

	
3GPP TSG-RAN WG4 Meeting #87 	R4-1808344
Busan, Korea, 21st – 25th May 2018
	CR-Form-v11.2

	CHANGE REQUEST

	

	
	37.843
	CR
	CRNum
	rev
	-
	Current version:
	15.0.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	
	Radio Access Network
	X
	Core Network
	



	

	Title:	
	Draft CR to TS 37.843: TRP measurement grids

	
	

	Source to WG:
	Nokia, Nokia Shanghai Bell, Ericsson

	Source to TSG:
	RAN4

	
	

	Work item code:
	AASenh_BS_LTE_UTRA-Perf
	
	Date:
	2018-05-21

	
	
	
	
	

	Category:
	F
	
	Release:
	Rel-15

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	[bookmark: OLE_LINK1]Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
Rel-12	(Release 12)
Rel-13	(Release 13)
Rel-14	(Release 14)
Rel-15	(Release 15)
Rel-16	(Release 16)

	
	

	Reason for change:
	Capturing and providing background information of the agreements in [1]. Based on comments received during online discussion.

[1] R4-1805865, WF on TRP measurement grids, Nokia, Nokia Shanghai Bell 

	
	

	Summary of change:
	This is a revision of R4-1807805.
TRP related terms, symbols and definitions including background information are added. 

	
	

	Consequences if not approved:
	Agreements on TRP measurement grids will not be captured. 

	
	

	Clauses affected:
	3.1, 3.2 and 10

	
	

	
	Y
	N
	
	

	Other specs
	
	N
	 Other core specifications	
	TS/TR ... CR ... 

	affected:
	
	N
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	N
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	




Page 1






<Start of modified section>
[bookmark: _Toc512334048]3.1	Definitions
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK6]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
AAS BS receiver: composite receiver function of an AAS BS receiving in an operating band
active antenna system base station: base station system which combines an Antenna Array with an Active transceiver unit array and a Radio Distribution Network
band category: group of operating bands for which the same MSR scenarios apply
Base Station RF Bandwidth: bandwidth in which a base station transmits and/or receives single or multiple carrier(s) and/or RATs simultaneously within a supported operating band
[bookmark: OLE_LINK45][bookmark: OLE_LINK44]NOTE:	In single carrier operation, the Base Station RF Bandwidth is equal to the channel bandwidth.
Base Station RF Bandwidth edge: frequency of one of the edges of the Base Station RF Bandwidth
beam: main lobe of a radiation pattern from an AAS BS
NOTE:	For certain AAS antenna array, there may be more than one beam.
beam centre direction: direction equal to the geometric centre of the -3 dB EIRP contour of the beam
beam direction pair: data set consisting of  the beam centre direction and the related beam peak direction
beam peak direction: direction where the maximum EIRP is supposed to be found
beamwidth: angles describing the major and minor axes of an ellipsoid closest fit to an essentially elliptic half-power contour of a beam
carrier: modulated waveform conveying the physical channels
carrier aggregation: aggregation of two or more E-UTRA component carriers in order to support wider transmission bandwidths
channel bandwidth: RF bandwidth supporting a single RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell
NOTE 1:	The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.
NOTE 2:	For UTRA FDD, the channel bandwidth is the nominal channel spacing specified in 3GPP TS 25.104 [2], For UTRA TDD 1,28 Mcps, the channel bandwidth is the nominal channel spacing specified in 3GPP TS 25.105 [3].
NOTE 3:	For E-UTRA, the channel bandwidths are specified in 3GPP TS 36.104 [4].
contiguous spectrum: spectrum consisting of a contiguous block of spectrum with no sub-block gap(s)
downlink operating band: part of the (FDD) operating band designated for downlink
EIRP accuracy directions set: 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
equivalent isotropic radiated power: equivalent power radiated from an isotropic directivity device producing the same field intensity at a point of observation as the field intensity radiated in the direction of the same point of observation by the discussed device
NOTE:	Isotropic directivity is equal in all directions (0 dBi).
equivalent isotropic sensitivity: sensitivity for an isotropic directivity device equivalent to the sensitivity of the discussed device exposed to an incoming wave from a defined AoA
NOTE 1:	The sensitivity is the minimum received power level at which a RAT specific requirement is met.
NOTE 2:	 Isotropic directivity is equal in all directions (0 dBi).
hybrid AAS BS:	AAS BS which has both a conducted RF interface and a radiated RF interface in the far field and conforms to a hybrid requirements set
hybrid requirements set: complete set of requirements applied to a hybrid AAS BS with both conducted and radiated  requirements
Inter RF Bandwidth gap: frequency gap between two consecutive Base Station RF Bandwidths that are placed within two supported operating bands
minSENS RoAoA: the reference RoAoA associated with the OSDD with the lowest declared EIS value.
non-AAS BS: BS conforming to one of  the RF requirement specifications 3GPP TS 25.104 [2], 3GPP TS 25.105 [3], 3GPP TS 36.104 [4] or 3GPP TS 37.104 [5]
non-contiguous spectrum: spectrum consisting of two or more sub-blocks separated by sub-block gap(s)
OTA AAS BS: AAS BS which has ≥8 transceiver units for E-UTRA or MSR and ≥4 transceiver units for UTRA per cell and has a radiated RF interface only and conforms to the OTA requirements set.
OTA REFSENS RoAoA: Is the RoAoA determined by the contour defined by the points at which the achieved EIS is 3dB higher than the achieved EIS in the reference direction.
NOTE: This contour will be related to the average element/sub-array radiation pattern 3dB beam width.
OTA requirements set:	 complete set of OTA requirements applied to an OTA AAS BS.
OTA sensitivity directions declaration: set of manufacturer declarations comprising one or more EIS values (with related RAT and channel bandwidth), and the directions where it (they) applies
NOTE:	All the directions apply to all the EIS values in an OSDD.
Radio Bandwidth: frequency difference between the upper edge of the highest used carrier and the lower edge of the lowest used carrier.
radio distribution network: passive network which distributes radio signals generated by the transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the transceiver unit array
NOTE:	In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping.
rated beam EIRP: EIRP that is declared as being achieved in the beam peak direction associated with a particular beam direction pair
receiver target: angles of arrival in which reception is performed
receiver target redirection range: union of all the sensitivity RoAoA achievable through redirecting the receiver target related to the OSDD
receiver target reference direction: direction inside the receiver target redirection range declared by the manufacturer for conformance testing.
NOTE	For an OSDD without receiver target redirection range, this is a direction inside the sensitivity RoAoA.
reference beam direction: declared beam direction pair, including reference beam centre direction and reference beam peak direction where the reference beam peak direction is the direction for the intended maximum EIRP within the EIRP accuracy compliance directions set
reference RoAoA: the sensitivity RoAoA associated with the receiver target reference direction for each OSDD.
sensitivity RoAoA: RoAoA within which the declared EIS(s) of an OSDD is intended to be achieved at any instance of time for a specific AAS BS direction setting
sub-block: one contiguous allocated block of spectrum for use by the same Base Station
NOTE	There may be multiple instances of sub-blocks within an Base StationRF Bandwidth.
sub-block gap: frequency gap between two consecutive sub-blocks within an Base Station RF Bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation
TAB connector: transceiver array boundary connector
throughput: number of payload bits successfully received per second for a reference measurement channel in a specified reference condition
[bookmark: _Hlk498084637]total radiated power: is the total power radiated by the antenna.
	NOTE 1:	The total radiated power is the power radiating in all direction for two orthogonal polarizations.
	NOTE 2:	total radiated power is defined in both the near-field region and the far-field region.
transceiver array boundary: conducted interface between the transceiver unit array and the composite antenna
transmission bandwidth: bandwidth of an instantaneous E-UTRA transmission from a UE or BS, measured in Resource Block units
TRP systematic error: the relative difference between theoretical TRP and numerically estimated TRP
uplink operating band: part of the (FDD) operating band designated for uplink

<End of modified section>

<Start of modified section>
[bookmark: _Toc500791798]3.2	Symbols
For the purposes of the present document, the following symbols apply:
BeWθ 	The Beam width in θ
BeWϕ	The Beam width in ϕ 
BeWθ,REFSENS 	The beamwidth equivalent to the OTA REFSENS RoAoA in the θ-axis in degrees.
BeWφ,REFSENS	The beamwidth equivalent to the OTA REFSENS RoAoA in the φ-axis in degrees.
BWChannel	Channel bandwidth (for E-UTRA)
BWChannel_CA	Aggregated channel bandwidth, expressed in MHz. BWChannel_CA= Fedge_high- Fedge_low.
BWConfig	Transmission bandwidth configuration (for E-UTRA), expressed in MHz, where BWConfig = NRB x 180 kHz in the uplink and BWConfig = 15 kHz + NRB x 180 kHz in the downlink.
DwPTS	Downlink part of the special subframe (for E-UTRA TDD operation
f	Frequency
f	Separation between the Base Station RF bandwidth edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency
fmax 	The largest value of f used for defining the requirement
ΔminSENS 	Difference between conducted reference sensitivity and EISminsens
ΔOTAREFSENS 	Difference between conducted reference sensitivity and OTA REFSENS
EISminsens		The EIS declared for the minSENS RoAoA 
FC	Carrier centre frequency
Ffilter	Filter centre frequency
f_offset 	Separation between the Base Station RF bandwidth edge frequency and the centre of the measuring filter
f_offsetmax 	The maximum value of f_offset used for defining the requirement
FBW RF,high 	Upper RF bandwidth edge, where FBW RF,high = FC,high + Foffset, RAT
FBW RF,low 	Lower RF bandwidth edge, where FBW RF,low = FC,low - Foffset, RAT
FC,high		Centre frequency of the highest transmitted/received carrier.
FC,low		Centre frequency of the lowest transmitted/received carrier.
Fedge_low 	The lower edge of aggregated channel bandwidth, expressed in MHz. Fedge_low = FC_low - Foffset.
Fedge_high 	The upper edge of aggregated channel bandwidth, expressed in MHz. Fedge_high = FC_high + Foffset. Foffset, RAT	Frequency offset from the centre frequency of the highest transmitted/received carrier to the upper RF bandwidth edge, sub-block edge or inter-RF bandwidth edge, or from the centre frequency of the lowest transmitted/received carrier to the lower RF bandwidth edge, sub-block edge or inter-RF bandwidth edge for a specific RAT.
FUL_low	The lowest frequency of the uplink operating band
FUL_high	The highest frequency of the uplink operating band
Fuw	Frequency offset of unwanted signal
Ncells	The declared number corresponding to the minimum number of cells that can be transmitted by an AAS BS in a particular band with transmission on all transceiver units supporting the operating band.
NRB	Transmission bandwidth configuration, expressed in units of resource blocks (for E-UTRA)
Pmax,c,EIRP 	The maximum carrier EIRP when the AAS BS is configured at the rated carrier output TRP (PRated,c,TRP)
Pmax,c,TRP 	The maximum carrier output TRP per cell
Pmax,t,TRP 	The maximum total output power per cell
PRated,c,EIRP 	The rated carrier output EIRP when the AAS BS is configured at the rated carrier output TRP (PRated,c,TRP)
PRated,c,TRP 	The rated carrier output TRP 
Wgap	Sub-block gap size or Inter RF Bandwidth gap size
	The angle in the reference coordinate system between the projection of the x/y plane and the radiation vector defined between -90° and 90°. 0° represents the direction perpendicular to the y/z plane. The angle is aligned with the down-tilt angle.
	The angle in the reference coordinate system between the x-axis and the projection of the radiation vector onto the x/y plane defined between -180° and 180°.
PREFSENS	Conducted reference Sensitivity power level
TRPEstimate	Numerically approximated TRP
TRPReference	Theoretical TRP

<End of modified section>

<Start of next modified section>
10.9	TRP measurement grids
10.9.1	General
The TRP or the radiated power is simply the total power radiated by an antenna/EUT. Due to energy conservation, TRP is independent of choice of test distance, apart from measurement errors.
TRPReference is the total power radiated by the antenna of a transmitting device, when non-idealities such as mismatch and losses in the antenna are taken into account. In theory, TRPReference is defined as the integral of the antenna’s far field radiation pattern over a spherical surface, that is
																		
where  is the radiation intensity at each angle in watts per steradian. In the far field, the radiation intensity can be defined as   
																										
Thus the definite integral for TRPReference becomes
 
In practice, discrete samples of EIRP are measured at different directions  over the entire sphere, which are used to numerically approximate the surface TRPReference integral.  The obtained value, TRPEstimate , is an approximation of TRPReference and the difference between then is defined as the TRP systematic error.
TRPsyserr = | TRPEstimate – TRPreference |   (in dB)
When measuring radiated power, at each measurement point, two partial results for two orthogonal polarizations needs to be added. These can be the θ (theta) and φ (phi) polarizations or any pair of orthogonal polarizations.

Although the power measurements can be performed at distances less than 2d2/λ (the traditional far-field criteria) in following subclauses we describe several spherical sampling grids only assuming EIRP measurements. In practice, measurements at shorter distance will be performed only when far-field condition leads to unpracticable large measurement distance (e.g. in the higher part of the spurious emissions domain).
The distribution of sampling points on the spherical surface depends the type of sampling grids applied. In following subclauses, several spherical sampling grids are described.
10.9.2	Spherical equal angle grids
With the spherical equal angle grid, the grid spacing is uniform in the  and  directions. The range of  angles from 0 to π is divided into  equally spaced subintervals and the range of  angles from 0 to 2π is divided into  equally spaced subintervals. The width of each subinterval in the - and -angle is given as
  and 
The total number of angular sampling points is equal to .
Let  and  be the indices used to denote the th  and th  angles, respectively. In pactice, discrete samples of EIRP are measured at each sample point () by measuring its two orthogonally polarized components,  and . The EIRP sample are then used to approximate the definite integral for TRPReference as        
.
The total number of angular sampling points is equal to .
Note TRPEstimate = TRPReference as  and  approach . 

There is a trade-off between the accuracy of the TRPEstimate and the total number of sampling points. A large number of sampling points leads to long measurement time. Thus it is important to achieve short measurement time and fulfilling the minimum TRP systematic error. Subclauses 10.9.3.1 and 10.9.3.2 outline the criteria for determining the minimum number of sampling points to characterize. Other means for set the number of sampling points are not precluded.
For each emission frequency, the reference angular steps    and  in radians are calculated as:


, where D and Dcyl are defined in subclause 10.9.2.1.
According to [x] and [y] using a grid with reference angular step is enough for accurate error-free TRP estimation. The reference angular steps are dependent only on the electrical size of the radiation source (i.e., physical size and the emission frequency) and is not affected by the correlation level. When sampling with the reference angular step, fine details of the radiation pattern are not observed, but the TRP value is not affected.
The equal angle grid points are not uniformly distributed on the sphere but are clustered towards the poles as shown in Figure 10.9.2-1. 
[image: ]
Figure 10.9.2-1: Spherical equal angle sampling grid
10.9.2.1	Spatial sampling criteria

[image: ]
Figure 10.9.3.1-1: the dimensions of a DUT are depth (d), width (w) and height (h)
The spherical and cylindrical diameters are calculated as

	               

Some basic definitions and relations are given here for readability.
10.9.2.2	Rayleigh sampling criteria

10.9.3	Spherical equal area grids
With the spherical equal area sampling grid, the spherical surface is partitioned into  equal area regions. Let n be the index for the nth region and there is one point () located in the center of each region. The definite integral for TRPReference can be approximated as 
  
The total number angular sampling points is . Unlike the spherical equal angle grid, the TRPEstimate equation is not weighted by . As shown in Figure 10.9.3-1, the equal area grid points are distributed uniformly on the sphere but the pattern of  and  angles is irregular.
[image: ]
Figure 10.9.3-1: Spherical equal area sampling grid
10.9.4	Spherical Fibonacci grids
The Fibonacci grid points are arranged along a generative spiral on the spherical surface. Similar to the equal area sampling grid, the Fibonacci grid generates points that are uniformly spaced in an isotropic way. Assume there are  points in the Fibonacci sampling grid, then the definite integral for TRPReference can be approximated as
  
where  = 0 .. 
  and
		,	where 	
The total number of angular sampling points is . Like the spherical equal area grid, the TRPEstimate equation is not weighted by .
[image: ]
Figure 10.9.4-1: Spherical Fibonacci sampling grid

10.9.5	Orthogonal 2 cut grids
Compared to the TX spurious emissions the OBUE emissions are likely to experience the similar beamforming pattern as the main beam. Due to this reason, it is easily predictable where the maximum of the emissions is going to be, hence the possibility to enhance the measurement method to achieve better accuracy. Here we choose to apply the pattern multiplication method [ref].
In this method, at least two cuts (default) shall be used, an optional third cut can be added if needed. The alignment of the cuts must be along the symmetry planes of the antenna array.
The first mandatory cut is a horizontal cut passing including the peak direction of the main beam.
The second mandatory is a vertical cut passing including the peak direction of the main beam.
Using the data from these two mandatory cuts, a conditional pattern multiplication can be used.
The third optional cut is a vertical cut orthogonal to the first and the second cut.
Once the number and the orientation of the cuts are decided, the total EIRP is measured on the orthogonal cuts and the TRP is then calculated as follows: First the contributions from each cut is calculated as
		
where P is the number of smpling point. Here, overlining denotes angular average value in the cut. The final contribution for all cuts is calculated as
		
where N is the number of cuts. Note that when orthogonal cuts are measured, the intersection points are measured multiple times and the repeated values can be removed from the samples before averaging.
	[image: ]
	[image: ]

	Figure 10.9.5-1: Example of orthogonal cuts geometry when the main lobe points along the x-axis. Two mandatory cuts grid (left) and the optional added third cut (right). The first two cuts are generated by rotating the EUT around its z-axis and y-axis, respectively, and the optional third cut is generated by rotating the EUT around its x-axis.



Two cuts cut data gives a conservative TRP estimate (an overestimation of the real TRP). Through patter multiplication a less conservative estimate is obtained, based on the calculation of the antenna array factor as a product of two terms, corresponding to the two cuts. 
The following conditions for being able to apply pattern multiplication method are mandatory:
0. The vertical cut is taken in the  -plane
i. The frequency of the emission is within the BS RF Bandwidth or close to its edges (e.g. emissions will experience similar pattern as the wanted signal)
ii. The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal
iii. The emission changes significantly when the Tx power is turned on or off.
iv. The antenna arrays of the EUT
1. Have rectangular grids of antenna element positions
2. Have symmetry planes that are vertical and horizontal.
3. Have parallel antenna planes 

10.9.6	Wave vector space sampling grid 




<End of modified section>
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