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1. Introduction
At the last RAN4 meeting (RAN4#101-E) specific details related to NR BS RF core requirements applicable for the frequency range 52.6 to 71 GHz was extensively discussed. The meeting outcome 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, additional information 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 and annex C [2] with updates to extend NR support up to 71 GHz is provided as an attachment at the end of this 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.

	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 BS type 2-O TDD OFF power level. Re-use BS type 2-O transient period requirement.

	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
	Define new ACLR limit. Re-use FR2 OBUE mask concept. Determine DfOBUE within the range 3000 to 4000 MHz. Re-use FR2 concept for spurious emissions.

	OTA transmitter intermodulation
	9.8
	No impact since this requirement is not applicable for BS type 2-O.



As a continuation on previously presented contributions [9] on the topic BS RF transmitter requirements for the frequency range 52 to 71 GHz, additional information will be provided in following sub-sections.
At the end of this contribution an updated version on draft specification text for clause 9 and annex C is provided for discussion. The draft is based in TS 38.104 version 17.3.0. According to the work split agreed in [15] a draft CR for TS 38.104 section 9.6 to 9.8 is provided in [14]




2.1	BS output power
Based on agreements from previous meetings the RF core requirements related to BS output power: Radiated transmit power (accuracy requirement on EIRP) and OTA base station output power (accuracy requirement on TRP) will be common for FR2.
Based on NR technical information in TR 38.803 [2], technical background information relevant for 52 to 71 GHz in TR 38.808 [3] and parameters used for co-existence simulation campaign, parameter sets for different deployment scenarios (urban, dense urban, and indoor) have been created in Table 2.1-1. 
Table 2.1-1: Deployment scenarios
	Parameter
	Urban
	Dense urban I
	Dense urban II
	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
	8

	N
	32
	16
	16
	4

	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

	Ptx (dBm)
	1.5
	1.5
	1.5
	1.5



It reasonable to assume that a larger antenna is required for urban deployments scenarios compared to the scenario intended for indoor deployment. The peak element gain GE is calculated based on true peak directivity and element loss LE relevant for the frequency range 52 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. 2.1-2)
, where P, M, N, Ptx and LE is given by Table 2.1-3. 
For radiated power considerations peak Equivalent Isotropic Radiated Power (EIRP) is calculated in logarithmical scale calculated as:
 		(Eq. 2.1-3)
, where P, M, N, Ptx, GE and LE is given by Table 2.1-3. 
The power capability is terms of TRP and EIRP relevant for parameter sets listed in Table 2.1-3 for different deployments is listed in Table 2.1-4.
Table 2.1-4: BS output power capability
	Deployment

	Array type
	TRP
(dBm)
	EIRP
(dBm)

	Urban
	1
	32.4
	70.0

	Dense urban I
	2
	26.4
	58.0

	Dense urban II
	3
	23.4
	52.0

	Indoor
	4
	17.4
	40.0



Based on deployment scenario the power capability of the base station will vary as expected. It can be noticed that the TRP capability will vary within the range 17.4 to 32.4 dBm depending on base station type considered for specific deployment situation. The power range needs to be included in the discussion regarding OBUE mask, since rated TRP is an input parameter to the mask, see section 2.2.3.


2.2	Unwanted emissions
Unwanted emission requirements include requirement limits on occupied bandwidth, ACLR, OBUE and spurious emissions. The unwanted emission requirement levels both for in-band emissions and spurious emission for NR in 52.6 to 71 GHz need careful considerations. Power Amplifier (PA) dependencies describing the relation between power, linearity and efficiency has been studied during the Study Item (SI) phase. The technical information captured during the SI phase is captured in TR 38.808 [5]. The feasible Adjacent Channel Leakage Ratio (ACLR) range from a technology capability point of view has been investigated and further elaborated in section 2.2.2. 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 section 2.2.3. 
The objective is to extend NR up to 71 GHz, where in the frequency range 52.6 to 71 GHz both licensed and unlicensed operation should be supported, some differentiation might be needed considering requirement definition, emission mask shapes as well as levels due to higher power foreseen for licensed operation. However, the baseline for requirement derivation should be to find common requirement limits applicable for both licensed and unlicensed operation within the frequency range 52.6 to 71 GHz.
Two bands have been identified as potential candidates to be introduced for the frequency range FR2-2 as listed in Table 2.2-1. 
Table 2.2-1: Band proposals for FR2-2
	NR operating band

	Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive
FUL,low   –  FUL,high
FDL,low   –  FDL,high 
(MHz)

	n263
	57000 to 71000

	n26x
	66000 to 71000



At previous RAN4 meeting it was agreed to define band n263 for unlicensed operation ranging from 57000 to 71000 MHz. In addition, it is essential that the NR specification with extended support up to 71 GHz cater for operation globally for bands in line with local regulation. 
2.2.1	Occupied bandwidth
Occupied bandwidth is a regulatory requirement that is specified for equipment in some regions, such as Japan and the USA. It is originally defined by the ITU-R as a maximum bandwidth, outside of which emissions do not exceed a certain percentage of total emissions. 
For NR operation within FR2-1 a requirement on occupied bandwidth is defined to secure that spectrum regrowth in the transmitter chain is meeting specified limits. The 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 [10]. 
In TS 38.104, the value of /2 shall be taken as 0.5%. The occupied bandwidth for each NR carrier shall be less than the BS channel bandwidth. For intra-band contiguous Carrier Aggregation (CA), the occupied bandwidth shall be less than or equal to the aggregated BS channel bandwidth.
There is a tight relation between the relative ACLR requirement limit and the occupied bandwidth limit of 0.5%. The occupied bandwidth requirement can be recalculated to a minimum ACLR as: 
 dB
If a ACLR of less than 23 dB is defined based on co-existence and technology capability aspects as a requirement limit the occupied bandwidth requirement will drive the design complexity and power efficiency. 
In addition, occupied bandwidth is defined in the Radio Regulation (Article 1.153) [12]. It is stipulated that unless otherwise specified in an ITU-R Recommendation for the appropriate class of emissions, the value of /2 should be taken as 0.5%.
2.2.2	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 approximately -5dB/decade. The PA input was feed with a CP-OFDM modulated signal with 400 MHz carrier bandwidth. Based on this analysis, the important dependencies between output power, linearity and PAE and feasible ACLR values was captured in TR 38.808, subclause 4.2.5.3 [5].
As shown in Figure 2.2.2-1, the achievable output power decreases with increased ACLR. Figure 2.2.2-1 also depicts the relation between ACLR and PAE. 
[image: ] [image: ]
Figure 2.2.2-1: ACLR versus output power (left) and PAE versus ACLR (right)
The curves in Figure 2.2.2-1 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 FR2-1 is defined (maximum carrier bandwidth is set to 2000 MHz), 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 were 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 2.2.2-1.
Table 2.2.2-1: Co-existence results
	Frequency
(GHz)
	UE ACS (dB)
	BS ACLR (dB)

	30
	22.5
	27.5

	45
	21.5
	25.5

	70
	20.5
	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.
Considering some existing emission requirements summarized in Table 2.2.2-2, previous co-existence simulation results in Table 2.2.2-1, the ACLR level in the range of 20 to 25 dB related to the technology capability indicated in Figure 2.2.2-1 and maximum carrier bandwidth support of 2000 MHz, it sems that ACLR level of 21 dB could be a sufficient level for NR in 52.6 to 71 GHz. 

Proposal 1: 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.

In Table 2.2.2-2 and Table 2.2.2-3, ACLR requirement limits for applicable for FR2 is listed, including current FR2-1 limits and limits required for FR2-2. The FR2-2 absolute ACLR limits require a new row to account for carrier bandwidth support specific for FR2-2. 
Table 2.2.2-2: FR2 ACLR limits
	Frequency
(GHz)
	BWChannel 
(MHz)
	ACLR limit
(dB)

	24.25 – 33.4
	50, 100, 200, 400
	28

	37 – 52.6
	50, 100, 200, 400
	26

	52.6 – 71.0
	100, 400, 800, 1600, 2000
	21



In Table 2.2.2-3, the absolute limits are captured. The absolute limits for FR2 are differentiated by BS class. 
Table 2.2.2-3: FR2 ACLR absolute limit
	BS class
	ACLR absolute limit
(dBm/MHz)

	Wide area BS
	-13

	Medium range BS
	-20

	Local area BS
	-20



In addition, he NR specification have requirements for non-contiguous spectrum allocation scenarios. To account for the ACLR limit for FR2-2 a new table entry is added together with supported carrier bandwidths. 

Proposal 2: For ACLR, add new table entries for new carrier bandwidths, ACLR limit and FR applicability note in TS 38.104, Table 9.7.3.3-1.

2.2.3 	OBUE
The OBUE requirement limits define all unwanted emissions in the downlink operating band plus the frequency ranges DfOBUE MHz above and DfOBUE MHz below the band. Unwanted emissions outside of this frequency range are limited by a spurious emissions requirement.
For FR2-2 NR will support the following carrier bandwidths: 100 MHz, 400 MHz, 800 MHz, 1600 MHz and 2000 MHz. The carrier bandwidth in combination with considered array size will have impact on the power capability in terms on TRP Power Spectral density (PSD) and EIRP PSD. 
In section 2.1, some relevant array sizes have been summarized in Table 2.1-1. The TRP PSD and EIRP PSD in dBm/MHz for considered array configurations is listed for 100 MHz, 400 MHz and 2000 MHZ carrier bandwidths in Table 2.2.3-1.
Table 2.2.3-1: Wanted signal PSD levels
	Array type
	Array size
	TRP
(dBm)
	EIRP
(dBm)
	Carrier 
bandwidth
(MHz)
	TRP PSD
(dBm/MHz)
	EIRP PSD
(dBm/MHz)

	1
	32x32
	32.4
	70.0
	100
	12.4
	50.0

	2
	16x16
	26.4
	58.0
	100
	6.4
	38.0

	3
	8x16
	23.4
	52.0
	100
	3.4
	32.0

	4
	4x8
	17.4
	40.0
	100
	-2.6
	20.0

	1
	32x32
	32.4
	70.0
	400
	6.4
	44.0

	2
	16x16
	26.4
	58.0
	400
	0.4
	32.0

	3
	8x16
	23.4
	52.0
	400
	-2.6
	26.0

	4
	4x8
	17.4
	40.0
	400
	-8.6
	14.0

	1
	32x32
	32.4
	70.0
	2000
	-0.6
	37.9

	2
	16x16
	26.4
	58.0
	2000
	-6.6
	25.0

	3
	8x16
	23.4
	52.0
	2000
	-9.6
	19.0

	4
	4x8
	17.4
	40.0
	2000
	-15.6
	7.0



It can be noticed that the carrier TRP PSD level is varying within the range 12.4 to -15.6 dBm depending on the size of the array antenna. Also, 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 4 and carrier bandwidth of 2000 MHz, the power spectral density of wanted signal is below the general 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 2.2.3-2.
Table 2.2.3-2: Expected emission PSD levels for licensed operation
	Array type
	Array size
	TRP
(dBm)
	Carrier 
bandwidth
(MHz)
	TRP PSD
(dBm/MHz)
	Adjacent channel 
TRP PSD 
(dBm/MHz)

	1
	32x32
	32.4
	100
	12.4
	-8.6

	2
	16x16
	26.4
	100
	6.4
	-14.6

	3
	8x16
	23.4
	100
	3.4
	-17.6

	4
	4x8
	17.4
	100
	-2.6
	-23.6

	1
	32x32
	32.4
	400
	6.4
	-14.6

	2
	16x16
	26.4
	400
	0.4
	-20.6

	3
	8x16
	23.4
	400
	-2.6
	-23.6

	4
	4x8
	17.4
	400
	-8.6
	-29.6

	1
	32x32
	32.4
	2000
	-0.6
	-21.6

	2
	16x16
	26.4
	2000
	-6.6
	-27.6

	3
	8x16
	23.4
	2000
	-9.6
	-30.6

	4
	4x8
	17.4
	2000
	-15.6
	-36.6



Thus, with an ACLR of 21 dB, the in-band adjacent emissions will in many cases be lower than Category A spurious emission limit of -13 dBm/MHz and also in few cases lower than the Category B spurious emission limit of -30 dBm/MHz which is the strictest regulatory limit.
To get a complete picture of what emission masks that is available for the relevant spectrum between 52.6 to 71 GHz, a brief summary of some of the existing masks is presented in this contribution. 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 2.2.3-1, 2.2.3-2 and 2.2.3-3.
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Figure 2.2.3-1: ITU-R recommended mask for single carrier case
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Figure 2.2.3-2: ITU-R recommended mask for channel bonding (aggregated carriers) cases for up to 4 carriers
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Figure 2.2.3-3: 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 2.2.3-4, 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 2.2.3-4: 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 spurious emission requirements seem to be the same.
At previous RAN4 meeting it was agreed to re-use requirement concept for OBUE used for FR2-1. Details related to parameters such as DfOBUE requires further considerations to account for larger carrier bandwidths, etc. From the discussions last meeting a range 3000 to 4000 MHz for selection of single value of DfOBUE was tentatively agreed. 
However, some configurations, 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 approximately 5 times the RF bandwidth (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 2.2.1-1.
ETSI BRAN has decided a slightly different emission mask requirements for c2 as in Figure 2.2.3-5 which captures the concerns expressed above.
[image: ]
Figure 2.2.3-5: ETSI BRAN Transmit emission mask for c2
Since this mask is relative to carrier power PSD it would mean that ACLR can be slightly lower than 22 dB to safely meet the emission mask. Also, the ETSI mask suggest setting DfOBUE to maximum 4000 MHz.
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. By selection proper values on DfOBUE and ACLR is seems that the ETSI BRAN c2 mask can be met using the FR2 OBUE mask concept. At last, RAN4 it was agreed to pursue the development of FR2-2 mask for OBUE based on FR2-1 mask concept.
In relation to OBUE requirements, due to large band and carrier bandwidth size, limitation in linearization and filtering for frequency ranges between 52.6 to 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 supported carrier bandwidth for bands operating in 52.6 to 71 GHz. To account for IM products due to larger carrier bandwidth (IM3 and IM5 to some degree) and filter technologies relevant for this frequency range it is proposed to set DfOBUE to 3000 MHz. To account for differentiated DfOBUE within FR2 a new table row is added, as showed in Table 2.2.3-3.
Table 2.2.3-3: Maximum offset ΔfOBUE outside the downlink operating band
	BS type
	Operating band characteristics
(MHz)
	ΔfOBUE 
(MHz)

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

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

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

	
	FDL,high – FDL,low > 4000
	3000



Proposal 3: For unwanted emission set DfOBUE to 3000 MHz.





For NR FR2-1, the OBUE requirement is split between Category A and Category B limits and for two sub-ranges 24.25 to 33.4 GHz and 37 to 52.6 GHz as described in Table 2.2.3-4, 2.2.3-5, 2.2.3-6 and 2.2.3-7.
Table 2.2.3-4: Category A OBUE limits applicable in the frequency range 24.25 – 33.4 GHz
	Frequency offset of measurement filter
 -3 dB point, f 
(MHz)
	Frequency offset of measurement filter centre frequency, f_offset
(MHz)
	Limit
(dBm)
	Measurement bandwidth
(MHz)

	0  f < 0.1*BWcontiguous
	0.5   f_offset < 0.1* BWcontiguous +0.5 
	Min(-5, Max(Prated,t,TRP – 35, -12))
	1

	0.1*BWcontiguous  f < fmax
	0.1* BWcontiguous +0.5   f_offset < f_ offsetmax
	Min(-13, Max(Prated,t,TRP – 43, -20))
	1



Table 2.2.3-5: Category A OBUE limits applicable in the frequency range 37 – 52.6 GHz
	Frequency offset 
of measurement filter
 -3 dB point, f 
(MHz)
	Frequency offset of measurement filter centre frequency, f_offset
(MHz)
	Limit
(dBm)
	Measurement bandwidth
(MHz)

	0  f < 0.1*BWcontiguous
	0.5  f_offset < 0.1* BWcontiguous +0.5
	Min(-5, Max(Prated,t,TRP – 33, -12))
	1

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



Table 2.2.3-6: Category B OBUE limits applicable in the frequency range 24.25 – 33.4 GHz
	Frequency offset of measurement filter 
-3 dB point, f 
(MHz)
	Frequency offset of measurement filter centre frequency, f_offset
(MHz)
	Limit
(dBm)
	Measurement bandwidth
(MHz)

	0  f < 0.1*BWcontiguous
	0.5  f_offset < 0.1* BWcontiguous +0.5
	Min(-5, Max(Prated,t,TRP – 35, -12))
	1

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

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



Table 2.2.3-7: Category B OBUE limits applicable in the frequency range 37 – 52.6 GHz
	Frequency offset of measurement filter 
-3 dB point,  f
(MHz)
	Frequency offset of measurement filter centre frequency, f_offset
(MHz)
	Limit
(dBm)
	Measurement bandwidth
(MHz)

	0  f < 0.1*BWcontiguous
	0.5  f_offset < 0.1* BWcontiguous +0.5
	Min(-5, Max(Prated,t,TRP – 33, -12))
	1

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

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



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.
For FR2-1 Category B limits, fB = 2*BWcontiguous when BWcontiguous ≤ 500 MHz, otherwise fB = BWcontiguous + 500 MHz.
It can be noticed for FR2-1 requirements that limits have been defined separately for the sub-range 24.25 to 33.4 GHz and the sub-range 37 to 52.6 GHz, with a difference in 2 dB for the break-off point in the masks (30 dB and 28 dB respectively) due to the 2 dB difference in ACLR. 
In FR2-2 for 52.6 to 71 GHz, the ACLR is proposed to be 21 dB, which is 7 dB below the ACLR for 24.25 to 33.4 GHz. Since mask levels are independent of Tx bandwidth, the resulting ACLR will however also depend on the bandwidth. The minimum bandwidth of 100 MHz is twice the minimum bandwidth of 50 MHz for 24.25 to 33.4 GHz, giving 3 dB higher adjacent channel emissions at a certain mask level. To reach the same ACLR relation as for 24.25 to 33.4 GHz, the mask break-off point should therefore be 4 dB below the break-off point for the 24.25 to 33.4 GHz mask, i.e., 26 dB.
The regional emission requirements for any specific regions are mandatory to fulfil to introduce 3GPP BS for any particular region. Considering various and completely different regional requirements for unlicensed operation emission masks described above where in some cases the emission mask requirement depends on the number of carriers, it is important to define 3GPP OBUE requirements based on existing OBUE approach which can cater for licensed operation and thus we would propose the FR2-1 OBUE approach with adaptations relevant for 52.6 to 71 GHz frequency range. Later if needed, multiple emission masks can possibly be added as regional requirements.
Thus, the principle used for FR2-1 should be adopted for FR2-2 OBUE requirement limits. In Table 2.2.3-8 and Table 2.2.3-9, requirement limits applicable for FR2-2 is described. The limits have been created to account for larger carrier bandwidth following the concept that have been adopted by NR. The mask break-off point in the tables is provisionally proposed to be 26 dB. The changes required to construct the mask for FR2-2 compared to FR2-1 is highlighted in red.
Table 2.2.3-8: Category A OBUE limits applicable in the frequency range 52.6 – 71 GHz
	Frequency offset of measurement filter
 -3 dB point, f 
(MHz)
	Frequency offset of measurement filter centre frequency, f_offset
(MHz)
	Limit
(dBm)
	Measurement bandwidth
(MHz)

	0  f < 0.1*BWcontiguous
	0.5  f_offset < 0.1* BWcontiguous +0.5
	Min(-5, Max(Prated,t,TRP – 31, -12))
	1

	0.1*BWcontiguous  f < fmax
	0.1* BWcontiguous +0.5  f_offset < f_ offsetmax
	Min(-13, Max(Prated,t,TRP – 39, -20))
	1



Table 2.2.3-9: Category B OBUE limits applicable in the frequency range 52.6 – 71 GHz
	Frequency offset of measurement filter 
-3 dB point, f
(MHz)
	Frequency offset of measurement filter centre frequency, f_offset
(MHz)
	Limit
(dBm)
	Measurement bandwidth
(MHz)

	0  f < 0.1*BWcontiguous
	0.5  f_offset < 0.1* BWcontiguous +0.5
	Min(-5, Max(Prated,t,TRP – 31, -12))
	1

	0.1*BWcontiguous  f < fB
	0.1* BWcontiguous +0.5  f_offset < fB +0.5
	Min(-13, Max(Prated,t,TRP – 39, -20))
	1

	fB  f < fmax
	fB +5   f_offset < f_ offsetmax
	Min(-5, Max(Prated,t,TRP – 29, -10))
	10



For FR2-1 Category B limits in Table 2.2.3-6 and 2.2.3-7, fB = 2*BWcontiguous when BWcontiguous ≤ 500 MHz, otherwise fB = BWcontiguous + 500 MHz. 
Comparing the ETSI BRAN c2 emission mask with proposed FR2-2 OBUE mask in Table 2.2.3-8 and Table 2.2.3-9 and DfOBUE equal to 3000 MHz it can be concluded that meeting ACLR of 21 dB will guarantee that ETSI BRAN mask is fulfilled.
In Figure 2.2.3-6, OBUE mask is compared with ACLR and ETSI BRAN c2 mask for BS TRP power 32.4 dBm and 100 MHz, 400 MHz and 2000 MHz carrier bandwidths. 
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Figure 2.2.3-6: OBUE mask for different carrier configurations
For the case where the BS output power of 32.4 dBm and carrier bandwidth of 100 MHz is considered, the OBUE mask is the strictest level as expected. 
For the case where the BS output power of 17.4 dBm TRP is considered, the ACLR requirement is always the strictest requirement as indicated in Table 2.2.3-2. 
Proposal 4: For OBUE define requirement limits for Category A according to Table 2.2.3-8.
Proposal 5: For OBUE define requirement limits for Category B according to Table 2.2.3-9.
2.2.4	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. 
For Category A spurious emission requirements, it seems that the extension to 71 GHz have not impact. The NR FR2 Category A limits are listed in Table 2.2.4-1.
Table 2.2.4-1: BS radiated Tx spurious emission limits in FR2 (Category A)
	Frequency range
	Limit
(dBm)
	Measurement Bandwidth
(MHz)

	30 MHz – 1 GHz
	
	0.1

	1 GHz – 2nd harmonic of the upper frequency edge of the DL operating band
	-13
	1.0



For Category B spurious emission requirement limits depends on the size of the operating band and DfOBUE, as described for NR in TR 38.817-02 [4]. The NR FR2 Category B limits are listed in Table 2.2.4-2. 
Table 2.2.4-2: BS radiated Tx spurious emission limits in FR2 (Category B)
	Frequency range 

	Limit
(dBm)
	Measurement Bandwidth
(MHz)

	30 MHz    1 GHz
	-36
	0.10

	1 GHz    18 GHz
	-30
	1.0

	18 GHz    Fstep,1
	-20
	10.0

	Fstep,1    Fstep,2
	-15
	10.0

	Fstep,2    Fstep,3  
	-10
	10.0

	Fstep,4    Fstep,5
	-10
	10.0

	Fstep,5    Fstep,6
	-15
	10.0

	Fstep,6    2nd harmonic of the upper frequency edge of the DL operating band
	-20
	10.0



For Category B limits new values on the parameter Fstep,x is required.  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 2.2.4-3.
It should be noted that the upper frequency ranges for testing should be discussed further during conformance work due to limitation in test system dynamic range and test equipment.  
Table 2.2.4-3: Guideline values for frequency separation between the centre frequency and the boundary of the spurious domain
[image: ]
The corresponding adjustments for step frequencies (Fstep,x) considering the new proposed values for ΔfOBUE is proposed in Table 2.2.4-2 for newly introduced band (n263) for unlicensed operation and potential future band for licensed operation.
Table 2.2.4-4: Step frequencies for defining the BS radiated transmitter spurious emission limits in FR2 (Category B)
	Operating band
	Fstep,1
(GHz)
	Fstep,2
(GHz)
	Fstep,3
(GHz) 
	Fstep,4
(GHz) 
	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

	n26x 
(licensed operation)
	46
	61
	63
	74
	76
	91

	n263
	18
	43
	54
	74
	84
	127



For FR-2, the parameter values related to Fstep,X are based on input from ERC Recommendation 74-01 [19], Annex 2. The values for Fstep,3 and Fstep,4 is 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 6: For spurious emission, re-use FR2 Category A requirement limits.
Proposal 7: For spurious emission, adopt Fstep,X values as listed for band n263 in Table 2.2.4-4 for Category B requirement limits. 
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.
It should be noted that the upper frequency ranges for testing should be discussed further during conformance work due to limitation in test system dynamic range and test equipment.  

2.3	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:
	
…
Agree same TAE applies for 120 kHz SCS in FR2-2 as in FR2-1. Agree that only highest supported SCS is tested. For MIMO case: “Scale the value under 120kHz for larger SCS cases” as starting point. For CA cases: FFS.
…




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
RAN1 has already concluded that all MIMO signals shall fall within CP in [17]. In order to dimension TAE for MIMO in FR2-2 we have to fulfil:
CP > TAE + TChannel + MRTD		(Eq. 2.4.1-1)
Where:
· CP:  Cyclic Prefix. 
· TAE: Time Alignment Error
· TChannel: Radio channel dispersion

For SCS = 480 kHz and SCS = 960 kHz we have CP = 144*Ts/32 ≈ 146 ns and CP = 144*Ts/64 ≈ 73 ns. The radio channel dispersion is discussed in [5] and in [19], where channel dispersion of 30 to 40 ns is discussed. In LS out from RAN to ITU we can assume MRTD = 0 ns, since we assume colocation. If we add the figures into equation 2.4.1-1, we get, for SCS = 960 kHz:
73 ns > TAE + 40 ns + 0 ns  TAE < 33 ns.
Observation 1: TAE < 33 ns for SCS = 960 kHz, based on theoretical analysis.
If we assume that MIMI TAE = 32 ns for SCS = 960 kHz then we can apply the scaling assumption from WF [1] and we get TAE = 65 ns for SCS = 480 kHz.
In order to further analyse the information in observation 1 then we can resort to simulations. We have used the simulation assumptions in [20]:
Table 2.4.1-1: Simulation assumptions for MIMO TAE
	Parameter
	Values or assumptions

	Carrier Frequency
	60GHz

	Waveform
	CP-OFDM

	System Bandwidth
	400 MHz

	PN model
	3GPP TR38.803 example 2

	DMRS Configuration
	2 DMRS symbols per slot at (2,11)

	PTRS Configuration:
	(K = 2, L = 1)

	PN Compensation
	CPE & ICI

	BS antenna Array configuration:
	2

	UE antenna Array configuration:
	2



The results can be found below:
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Figure 2.4.1-1: BLER results for MIMO TAE
It is obvious that we get some performance loss for TAE = 65 ns for TDL-A 5 ns channel, since last tap of channel is located at 48 ns so we get a total delay of 58 + 65 ns = 113 ns > CP = 73 ns @ SCS = 960 kHz.
Observation 2: Simulations show good performance for TAE = 65 ns @ SCS = 480 kHz and TAE = 32.5 ns @ SCS = 960 kHz.
Proposal 8: MIMO TAE = 32.5 ns for SCS = 960 kHz and TAE = 65 ns for SCS = 480 kHz.
2.4.2	CA TAE
2.4.2.1	Intra Band contiguous Carrier aggregation
For contiguous intra band CA we presuppose a common FFT. This means that all CC have to fall within CP. In current specification we the maximum SCS = 120 kHz and CP = 585 ns. This corresponds to 130/585 ≈ 22 %. However, in TR 38.808 [5] we get a range of 30 – 40 ns of delay spread. Since we have the same common FFT assumption as for MIMO in section 2.4.1 we can reuse analysis. If we assume this for SCS = 960 kHz and CP = 73 ns, then we can use a TAE = 73 – 40 ns = 33 ns. For SCS = 480 kHz we have CP = 147 ns and we can reuse existing TAE = 65 ns, for MIMO.
Proposal 9: For CA set TAE = 65 ns for SCS = 480 kHz and TAE = 32.5 ns for SCS = 960 kHz.
2.4.2.2	Non-contiguous Intra Band Carrier aggregation
A reasonable reference architecture for Non-contiguous Intra Band Carrier aggregation can be found in Figure 2.4.2.2-1. As can be seen in the figure the DL RX channels are independent.


Figure 2.4.2.2-1 Non-Contiguous CA [13]
Proposal 10: A reference architecture for Non-contiguous Intra Band Carrier aggregation, is a UE with separate receivers for each component carrier.
Given proposal 10 we can reuse the existing requirement TAE = 260 ns.
Proposal 11: TAE = 260 ns for non-contiguous carrier aggregation.
2.4.2.3	Inter Band Carrier aggregation
Proposal 12: TAE = 3 µs for inter-band CA. 

2.5	Output power dynamics
As part of output power dynamics requirements, minimum requirements for total power dynamic range are defined for NR FR2. The total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition. In Table 2.5-1, the requirement limits for FR2-1 are listed as background. 
Table 2.5-1: Minimum requirement applicable for FR2-1
	SCS
(kHz)
	OTA total power dynamic range 
(dB)

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	60
	18.1
	21.2
	24.2
	N/A

	120
	15.0
	18.1
	21.2
	24.2



Considering carrier bandwidth support and SCS support applicable for FR2-2, additional requirement limits for output power dynamics is required. In Table 2.5-2, a new additional table to capture support relevant for FR2-2 is created. 
Table 2.5-2: Minimum requirement applicable for FR2-2
	SCS
(kHz)
	OTA total power dynamic range 
(dB)

	
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	120
	18.1
	24.2
	N/A
	N/A
	N/A

	480
	N/A
	FFS
	FFS
	FFS
	N/A

	960
	N/A
	FFS
	FFS
	FFS
	FFS



The limits are still FFS, since the NRB allocation per carrier bandwidth and SCS is still for discussion. When the allocation is decided the requirement limits can be determined. 
In the specification the requirement limits can be merged into one common table or separate tables per FR2 sub-range as exemplified in attached annex.
2.6	EVM
For NR 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).
During the SI phase, up-to-date phase noise characteristics and parameterized models were presented and documented in TR 38.808, subclause 4.2.3 [5]. During the link evaluation analysis to decide on numerology, modulation schemes up to 64QAM were investigated. 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 in the range of 20 to 25 dB for NR operation within the frequency range 52.6 to 71 GHz (see section 2.2.2). 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 approximately 35 dB resulting in extreme power in-efficiency for the PA and should be avoided.
The highest supported modulation scheme sets a requirement on the implementation to provide a minimum signal SNR for the transmitted signal.
The transmitted signal SNR is calculated in logarithmical scale from EVM in % as:

The highest modulation order for FR2-2 is 64QAM with a minimum EVM of 8 %, which corresponds to a transmitter signal SNR of 21.9 dB. Typically, for base station transmitter implementations, the SNR achieved for the wanted signal is related but not equal to the expected unwanted emission relative ACLR. 
At previous RAN4 meeting it was agreed to re-use FR2-1 support for modulation schemes up to 64QAM. As a result, the specified support will differ between FR2-1 and FR2-2. In Table 2.6-1, EVM limits for supported PDSCH modulation schemes within FR2 are listed.
Table 2.6-1: EVM requirements applicable for FR2
	Applicability
	Modulation scheme for PDSCH
	Required EVM 
(%)

	FR2-1, FR2-2
	QPSK
	17.5 

	FR2-1, FR2-2
	16QAM
	12.5 

	FR2-1, FR2-2
	64QAM
	8.0 

	FR2-1
	256QAM
	3.5



Since the applicability with FR2 will be different for FR2-1 and FR2-2, the table in the specification needs to be updated to describe the differences as visualized in Table 2.1-1.
At last, RAN4, it was agreed to evaluate the possibility to set the EVM window length to 50% for normal CP length. For the case with 120 kHz SCS, parameters FR2 can be adopted, hence, 50% window length can be used as indicated in Table 2.6-2. For 480 kHz and 960 kHz SCS, further discussions are required as analysis has not been performed for the subcarrier spacings 480 kHz and 960 kHz in FR2-1 discussions and hence new tables required for FR2-2 in Table 2.6-3 and Table 2.6-4.  Additionally, as FFT size in the tables have been added based upon agreements where 4096 shall be the largest FFT size considering for FR2-2 channel bandwidths.  
[bookmark: _Hlk90295831]Table 2.6-2: EVM window length for normal CP, FR2, 120 kHz SCS
	Channel 
bandwidth
(MHz)
	FFT size
	CP length in 
FFT samples
	EVM window 
length W
	Ratio of W to total 
CP length
(%)

	50
	512
	36
	18
	50

	100
	1024
	72
	36
	50

	200
	2048
	144
	72
	50

	400
	4096
	288
	144
	50



[bookmark: _Hlk90298617]Table 2.6-3: EVM window length for normal CP, FR2-2, 480 kHz SCS
	Channel 
bandwidth
(MHz)
	FFT size
	CP length in 
FFT samples
	EVM window 
length W
	Ratio of W to total 
CP length
(%)

	400
	4096
	72
	FFS
	FFS

	800
	4096
	144
	FFS
	FFS

	1600
	4096
	288
	FFS
	FFS



Table 2.6-4: EVM window length for normal CP, FR2-2, 960 kHz SCS
	Channel 
bandwidth
(MHz)
	FFT size
	CP length in 
FFT samples
	EVM window 
length W
	Ratio of W to total 
CP length
(%)

	400
	4096
	36
	FFS
	FFS

	800
	4096
	72
	FFS
	FFS

	1600
	4096
	144
	FFS
	FFS

	2000
	4096
	180
	FFS
	FFS



Proposal 13: For EVM, add new tables with information only agreed values and remaining FFS 480 kHz and 960 kHz as described in Table 2.6-3 and Table 2.6-4.
It has been previously discussed during the NR Rel-15 work the relationship between CP length and EVM window length requirements. As compared to NR FR1 and FR2-1 to the FR2-2 the channel bandwidths are larger and thus it may lead to consider larger filter implementation needed to meet the spectrum confinement requirements. Previously as an example it was used as an approximation for 100 MHz with 15 kHz subcarrier spacing was 200 taps. Reserving this portion of the CP for the filter impulse response that would lead to approximately 60% of the CP leaving the left over 40% for the EVM window. The filter length has more considerations than simply the channel bandwidth, but also the emissions level but also the spectrum utilization. As the EVM window calculation depends upon the CP length (variable upon subcarrier spacing), FFT size and also the spectrum utilization it is therefore suggested to keep the ratio of window length to the total CP length for further study until system parameters of spectrum utilization has been concluded.  

3. 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. Additional information for specific requirements has been provided. 
In this contribution we made the following observations:
Observation 1: TAE < 33 ns for SCS = 960 kHz, based on theoretical analysis.
Observation 2: Simulations show good performance for TAE = 65 ns @ SCS = 480 kHz and TAE = 32.5 ns @ SCS = 960 kHz.
Based on the technical analysis provided in this contribution following proposals are presented for approval:
Proposal 1: 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 2: For ACLR, add new table entries for new carrier bandwidths, ACLR limit and FR applicability note in TS 38.104, Table 9.7.3.3-1.
Proposal 3: For unwanted emission set DfOBUE to 3000 MHz.
Proposal 4: For OBUE define requirement limits for Category A according to Table 2.2.3-8.
Proposal 5: For OBUE define requirement limits for Category B according to Table 2.2.3-9.
Proposal 6: For spurious emission, re-use FR2 Category A requirement limits.
Proposal 7: For spurious emission, adopt Fstep,X values as listed for band n263 in Table 2.2.4-4 for Category B requirement limits. 
Proposal 8: MIMO TAE = 32.5 ns for SCS = 960 kHz and TAE = 65 ns for SCS = 480 kHz.
Proposal 9: For CA set TAE = 65 ns for SCS = 480 kHz and TAE = 32.5 ns for SCS = 960 kHz.
Proposal 10: A reference architecture for Non-contiguous Intra Band Carrier aggregation, is a UE with separate receivers for each component carrier.
Proposal 11: TAE = 260 ns for non-contiguous carrier aggregation.
Proposal 12: TAE = 3 µs for inter-band CA. 
Proposal 13: For EVM, add new tables with information only agreed values and remaining FFS 480 kHz and 960 kHz as described in Table 2.6-3 and Table 2.6-4.
At the end of this contribution draft specification text relevant for TS 38.104, subclause 9 and annex C 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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DRAFT to Clause 9:
[bookmark: _Toc21127617][bookmark: _Toc29811826][bookmark: _Toc36817378][bookmark: _Toc37260300][bookmark: _Toc37267688][bookmark: _Toc44712291][bookmark: _Toc45893604][bookmark: _Toc53178324][bookmark: _Toc53178775][bookmark: _Toc61179013][bookmark: _Toc61179483][bookmark: _Toc67916779][bookmark: _Toc74663400][bookmark: _Toc82621941]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][bookmark: _Toc74663401][bookmark: _Toc82621942]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][bookmark: _Toc74663402][bookmark: _Toc82621943]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][bookmark: _Toc74663403][bookmark: _Toc82621944]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][bookmark: _Toc74663404][bookmark: _Toc82621945]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][bookmark: _Toc74663405][bookmark: _Toc82621946]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][bookmark: _Toc74663406][bookmark: _Toc82621947]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][bookmark: _Toc74663407][bookmark: _Toc82621948]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][bookmark: _Toc74663408][bookmark: _Toc82621949]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][bookmark: _Toc74663409][bookmark: _Toc82621950]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][bookmark: _Toc74663410][bookmark: _Toc82621951]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: _Toc74663411][bookmark: _Toc82621952][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: _Toc74663412][bookmark: _Toc82621953][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][bookmark: _Toc74663413][bookmark: _Toc82621954]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][bookmark: _Toc74663414][bookmark: _Toc82621955]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][bookmark: _Toc74663415][bookmark: _Toc82621956]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][bookmark: _Toc74663416][bookmark: _Toc82621957]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][bookmark: _Toc74663417][bookmark: _Toc82621958]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][bookmark: _Toc74663418][bookmark: _Toc82621959]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][bookmark: _Toc74663419][bookmark: _Toc82621960]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 FR2-1BS type 2-O total power dynamic range
	SCS
	OTA total power dynamic range (dB)

	(kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	60
	18.1
	21.2
	24.2
	N/A

	120
	15.0
	18.1
	21.2
	24.2



Table 9.4.3.3-2: Minimum requirement for FR2-2 total power dynamic range
	SCS
	OTA total power dynamic range (dB)

	(kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	120
	21.2
	24.2
	N/A
	N/A
	N/A

	480
	N/A
	FFS
	FFS
	FFS
	N/A

	960
	N/A
	FFS
	FFS
	FFS
	FFS



[bookmark: _Toc21127637][bookmark: _Toc29811846][bookmark: _Toc36817398][bookmark: _Toc37260320][bookmark: _Toc37267708][bookmark: _Toc44712311][bookmark: _Toc45893624][bookmark: _Toc53178344][bookmark: _Toc53178795][bookmark: _Toc61179033][bookmark: _Toc61179503][bookmark: _Toc67916799][bookmark: _Toc74663420][bookmark: _Toc82621961]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][bookmark: _Toc74663421][bookmark: _Toc82621962]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][bookmark: _Toc74663422][bookmark: _Toc82621963]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][bookmark: _Toc74663423][bookmark: _Toc82621964]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][bookmark: _Toc74663424][bookmark: _Toc82621965]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][bookmark: _Toc74663425][bookmark: _Toc82621966]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][bookmark: _Toc74663426][bookmark: _Toc82621967]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][bookmark: _Toc74663427][bookmark: _Toc82621968]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][bookmark: _Toc74663428][bookmark: _Toc82621969]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][bookmark: _Toc74663429][bookmark: _Toc82621970]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
	Transition
	Transient period length (µs)

	OFF to ON
	3

	ON to OFF
	3 



[bookmark: _Toc21127647][bookmark: _Toc29811856][bookmark: _Toc36817408][bookmark: _Toc37260330][bookmark: _Toc37267718][bookmark: _Toc44712321][bookmark: _Toc45893634][bookmark: _Toc53178354][bookmark: _Toc53178805][bookmark: _Toc61179043][bookmark: _Toc61179513][bookmark: _Toc67916809][bookmark: _Toc74663430][bookmark: _Toc82621971]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][bookmark: _Toc74663431][bookmark: _Toc82621972]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][bookmark: _Toc74663432][bookmark: _Toc82621973]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][bookmark: _Toc74663433][bookmark: _Toc82621974]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][bookmark: _Toc74663434][bookmark: _Toc82621975]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][bookmark: _Toc74663435][bookmark: _Toc82621976]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][bookmark: _Toc74663436][bookmark: _Toc82621977]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][bookmark: _Toc74663437][bookmark: _Toc82621978]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: _Toc74663438][bookmark: _Toc82621979][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
	Applicability
	Modulation scheme for PDSCH
	Required EVM (%)

	FR2
	QPSK
	17.5 

	FR2
	16QAM
	12.5 

	FR2
	64QAM
	8 

	FR2-1
	256QAM
	3.5



[bookmark: _Toc21127656][bookmark: _Toc29811865][bookmark: _Toc36817417][bookmark: _Toc37260339][bookmark: _Toc37267727][bookmark: _Toc44712330][bookmark: _Toc45893643][bookmark: _Toc53178363][bookmark: _Toc53178814][bookmark: _Toc61179052][bookmark: _Toc61179522][bookmark: _Toc67916818][bookmark: _Toc74663439][bookmark: _Toc82621980]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][bookmark: _Toc74663440][bookmark: _Toc82621981]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][bookmark: _Toc74663441][bookmark: _Toc82621982]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][bookmark: _Toc74663442][bookmark: _Toc82621983]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][bookmark: _Toc74663443][bookmark: _Toc82621984]9.6.3.3	Minimum requirement for BS type 2-O
The minimum requirement for TAE is given in Table 9.6.3.3-4.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.
Table 9.6.3.3-1: Void
Table 9.6.3.3-2: Void
Table 9.6.3.3-3: Void
Table 9.6.3.3-4: TAE requirements for BS type 2-O 
	
Requirement
	TAE

	
	120 kHz SCS 
(ns)
	480 kHz SCS
(ns)

	960 kHz SCS
(ns)

	MIMO transmission
	65
	65
	32.5

	intra-band contiguous carrier aggregation, with or without MIMO
	130
	65
	32.5

	intra-band non-contiguous carrier aggregation, with or without MIMO
	260
	260
	260

	inter-band carrier aggregation, with or without MIMO
	3000
	3000
	3000



[bookmark: _Toc21127661][bookmark: _Toc29811870][bookmark: _Toc36817422][bookmark: _Toc37260344][bookmark: _Toc37267732][bookmark: _Toc44712335][bookmark: _Toc45893648][bookmark: _Toc53178368][bookmark: _Toc53178819][bookmark: _Toc61179057][bookmark: _Toc61179527][bookmark: _Toc67916823][bookmark: _Toc74663444][bookmark: _Toc82621985]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][bookmark: _Toc74663445][bookmark: _Toc82621986]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][bookmark: _Toc74663446][bookmark: _Toc82621987]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][bookmark: _Toc74663447][bookmark: _Toc82621988]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 b/2 of the total mean transmitted power. See also recommendation ITU-R SM.328 [3].
The value of b/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][bookmark: _Toc74663448][bookmark: _Toc82621989]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][bookmark: _Toc74663449][bookmark: _Toc82621990]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][bookmark: _Toc74663450][bookmark: _Toc82621991]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][bookmark: _Toc74663451][bookmark: _Toc82621992]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][bookmark: _Toc74663452][bookmark: _Toc82621993]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, 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)



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)

	FFS
	FFS
	FFS
	FFS
	Square (BWConfig)
	[21] (Note 7)

	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 (FR2-1).
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz (FR2-1).
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.
NOTE 7:   Applicable to bands defined within the frequency spectrum range of 52.6 – 71 GHz (FR2-2).



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)

	FFS
	FFS
	FFS
	FFS
	Square (BWConfig)
	[21] (Note 7)

	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 (FR2-1).
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz (FR2-1).
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.
NOTE 7:   Applicable to bands defined within the frequency spectrum range of 52.6 – 71 GHz (FR2-2).



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: _Toc82621994][bookmark: _Toc74663453][bookmark: _Toc67916832][bookmark: _Toc61179536][bookmark: _Toc61179066][bookmark: _Toc53178828][bookmark: _Toc53178377][bookmark: _Toc45893657][bookmark: _Toc44712344][bookmark: _Toc37267741][bookmark: _Toc37260353][bookmark: _Toc36817431][bookmark: _Toc29811879][bookmark: _Toc21127670][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][bookmark: _Toc74663454][bookmark: _Toc82621995]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][bookmark: _Toc74663455][bookmark: _Toc82621996]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][bookmark: _Toc74663456][bookmark: _Toc82621997]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][bookmark: _Toc74663457][bookmark: _Toc82621998]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][bookmark: _Toc74663458][bookmark: _Toc82621999]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][bookmark: _Toc74663459][bookmark: _Toc82622000]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 (FR2-1)
	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 (FR2-1)
	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
Table 9.7.4.3.2-4: OBUE limits applicable in the frequency range 52.6 – 71 GHz (FR2-2)
	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 – [31] 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 – [39] 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.



[bookmark: _Toc21127679][bookmark: _Toc29811888][bookmark: _Toc36817440][bookmark: _Toc37260362][bookmark: _Toc37267750][bookmark: _Toc44712353][bookmark: _Toc45893666][bookmark: _Toc53178384][bookmark: _Toc53178835][bookmark: _Toc61179073][bookmark: _Toc61179543][bookmark: _Toc67916839][bookmark: _Toc74663460][bookmark: _Toc82622001]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 (FR2-1)
	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 (FR2-1)
	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.



Table 9.7.4.3.3-3: OBUE limits applicable in the frequency range 52.6 – 71 GHz (FR2-2)
	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 – [31] 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 – [39] dB, -20 dBm))
	1 MHz

	fB  f < fmax
	fB +5 MHz  f_offset < f_ offsetmax
	Min(-5 dBm, Max(Prated,t,TRP – [29] 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.



[bookmark: _Toc44712354][bookmark: _Toc45893667][bookmark: _Toc53178385][bookmark: _Toc53178836][bookmark: _Toc61179074][bookmark: _Toc61179544][bookmark: _Toc67916840][bookmark: _Toc74663461][bookmark: _Toc82622002]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][bookmark: _Toc74663462][bookmark: _Toc82622003]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: _Toc74663463][bookmark: _Toc82622004][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][bookmark: _Toc74663464][bookmark: _Toc82622005]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][bookmark: _Toc74663465][bookmark: _Toc82622006]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][bookmark: _Toc74663466][bookmark: _Toc82622007]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][bookmark: _Toc74663467][bookmark: _Toc82622008]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][bookmark: _Toc74663468][bookmark: _Toc82622009]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][bookmark: _Toc74663469][bookmark: _Toc82622010]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][bookmark: _Toc74663470][bookmark: _Toc82622011]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][bookmark: _Toc74663471][bookmark: _Toc82622012]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][bookmark: _Toc74663472][bookmark: _Toc82622013]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

	n263
	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.



[bookmark: _Toc21127694][bookmark: _Toc29811903][bookmark: _Toc36817455][bookmark: _Toc37260377][bookmark: _Toc37267765][bookmark: _Toc44712370][bookmark: _Toc45893682][bookmark: _Toc53178397][bookmark: _Toc53178848][bookmark: _Toc61179086][bookmark: _Toc61179556][bookmark: _Toc67916852][bookmark: _Toc74663473][bookmark: _Toc82622014]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][bookmark: _Toc74663474][bookmark: _Toc82622015]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][bookmark: _Toc74663475][bookmark: _Toc82622016]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][bookmark: _Toc74663476][bookmark: _Toc82622017]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
	min(46 dBm, Prated,t,TRP)

	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.




DRAFT to Annex C:
[bookmark: _Toc21127821][bookmark: _Toc29812030][bookmark: _Toc36817582][bookmark: _Toc37260506][bookmark: _Toc37267894][bookmark: _Toc44712501][bookmark: _Toc45893813][bookmark: _Toc53178519][bookmark: _Toc53178970][bookmark: _Toc61179218][bookmark: _Toc61179688][bookmark: _Toc67916990][bookmark: _Toc74663611][bookmark: _Toc82622154][bookmark: _Hlk500338155]Annex C (normative): 
Error Vector Magnitude (FR2)
[bookmark: _Toc21127822][bookmark: _Toc29812031][bookmark: _Toc36817583][bookmark: _Toc37260507][bookmark: _Toc37267895][bookmark: _Toc44712502][bookmark: _Toc45893814][bookmark: _Toc53178520][bookmark: _Toc53178971][bookmark: _Toc61179219][bookmark: _Toc61179689][bookmark: _Toc67916991][bookmark: _Toc74663612][bookmark: _Toc82622155]C.1	Reference point for measurement
The EVM shall be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted in figure C.1-1 below.


Figure C.1-1: Reference point for EVM measurement
[bookmark: _Toc21127823][bookmark: _Toc29812032][bookmark: _Toc36817584][bookmark: _Toc37260508][bookmark: _Toc37267896][bookmark: _Toc44712503][bookmark: _Toc45893815][bookmark: _Toc53178521][bookmark: _Toc53178972][bookmark: _Toc61179220][bookmark: _Toc61179690][bookmark: _Toc67916992][bookmark: _Toc74663613][bookmark: _Toc82622156]C.2	Basic unit of measurement

The basic unit of EVM measurement is defined over one slot in the time domain and  subcarriers in the frequency domain:



where

 is the set of symbols with the considered modulation scheme being active within the slot,


is the set of subcarriers within the  subcarriers with the considered modulation scheme being active in symbol t,

 is the ideal signal reconstructed by the measurement equipment in accordance with relevant Tx models,

 is the modified signal under test defined in C.3.
NOTE:	Although the basic unit of measurement is one slot, the equalizer is calculated over 10 ms measurement intervals to reduce the impact of noise in the reference signals. The boundaries of the 10 ms measurement intervals need not be aligned with radio frame boundaries.
[bookmark: _Toc21127824][bookmark: _Toc29812033][bookmark: _Toc36817585][bookmark: _Toc37260509][bookmark: _Toc37267897][bookmark: _Toc44712504][bookmark: _Toc45893816][bookmark: _Toc53178522][bookmark: _Toc53178973][bookmark: _Toc61179221][bookmark: _Toc61179691][bookmark: _Toc67916993][bookmark: _Toc74663614][bookmark: _Toc82622157]C.3	Modified signal under test
Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments. The signal under test is equalized and decoded according to:

	
where

 is the time domain samples of the signal under test.

 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal. Note that two timing offsets are determined, the corresponding EVM is measured and the maximum used as described in C.7.

 is the RF frequency offset.

 is the phase response of the TX chain.

 is the amplitude response of the TX chain.
[bookmark: _Toc21127825][bookmark: _Toc29812034][bookmark: _Toc36817586][bookmark: _Toc37260510][bookmark: _Toc37267898][bookmark: _Toc44712505][bookmark: _Toc45893817][bookmark: _Toc53178523][bookmark: _Toc53178974][bookmark: _Toc61179222][bookmark: _Toc61179692][bookmark: _Toc67916994][bookmark: _Toc74663615][bookmark: _Toc82622158]C.4	Estimation of frequency offset

The observation period for determining the frequency offset  shall be 1 slot.
[bookmark: _Toc21127826][bookmark: _Toc29812035][bookmark: _Toc36817587][bookmark: _Toc37260511][bookmark: _Toc37267899][bookmark: _Toc44712506][bookmark: _Toc45893818][bookmark: _Toc53178524][bookmark: _Toc53178975][bookmark: _Toc61179223][bookmark: _Toc61179693][bookmark: _Toc67916995][bookmark: _Toc74663616][bookmark: _Toc82622159]C.5	Estimation of time offset
[bookmark: _Toc21127827][bookmark: _Toc29812036][bookmark: _Toc36817588][bookmark: _Toc37260512][bookmark: _Toc37267900][bookmark: _Toc44712507][bookmark: _Toc45893819][bookmark: _Toc53178525][bookmark: _Toc53178976][bookmark: _Toc61179224][bookmark: _Toc61179694][bookmark: _Toc67916996][bookmark: _Toc74663617][bookmark: _Toc82622160]C.5.1	General

The observation period for determining the sample timing difference shall be 1 slot.



In the following   represents the middle sample of the EVM window of length  (defined in C.5.2) or the last sample of the first window half if is even.


is estimated so that the EVM window of length  is centred on the measured cyclic prefix of the considered OFDM symbol. To minimize the estimation error the timing shall be based on the reference signals. To limit time distortion of any transmit filter the reference signals in the 1 outer RBs are not taken into account in the timing estimation

Two values for  are determined:

 and





 where  if  is odd and  if is even.

When the cyclic prefix length varies from symbol to symbol then  shall be further restricted to the subset of symbols with the considered modulation scheme being active and with the considered cyclic prefix length type.
[bookmark: _Toc21127828][bookmark: _Toc29812037][bookmark: _Toc36817589][bookmark: _Toc37260513][bookmark: _Toc37267901][bookmark: _Toc44712508][bookmark: _Toc45893820][bookmark: _Toc53178526][bookmark: _Toc53178977][bookmark: _Toc61179225][bookmark: _Toc61179695][bookmark: _Toc67916997][bookmark: _Toc74663618][bookmark: _Toc82622161]C.5.2	Window length
[bookmark: _Hlk503533742]Table C.5.2-1 and Table C.5.2-2 specify the EVM window length (W) for normal CP for FR2 for normal CP.
[bookmark: _Hlk501113868]Table C.5.2-1: EVM window length for normal CP, FR2-1, 60 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	CP length in FFT samples 
	EVM window length W
	Ratio of W to total CP length (Note) (%)

	50
	1024
	72
	36
	50

	100
	2048
	144
	72
	50

	200
	4096
	288
	144
	50

	[bookmark: OLE_LINK14]NOTE:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 2. Symbol 0 of slot 0 and slot 2 may have a longer CP and therefore a lower percentage.



Table C.5.2-2: EVM window length for normal CP, FR2, 120 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	CP length in FFT samples 
	EVM window length W
	Ratio of W to total CP length (Note) (%)

	50
	512
	36
	18
	50

	100
	1024
	72
	36
	50

	200
	2048
	144
	72
	50

	400
	4096
	288
	144
	50

	NOTE 1:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 4. Symbol 0 of slot 0 and slot 4 may have a longer CP and therefore a lower percentage.



Table C.5.2-3 below specifies the EVM window length (W) for extended CP. The number of CP samples excluded from the EVM window is the same as for normal CP length.
Table C.5.2-3: EVM window length for extended CP, FR2-1, 60 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	CP length in FFT samples 
	EVM window length W
	Ratio of W to total CP length (Note) (%)

	50
	1024
	256
	220
	85.9

	100
	2048
	512
	440
	85.9

	200
	4096
	1024
	880
	85.9

	NOTE:	These percentages are informative.



Table C.5.2-4: EVM window length for normal CP, FR2-2, 480 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	CP length in FFT samples 
	EVM window length W
	Ratio of W to total CP length (Note) (%)

	400
	4096
	72
	FFS
	FFS

	800
	4096
	144
	FFS
	FFS

	1600
	4096
	288
	FFS
	FFS

	NOTE 1:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 4. Symbol 0 of slot 0 and slot 4 may have a longer CP and therefore a lower percentage.



Table C.5.2-5: EVM window length for normal CP, FR2-2, 960 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	CP length in FFT samples 
	EVM window length W
	Ratio of W to total CP length (Note) (%)

	400
	4096
	36
	FFS
	FFS

	800
	4096
	72
	FFS
	FFS

	1600
	4096
	144
	FFS
	FFS

	2000
	4096
	180
	FFS
	FFS

	NOTE 1:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 4. Symbol 0 of slot 0 and slot 4 may have a longer CP and therefore a lower percentage.



[bookmark: _Toc21127829][bookmark: _Toc29812038][bookmark: _Toc36817590][bookmark: _Toc37260514][bookmark: _Toc37267902][bookmark: _Toc44712509][bookmark: _Toc45893821][bookmark: _Toc53178527][bookmark: _Toc53178978][bookmark: _Toc61179226][bookmark: _Toc61179696][bookmark: _Toc67916998][bookmark: _Toc74663619][bookmark: _Toc82622162]C.6	Estimation of TX chain amplitude and frequency response parameters
The equalizer coefficients [image: ]and [image: ] are determined as follows:
1.	Calculate the complex ratios (amplitude and phase) of the post-FFT acquired signal [image: ] and the post-FFT ideal signal [image: ], for each reference signal, over 10ms measurement intervals. This process creates a set of complex ratios:
	[image: ]
	Where the post-FFT ideal signal [image: ] is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters:
-	nominal demodulation reference signals and nominal PT-RS if present (all other modulation symbols are set to 0 V), 
-	nominal carrier frequency,  
-	nominal amplitude and phase for each applicable subcarrier, 
-	nominal timing.

2.	Perform time averaging at each reference signal subcarrier of the complex ratios, the time-averaging length is 10ms measurement interval. Prior to the averaging of the phases [image: ] an unwrap operation must be performed according to the following definition: The unwrap operation corrects the radian phase angles of [image: ] by adding multiples of 2*PI when absolute phase jumps between consecutive time instances ti are greater than or equal to the jump tolerance of PI radians. This process creates an average amplitude and phase for each reference signal subcarrier (i.e. every second subcarrier).	

Where N is the number of reference signal time-domain locations ti from  for each reference signal subcarrier [image: ].
3.	The equalizer coefficients for amplitude and phase [image: ] and [image: ] at the reference signal subcarriers are obtained by computing the moving average in the frequency domain of the time-averaged reference signal subcarriers, i.e. every second subcarrier. The moving average window size is 19 and averaging is over the DM-RS subcarriers in allocated RBs. For DM-RS subcarriers at or near the edge of the channel, or when the number of available DM-RS subcarriers within a set of contiguously allocated RBs is smaller than the moving average window size, the window size is reduced accordingly as per figure C.6-1.
4.	Perform linear interpolation from the equalizer coefficients [image: ] and [image: ] to compute coefficients [image: ], [image: ] for each subcarrier. To account for the common phase error (CPE) experienced in millimetre wave frequencies, , in the estimated coefficients contain phase rotation due to the CPE, , in addition to the phase of the equalizer coefficient , that is

	For OFDM symbols where PT-RS does not exist,  can be estimated by performing linear interpolation from neighboring symbols where PT-RS is present.

	In order to separate component of the CPE,, contained in, , estimation and compensation of the CPE needs to follow. is the common phase error (CPE), that rotates all the subcarriers of the OFDM symbol at time .
	Estimate of the CPE, , at OFDM symbol time, , can then be obtained from using the PT-RS employing the expression


	In the above equation,  is the set of subcarriers where PT-RS are mapped,  where   is the set of OFDM symbols where PT-RS are mapped while  and  are is the post-FFT acquired signal and the ideal PT-RS signal respectively. That is, estimate of the CPE at a given OFDM symbol is obtained from frequency correlation of the complex ratios at the PT-RS positions with the conjugate of the estimated equalizer complex coefficients. The estimated CPE can be subtracted from  to remove influence of the CPE, and obtain estimate of the complex coefficient's phase
(t)



Figure C.6-1: Reference subcarrier smoothing in the frequency domain
[bookmark: _Toc21127830][bookmark: _Toc29812039][bookmark: _Toc36817591][bookmark: _Toc37260515][bookmark: _Toc37267903][bookmark: _Toc44712510][bookmark: _Toc45893822][bookmark: _Toc53178528][bookmark: _Toc53178979][bookmark: _Toc61179227][bookmark: _Toc61179697][bookmark: _Toc67916999][bookmark: _Toc74663620][bookmark: _Toc82622163]C.7	Averaged EVM
EVM is averaged over all allocated downlink resource blocks with the considered modulation scheme in the frequency domain, and a minimum of  slots where  is the number of slots in a 10 ms measurement interval.
For TDD, let  be the number of slots with downlink symbols within a 10 ms measurement interval, the averaging in the time domain can be calculated from  slots of different 10 ms measurement intervals and should have a minimum of  slots averaging length where  is the number of slots in a 10 ms measurement interval.
-	 is derived by: Square the EVM results in each 10 ms measurement intervals. Sum the squares, divide the sum by the number of EVM relevant locations, square-root the quotient (RMS).

-	Where  is the number of resource blocks with the considered modulation scheme in slot i.
-	The  is calculated, using the maximum of  at the window W extremities. Thus  is calculated using  and  is calculated using  (l and h, low and high; where low is the timing  and and high is the timing ).

-	In order to unite at least  slots, consider the minimum integer number of 10 ms measurement intervals, where  is determined by.

and  for 60 kHz SCS and  for 120 kHz SCS.
-	Unite by RMS.
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NOTE 1 —In Table 2, f; is the centre frequency of the emission. If the assigned frequency band of the
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NOTE 2 — For situations in which the above guidelines are not applicable, additional guidelines are provided

in§3.
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The subsequent 7  subcarriers are averaged  over 5, 7 ..   17 subcarriers  

From the 10 th   subcarrier  onwards the  window size is 19  until the upper  edge of the  channel is  reached and the  window size  reduces back to 1    

The first  reference  subcarrier  is not  averaged  

The second  reference  subcarrier is the  average of the  first three  subcarriers  

Reference subcarriers  

Reference subcarriers  

The first,  second and  third reference  subcarriers are  the average of  the five  subcarriers on  left  

A.   Moving averaging at channel edge  

B.   Moving averaging for the case   when the  number  of  available  reference  subcarrier s within a set of contiguously  allocated RBs   is smaller than  the moving  average window size  

The first,  second and  third  reference  subcarriers  are the  average of  the five  subcarriers  on right  

Figure B shows   an   example of 1RB  allocati on   using a   reduced window size   of   five   subcarriers for averaging. The same  method applies   for RB allocation s   with fewer  than 19 subcarriers available for the  moving  average size .  For the case of 2  and   3 RB  allocation s , 11 and 17 a re   the  window size s,   respectivel y.  
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The subsequent 7 subcarriers are averaged over 5, 7 .. 17 subcarriers







From the 10th subcarrier onwards the window size is 19 until the upper edge of the channel is reached and the window size reduces back to 1











The first reference subcarrier is not averaged







The second reference subcarrier is the average of the first three subcarriers







Reference subcarriers







Reference subcarriers







The first, second and third reference subcarriers are the average of the five subcarriers on left







Moving averaging at channel edge







Moving averaging for the case when the number of available reference subcarriers within a set of contiguously allocated RBs is smaller than the moving average window size







The first, second and third reference subcarriers are the average of the five subcarriers on right







Figure B shows an example of 1RB allocation using a reduced window size of five subcarriers for averaging. The same method applies for RB allocations with fewer than 19 subcarriers available for the moving average size. For the case of 2 and 3 RB allocations, 11 and 17 are the window sizes, respectively.












