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[bookmark: _Toc66101026][bookmark: _Toc67990383][bookmark: _Toc66101058][bookmark: _Toc67990415]CR to subclause 6.1:

6.1	Transmitter characteristics
[bookmark: _Toc66101027][bookmark: _Toc67990384]6.1.1	Power dynamic range
There is no power control in downlink and fixed power per resource block is assumed in the co-existence simulation. Hence 0 dB power dynamic range was agreed for the LS reply.
[bookmark: _Toc66101028][bookmark: _Toc67990385]6.1.2	Spectral mask
[bookmark: OLE_LINK17]Existing FR1 operating band unwanted emission mask is the same as for LTE (5 MHz ~ 20 MHz CBW). For both 6.425 - 7.125 GHz and 10.0 - 10.5 GHz band, it is foreseen the smaller channel bandwidth such as less than 50 MHz CBW is less attractive. Hence the basic limits for OOB emission mask should be updated as below. It is agreed that it does not mean that 50 MHz will be the minimum channel bandwidth when RAN4 specified the channel bandwidth and emission requirements.
[bookmark: OLE_LINK16]Table 6.1.2-1: Wide Area BS operating band unwanted emission limits for 6.425 - 7.125 GHz and 10.0 - 10.5 GHz for Category A
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits 
	Measurement bandwidth

	0 MHz  f < 50 MHz
	0.05 MHz  f_offset < 50.05 MHz
	
	100 kHz 

	50 MHz  f <
min(100 MHz, fmax)
	50.05 MHz  f_offset <
min(100.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	100 MHz  f  fmax
	100.5 MHz  f_offset < f_offsetmax 
	-13 dBm
	1MHz 



Table 6.1.2-2: Wide Area BS operating band unwanted emission limits for 6.425 - 7.125 GHz and 10.0 - 10.5 GHz for Category B
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
	Measurement bandwidth

	0 MHz  f < 50 MHz
	0.05 MHz  f_offset < 50.05 MHz
	
	100 kHz 

	50 MHz  f <
min(100 MHz, fmax)
	50.05 MHz  f_offset <
min(100.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	100 MHz  f  fmax
	100.5 MHz  f_offset < f_offsetmax 
	-15 dBm 
	1MHz 



[bookmark: _Toc66101029][bookmark: _Toc67990386]6.1.3	ACLR
[bookmark: OLE_LINK2]According to the simulation results in clause 4.3, it is agreed to specify 38 dB ACLR for 6.425 - 7.125 GHz and 37 dB ACLR for 10.0 - 10.5 GHz.
For 6425 – 7125 MHz and 10 - 10.5 GHz, the ACLR should be higher than the value specified in table 6.1.3‑1.
Table 6.1.3-1: Base station 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 (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	20, 25, 30, 40, 50, 60, 70, 80, 90,100 
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	38 dB for 6425-7125 MHz
37 dB for 10-10.5 GHz

	
	2 x BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	38 dB for 6425-7125 MHz
37 dB for 10-10.5 GHz

	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).



[bookmark: _Toc66101030][bookmark: _Toc67990387]6.1.4	Spurious emissions
From the Rel-15 discussion, the offset ΔfOBUE for the boundary between OBUE and spurious emissions is the most demanding parameters for OTA or Hybrid limits AAS BS. Based on the implementation evaluation and regulatory consideration, it is agreed to adopt ΔfOBUE = 100 MHz for both 6.425 - 7.125 GHz and 10.0 - 10.5 GHz.
Regarding spurious emission requirements for 6.425 - 7.125 GHz, as this frequency range is still within FR1 band definition, it is agreed to reuse the existing spurious emission requirements defined in TS 38.104 [3] and further update needed are to define upper frequency of Tx spurious emission to be 26 GHz instead of 5th harmonic of DL frequency according to ITU-R SM 329-10 [5] recommendation. The general spurious emissions for 6.425-7.125 GHz is defined in Table 6.1.4-1 and Table 6.1.4-3. 
Regarding spurious emission requirements for 10-10.5 GHz, according to ERC 74-01 report [6], the lower frequency limit could be defined as 30 MHz. Without any specified spurious limit for AAS BS in between 6 and 24 GHz in ERC 74-01 [6], in relation to the existing frequency ranges specified, with observations of the foreseen implementation of AAS BS and how they are to be deployed and used, the spurious limits specified for above 24 GHz with upper frequency limited to 26 GHz will be used for 10.0-10.5 GHz as defined in Table 6.1.4-2 and Table 6.1.4-4.
Table 6.1.4-1: BS spurious emission limits for 6.425 - 7.125 GHz for Category B
	Spurious frequency range
	Basic limit
	Measurement bandwidth

	9 kHz – 150 kHz
	-36 dBm
	1 kHz

	150 kHz – 30 MHz
	
	10 kHz

	30 MHz – 1 GHz
	
	100 kHz

	1 GHz – 26 GHz
	-30 dBm

	1 MHz



Table 6.1.4-2: BS spurious emission limits for 10 - 10.5 GHz for Category B
	Spurious frequency range
	Basic lLimit
	Measurement bandwidth

	30 MHz – 1 GHz
	-36 dBm
	100 kHz

	1 GHz – 18 GHz
	-30 dBm

	1 MHz

	18 GHz – 26 GHz
	-20 dBm
	10 MHz



Table 6.1.4-3: BS spurious emission limits for 6.425 - 7.125 GHz for Category A
	Spurious frequency range
	Basic limit
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	
	1 kHz
	Note 1

	150 kHz – 30 MHz
	
	10 kHz 
	Note 1

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz   12.75 GHz
	-13 dBm
	1 MHz
	Note 1, Note 2

	12.75 GHz – 5th harmonic of the upper frequency edge of the DL operating band in GHz
	
	1 MHz
	Note 1, Note 2, Note 3

	NOTE 1:	Measurement bandwidths as in ITU-R SM.329, s4.1.
NOTE 2:	Upper frequency as in ITU-R SM.329, s2.5 table 1.
NOTE 3:	This spurious frequency range applies only for operating bands for which the 5th harmonic of the upper frequency edge of the DL operating band is reaching beyond 12.75 GHz.



Table 6.1.4-4: BS spurious emission limits for 10 - 10.5 GHz for Category A
	Frequency range
	Limit
	Measurement Bandwidth
	Note

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

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

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



[bookmark: _Toc66101031][bookmark: _Toc67990388]6.1.5	Maximum output power
The maximum output power will be provided in the antenna parameter table. It was agreed to be aligned with antenna characteristics.
The Total Radiated Power for two polarizations was agreed as shown in table 6.1.5-1 below.
Table 6.1.5-1: The Total Radiated Power
	Parameter
	Macro Sub-urban
	Macro Urban
	Micro Urban

	Total Radiated Power for two polarizations (dBm)
	46
	46
	37



[bookmark: _Toc66101032][bookmark: _Toc67990389]6.1.6	Average output power
It was agreed the average output power won’t be mentioned in the reply LS.

CR to subclause 8.1.2:


[bookmark: _Toc66101054][bookmark: _Toc67990411]8.1.2	Array antenna parameters
In Table 8.1.2-1, base station array antenna parameters for different deployment scenarios is listed. Element parameters have been selected to produce correct element peak gain determined by calculating the directivity from a given geometry including beam widths. The element directivity can be calculated based on the pattern described by Table 8.1.2-1 in dBi as:
		(8.1.2-1)
, where the peak directivity DE,max is calculated from given values on 3dB, 3dB, dh and dv as:
		(8.1.2-2)
, where Alin(,) is defined in linear scale as:
		(8.1.2-3)
Table 8.1.2-1: BS array antenna parameters 
	Parameter
	Macro
Sub-urban
	Macro
Urban
	Micro
Urban
	Small cell indoor

	Am (dB)
	30
	30
	30
	30

	SLAv (dB)
	30
	30
	30
	30

	3dB (deg.)
	90 
	90
	90
	90

	3dB (deg.)
	65
	90
	90
	90

	GE,max (dBi)
	6.4
	5.5
	5.5
	5.5

	LE  (dB)
	2.0
	2.0
	2.0
	2.0

	(M, N)
	(16, 8)
	(16, 8)
	(8,8)
	(4, 4)

	Number of supported polarizations, P
	2
	2
	2
	2

	dh (m)
	0.5
	0.5
	0.5
	0.5

	dv (m)
	0.7
	0.5
	0.5
	0.5

	Horizontal coverage range (deg.)
	+/- 60
	+/- 60
	+/- 60
	N/A

	Vertical coverage range (deg.)
	90 to 100
	90 to 120
	90 to 120
	N/A

	Conducted power (before ohmic loss) per antenna element, Ptx (dBm)
	22
(Note 4)
	22
(Note 4)
	16
(Note 5)
	9
(Note 6)

	Mechanical downtilt (deg.)
	6
	10
	N/A
	N/A 
(Note 7)

	Note 1:	MxN means there are M vertical and N horizontal elements
Note 2:	LE is included in GE,max 
Note 3:	The vertical coverage range includes the mechanical downtilt.
Note 4:	The conducted power per element assumes 16x8x2 elements (i.e. power per H/V polarized element).
Note 5:	The conducted power per element assumes 8x8x2 elements (i.e. power per H/V polarized element).
Note 6:	The conducted power per element assumes 4x4x2 elements (i.e. power per H/V polarized element).
Note 7:	Boresight direction is perpendicular to the ceiling.



Based on the array parameters sets fundamental characteristics such as peak EIRP can be derived. For radiated power considerations peak Equivalent Isotropic Radiated Power (EIRP) is calculated in logarithmical scale calculated as:
 		(Eq. 8.1.2-4)
, where P, M, N, Ptx, GE,max is given by Table 8.1.2-1. 










CR to subclause 9.2:

9.2	Interference management
[bookmark: _Toc66101059][bookmark: _Toc67990416]9.2.0	General
Given an antenna array with M multiplied by N identical elements, the radiation pattern of the array antenna can be described according to the pattern multiplication theorem as:
	 	(Eq. 9.2.0-1)
, where is RE is the radiation pattern for the array elements and RA is the radiation pattern associated to the array factor. The element patten, RE(, is based on a parameterized Gaussian shaped element, with floors to model for side-lobe levels and front-to-back ratio. The element peak gain is directivity normalized, hence the peak element gain GE,max, element loss LE and half power beam widths 3dB and 3dB should be selected carefully to maintain correct antenna gain, as described in subclause 8.1.2. 
It can be noticed that both the element factor and the array factor can be used to shape the composite radiation pattern. The element pattern can be used to suppress side-lobe characteristics. For a limited steering range, a sub-array element can be used to suppress side-lobes better than a single element configuration. Typically for an AAS base station implementation the element radiation pattern and the array factor are customized to optimize the coverage within a specific coverage range for a given deployment scenario.  
For a general array antenna, the array factor radiation pattern for transmitting array antenna with MN element per polarization can be expressed as:
	 	(Eq. 9.2.0-2)
, where 
-	wn is the complex array excitation, 
-	k is the wave vector of the transmitted wave, and 
-	r is the element location matrix.
From Eq. 9.2.0-1 it can be noticed that both the element factor and the array factor can be used to shape the composite radiation pattern, which will be further described later. The element pattern can be used to suppress side-lobe characteristics. Typically for an AAS base station implementation the element radiation pattern and the array factor are customized to optimize the coverage within a specific coverage range and coexistence with other services for a given deployment scenario.  
For an array antenna with element separation 0.5l or less the first side-lobe is the strongest. For uniform amplitude excitation the first side lobe power level is approximately 13 dB below the main beam power level. For array antenna with element separation larger than 0.5l folding effects will create grating lobes in the side lobe region. The angular location of the grating lobe is determined by the element separation and steering angle and the power level of the grating lobes is determined by the element factor. As an example, in Figure 9.2.0-1, the impact of element separation is visualised for an 8x8 element Uniform Rectangular Array (URA) where the vertical beam steering directions is set to 130 degrees.
[image: Chart, line chart, histogram

Description automatically generated]
Figure 9.2.0-1: Impact of element separation on vertical radiation pattern
The array factor described by Eq. 9.2.0-2 will produce maximum directivity for the wanted carrier for which the system is calibrated minimizing the excitation error. For unwanted emission outside the carrier the directivity will roll-off gradually to a point where the array factor directivity is lost. 
The relation between array excitation correlation and directivity can be modelled as described in TR 37.840, subclause 5.4.4.1.4. The average radiation pattern for different correlation values is plotted in Figure 9.2.0-2. The maximum directivity is achieved for correlation equal to 1 and the minimum directivity equal to the element directivity is achieved for correlation equal to 0. 
[image: Chart, line chart, histogram

Description automatically generated]
Figure 9.2.0-2: Relation between excitation correlation and directivity
To be able to conduct accurate coexistence analysis the unwanted emission directivity roll-off characteristics is required. The decorrelation effect in an array antenna will together with traditional filters provide suppression of unwanted emission EIRP levels required to guarantee coexistence with other adjacent services. 
There is no single general solution available to mitigate all possible interference situations. Depending on situation one or more mitigation techniques described in following section can be used to guarantee coexistence between AAS base stations and other services operating in adjacent spectrum.

[bookmark: _Toc66101060][bookmark: _Toc67990417]9.2.1	Beam nulling
Beam nulling technology is used to suppress the unwanted spatial emission by inserting nulls in the radiation pattern for the direction of the interference. One typical applicable scenariosscenario is multiple beams transmission. As shown in Figure 2 as one example, Beam 1 is the serving beam of UE 1 but the side lobe of beam 1 would interfere the UE2. The SINR for UE2 will be affected. In order to support high order modulation scheme such as DL 256 QAM, using beam nulling technology, a null can be placed at the direction to UE2 for beam 1. The weight of each antenna array of beam 1 can be obtained by specific algorithms so that SINR of beam1 is maximized in the direction to UE1 and the transmission power in the main lobe is maintained, and the side lobe are suppressed in the direction to UE2. Beam nulling can also be used in the inter-cell or inter system scenarios as long as the location or direction of the protected station is known.
[image: ]
Figure 9.2.1-1: Side lobe interference
[bookmark: _Toc66101061][bookmark: _Toc67990418]9.2.2	Amplitude weighting/tapering
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]AAS offer a wide range of opportunities on optimizing the directivity patterns through amplitude and phase control. High directivity antenna array also havehas side lobes which are often undesirable since they may cause intra-cell or inter-cell interference. Side lobe levels can be reduced via tailoring the amplitude across the antenna array which is often referred as amplitude weighting technology. Whilst amplitude weighting/tapering reduces the side lobes it also makes the main lobe wider and hence reduces gain. It needs tradeoff between antenna gain and side lobe suppression. For example:
[image: ][image: ]
Figure 9.2.2-1: Examples for amplitude weighting/tapering: left: Kaiser (a=3), right: Chebwin (R=35dB)
Applying tapering electrically for the complete array will results in a main beam peak EIRP drop due to the amplitude window itself. In addition, the directivity will also reduce as an effect of a wider beam, as seen in Figure 9.2.2-1. 
If tapering is applied at sub-array level the power can be redistributed between elements in the sub-array, hence no power loss due to tapering will be introduced. 
[bookmark: _Toc66101062][bookmark: _Toc67990419]9.2.3	Asymmetric side lobe shaping
In addition to beam taperingtapering, it is possible to manipulate the amplitude and the phase of the window (for example using modified Taylor series) to modify the side lobe levels asymmetrically. This technique is widely used with passive BS arrays to make the ground side lobes larger to fill in the angles between the main beam and the antenna. The same technique can be used to minimise radiation in specified unwanted directions. For example:
[image: ]
Figure 9.2.3-1: Example for modified Taylor window
[bookmark: startOfAnnexes]9.2.4	Beam restrictions
Depending on base station implementation and intended deployment scenario different types of beamforming schemes can be considered. For AAS base stations operating within FR1 (410 to 7125 MHz) typically codebook or reciprocity-based beamforming will be used for transmitted down link beams, while for AAS base stations operating within FR2 (24250 to 52600 MHz) typically grid of beams beamforming concepts will be used for transmitted downlink beams. By restricting the angular range for which the beams can be transmitted, interference power in unintended directions can be limited. For codebook-based beamforming codes in the codebook associated to large beam steering angles can be disabled and prohibited from being used for transmission. The same principle can be adopted for grid of beams systems. For reciprocity-based beam forming, modification to the applied excitations needs to be carried out to avoid steering directions associated to generation of unintended interference in the side lobe region. 
By limiting the vertical beam steering range within a certain interval, it is possible to control the level of the grating lobe to a level similar to other sidelobes. Not using specific beams with large down tilts angles does not affect the network performance since, other beams can be used by proving sufficient power using sidelobes close to the base station. The vertical range in which the side lobe level is guaranteed will depend on the array antenna geometry used by a specific base station. As an example (4x8 array, with 3x1 sub-array), in Figure 9.2.4-1 the results of beam restrictions are visualised. In the left figure all beams are plotted, while in the right figure beams causing interference towards the sky have been disabled. 
[image: Histogram

Description automatically generated]
Figure 9.2.4-1: Controlling interference using beam restrictions


9.2.5	Irregular array geometries
Instead of using uniform array geometries where all the elements are assumed to be equal and the elements are located in a rectangular lattice with given vertical and horizontal element spacing, irregular array geometries can be used to suppress unintended radiation in the side lobe region. One example is when the grating lobe response is suppressed by shifting the columns with a vertical column offset. The offset can be selected in a way so that the grating lobe reduces. Instead of concentrating the power in one specific direction the grating lobe power is spread out in the sidelobe region. The penalty is that the array antenna aperture size slightly growth compared to the non-shifted case, as showed in Figure 9.2.5-1. Other examples on irregular array structures are where different element factor is used for different locations in the array. 
[image: Chart, scatter chart

Description automatically generated]
Figure 9.2.5-1: Offset applied to columns 
As an example (4x8 array, 3x1 sub-array), in Figure 9.2.5-2 the vertical radiation pattern for 0 degrees down tilt (reference direction) and 12 degrees down tilt (maximum down-tilt direction) is visualized for uniform structure and irregular structure. For the irregular structure elements columns have been shifted up and down by an offset vector equal to [0, -0.5, 0, -1, 0, 0.5, 0, 1] wavelengths. 
[image: Chart, histogram

Description automatically generated]
Figure 9.2.5-2: Irregular array geometries
It can be noticed that by applying the offset vector the grating lobe is spread out spatially suppressing the interference in a specific direction.
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