conducted resulting in the conclusion of feasible ACLR of 20-25 dB for NR in 52.6 to 71 GHz. As EVM consist of many impairments including phase noise and PA non-linearities, the support for higher order modulation would require significantly higher ACLR of ~35 dB resulting in extreme power in-efficiency for the PA and should be avoided.
Weighting in the aspects discussed above, we would propose to limit the modulation order for NR in 52.6-71 GHz to 64QAM.
Proposal 4: NR in 52.6 to 71 GHz should support modulation orders up to 64QAM.

2.4	Unwanted emissions
The unwanted emission requirement levels both for in-band emissions and spurious emission for NR in 52.6 to 71 GHz need further considerations. Power Amplifier (PA) dependencies describing the relation between power, linearity and efficiency has been studied during the Study Item (SI) phase where feasible Adjacent Channel Leakage Ratio (ACLR) range has been investigated and further elaborated in this section. Detailed discussions around Operating Band Unwanted Emission (OBUE) or how spurious emission should be handled has been discussed briefly in previous meeting and is further elaborated in this section. 
In addition, as the objective is to specify NR in 52.6 to 71 GHz for both licensed and unlicensed operation, some differentiation might be needed considering requirement definition, emission mask shapes as well as levels due to higher power foreseen for licensed operation.
2.3.1	ACLR
Empirical measurements of a 28 nm FD-SOI CMOS PA was used to model the behavior at 70 GHz proxy frequency where the non-linear characteristics is kept with the output power scaled as -20 dB/decade while Power Added Efficiency (PAE) scaled as ~-5dB /decade. CP-OFDM waveform at 400 MHz carrier bandwidth was used. Based on this analysis, the important dependencies between output power, linearity and PAE and feasible ACLR values was presented in TR 38.808, subclause 4.2.5.3 [5].
As shown in Figure 2.3.1-1, the achievable output power decreases with increased ACLR. Figure 2.3.1-1 also depicts the relation between ACLR and PAE. 
[image: ] [image: ]
Figure 2.3.1-1: ACLR versus output power (left) and PAE versus ACLR (right)
Figure 2.3.1-1 indicates that a reasonable PAE of 5 to 10% considering the thermal challenges, a feasible ACLR level would be in the range of 20 to 25 dB for frequency bands within 52 to 71 GHz. The feasible ACLR values should be weighted in when possible co-existence studied are conducted to settle the ACLR requirements.
In addition, as for frequency ranges between 52 to 71 GHz larger bandwidths than for FR2 is anticipated (~2 GHz), it is also essential to consider the impact of ultra-wide bandwidths to account when defining the ACLR, OBUE and spurious emission requirements. 
Initial analysis of PA dependencies indicates a feasible ACLR range of 20 to 25 dB for 52 to 71 GHz considering reasonable power efficiency needed to handle the thermal aspects. 
In TR 38.803 [3], extensive co-existence studies was conducted and the corresponding conclusion for 30, 45 and 70 GHz proxy frequency relevant for NR in 52.6 to 71 GHz concluded the necessary UE ACS and BS ACLR as listed in Table 2.3.1-1 and Table 2.3.1-2.
Table 2.3.1-1: UE ACS
	UE ACS 
(dB)

	30GHz
	45GHz
	70GHz

	22.5
	21.5
	20.5



Table 2.3.1-2: BS ACLR
	BS ACLR
(dB)

	30GHz
	45GHz
	70GHz

	27.5
	25.5
	23.5



The needed BS ACLR for base station operating at 70 GHz based on extensive co-existence analysis in TR 38.803 is 23.5 dB which very well match the feasibility study considering power, linearity and PAE.
In addition, considering some existing emission requirements, ACLR level of ~20 dB (described in sub-section 2.3.2), it sems that ACLR level of 21 dB could be a sufficient level for NR in 52.6 to 71 GHz.
It should be noted that the occupied bandwidth requirements should consider and be adapted to the proposed ACLR level to not indirectly pose significant toughening of ACLR requirements.
Observation 1: The analysis in TR38.803 considering needed ACLR for 70 GHz proxy frequency very well match the outcome of feasibility analysis during SI.

[bookmark: _Hlk78875564]Proposal 5: Taking to account both co-existence studies in TR 38.803, existing emission masks and feasibility analysis of power amplifiers, the BS ACLR shall be set to 21 dB.

2.3.2 	Unwanted emission PSD levels and existing emission masks
In previous meeting, the impact of large bandwidths such as 2000 MHz and 2160 MHz as maximum bandwidths for NR in 52.6 to 71 GHz on Power Spectral Density (PSD) of the wanted signal/carrier was discussed.
The array antenna sizes has been agreed in TR 38.808, subclause 4.2.5.1 covering the array sizes of 8x16, 16x16 and 32x32. Assuming a moderate conducted power of -3.0 dBm per PA, element gain of 5.3 dBi, element loss of 2.2 dB and 2000 MHz of carrier bandwidth, the corresponding achievable TRP, EIRP and power spectral density over 1 MHz of the carrier can be calculated.
Table 2.3.2-1: Wanted signal PSD levels
	Array type

	Array size
	TRP
(dBm)
	EIRP
(dBm)
	TRP PSD
(dBm/MHz)

	[bookmark: _Hlk67666054]0
	4x8
	12.9
	41.4
	-20.1

	1
	8x16
	18.9
	47.4
	-14.1

	2
	16x16
	21.9
	53.5
	-11.1

	3
	32x32
	27.9
	65.5
	-5.1



It can be observed that the power spectral density of wanted signal for large carrier bandwidth is quite low and in case of array type 1 and 2 which is a reasonable implementation assumption, the power spectral density of wanted signal is more or less similar to in-band unwanted emission levels of -13 dBm/MHz given that the emissions from the PA outside the carrier would be even lower compared to carrier.
As all OTA unwanted emission requirements are expressed as TRP and assuming an ACLR level of 21 dB applied to wanted signal TRP, interesting observations can be made as shown in table 2.3.2-2.
Table 2.3.2-2: Expected emission PSD levels for licensed operation
	Array type

	Array size
	TRP
(dBm)
	TRP PSD
(dBm/MHz)
	Adjacent channel TRP PSD
(dBm/MHz)

	0
	4x8
	12.9
	-20.1
	-41.1

	1
	8x16
	18.9
	-14.1
	-35.1

	2
	16x16
	21.9
	-11.1
	-32.1

	3
	32x32
	27.9
	-5.1
	-26.1



Thus, with an ACLR of 21 dB, the in-band emissions for in particular for array type 1 and possibly array type 2 will be lower than the Category-B spurious emission limit of -30 dBm/MHz which is the strictest regulatory limit.
Taking to account possible measurement uncertainty, array type 2 and array type 3 would possibly require additional measures to reach the Category- B limits.
To further analyse to possible OBUE, a brief summary of some of the existing masks is given below.
For 60 GHz IEEE systems, ITU-R M.2003-2 [6] recommendation consists of several masks based on 2.16 GHz carrier bandwidth as visualised in Figure 2.3.2-1, 2.3.2-2 and 2.3.2-3.
[image: ]
Figure 2.3.2-1: ITU-R recommended mask for single carrier case
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Figure 2.3.2-2: ITU-R recommended mask for channel bonding (aggregated carriers) cases for up to 4 carriers
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Figure 2.3.2-3: ITU-R recommended alternative mask for channel bonding (aggregated carriers) cases for up to 4 carriers

In Europe, the CEPT emission mask requirements for c1 and c3 [8] are fairly similar to ITU-R recommendation and are defined as following:
The transmitter unwanted emissions in the out-of-band domain shall be less than or equal to the relative limits provided in Figure 2.3.2-4, where the x-axis is the ratio of frequency (F) to declared nominal channel bandwidth (BW), or an absolute level of -30 dBm within a 1 MHz bandwidth, whichever is greater. Non-adjacent channels shall be tested separately. Within the 57 to 71 GHz band and outside -2.5 to +2.5 ratio of frequency to declared nominal bandwidth range the -30 dBr or -30 dBm in 1 MHz whichever is the greater shall apply.

[image: ]
Figure 2.3.2-4: Transmit emission mask
The limits in the relative mask above apply to the declared nominal bandwidth range (can include carrier aggregation) and possibly different carrier bandwidths as discussed for NR in 52.6 to 71 GHz.
It can be observed that for unlicensed operation, all version of the emission masks possibly applicable in different regions, would require either 30 dBc attenuation at almost second adjacent channel or comply to absolute requirement of -30 dBm/MHz which can co-inside as in-band requirements. Thus, the in-band emission requirements and strictest emission requirements seem to be the same.
For unlicensed spectrum with 40 dBm limits on peak EIRP, the array type 1 would imply a PA power of ~-10.4 dBm and the resulting power spectral densities as in Table 2.3.2-3 where the achievable levels are by far below the -30 dBm/MHz limit.
Table 2.3.2-3: Expected emission PSD levels for unlicensed operation
	Array type

	Array size
	TRP
(dBm)
	EIRP
(dBm)
	TRP PSD
(dBm/MHz)
	Adjacent channel TRP PSD
(dBm/MHz)

	1
	8x16
	11.5
	40
	-22.5
	-42.5



Given the diverse options of emission mask applicable in different regions when unlicensed operation is concerned, as well as diverse SCS and carrier bandwidths for NR in 52.6 to 71 GHz, further discussions are necessary in RAN4 to decide on emission mask/OBUE for unlicensed operation.
Proposal 6: Due to diverse emission mask requirements applicable in different regions and the flexibility in terms of both supported SCS and carrier bandwidths for NR in 52.6 to 71 GHz, further discussions and analysis is needed in RAN4 before defining the OBUE/transmitter emission masks.
However, for licensed operation based on array type 2 or array type 3, with higher EIRP, the absolute level of -30 dBm/MHz or 30 dBc as in-band requirement is unnecessarily stringent as ACLR of 21 dB seems sufficient due to co-existence. In addition unnecessarily stringent in-band emission requirements based on 30 dBc or -30 dBm/MHz imply the need for more sophisticated linearization where the linearization bandwidth should be ~5 times the RFBW resulting in linearization bandwidth of many GHz and sampling-rates of many Gbps stressing the signal processing as well as interfaces. Applying power back-off to comply to unnecessarily stringent in-band emission requirements will result in very low power efficiency as depicted in Figure 2.3.1-1.
ETSI BRAN has decided a slightly different emission mask requirements for c2 as in Figure 2.3.2-5 which captures the concerns expressed above.
[image: ]
Figure 2.3.2-5: ETSI BRAN Transmit emission mask for c2
For licensed operation supporting higher EIRP levels, there is a need to consider proper OBUE requirements to handle the co-existence and ensure power efficient equipment. As the OBUE requirements for FR2 has been designed after long discussion, it is natural to re-use the FR2 approach and adapt the OBUE/emission mask for NR in 52.6 to 71 GHz or possibly adopt the ETSI BRAN c2 emission mask.
In relation to OBUE requirements, due to large band and carrier bandwidth size, limitation in linearization and filtering for frequency ranges between 52.6 -71 GHz, ΔfOBUE would revisit where the value should be larger for licensed and unlicensed operation as proposed in the following table where proposed ΔfOBUE is slightly larger than the maximum carrier bandwidth for bands operating in 52.6-71 GHz. 
Table 2.3.2-4: Maximum offset ΔfOBUE outside the downlink operating band
	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

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

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

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

	
	FDL,high – FDL,low > 4000 MHz
	3000



Proposal 7: For licensed operation supporting higher EIRP levels, RAN4 should re-use the FR2 approach and adapt the FR2 OBUE/emission mask or alternatively ETSI BRAN emission mask for c2 for NR in 52.6 to 71 GHz and make adaptations e.g. ΔfOBUE taking to account larger carrier bandwidths.
2.3.3	Spurious emission
For NR operation in 52.6 to 71 GHz when both licensed and unlicensed operation is concerned, RAN4 requirements should cater for both Category-A and Category-B type of spurious emission requirements valid as regional requirements. 
In addition, considering the large bandwidths supported for NR in 52.6 to 71 GHz, the step frequencies Fstep,X should be adapted based on guidelines in ITU-R SM.1539 [7] which are also reflected Table 2.3.3-1.
Table 2.3.3-1: Guideline values for frequency separation between the centre frequency and the boundary of the spurious domain
[image: ]

The corresponding adjustments for step frequencies considering the new proposed values for ΔfOBUE is proposed in Table 2.3.3-2.
Table 2.3.3-2: Step frequencies for defining the BS 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)

	n257
	18
	23.5
	25
	31
	32.5
	41.5

	n258
	18
	21
	22.75
	29
	30.75
	40.5

	n259
	23.5
	35.5
	38
	45
	47.5
	59.5

	nxxx (lic)
	46
	61
	[63]
	[74]
	76
	91

	nyyy (unlic)
	[18]
	43
	54
	74
	84
	[127]

	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.



Considering feasible proposed ΔfOBUE and Fstep,X following the ITU-R recommendations resulting in unreasonable values for Fstep,X, further discussions might be needed to settle the spurious emission requirements.


Proposal 8: For licensed operation and unlicensed operation, RAN4 should re-use the FR2 approach and use FR2 spurious emission requirements for NR in 52.6 to 71 GHz and make adaptations with respect Fstep,X taking to account larger carrier bandwidths.
As discussed in previous meeting, for low PSD scenarios some restrictions in testing can be done and this can be further discussed when conformance work starts.

2.4	TAE
In the text proposal to TR 38.808: Timing considerations for operation between 52.6 and 71 GHz [5], the BS Time Alignment Error (TAE) is discussed. The relevant section is shown below.
	4.2.2.5	BS Time alignment error (TAE)
Another aspect of phase synchronization is MIMO operation and related TAE requirements.  The MIMO TAE requirement should be specified with the consideration of the implementation/deployment scenarios.  

Current BS OTA TAE requirements in clause 9.6.3 of TS 38.104 specify 65 ns for MIMO transmission [77]. It has been discussed in [78] that the current requirement has been in place since UMTS and is the same as quarter of the UMTS chip rate time, i.e. 65 ns matches to 1/(4x3.84) Mcps rate. Improvement in performance has taken place in the past 20 years, and therefore it would be reasonable to consider improvements to TAE requirements.




In the WF from RAN4 #98bis-e [1] it is stated:
	
…
Study CA TAE and MIMO TAE further.
Proponents of new CA TAE and MIMO TAE limits (other than the current FR2 ones) should provide technical justifications (e.g., preliminary simulation results) in next RAN4 meeting.
…




In TS 38.104 the current requirement for BS type 2-O (FR2), looks like this:
	9.6.3.3	Minimum requirement for BS type 2-O
For MIMO transmission, at each carrier frequency, OTA TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 130 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 260 ns.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.



2.4.1 	MIMO TAE
Current MIMO requirement, up to and including SCS = 120 kHz for data for FR2 is 65 ns. There are many reasons to question the relevance of this requirement in NR.
The NR MIMO requirement originates, as pointed out in TR 38.808, from WCDMA ¼  3.84 Mchip/s = 65 ns. However, this has just been copied over into LTE and NR FR1 and NR FR2 without any technical analysis. 
Observation 2: Existing NR MIMO TAE = 65 ns requirement has just been copied over into LTE and NR FR1 and NR FR2 without any technical analysis.
If we take two MIMO carriers of bandwidth B and assume, they are delayed τ seconds, in relation to framestart then the accumulated phase difference, in degrees, between the carriers, Δφ, will be:
 		(Eq. 2.4.1-1)
Already for an LTE carrier with B = 20 MHz and τ = TAE = 65 ns we get Δφ = 360 degrees . 20 MHz . 65 ns = 468 degrees. This is large and this big, accumulated phase shift makes wideband precoding impossible. If we redo for NR in extension to 71 GHz WI we have the minimum channel bandwidth of 400 MHz and we get Δφ = 360 degrees  400 MHz  65 ns = 9360 degrees.
Observation 3: Existing NR MIMO TAE = 65 ns requirement is not relevant, already for legacy LTE case of 20 MHz, if one use wideband precoder. 
If we want any reasonable accuracy directing the lobes participating in MIMO or in any Beam Forming (BF), in general then Δφ has to be brought into a narrow range, say . The formula  would then demand very strict TAE. We get:
			(Eq. 2.4.1-2)
If we plug in Δφ we get τ < 140 ps = 0.14 ns. Such a tight TAE is hard for an external BS teste to directly measure with reasonable accuracy and test time. However, it is possible to internally calibrate the phase in an array to achieve the desired TAE accuracy.
Observation 4: To keep the BF accuracy we require very strict control of all delay in the array. The required upper bound of delay will be very small and hard to measure for an external BS tester directly but can be achieved through internal calibration.
If we turn our attention to pure BF over a rectangular array of size MxN elements (as indicated in Table 2.1-2), where we control the time delay and therefore also the phase, at each array point. In Figure 2.4-1, we have simulated a standard deviation of and  for the phase shift at each array point, for B = 400 MHz. We note that the main lobe power start to decrease as  increases.
[image: Chart, histogram

Description automatically generated]
Figure 2.4-1: Single drop excitation error with different phase error
In figure 2.4-2 with a standard deviation of phase (delay) , we have erased the entire array factor gain and only the element factor is visible.
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Figure 2.4-2: 100 random drops with 4680 degrees phase error 
Observation 5: Any TAE between the transceivers in an array will affect the main lobe EIRP.
We can utilise this sensitivity of EIRP of the main lobe of the array and use this as an indicator of TAE between transceivers in the array. This is valid for time alignment for BF in general and for MIMO in particular. The declared EIRP will not be met in BS conformance testing, if TAE is too large.
Proposal 9: Remove TAE requirements for MIMO and rely on EIRP BS conformance to verify that TAE is within a working range.
2.4.2	CA TAE
The same deduction that was used for the MIMO case is valid for the component carriers (CC) of contiguous intra band and non-contiguous intra band as well. To keep the main lobe of each CC pointed at the desired target then we need to have tight control of the phase across all elements for each CC and therefore of the relative delays, i.e., the TAE. 
Proposal 10: Remove TAE requirements for contiguous intra band CA and non-contiguous intra band CA and rely on EIRP BS conformance to verify that TAE is within a working range.
The TAE requirement for inter band of 3 µs is mainly given by limits of synchronizing non-colocated gNB, so we essentially fall back to the Cell Phase sync requirement for TDD.
Proposal 11: Keep TAE = 3 µs for inter band CA for extension to 71 GHz WI.





2 Conclusion
In this contribution technical challenges related to the extension of NR to support up to 71 GHz in TS 38.104 [2] have been studied. 
From the technical analysis it is clear that more careful work is required to find a concept on how to handle the support for licensed and unlicensed operation with respect to unwanted emission requirements. For other requirements it is straight forward to define support in current specification.

Based on the technical analysis provided in this contribution following proposals are presented for approval:
Proposal 1: It is proposed to use antenna model parameter sets in Table 2.1-2 if co-existence simulations are considered or if antenna parameters are shared to other groups.
Proposal 2: Re-use FR2 radiated transmit power (EIRP) accuracy requirement of +/- 3.4 dB for the frequency range 52.6 to 71 GHz.
Proposal 3: Re-use 6 % as limit to allow two EIRP values to be declared for radiated transmit power requirement.
Proposal 4: NR in 52.6 to 71 GHz should support modulation orders up to 64QAM.
Proposal 5: Taking to account both co-existence studies in TR 38.803, existing emission masks and feasibility analysis of power amplifiers, the BS ACLR shall be set to 21 dB.
Proposal 6: Due to diverse emission mask requirements applicable in different regions and the flexibility in terms of both supported SCS and carrier bandwidths for NR in 52.6 to 71 GHz, further discussions and analysis is needed in RAN4 before defining the OBUE/transmitter emission masks.
Proposal 7: For licensed operation supporting higher EIRP levels, RAN4 should re-use the FR2 approach and adapt the FR2 OBUE/emission mask or alternatively ETSI BRAN emission mask for c2 for NR in 52.6 to 71 GHz and make adaptations e.g. ΔfOBUE taking to account larger carrier bandwidths.
Proposal 8: For licensed operation and unlicensed operation, RAN4 should re-use the FR2 approach and use FR2 spurious emission requirements for NR in 52.6 to 71 GHz and make adaptations with respect Fstep,X taking to account larger carrier bandwidths.
Proposal 9: Remove TAE requirements for MIMO and rely on EIRP BS conformance to verify that TAE is within a working range.
Proposal 10: Remove TAE requirements for contiguous intra band CA and non-contiguous intra band CA and rely on EIRP BS conformance to verify that TAE is within a working range.
Proposal 11: Keep TAE = 3 µs for inter band CA for extension to 71 GHz WI.

At the end of this contribution draft specification text relevant for TS 38.104, subclause 9 is attached to stimulate further discussion. The draft was created using the base line from last meeting to use BS type 2-O as starting point together with some initial adaptation to support up to 71 GHz added using change marks. The draft has added new table entries and text to account for the frequency extension up to 71 GHz. For non-resolved aspects editorial notes are inserted and FFS for values which require more analysis. 
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[bookmark: _Toc21127617][bookmark: _Toc29811826][bookmark: _Toc36817378][bookmark: _Toc37260300][bookmark: _Toc37267688][bookmark: _Toc44712291][bookmark: _Toc45893604][bookmark: _Toc53178324][bookmark: _Toc53178775][bookmark: _Toc61179013][bookmark: _Toc61179483][bookmark: _Toc67916779]9	Radiated transmitter characteristics
[bookmark: _Toc21127618][bookmark: _Toc29811827][bookmark: _Toc36817379][bookmark: _Toc37260301][bookmark: _Toc37267689][bookmark: _Toc44712292][bookmark: _Toc45893605][bookmark: _Toc53178325][bookmark: _Toc53178776][bookmark: _Toc61179014][bookmark: _Toc61179484][bookmark: _Toc67916780]9.1	General
Radiated transmitter characteristics requirements apply on the BS type 1-H, BS type 1-O, or BS type 2-O including all its functional components active and for all foreseen modes of operation of the BS unless otherwise stated.
[bookmark: _Toc21127619][bookmark: _Toc29811828][bookmark: _Toc36817380][bookmark: _Toc37260302][bookmark: _Toc37267690][bookmark: _Toc44712293][bookmark: _Toc45893606][bookmark: _Toc53178326][bookmark: _Toc53178777][bookmark: _Toc61179015][bookmark: _Toc61179485][bookmark: _Toc67916781]9.2	Radiated transmit power
[bookmark: _Toc21127620][bookmark: _Toc29811829][bookmark: _Toc36817381][bookmark: _Toc37260303][bookmark: _Toc37267691][bookmark: _Toc44712294][bookmark: _Toc45893607][bookmark: _Toc53178327][bookmark: _Toc53178778][bookmark: _Toc61179016][bookmark: _Toc61179486][bookmark: _Toc67916782]9.2.1	General
BS type 1-H, BS type 1-O and BS type 2-O are declared to support one or more beams, as per manufacturer's declarations specified in TS 38.141-2 [6]. Radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction.
For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beamwidth, rated beam EIRP, OTA peak directions set, the beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beamwidth(s).
For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the base station is declared to radiate at the associated beam peak direction during the transmitter ON period.
For each beam peak direction associated with a beam direction pair within the OTA peak directions set, a specific rated beam EIRP level may be claimed. Any claimed value shall be met within the accuracy requirement as described below. Rated beam EIRP is only required to be declared for the beam direction pairs subject to conformance testing as detailed in TS 38.141-2 [6].
NOTE 1:	OTA peak directions set is set of beam peak directions for which the EIRP accuracy requirement is intended to be met. The beam peak directions are related to a corresponding contiguous range or discrete list of beam centre directions by the beam direction pairs included in the set.
NOTE 2:	A beam direction pair is data set consisting of the beam centre direction and the related beam peak direction.
NOTE 3:	A declared EIRP value is a value provided by the manufacturer for verification according to the conformance specification declaration requirements, whereas a claimed EIRP value is provided by the manufacturer to the equipment user for normal operation of the equipment and is not subject to formal conformance testing.
	For operating bands where the supported fractional bandwidth (FBW) is larger than 6%, two rated carrier EIRP may be declared by manufacturer:
-	Prated,c,FBWlow for lower supported frequency range, and
-	Prated,c,FBWhigh for higher supported frequency range.
For frequencies in between FFBWlow and FFBWhigh the rated carrier EIRP is:
-	Prated,c,FBWlow, for the carrier whose carrier frequency is within frequency range FFBWlow ≤ f < (FFBWlow +FFBWhigh) / 2,
-	Prated,c,FBWhigh, for the carrier whose carrier frequency is within frequency range (FFBWlow +FFBWhigh) / 2 ≤ f ≤FFBWhigh.
[bookmark: _Toc21127621][bookmark: _Toc29811830][bookmark: _Toc36817382][bookmark: _Toc37260304][bookmark: _Toc37267692][bookmark: _Toc44712295][bookmark: _Toc45893608][bookmark: _Toc53178328][bookmark: _Toc53178779][bookmark: _Toc61179017][bookmark: _Toc61179487][bookmark: _Toc67916783]9.2.2	Minimum requirement for BS type 1-H and BS type 1-O
For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±2.2 dB of the claimed value.
For BS type 1-O only, for each declared beam, in extreme conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±2.7 dB of the claimed value.
Normal and extreme conditions are defined in TS 38.141-2, annex B [6].
In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.
[bookmark: _Toc21127622][bookmark: _Toc29811831][bookmark: _Toc36817383][bookmark: _Toc37260305][bookmark: _Toc37267693][bookmark: _Toc44712296][bookmark: _Toc45893609][bookmark: _Toc53178329][bookmark: _Toc53178780][bookmark: _Toc61179018][bookmark: _Toc61179488][bookmark: _Toc67916784]9.2.3	Minimum requirement for BS type 2-O
For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ± 3.4 dB of the claimed value.
For each declared beam, in extreme conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±4.5 dB of the claimed value.
Normal and extreme conditions are defined in TS 38.141-2, annex B [6].
In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.
[bookmark: _Toc21127623][bookmark: _Toc29811832][bookmark: _Toc36817384][bookmark: _Toc37260306][bookmark: _Toc37267694][bookmark: _Toc44712297][bookmark: _Toc45893610][bookmark: _Toc53178330][bookmark: _Toc53178781][bookmark: _Toc61179019][bookmark: _Toc61179489][bookmark: _Toc67916785]9.3	OTA base station output power
[bookmark: _Toc21127624][bookmark: _Toc29811833][bookmark: _Toc36817385][bookmark: _Toc37260307][bookmark: _Toc37267695][bookmark: _Toc44712298][bookmark: _Toc45893611][bookmark: _Toc53178331][bookmark: _Toc53178782][bookmark: _Toc61179020][bookmark: _Toc61179490][bookmark: _Toc67916786]9.3.1	General
OTA BS output power is declared as the TRP radiated requirement, with the output power accuracy requirement defined at the RIB during the transmitter ON period. TRP does not change with beamforming settings as long as the beam peak direction is within the OTA peak directions set. Thus the TRP accuracy requirement must be met for any beamforming setting for which the beam peak direction is within the OTA peak directions set.
The BS rated carrier TRP output power for BS type 1-O shall be within limits as specified in table 9.3.1-1.
Table 9.3.1-1: BS rated carrier TRP output power limits for BS type 1-O
	BS class
	Prated,c,TRP

	Wide Area BS
	(note)

	Medium Range BS
	≤ + 47 dBm

	Local Area BS
	≤ + 33 dBm

	NOTE:	There is no upper limit for the Prated,c,TRP of the Wide Area Base Station.



There is no upper limit for the rated carrier TRP output power of BS type 2-O.
For Band n41 and n90 operation in Japan, the rated output power, Prated,c,TRP, declared by the manufacturer shall be equal to or less than 20 W per 10 MHz bandwidth.
Despite the general requirements for the BS output power described in clauses 9.3.2 – 9.3.3, additional regional requirements might be applicable.
NOTE:	In certain regions, power limits corresponding to BS classes may apply for BS type 2-O.
[bookmark: _Toc21127625][bookmark: _Toc29811834][bookmark: _Toc36817386][bookmark: _Toc37260308][bookmark: _Toc37267696][bookmark: _Toc44712299][bookmark: _Toc45893612][bookmark: _Toc53178332][bookmark: _Toc53178783][bookmark: _Toc61179021][bookmark: _Toc61179491][bookmark: _Toc67916787]9.3.2	Minimum requirement for BS type 1-O
In normal conditions, the BS type 1-O maximum carrier TRP output power, Pmax,c,TRP measured at the RIB shall remain within ±2 dB of the rated carrier TRP output power Prated,c,TRP, as declared by the manufacturer.
Normal conditions are defined in TS 38.141-1, annex B [6].
[bookmark: _Toc21127626][bookmark: _Toc29811835][bookmark: _Toc36817387][bookmark: _Toc37260309][bookmark: _Toc37267697][bookmark: _Toc44712300][bookmark: _Toc45893613][bookmark: _Toc53178333][bookmark: _Toc53178784][bookmark: _Toc61179022][bookmark: _Toc61179492][bookmark: _Toc67916788]9.3.3	Minimum requirement for BS type 2-O
In normal conditions, the BS type 2-O maximum carrier TRP output power, Pmax,c,TRP measured at the RIB shall remain within ±3 dB of the rated carrier TRP output power Prated,c,TRP, as declared by the manufacturer.
Normal conditions are defined in TS 38.141-2, annex B [6].
[bookmark: _Toc21127627][bookmark: _Toc29811836][bookmark: _Toc36817388][bookmark: _Toc37260310][bookmark: _Toc37267698][bookmark: _Toc44712301][bookmark: _Toc45893614][bookmark: _Toc53178334][bookmark: _Toc53178785][bookmark: _Toc61179023][bookmark: _Toc61179493][bookmark: _Toc67916789]9.3.4	Additional requirements (regional)
In certain regions, additional regional requirements may apply.
[bookmark: _Toc21127628][bookmark: _Toc29811837][bookmark: _Toc36817389][bookmark: _Toc37260311][bookmark: _Toc37267699][bookmark: _Toc44712302][bookmark: _Toc45893615][bookmark: _Toc53178335][bookmark: _Toc53178786][bookmark: _Toc61179024][bookmark: _Toc61179494][bookmark: _Toc67916790][bookmark: _Hlk500499328]9.4	OTA output power dynamics
[bookmark: _Toc21127629][bookmark: _Toc29811838][bookmark: _Toc36817390][bookmark: _Toc37260312][bookmark: _Toc37267700][bookmark: _Toc44712303][bookmark: _Toc45893616][bookmark: _Toc53178336][bookmark: _Toc53178787][bookmark: _Toc61179025][bookmark: _Toc61179495][bookmark: _Toc67916791][bookmark: _Hlk500499284]9.4.1	General
The requirements in clause 9.4 apply during the transmitter ON period. Transmit signal quality (as specified in clause 9.6) shall be maintained for the output power dynamics requirements.
The OTA output power requirements are directional requirements and apply to the beam peak directions over the OTA peak directions set.
[bookmark: _Toc21127630][bookmark: _Toc29811839][bookmark: _Toc36817391][bookmark: _Toc37260313][bookmark: _Toc37267701][bookmark: _Toc44712304][bookmark: _Toc45893617][bookmark: _Toc53178337][bookmark: _Toc53178788][bookmark: _Toc61179026][bookmark: _Toc61179496][bookmark: _Toc67916792]9.4.2	OTA RE power control dynamic range
[bookmark: _Toc21127631][bookmark: _Toc29811840][bookmark: _Toc36817392][bookmark: _Toc37260314][bookmark: _Toc37267702][bookmark: _Toc44712305][bookmark: _Toc45893618][bookmark: _Toc53178338][bookmark: _Toc53178789][bookmark: _Toc61179027][bookmark: _Toc61179497][bookmark: _Toc67916793]9.4.2.1	General
The OTA RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power (Pmax,c,EIRP) for a specified reference condition.
This requirement shall apply at each RIB supporting transmission in the operating band.
[bookmark: _Toc21127632][bookmark: _Toc29811841][bookmark: _Toc36817393][bookmark: _Toc37260315][bookmark: _Toc37267703][bookmark: _Toc44712306][bookmark: _Toc45893619][bookmark: _Toc53178339][bookmark: _Toc53178790][bookmark: _Toc61179028][bookmark: _Toc61179498][bookmark: _Toc67916794]9.4.2.2	Minimum requirement for BS type 1-O
The OTA RE power control dynamic range is specified the same as the conducted RE power control dynamic range requirement for BS type 1-C and BS type 1-H in table 6.3.2.2-1.
[bookmark: _Toc21127633][bookmark: _Toc29811842][bookmark: _Toc36817394][bookmark: _Toc37260316][bookmark: _Toc37267704][bookmark: _Toc44712307][bookmark: _Toc45893620][bookmark: _Toc53178340][bookmark: _Toc53178791][bookmark: _Toc61179029][bookmark: _Toc61179499][bookmark: _Toc67916795]9.4.3	OTA total power dynamic range
[bookmark: _Toc21127634][bookmark: _Toc29811843][bookmark: _Toc36817395][bookmark: _Toc37260317][bookmark: _Toc37267705][bookmark: _Toc44712308][bookmark: _Toc45893621][bookmark: _Toc53178341][bookmark: _Toc53178792][bookmark: _Toc61179030][bookmark: _Toc61179500][bookmark: _Toc67916796]9.4.3.1	General
The OTA total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition.
This requirement shall apply at each RIB supporting transmission in the operating band.
[bookmark: _Hlk528437478]NOTE 1:	The upper limit of the OTA total power dynamic range is the BS maximum carrier EIRP (Pmax,c,EIRP) when transmitting on all RBs. The lower limit of the OTA total power dynamic range is the average EIRP for single RB transmission in the same direction using the same beam. The OFDM symbol carries PDSCH and not contain RS or SSB.
[bookmark: _Toc21127635][bookmark: _Toc29811844][bookmark: _Toc36817396][bookmark: _Toc37260318][bookmark: _Toc37267706][bookmark: _Toc44712309][bookmark: _Toc45893622][bookmark: _Toc53178342][bookmark: _Toc53178793][bookmark: _Toc61179031][bookmark: _Toc61179501][bookmark: _Toc67916797]9.4.3.2	Minimum requirement for BS type 1-O
OTA total power dynamic range minimum requirement for BS type 1-O is specified such as for each NR carrier it shall be larger than or equal to the levels specified for the conducted requirement for BS type 1-C and BS type 1-H in table 6.3.3.2-1.
[bookmark: _Toc21127636][bookmark: _Toc29811845][bookmark: _Toc36817397][bookmark: _Toc37260319][bookmark: _Toc37267707][bookmark: _Toc44712310][bookmark: _Toc45893623][bookmark: _Toc53178343][bookmark: _Toc53178794][bookmark: _Toc61179032][bookmark: _Toc61179502][bookmark: _Toc67916798]9.4.3.3	Minimum requirement for BS type 2-O
OTA total power dynamic range minimum requirement for BS type 2-O is specified such as for each NR carrier it shall be larger than or equal to the levels specified in table 9.4.3.3-1.
Table 9.4.3.3-1: Minimum requirement for BS type 2-O total power dynamic range
	SCS
	
	OTA total power dynamic range (dB)

	(kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	800 MHz
	[1200] MHz
	1600 MHz
	[2000] MHz

	60
(NOTE 1)
	18.1
	21.2
	24.2
	N/A
	N/A
	N/A
	N/A
	N/A

	120
	15.0
(NOTE 1)
	18.1
	21.2
	24.2
	N/A
	N/A
	N/A
	N/A

	480
(NOTE 2)
	N/A
	N/A
	N/A
	TBD
	TBD
	TBD
	TBD
	N/A

	960
(NOTE 2)
	N/A
	N/A
	N/A
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:     Applicable to bands defined within FR2-1.
NOTE 2:     Applicable to bands defined within FR2-2.



[bookmark: _Toc21127637][bookmark: _Toc29811846][bookmark: _Toc36817398][bookmark: _Toc37260320][bookmark: _Toc37267708][bookmark: _Toc44712311][bookmark: _Toc45893624][bookmark: _Toc53178344][bookmark: _Toc53178795][bookmark: _Toc61179033][bookmark: _Toc61179503][bookmark: _Toc67916799]9.5	OTA transmit ON/OFF power
[bookmark: _Toc21127638][bookmark: _Toc29811847][bookmark: _Toc36817399][bookmark: _Toc37260321][bookmark: _Toc37267709][bookmark: _Toc44712312][bookmark: _Toc45893625][bookmark: _Toc53178345][bookmark: _Toc53178796][bookmark: _Toc61179034][bookmark: _Toc61179504][bookmark: _Toc67916800]9.5.1	General
OTA transmit ON/OFF power requirements apply only to TDD operation of NR BS.
[bookmark: _Toc21127639][bookmark: _Toc29811848][bookmark: _Toc36817400][bookmark: _Toc37260322][bookmark: _Toc37267710][bookmark: _Toc44712313][bookmark: _Toc45893626][bookmark: _Toc53178346][bookmark: _Toc53178797][bookmark: _Toc61179035][bookmark: _Toc61179505][bookmark: _Toc67916801]9.5.2	OTA transmitter OFF power
[bookmark: _Toc21127640][bookmark: _Toc29811849][bookmark: _Toc36817401][bookmark: _Toc37260323][bookmark: _Toc37267711][bookmark: _Toc44712314][bookmark: _Toc45893627][bookmark: _Toc53178347][bookmark: _Toc53178798][bookmark: _Toc61179036][bookmark: _Toc61179506][bookmark: _Toc67916802]9.5.2.1	General
[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 transmission bandwidth configuration of the BS (BWConfig) centred on the assigned channel frequency during the transmitter OFF period. N = SCS/15, where SCS is Sub Carrier Spacing in kHz.
For BS supporting intra-band contiguous CA, the OTA transmitter OFF power is defined as the mean power measured over 70/N us filtered with a square filter of bandwidth equal to the Aggregated BS Channel Bandwidth BWChannel_CA centred on (Fedge,high+Fedge,low)/2 during the transmitter OFF period. N = SCS/15, where SCS is the smallest supported Sub Carrier Spacing in kHz in the Aggregated BS Channel Bandwidth.
For BS type 1-O, the transmitter OFF power is defined as the output power at the co-location reference antenna conducted output(s). For BS type 2-O the transmitter OFF power is defined as TRP.
[bookmark: _Hlk528438836]For multi-band RIBs and single band RIBs supporting transmission in multiple bands, the requirement is only applicable during the transmitter OFF period in all supported operating bands.
[bookmark: _Toc21127641][bookmark: _Toc29811850][bookmark: _Toc36817402][bookmark: _Toc37260324][bookmark: _Toc37267712][bookmark: _Toc44712315][bookmark: _Toc45893628][bookmark: _Toc53178348][bookmark: _Toc53178799][bookmark: _Toc61179037][bookmark: _Toc61179507][bookmark: _Toc67916803]9.5.2.2	Minimum requirement for BS type 1-O
The total power from all co-location reference antenna conducted output(s) shall be less than -106 dBm/MHz.
[bookmark: _Toc21127642][bookmark: _Toc29811851][bookmark: _Toc36817403][bookmark: _Toc37260325][bookmark: _Toc37267713][bookmark: _Toc44712316][bookmark: _Toc45893629][bookmark: _Toc53178349][bookmark: _Toc53178800][bookmark: _Toc61179038][bookmark: _Toc61179508][bookmark: _Toc67916804]9.5.2.3	Minimum requirement for BS type 2-O
The OTA transmitter OFF TRP spectral density for BS type 2-O shall be less than ‑36 dBm/MHz.
[bookmark: _Toc21127643][bookmark: _Toc29811852][bookmark: _Toc36817404][bookmark: _Toc37260326][bookmark: _Toc37267714][bookmark: _Toc44712317][bookmark: _Toc45893630][bookmark: _Toc53178350][bookmark: _Toc53178801][bookmark: _Toc61179039][bookmark: _Toc61179509][bookmark: _Toc67916805]9.5.3	OTA transient period
[bookmark: _Toc21127644][bookmark: _Toc29811853][bookmark: _Toc36817405][bookmark: _Toc37260327][bookmark: _Toc37267715][bookmark: _Toc44712318][bookmark: _Toc45893631][bookmark: _Toc53178351][bookmark: _Toc53178802][bookmark: _Toc61179040][bookmark: _Toc61179510][bookmark: _Toc67916806]9.5.3.1	General
The OTA transmitter transient period is the time period during which the transmitter is changing from the transmitter OFF period to the transmitter ON period or vice versa. The transmitter transient period is illustrated in figure 6.4.2.1-1.
This requirement shall be applied at each RIB supporting transmission in the operating band.
[bookmark: _Toc13080355][bookmark: _Toc29811854][bookmark: _Toc36817406][bookmark: _Toc37260328][bookmark: _Toc37267716][bookmark: _Toc44712319][bookmark: _Toc45893632][bookmark: _Toc53178352][bookmark: _Toc53178803][bookmark: _Toc61179041][bookmark: _Toc61179511][bookmark: _Toc67916807]9.5.3.2	Minimum requirement for BS type 1-O
For BS type 1-O, the OTA transmitter transient period shall be shorter than the values listed in the minimum requirement table 9.5.3.2-1.
Table 9.5.3.2-1: Minimum requirement for the OTA transmitter transient period for BS type 1-O
	Transition
	Transient period length (µs)

	OFF to ON
	10

	ON to OFF
	10



[bookmark: _Toc13080356][bookmark: _Toc29811855][bookmark: _Toc36817407][bookmark: _Toc37260329][bookmark: _Toc37267717][bookmark: _Toc44712320][bookmark: _Toc45893633][bookmark: _Toc53178353][bookmark: _Toc53178804][bookmark: _Toc61179042][bookmark: _Toc61179512][bookmark: _Toc67916808]9.5.3.3	Minimum requirement for BS type 2-O
For BS type 2-O, the OTA transmitter transient period shall be shorter than the values listed in the minimum requirement table 9.5.3.3-1.
Table 9.5.3.3-1: Minimum requirement for the OTA transmitter transient period for BS type 2-O
	Frequency range
	Transition
	Transient period length (µs)

	FR2-1 (24.25 to 52.60 GHz)
	OFF to ON
	3

	
	ON to OFF
	3 

	FR2-2 (52.6 to 71 GHz)
	OFF to ON
	FFS

	
	ON to OFF
	FFS



[bookmark: _Toc21127647][bookmark: _Toc29811856][bookmark: _Toc36817408][bookmark: _Toc37260330][bookmark: _Toc37267718][bookmark: _Toc44712321][bookmark: _Toc45893634][bookmark: _Toc53178354][bookmark: _Toc53178805][bookmark: _Toc61179043][bookmark: _Toc61179513][bookmark: _Toc67916809]9.6	OTA transmitted signal quality
[bookmark: _Toc21127648][bookmark: _Toc29811857][bookmark: _Toc36817409][bookmark: _Toc37260331][bookmark: _Toc37267719][bookmark: _Toc44712322][bookmark: _Toc45893635][bookmark: _Toc53178355][bookmark: _Toc53178806][bookmark: _Toc61179044][bookmark: _Toc61179514][bookmark: _Toc67916810]9.6.1	OTA frequency error
[bookmark: _Toc21127649][bookmark: _Toc29811858][bookmark: _Toc36817410][bookmark: _Toc37260332][bookmark: _Toc37267720][bookmark: _Toc44712323][bookmark: _Toc45893636][bookmark: _Toc53178356][bookmark: _Toc53178807][bookmark: _Toc61179045][bookmark: _Toc61179515][bookmark: _Toc67916811]9.6.1.1	General
The requirements in clause 9.6.1 apply to the transmitter ON period.
OTA frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.
[bookmark: _Toc21127650]OTA frequency error requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
[bookmark: _Toc29811859][bookmark: _Toc36817411][bookmark: _Toc37260333][bookmark: _Toc37267721][bookmark: _Toc44712324][bookmark: _Toc45893637][bookmark: _Toc53178357][bookmark: _Toc53178808][bookmark: _Toc61179046][bookmark: _Toc61179516][bookmark: _Toc67916812]9.6.1.2	Minimum requirement for BS type 1-O
For BS type 1-O, the modulated carrier frequency of each NR carrier configured by the BS shall be accurate to within the accuracy range given in table 6.5.1.2-1 observed over 1 ms.
[bookmark: _Toc21127651][bookmark: _Toc29811860][bookmark: _Toc36817412][bookmark: _Toc37260334][bookmark: _Toc37267722][bookmark: _Toc44712325][bookmark: _Toc45893638][bookmark: _Toc53178358][bookmark: _Toc53178809][bookmark: _Toc61179047][bookmark: _Toc61179517][bookmark: _Toc67916813]9.6.1.3	Minimum requirement for BS type 2-O
For BS type 2-O, the modulated carrier frequency of each NR carrier configured by the BS shall be accurate to within the accuracy range given in table 9.6.1.3-1 observed over 1 ms.
Table 9.6.1.3-1: OTA frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm



[bookmark: _Toc21127652][bookmark: _Toc29811861][bookmark: _Toc36817413][bookmark: _Toc37260335][bookmark: _Toc37267723][bookmark: _Toc44712326][bookmark: _Toc45893639][bookmark: _Toc53178359][bookmark: _Toc53178810][bookmark: _Toc61179048][bookmark: _Toc61179518][bookmark: _Toc67916814]9.6.2	OTA modulation quality
[bookmark: _Toc21127653][bookmark: _Toc29811862][bookmark: _Toc36817414][bookmark: _Toc37260336][bookmark: _Toc37267724][bookmark: _Toc44712327][bookmark: _Toc45893640][bookmark: _Toc53178360][bookmark: _Toc53178811][bookmark: _Toc61179049][bookmark: _Toc61179519][bookmark: _Toc67916815]9.6.2.1	General
Modulation quality is defined by the difference between the measured carrier signal and an ideal signal. Modulation quality can e.g. be expressed as Error Vector Magnitude (EVM). Details about how the EVM is determined are specified in Annex B for FR1 and Annex C for FR2.
[bookmark: _Toc21127654]OTA modulation quality requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
[bookmark: _Toc29811863][bookmark: _Toc36817415][bookmark: _Toc37260337][bookmark: _Toc37267725][bookmark: _Toc44712328][bookmark: _Toc45893641][bookmark: _Toc53178361][bookmark: _Toc53178812][bookmark: _Toc61179050][bookmark: _Toc61179520][bookmark: _Toc67916816]9.6.2.2	Minimum Requirement for BS type 1-O
For BS type 1-O, the EVM levels of each NR carrier for different modulation schemes on PDSCH outlined in table 6.5.2.2-1 shall be met. Requirements shall be the same as clause 6.5.2.2 and follow EVM frame structure from clause 6.5.2.3.
[bookmark: _Toc13080365][bookmark: _Toc29811864][bookmark: _Toc36817416][bookmark: _Toc37260338][bookmark: _Toc37267726][bookmark: _Toc44712329][bookmark: _Toc45893642][bookmark: _Toc53178362][bookmark: _Toc53178813][bookmark: _Toc61179051][bookmark: _Toc61179521][bookmark: _Toc67916817][bookmark: _Hlk497671816]9.6.2.3	Minimum Requirement for BS type 2-O
For BS type 2-O, the EVM levels of each NR carrier for different modulation schemes on PDSCH outlined in table 9.6.2.3-1 shall be met, following the EVM frame structure described in clause 9.6.2.3.1.
Table 9.6.2.3-1: EVM requirements for BS type 2-O carrier
	Modulation scheme for PDSCH
	Required EVM (%)

	QPSK
	17.5 

	16QAM
	12.5 

	64QAM
	8 

	256QAM
(NOTE)
	3.5

	NOTE:  Applicable to bands defined within FR2-1.



[bookmark: _Toc21127656][bookmark: _Toc29811865][bookmark: _Toc36817417][bookmark: _Toc37260339][bookmark: _Toc37267727][bookmark: _Toc44712330][bookmark: _Toc45893643][bookmark: _Toc53178363][bookmark: _Toc53178814][bookmark: _Toc61179052][bookmark: _Toc61179522][bookmark: _Toc67916818]9.6.2.3.1	EVM frame structure for measurement
EVM requirements shall apply for each NR carrier over all allocated resource blocks. Different modulation schemes listed in table 9.6.2.3-1 shall be considered for rank 1.
For NR, for all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink subframes within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries.
[bookmark: _Toc21127657][bookmark: _Toc29811866][bookmark: _Toc36817418][bookmark: _Toc37260340][bookmark: _Toc37267728][bookmark: _Toc44712331][bookmark: _Toc45893644][bookmark: _Toc53178364][bookmark: _Toc53178815][bookmark: _Toc61179053][bookmark: _Toc61179523][bookmark: _Toc67916819]9.6.3	OTA time alignment error
[bookmark: _Toc21127658][bookmark: _Toc29811867][bookmark: _Toc36817419][bookmark: _Toc37260341][bookmark: _Toc37267729][bookmark: _Toc44712332][bookmark: _Toc45893645][bookmark: _Toc53178365][bookmark: _Toc53178816][bookmark: _Toc61179054][bookmark: _Toc61179524][bookmark: _Toc67916820]9.6.3.1	General
This requirement shall apply to frame timing in MIMO transmission, carrier aggregation and their combinations.
Frames of the NR signals present in the radiated domain are not perfectly aligned in time. In relation to each other, the RF signals present in the radiated domain may experience certain timing differences.
The TAE is specified for a specific set of signals/transmitter configuration/transmission mode.
For a specific set of signals/transmitter configuration/transmission mode, the OTA Time Alignment Error (OTA TAE) is defined as the largest timing difference between any two different NR signals. The OTA time alignment error requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
[bookmark: _Toc21127659][bookmark: _Toc29811868][bookmark: _Toc36817420][bookmark: _Toc37260342][bookmark: _Toc37267730][bookmark: _Toc44712333][bookmark: _Toc45893646][bookmark: _Toc53178366][bookmark: _Toc53178817][bookmark: _Toc61179055][bookmark: _Toc61179525][bookmark: _Toc67916821]9.6.3.2	Minimum requirement for BS type 1-O
For MIMO transmission, at each carrier frequency, OTA TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 260 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.
Table 9.6.3.2-1: Void
Table 9.6.3.2-2: Void
Table 9.6.3.2-3: Void

[bookmark: _Toc21127660][bookmark: _Toc29811869][bookmark: _Toc36817421][bookmark: _Toc37260343][bookmark: _Toc37267731][bookmark: _Toc44712334][bookmark: _Toc45893647][bookmark: _Toc53178367][bookmark: _Toc53178818][bookmark: _Toc61179056][bookmark: _Toc61179526][bookmark: _Toc67916822]9.6.3.3	Minimum requirement for BS type 2-O
For MIMO transmission within FR2-1, at each carrier frequency, OTA TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation within FR2-1, with or without MIMO, OTA TAE shall not exceed 130 ns.
For intra-band non-contiguous carrier aggregation within FR2-1, with or without MIMO, OTA TAE shall not exceed 260 ns.

For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.
Table 9.6.3.3-1: Void
Table 9.6.3.3-2: Void
Table 9.6.3.3-3: Void

[bookmark: _Toc21127661][bookmark: _Toc29811870][bookmark: _Toc36817422][bookmark: _Toc37260344][bookmark: _Toc37267732][bookmark: _Toc44712335][bookmark: _Toc45893648][bookmark: _Toc53178368][bookmark: _Toc53178819][bookmark: _Toc61179057][bookmark: _Toc61179527][bookmark: _Toc67916823]9.7	OTA unwanted emissions
[bookmark: _Toc21127662][bookmark: _Toc29811871][bookmark: _Toc36817423][bookmark: _Toc37260345][bookmark: _Toc37267733][bookmark: _Toc44712336][bookmark: _Toc45893649][bookmark: _Toc53178369][bookmark: _Toc53178820][bookmark: _Toc61179058][bookmark: _Toc61179528][bookmark: _Toc67916824]9.7.1	General
[bookmark: _Hlk505597907]Unwanted emissions consist of so-called out-of-band emissions and spurious emissions according to ITU definitions ITU-R SM.329 [2]. In ITU terminology, out of band emissions are unwanted emissions immediately outside the BS channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions.
The OTA out-of-band emissions requirement for the BS type 1-O and BS type 2-O transmitter is specified both in terms of Adjacent Channel Leakage power Ratio (ACLR) and operating band unwanted emissions (OBUE). The OTA Operating band unwanted emissions define all unwanted emissions in each supported downlink operating band plus the frequency ranges ΔfOBUE above and ΔfOBUE below each band. 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 9.7.1-1 for BS type 1-O and BS type 2-O for the NR operating bands.
Table 9.7.1-1: Maximum offset ΔfOBUE outside the downlink operating band
	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

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

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

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

	
	FDL,high – FDL,low  > 4000 MHz   
	[3000]



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.
There is in addition a requirement for occupied bandwidth.
[bookmark: _Toc21127663][bookmark: _Toc29811872][bookmark: _Toc36817424][bookmark: _Toc37260346][bookmark: _Toc37267734][bookmark: _Toc44712337][bookmark: _Toc45893650][bookmark: _Toc53178370][bookmark: _Toc53178821][bookmark: _Toc61179059][bookmark: _Toc61179529][bookmark: _Toc67916825]9.7.2	OTA occupied bandwidth
[bookmark: _Toc21127664][bookmark: _Toc29811873][bookmark: _Toc36817425][bookmark: _Toc37260347][bookmark: _Toc37267735][bookmark: _Toc44712338][bookmark: _Toc45893651][bookmark: _Toc53178371][bookmark: _Toc53178822][bookmark: _Toc61179060][bookmark: _Toc61179530][bookmark: _Toc67916826]9.7.2.1	General
The OTA occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage /2 of the total mean transmitted power. See also recommendation ITU-R SM.328 [3].
The value of /2 shall be taken as 0.5%.
The OTA occupied bandwidth requirement shall apply during the transmitter ON period for a single transmitted carrier. The minimum requirement below may be applied regionally. There may also be regional requirements to declare the OTA occupied bandwidth according to the definition in the present clause.
The OTA occupied bandwidth is defined as a directional requirement and shall be met in the manufacturer's declared OTA coverage range at the RIB.
[bookmark: _Toc21127665][bookmark: _Toc29811874][bookmark: _Toc36817426][bookmark: _Toc37260348][bookmark: _Toc37267736][bookmark: _Toc44712339][bookmark: _Toc45893652][bookmark: _Toc53178372][bookmark: _Toc53178823][bookmark: _Toc61179061][bookmark: _Toc61179531][bookmark: _Toc67916827]9.7.2.2	Minimum requirement for BS type 1-O and BS type 2-O
The OTA occupied bandwidth for each NR carrier shall be less than the BS channel bandwidth. For intra-band contiguous CA, the OTA occupied bandwidth shall be less than or equal to the Aggregated BS Channel Bandwidth.
[bookmark: _Toc21127666][bookmark: _Toc29811875][bookmark: _Toc36817427][bookmark: _Toc37260349][bookmark: _Toc37267737][bookmark: _Toc44712340][bookmark: _Toc45893653][bookmark: _Toc53178373][bookmark: _Toc53178824][bookmark: _Toc61179062][bookmark: _Toc61179532][bookmark: _Toc67916828]9.7.3	OTA Adjacent Channel Leakage Power Ratio (ACLR)
[bookmark: _Toc21127667][bookmark: _Toc29811876][bookmark: _Toc36817428][bookmark: _Toc37260350][bookmark: _Toc37267738][bookmark: _Toc44712341][bookmark: _Toc45893654][bookmark: _Toc53178374][bookmark: _Toc53178825][bookmark: _Toc61179063][bookmark: _Toc61179533][bookmark: _Toc67916829]9.7.3.1	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.
[bookmark: _Toc21127668][bookmark: _Toc29811877][bookmark: _Toc36817429][bookmark: _Toc37260351][bookmark: _Toc37267739][bookmark: _Toc44712342][bookmark: _Toc45893655][bookmark: _Toc53178375][bookmark: _Toc53178826][bookmark: _Toc61179064][bookmark: _Toc61179534][bookmark: _Toc67916830]9.7.3.2	Minimum requirement for BS type 1-O
The ACLR (CACLR) absolute basic limits in table 6.6.3.2-2 + X, 6.6.3.2-2a + X (where X = 9 dB) or the ACLR (CACLR) basic limit in table 6.6.3.2-1, 6.6.3.2-2a or 6.6.3.2-3, whichever is less stringent, shall apply.
For a RIB operating in multi-carrier or contiguous CA, the ACLR requirements in clause 6.6.3.2 shall apply to BS channel bandwidths of the outermost carrier for the frequency ranges defined in table 6.6.3.2-1.For a RIB operating in non-contiguous spectrum, the ACLR requirement in clause 6.6.3.2 shall apply in sub-block gaps for the frequency ranges defined in table 6.6.3.2-2a, while the CACLR requirement in clause 6.6.3.2 shall apply in sub-block gaps for the frequency ranges defined in table 6.6.3.2-3.
For a multi-band RIB, the ACLR requirement in clause 6.6.3.2 shall apply in Inter RF Bandwidth gaps for the frequency ranges defined in table 6.6.3.2-2a, while the CACLR requirement in clause 6.6.3.2 shall apply in Inter RF Bandwidth gaps for the frequency ranges defined in table 6.6.3.2-3.
[bookmark: _Toc21127669][bookmark: _Toc29811878][bookmark: _Toc36817430][bookmark: _Toc37260352][bookmark: _Toc37267740][bookmark: _Toc44712343][bookmark: _Toc45893656][bookmark: _Toc53178376][bookmark: _Toc53178827][bookmark: _Toc61179065][bookmark: _Toc61179535][bookmark: _Toc67916831]9.7.3.3	Minimum requirement for BS type 2-O
[bookmark: _Hlk515966075]The OTA ACLR limit is specified in table 9.7.3.3-1.
The OTA ACLR absolute limit is specified in table 9.7.3.3-2.
[bookmark: _Hlk515966152]The OTA ACLR (CACLR) absolute limit in table 9.7.3.3-2 or 9.7.3.3-4a or the ACLR (CACLR) limit in table 9.7.3.3-1, 9.7.3.3-3 or 9.7.3.3-4, whichever is less stringent, shall apply.
For a RIB operating in multi-carrier or contiguous CA, the OTA ACLR requirements in table 9.7.3.3-1 shall apply to BS channel bandwidths of the outermost carrier for the frequency ranges defined in the table.For a RIB operating in non-contiguous spectrum, the OTA ACLR requirement in table 9.7.3.3-3 shall apply in sub-block gaps for the frequency ranges defined in the table, while the OTA CACLR requirement in table 9.7.3.3-4 shall apply in sub-block gaps for the frequency ranges defined in the table.
The CACLR in a sub-block gap 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 sub-block gap, 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 9.7.3.3-4 and the filters on the assigned channels are defined in table 9.7.3.3-5.
For operation in non-contiguous spectrum, the CACLR for NR carriers located on either side of the sub-block gap shall be higher than the value specified in table 9.7.3.3-4.
Table 9.7.3.3-1: BS type 2-O ACLR limit
	BS channel bandwidth of lowest/highest carrier transmitted
BWChannel (MHz)
	BS 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)







	50, 100, 200, 400, 800, 1200, 1600, [2000]
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	28 (Note 3)
26 (Note 4)
21 (Note 5)

	NOTE 1:	BWChannel and BWConfig are the BS channel bandwidth and transmission bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz (FR2-1)
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz (FR2-1)
NOTE 5:   Applicable to bands defined within the frequency spectrum range of 52.6 – 71.0 GHz (FR2-2)



{Editor’s note: Additions required to account for unlicensed operation within the frequency range 52 to 71 GHz}
Table 9.7.3.3-2: BS type 2-O ACLR absolute limit
	BS class
	ACLR absolute limit

	Wide area BS
	-13 dBm/MHz

	Medium range BS
	-20 dBm/MHz

	Local area BS
	-20 dBm/MHz



Table 9.7.3.3-3: BS type 2-O ACLR limit in non-contiguous spectrum
	BS channel bandwidth of lowest/highest carrier transmitted (MHz)
	Sub-block gap size (Wgap) where the limit applies (MHz)
	BS 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

	50, 100
	Wgap≥ 100 (Note 5)
Wgap≥ 250 (Note 6)
	25 MHz
	50 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	200, 400
	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 transmission bandwidth configuration of the assumed adjacent channel carrier.
NOTE 2:	With SCS that provides largest transmission 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 BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 50 or 100 MHz.
NOTE 6:	Applicable in case the BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 200 or 400 MHz.



Table 9.7.3.3-4: BS type 2-O CACLR limit in non-contiguous spectrum
	BS channel bandwidth of lowest/highest carrier transmitted (MHz) 
	Sub-block gap size (Wgap) where the limit applies (MHz)
	BS 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

	50, 100
	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)

	200, 400
	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 transmission bandwidth configuration of the assumed adjacent channel carrier.
NOTE 2:	With SCS that provides largest transmission 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 BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 50 or 100 MHz.
NOTE 6:	Applicable in case the BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 200 or 400 MHz.



{Editor’s note: Additions required to account for unlicensed operation within the frequency range 52 to 71 GHz}
Table 9.7.3.3-4a: BS type 2-O CACLR absolute limit
	BS class
	CACLR absolute limit

	Wide area BS
	-13 dBm/MHz

	Medium range BS
	-20 dBm/MHz

	Local area BS
	-20 dBm/MHz



Table 9.7.3.3-5: Filter parameters for the assigned channel
	RAT of the carrier adjacent to the sub-block gap 
	Filter on the assigned channel frequency and corresponding filter bandwidth

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



[bookmark: _Toc21127670][bookmark: _Toc29811879][bookmark: _Toc36817431][bookmark: _Toc37260353][bookmark: _Toc37267741][bookmark: _Toc44712344][bookmark: _Toc45893657][bookmark: _Toc53178377][bookmark: _Toc53178828][bookmark: _Toc61179066][bookmark: _Toc61179536][bookmark: _Toc67916832][bookmark: _Hlk496084370]9.7.4	OTA operating band unwanted emissions
[bookmark: _Toc21127671][bookmark: _Toc29811880][bookmark: _Toc36817432][bookmark: _Toc37260354][bookmark: _Toc37267742][bookmark: _Toc44712345][bookmark: _Toc45893658][bookmark: _Toc53178378][bookmark: _Toc53178829][bookmark: _Toc61179067][bookmark: _Toc61179537][bookmark: _Toc67916833]9.7.4.1	General
The OTA limits for operating band unwanted emissions are specified as TRP per RIB unless otherwise stated.
[bookmark: _Toc21127672][bookmark: _Toc29811881][bookmark: _Toc36817433][bookmark: _Toc37260355][bookmark: _Toc37267743][bookmark: _Toc44712346][bookmark: _Toc45893659][bookmark: _Toc53178379][bookmark: _Toc53178830][bookmark: _Toc61179068][bookmark: _Toc61179538][bookmark: _Toc67916834]9.7.4.2	Minimum requirement for BS type 1-O
Out-of-band emissions in FR1 are limited by OTA operating band unwanted emission limits. Unless otherwise stated, the operating band unwanted emission limits in FR1 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 9.7.1-1 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 multi-carrier or contiguous CA, the requirements apply to BS channel bandwidths of the outermost carrier for the frequency ranges defined in clause 6.6.4.1.
For a RIB operating in non-contiguous spectrum, the requirements shall apply inside any sub-block gap for the frequency ranges defined in clause 6.6.4.1.
For a multi-band RIB, the requirements shall apply inside any Inter RF Bandwidth gap for the frequency ranges defined in clause 6.6.4.1.
The OTA operating band unwanted emission requirement for BS type 1-O is that for each applicable basic limit in clause 6.6.4.2, the power of any unwanted emission shall not exceed an OTA limit specified as the basic limit + X, where X = 9 dB.
[bookmark: _Toc21127673][bookmark: _Toc29811882][bookmark: _Toc36817434][bookmark: _Toc37260356][bookmark: _Toc37267744][bookmark: _Toc44712347][bookmark: _Toc45893660][bookmark: _Toc53178380][bookmark: _Toc53178831][bookmark: _Toc61179069][bookmark: _Toc61179539][bookmark: _Toc67916835]9.7.4.2.1	Additional requirements
[bookmark: _Toc21127674][bookmark: _Toc29811883][bookmark: _Toc36817435][bookmark: _Toc37260357][bookmark: _Toc37267745][bookmark: _Toc44712348][bookmark: _Toc45893661]9.7.4.2.1.1	Protection of DTT
In certain regions the following requirement may apply for protection of DTT. For BS type 1-O operating in Band n20, the level of emissions in the band 470-790 MHz, measured in an 8 MHz filter bandwidth on centre frequencies Ffilter according to table 9.7.4.2.1.1-1, shall not exceed the maximum emission TRP level shown in the table. This requirement applies in the frequency range 470-790 MHz even though part of the range falls in the spurious domain.
Table 9.7.4.2.1.1-1: Declared emissions levels for protection of DTT
	Case
	Measurement filter centre frequency
	Condition on BS maximum aggregate TRP / 10 MHz, PTRP_10MHz
(NOTE) 
	Maximum level
PTRP,N,MAX
	Measurement bandwidth

	A: for DTT frequencies where 
	N*8 + 306 MHz,
21 ≤ N ≤ 60 
	PTRP_10MHz  59 dBm
	0 dBm  
	8 MHz

	broadcasting is protected
	N*8 + 306 MHz,
21 ≤ N ≤ 60 
	36  PTRP_10MHz < 59 dBm
	PTRP_10MHz – 59 dBm
	8 MHz

	
	N*8 + 306 MHz,
21 ≤ N ≤ 60 
	PTRP_10MHz < 36 dBm
	-23 dBm  
	8 MHz

	B: for DTT frequencies where 
	N*8 + 306 MHz,
21 ≤ N ≤ 60 
	PTRP_10MHz  59 dBm
	10 dBm  
	8 MHz

	broadcasting is subject to an
	N*8 + 306 MHz,
21 ≤ N ≤ 60 
	36  PTRP_10MHz < 59 dBm
	PTRP_10MHz – 49 dBm
	8 MHz

	intermediate level of protection
	N*8 + 306 MHz,
21 ≤ N ≤ 60 
	PTRP_10MHz < 36 dBm
	-13 dBm  
	8 MHz

	C: for DTT frequencies where broadcasting is not protected
	N*8 + 306 MHz,
21 ≤ N ≤ 60 
	N/A
	22 dBm  
	8 MHz

	NOTE:	PTRP_10MHz (dBm) is defined by PTRP_10MHz = P10MHz + Gant + 9dB, where Gant is 17 dBi.



[bookmark: _Toc21127675][bookmark: _Toc29811884][bookmark: _Toc36817436][bookmark: _Toc37260358][bookmark: _Toc37267746][bookmark: _Toc44712349][bookmark: _Toc45893662]9.7.4.2.1.2	Limits in FCC Title 47
The BS may have to comply with the applicable emission limits established by FCC Title 47 [8], when deployed in regions where those limits are applied, and under the conditions declared by the manufacturer.
[bookmark: _Toc21127676][bookmark: _Toc29811885][bookmark: _Toc36817437][bookmark: _Toc37260359][bookmark: _Toc37267747][bookmark: _Toc44712350][bookmark: _Toc45893663][bookmark: _Toc53178381][bookmark: _Toc53178832][bookmark: _Toc61179070][bookmark: _Toc61179540][bookmark: _Toc67916836]9.7.4.3	Minimum requirement for BS type 2-O
[bookmark: _Toc21127677][bookmark: _Toc29811886][bookmark: _Toc36817438][bookmark: _Toc37260360][bookmark: _Toc37267748][bookmark: _Toc44712351][bookmark: _Toc45893664][bookmark: _Toc53178382][bookmark: _Toc53178833][bookmark: _Toc61179071][bookmark: _Toc61179541][bookmark: _Toc67916837]9.7.4.3.1	General
[bookmark: _Hlk492900636]The requirements of either clause 9.7.4.3.2 (Category A limits) or clause 9.7.4.3.3 (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 (BS type 2-O) in clause 9.7.5.3.2. In addition, the limits in clause 9.7.4.3.4 may also apply.
Out-of-band emissions in FR2 are limited by OTA operating band unwanted emission limits. 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 9.7.1-1 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 multi-carrier or contiguous CA, the requirements apply to the frequencies (ΔfOBUE) starting from the edge of the contiguous transmission bandwidth. In addition, for a RIB operating in non-contiguous spectrum, the requirements apply inside any sub-block gap.
Emissions shall not exceed the maximum levels specified in the tables below, where:
-	f is the separation between the contiguous transmission bandwidth edge frequency and the nominal -3dB point of the measuring filter closest to the contiguous transmission bandwidth edge.
-	f_offset is the separation between the contiguous transmission bandwidth 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 9.7.1-1.
-	fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.
In addition, inside any sub-block gap 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 sub-block gap. The limit for each sub-block is specified in clauses 9.7.4.3.2 and 9.7.4.3.3 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 sub-block gap 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: _Toc21127678][bookmark: _Toc29811887][bookmark: _Toc36817439][bookmark: _Toc37260361][bookmark: _Toc37267749][bookmark: _Toc44712352][bookmark: _Toc45893665][bookmark: _Toc53178383][bookmark: _Toc53178834][bookmark: _Toc61179072][bookmark: _Toc61179542][bookmark: _Toc67916838]9.7.4.3.2	OTA operating band unwanted emission limits (Category A)
BS unwanted emissions shall not exceed the maximum levels specified in table 9.7.4.3.2‑1 and 9.7.4.3.2-2.
Table 9.7.4.3.2-1: 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 sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap. 



Table 9.7.4.3.2-2: 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 sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap.



Table 9.7.4.3.2-3: Void
[bookmark: _Toc21127679][bookmark: _Toc29811888][bookmark: _Toc36817440][bookmark: _Toc37260362][bookmark: _Toc37267750][bookmark: _Toc44712353][bookmark: _Toc45893666][bookmark: _Toc53178384][bookmark: _Toc53178835][bookmark: _Toc61179073][bookmark: _Toc61179543][bookmark: _Toc67916839]9.7.4.3.3	OTA operating band unwanted emission limits (Category B)
BS unwanted emissions shall not exceed the maximum levels specified in table 9.7.4.3.3‑1 or 9.7.4.3.3-2.
Table 9.7.4.3.3-1: 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 sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap. 
NOTE 2:	fB = 2*BWcontiguous when BWcontiguous ≤ 500 MHz, otherwise fB = BWcontiguous + 500 MHz.



Table 9.7.4.3.3-2: 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 sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap. 
NOTE 2:	fB = 2*BWcontiguous when BWcontiguous ≤ 500 MHz, otherwise fB = BWcontiguous + 500 MHz.



{Editor’s note: Additions required to account for unlicensed operation within the frequency range 52 to 71 GHz. A new subclause 9.7.4.3.3A is required to account for masks relevant for unlicensed operating band.}

[bookmark: _Toc44712354][bookmark: _Toc45893667][bookmark: _Toc53178385][bookmark: _Toc53178836][bookmark: _Toc61179074][bookmark: _Toc61179544][bookmark: _Toc67916840]9.7.4.3.4	Additional OTA operating band unwanted emission requirements
[bookmark: _Toc44712355]9.7.4.3.4.1	Protection of Earth Exploration Satellite Service
For BS operating in the frequency range 24.25 – 27.5 GHz, the power of unwanted emission shall not exceed the limits in table 9.7.4.3.4.1-1.
Table 9.7.4.3.4.1-1: OBUE limits for protection of Earth Exploration Satellite Service
	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 BS brought into use on or before 1 September 2027.
NOTE 2: 	This limit applies to BS brought into use after 1 September 2027.



[bookmark: _Toc21127680][bookmark: _Toc29811889][bookmark: _Toc36817441][bookmark: _Toc37260363][bookmark: _Toc37267751][bookmark: _Toc44712356][bookmark: _Toc45893668][bookmark: _Toc53178386][bookmark: _Toc53178837][bookmark: _Toc61179075][bookmark: _Toc61179545][bookmark: _Toc67916841]9.7.5	OTA transmitter spurious emissions
[bookmark: _Toc21127681][bookmark: _Toc29811890][bookmark: _Toc36817442][bookmark: _Toc37260364][bookmark: _Toc37267752][bookmark: _Toc44712357][bookmark: _Toc45893669][bookmark: _Toc53178387][bookmark: _Toc53178838][bookmark: _Toc61179076][bookmark: _Toc61179546][bookmark: _Toc67916842][bookmark: _Hlk494698976]9.7.5.1	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.
[bookmark: _Toc21127682][bookmark: _Toc29811891][bookmark: _Toc36817443][bookmark: _Toc37260365][bookmark: _Toc37267753][bookmark: _Toc44712358][bookmark: _Toc45893670][bookmark: _Toc53178388][bookmark: _Toc53178839][bookmark: _Toc61179077][bookmark: _Toc61179547][bookmark: _Toc67916843]9.7.5.2	Minimum requirement for BS type 1-O
[bookmark: _Toc21127683][bookmark: _Toc29811892][bookmark: _Toc36817444][bookmark: _Toc37260366][bookmark: _Toc37267754][bookmark: _Toc44712359][bookmark: _Toc45893671][bookmark: _Toc53178389][bookmark: _Toc53178840][bookmark: _Toc61179078][bookmark: _Toc61179548][bookmark: _Toc67916844]9.7.5.2.1	General
The OTA transmitter spurious emission limits for FR1 shall apply from 30 MHz to 12.75 GHz, excluding the frequency range from ΔfOBUE below the lowest frequency of each supported downlink operating band, up to ΔfOBUE above the highest frequency of each supported downlink operating band, where the ΔfOBUE is defined in table 9.7.1-1. For some FR1 operating bands, the upper limit is higher than 12.75 GHz in order to comply with the 5th harmonic limit of the downlink operating band, as specified in ITU-R recommendation SM.329 [2].
For multi-band RIB each supported operating band and ΔfOBUE MHz around each band are excluded from the OTA transmitter spurious emissions requirements.
The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification.
BS type 1-O requirements consists of OTA transmitter spurious emission requirements based on TRP and co-location requirements not based on TRP.
[bookmark: _Toc21127684][bookmark: _Toc29811893][bookmark: _Toc36817445][bookmark: _Toc37260367][bookmark: _Toc37267755][bookmark: _Toc44712360][bookmark: _Toc45893672][bookmark: _Toc53178390][bookmark: _Toc53178841][bookmark: _Toc61179079][bookmark: _Toc61179549][bookmark: _Toc67916845]9.7.5.2.2	General OTA transmitter spurious emissions requirements
[bookmark: _Hlk499807947][bookmark: _Hlk499881831]The Tx spurious emissions requirements for BS type 1-O are that for each applicable basic limit above 30 MHz in clause 6.6.5.2.1, the TRP of any spurious emission shall not exceed an OTA limit specified as the basic limit + X, where X = 9 dB, unless stated differently in regional regulation.
[bookmark: _Toc21127685][bookmark: _Toc29811894][bookmark: _Toc36817446][bookmark: _Toc37260368][bookmark: _Toc37267756][bookmark: _Toc44712361][bookmark: _Toc45893673][bookmark: _Toc53178391][bookmark: _Toc53178842][bookmark: _Toc61179080][bookmark: _Toc61179550][bookmark: _Toc67916846]9.7.5.2.3	Protection of the BS receiver of own or different BS
This requirement shall be applied for NR FDD operation in order to prevent the receivers of own or a different BS of the same band being desensitised by emissions from a type 1-O BS.
This requirement is a co-location requirement as defined in clause 4.9, the power levels are specified at the co-location reference antenna output.
The total power of any spurious emission from both polarizations of the co-location reference antenna connector output shall not exceed the basic limits in clause 6.6.5.2.2 + X dB, where X = -21 dB.
[bookmark: _Toc21127686][bookmark: _Toc29811895][bookmark: _Toc36817447][bookmark: _Toc37260369][bookmark: _Toc37267757][bookmark: _Toc44712362][bookmark: _Toc45893674][bookmark: _Toc53178392][bookmark: _Toc53178843][bookmark: _Toc61179081][bookmark: _Toc61179551][bookmark: _Toc67916847]9.7.5.2.4	Additional spurious emissions requirements
These requirements may be applied for the protection of systems operating in frequency ranges other than the BS downlink operating band. The limits may apply as an optional protection of such systems that are deployed in the same geographical area as the BS, 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.
Some requirements may apply for the protection of specific equipment (UE, MS and/or BS) or equipment operating in specific systems (GSM, CDMA, UTRA, E-UTRA, NR, etc.). The Tx additional spurious emissions requirements for BS type 1-O are that for each applicable basic limit in clause 6.6.5.2.3, the TRP of any spurious emission shall not exceed an OTA limit specified as the basic limit + X, where X = 9 dB.
[bookmark: _Toc21127687][bookmark: _Toc29811896][bookmark: _Toc36817448][bookmark: _Toc37260370][bookmark: _Toc37267758][bookmark: _Toc44712363][bookmark: _Toc45893675][bookmark: _Toc53178393][bookmark: _Toc53178844][bookmark: _Toc61179082][bookmark: _Toc61179552][bookmark: _Toc67916848]9.7.5.2.5	Co-location with other base stations
These requirements may be applied for the protection of other BS receivers when GSM900, DCS1800, PCS1900, GSM850, CDMA850, UTRA FDD, UTRA TDD, E-UTRA and/or NR BS are co-located with a BS.
The requirements assume co-location with base stations of the same class.
NOTE:	For co-location with UTRA, the requirements are based on co-location with UTRA FDD or TDD base stations.
This requirement is a co-location requirement as defined in clause 4.9, the power levels are specified at the co-location reference antenna output(s).
The power sum of any spurious emission is specified over all supported polarizations at the output(s) of the co-location reference antenna and shall not exceed the basic limits in clause 6.6.5.2.4 + X dB, where X = -21 dB.
For a multi-band RIB, the exclusions and conditions in the notes column of table 6.6.5.2.4-1 apply for each supported operating band.
[bookmark: _Toc21127688][bookmark: _Toc29811897][bookmark: _Toc36817449][bookmark: _Toc37260371][bookmark: _Toc37267759][bookmark: _Toc44712364][bookmark: _Toc45893676][bookmark: _Toc53178394][bookmark: _Toc53178845][bookmark: _Toc61179083][bookmark: _Toc61179553][bookmark: _Toc67916849]9.7.5.3	Minimum requirement for BS type 2-O
[bookmark: _Toc21127689][bookmark: _Toc29811898][bookmark: _Toc36817450][bookmark: _Toc37260372][bookmark: _Toc37267760][bookmark: _Toc44712365][bookmark: _Toc45893677][bookmark: _Toc53178395][bookmark: _Toc53178846][bookmark: _Toc61179084][bookmark: _Toc61179554][bookmark: _Toc67916850]9.7.5.3.1	General
In FR2, 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 9.7.1-1.
[bookmark: _Toc21127690][bookmark: _Toc29811899][bookmark: _Toc36817451][bookmark: _Toc37260373][bookmark: _Toc37267761][bookmark: _Toc44712366][bookmark: _Toc45893678][bookmark: _Toc53178396][bookmark: _Toc53178847][bookmark: _Toc61179085][bookmark: _Toc61179555][bookmark: _Toc67916851]9.7.5.3.2	General OTA transmitter spurious emissions requirements
[bookmark: _Toc21127691][bookmark: _Toc29811900][bookmark: _Toc36817452][bookmark: _Toc37260374][bookmark: _Toc37267762][bookmark: _Toc44712367][bookmark: _Toc45893679]9.7.5.3.2.1	General
The requirements of either clause 9.7.5.3.2.2 (Category A limits) or clause 9.7.5.3.2.3 (Category B limits) shall apply. The application of either Category A or Category B limits shall be the same as for Operating band unwanted emissions in clause 9.7.4.3.
Table 9.7.5.3.2-1: Void
NOTE:	Table 9.7.5.3.2-1 is moved to clause 9.7.5.3.2.2 as Table 9.7.5.3.2.2-1.
[bookmark: _Toc21127692][bookmark: _Toc29811901][bookmark: _Toc36817453][bookmark: _Toc37260375][bookmark: _Toc37267763][bookmark: _Toc44712368][bookmark: _Toc45893680]9.7.5.3.2.2	OTA transmitter spurious emissions (Category A)
The power of any spurious emission shall not exceed the limits in table 9.7.5.3.2-1
Table 9.7.5.3.2.2-1: BS radiated Tx spurious emission limits in FR2
	Frequency range
	Limit
	Measurement Bandwidth
	Note

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz – 2nd harmonic of the upper frequency edge of the DL operating band
	-13 dBm
	1 MHz
	Note 1, Note 2

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



[bookmark: _Toc21127693][bookmark: _Toc29811902][bookmark: _Toc36817454][bookmark: _Toc37260376][bookmark: _Toc37267764][bookmark: _Toc44712369][bookmark: _Toc45893681]9.7.5.3.2.3	OTA transmitter spurious emissions (Category B)
The power of any spurious emission shall not exceed the limits in table 9.7.5.3.2.3-1.
Table 9.7.5.3.2.3-1: BS 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 DL operating band
	-20 dBm
	10 MHz
	Note 2, Note 3

	NOTE 1:	Bandwidth as in ITU-R SM.329 [2], 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 [2], s2.5 table 1.
NOTE 4:	The step frequencies Fstep,X are defined in Table 9.7.5.3.2.3-2. 



Table 9.7.5.3.2.3-2: Step frequencies for defining the BS 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)

	n257
	18
	23.5
	25
	31
	32.5
	41.5

	n258
	18
	21
	22.75
	29
	30.75
	40.5

	n259
	23.5
	35.5
	38
	45
	47.5
	59.5

	nxxx
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	nyyy
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	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.



[bookmark: _Toc21127694][bookmark: _Toc29811903][bookmark: _Toc36817455][bookmark: _Toc37260377][bookmark: _Toc37267765][bookmark: _Toc44712370][bookmark: _Toc45893682][bookmark: _Toc53178397][bookmark: _Toc53178848][bookmark: _Toc61179086][bookmark: _Toc61179556][bookmark: _Toc67916852]9.7.5.3.3	Additional OTA transmitter spurious emissions requirements
[bookmark: _Toc21127695][bookmark: _Toc29811904][bookmark: _Toc36817456][bookmark: _Toc37260378][bookmark: _Toc37267766]These requirements may be applied for the protection of systems operating in frequency ranges other than the BS downlink operating band. The limits may apply as an optional protection of such systems that are deployed in the same geographical area as the BS, 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.
[bookmark: _Toc44712371][bookmark: _Toc45893683]9.7.5.3.3.1	Limits for protection of Earth Exploration Satellite Service
For BS operating in the frequency range 24.25 – 27.5 GHz, the power of any spurious emissions shall not exceed the limits in Table 9.7.5.3.3.1-1.
[bookmark: _Hlk41916699]Table 9.7.5.3.3.1-1: Limits for protection of Earth Exploration Satellite Service
	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 BS brought into use on or before 1 September 2027.
NOTE 2:	This limit applies to BS brought into use after 1 September 2027.



[bookmark: _Toc44712372][bookmark: _Toc45893684][bookmark: _Toc53178398][bookmark: _Toc53178849][bookmark: _Toc61179087][bookmark: _Toc61179557][bookmark: _Toc67916853]9.8	OTA transmitter intermodulation
[bookmark: _Toc21127696][bookmark: _Toc29811905][bookmark: _Toc36817457][bookmark: _Toc37260379][bookmark: _Toc37267767][bookmark: _Toc44712373][bookmark: _Toc45893685][bookmark: _Toc53178399][bookmark: _Toc53178850][bookmark: _Toc61179088][bookmark: _Toc61179558][bookmark: _Toc67916854]9.8.1	General
The OTA transmitter intermodulation requirement is a measure of the capability of the transmitter unit to inhibit the generation of signals in its non-linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter unit via the RDN and antenna array from a co-located base station. The requirement shall apply during the transmitter ON period and the transmitter transient period.
The requirement shall apply at each RIB supporting transmission in the operating band.
The transmitter intermodulation level is the total radiated power of the intermodulation products when an interfering signal is injected into the co-location reference antenna.
The OTA transmitter intermodulation requirement is not applicable for BS type 2-O.
[bookmark: _Toc21127697][bookmark: _Toc29811906][bookmark: _Toc36817458][bookmark: _Toc37260380][bookmark: _Toc37267768][bookmark: _Toc44712374][bookmark: _Toc45893686][bookmark: _Toc53178400][bookmark: _Toc53178851][bookmark: _Toc61179089][bookmark: _Toc61179559][bookmark: _Toc67916855]9.8.2	Minimum requirement for BS type 1-O
For BS type 1-O the transmitter intermodulation level shall not exceed the TRP unwanted emission limits specified for OTA transmitter spurious emission in clause 9.7.5.2 (except clause 9.7.5.2.3 and clause 9.7.5.2.5), OTA operating band unwanted emissions in clause 9.7.4.2 and OTA ACLR in clause 9.7.3.2 in the presence of a wanted signal and an interfering signal, defined in table 9.8.2-1.
The requirement is applicable outside the Base Station RF Bandwidth edges. The interfering signal offset is defined relative to the Base Station RF Bandwidth edges or Radio Bandwidth edges.
For RIBs supporting operation in non-contiguous spectrum, the requirement is also applicable inside a sub-block gap for interfering signal offsets where the interfering signal falls completely within the sub-block gap. The interfering signal offset is defined relative to the sub-block edges.
For RIBs supporting operation in multiple operating bands, the requirement shall apply relative to the Base Station RF Bandwidth edges of each operating band. In case the inter RF Bandwidth gap is less than 3*BWChannel (where BWChannel is the minimal BS channel bandwidth of the band), the requirement in the gap shall apply only for interfering signal offsets where the interfering signal falls completely within the inter RF Bandwidth gap.
Table 9.8.2-1: Interfering and wanted signals for
the OTA transmitter intermodulation requirement
	Parameter
	Value

	Wanted signal
	NR signal or multi-carrier, or multiple intra-band contiguously or non-contiguously aggregated carriers

	Interfering signal type
	NR signal the minimum BS channel bandwidth (BWChannel) with 15 kHz SCS of the band defined in clause 5.3.5

	Interfering signal level
	The interfering signal level is the same power level as the BS (Prated,t,TRP) fed into a co-location reference antenna.

	Interfering signal centre frequency offset from the lower (upper) edge of the wanted signal or edge of sub-block inside a gap
	
, for n=1, 2 and 3

	NOTE 1:	Interfering signal positions that are partially or completely outside of any downlink operating band of the RIB are excluded from the requirement, unless the interfering signal positions fall within the frequency range of adjacent downlink operating bands in the same geographical area. In case that none of the interfering signal positions fall completely within the frequency range of the downlink operating band, TS 38.141-2 [6] provides further guidance regarding appropriate test requirements.
NOTE 2:	In Japan, NOTE 1 is not applied in Band n77, n78, n79.
NOTE 3:	The Prated,t,TRP is split between polarizations at the co-location reference antenna.
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Channel bonding /i(GH?) | fi(GHz) | fi(GH) | fi(GH2)
Two-bonded channel transmission 2100 2160 3.000 4.000
‘Three-bonded channel transmission 3150 3240 4.500 6.000
Four-bonded channel transmission 4.200 4320 6.000 8.000
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Transmit power spectral density mask parameters

Channel bonding fi (GHz) /2 (GHz) f3(GHz)
Two-bonded channel 1.880 2.400 4.000
Three-bonded channel 2.820 3.600 6.000
Four-bonded channel 3.760 4.800 8.000
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image12.png
Frequency Narrow-band case Nurm:}l Wideband case
range ‘ N separation ‘ N
For By < Separation (BN) For By > Separation

9 kHz < f; < 150 kHz 250 Hz 625 Hz 25 10 kHz 1.5 By+ 10 kHz
150 kHz < f;. < 30 MHz 4 kHz 10 kHz 25 100 kHz 1.5 By + 100 kHz
30MHz<f,<1GHz 25kHz 62.5kHz 25 10 MHz 1.5 By + 10 MHz
1GHz < f. <3 GHz 100 kHz 250 kHz 25 50 MHz 1.5 By+ 50 MHz
3 GHz <f, < 10 GHz 100 kHz 250 kHz 25 100 MHz | 1.5 By+ 100 MHz
10 GHz < f. < 15 GHz 300 kHz 750 kHz 25 250 MHz | 1.5 By+ 250 MHz
15 GHz < f; <26 GHz 500 kHz 1.25 MHz 25 500 MHz 1.5 By + 500 MHz
fe>26GHz 1 MHz 2.5 MHz 25 500 MHz 1.5 By + 500 MHz

NOTE 1 —In Table 2, f; is the centre frequency of the emission. If the assigned frequency band of the
emissions extends across two frequency ranges, then the values corresponding to the higher frequency range
may be used for the whole assignment.

NOTE 2 — For situations in which the above guidelines are not applicable, additional guidelines are provided

in§3.

NOTE 3 — Further studics nced to be conducted within the ITU-R to confirm the valucs of frequency

separation in Table 2.
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