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Introduction
The R15 TR needs to be finalized before March. The EMC parts corresponding to OTA testing is mostly captured in TR 37.843[1] and TR 38.817-02[2]. This TP try to capture the common part of these internal TRs.
Discussion
.
Conclusion
[bookmark: OLE_LINK1]The TP to TR has been provided. It is proposed to approve the following text proposal.
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--------------Start of text proposal-------------
16	EMC requirements
16.1	General
For the NR BS EMC specification drafting purposes, the following approach was agreed:
-	Text of the 3GPP TS 38.113 [15] specification for single RAT NR aims not to refer to the legacy EMC specifications and to capture full text of the EMC specification with the required updates and corrections.
-	For the purpose for RAN4 specification transparency, any EMC requirements and limits required from the external EMC specifications (e.g. IEC, CISPR) shall be referred (i.e. not copied over), if possible.
-	Any potential NR updates shall be considered for MSR BS EMC specification 3GPP TS 37.113 [23] and AAS BS EMC specification 3GPP TS 37.114 [16], once the Single RAT NR EMC specification 3GPP TS 38.113 [15] is stable.
For NR update of the MSR BS EMC specification 3GPP TS 37.113 [23], the following main clauses were considered to belong to the core and conformance parts, due to June 2018 and December 2018, respectively:
-	Core part: clauses 2, 3, 4.4 (exclusion bands), 7 (Applicability overview), 8 (Emission; all clauses except 8.1), 9 (Immunity; all clauses except 9.1)
-	Conformance part: clauses 4 (Test conditions, all except 4.4), 5 (Performance assessment), 6 (Performance criteria), 8.1 (Test configurations), 9.1 (Test configurations)
For NR update of the AAS BS EMC specification 3GPP TS 37.114 [16], the following main clauses were considered to belong to the core and conformance parts, due to June 2018 and December 2018, respectively:
-	Core part: clauses 2, 3, 4.1 (exclusion bands), 7 (Applicability overview), 8 (Emission; all clauses except 8.1), 9 (Immunity; all clauses except 9.1)
-	Conformance part: clauses 4 (Test conditions, all except 4.1), 5 (Performance assessment), 6 (Performance criteria), 8.1 (Test configurations), 9.1 (Test configurations)
NOTE:	In case of further clauses identified to be belonging to the core or to conformance part, their content shall be specified within the deadlines listed above.
16.2	BS ports for the EMC purposes
The OTA AAS BS architecture does not have a conducted interface and so the antennas cannot be disconnected. This means that the conducted methods where the EMC antenna ports are terminated are no longer be possible and hence new methods for EMC testing are needed.
Figure 8.1-1 shows the prime difference in architecture from an EMC view point when comparing the ports on a conventional non-AAS BS to the ports on an AAS BS.
[image: ]
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Figure 8.1-1: Comparison between BS architectures for EMC testing
Since the antenna array for the OTA AAS BS is integrated within the EUT, the transmissions from the EUT within the test chamber have antenna gain included in them.
Figure 8.1-2 illustrates the status of EMC antenna ports during EMC testing where it is noted that the ports are connected to a terminating load and the hybrid AAS BS is then set to transmit at full power.
[image: ]
Figure 8.1-2: EMC Antenna port status during EMC testing
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16.3	Regulatory EMC requirements
The following table provides a summary of the existing EMC regulatory requirements in EU and US market. These requirements should serve as a reference when specifying the EMC requirements for the AAS BS.
Table 8.2-1: Overview of the regulatory EMC requirements for EU and US markets
	
	EU market
	US market

	RF Radiated Spurious Emission (RSE) requirements
	-36dBm/100kHz ERP below 1 GHz and -30dBm/1MHz ERP above 1 GHz
Requirements specified in ETSI EN 301 908-1, and are tested with the antenna port connected in a terminating load.
No TX exclusion bands defined for BS equipment today.
	General requirement of -13 dBm/MHz ERP is applicable
Requirements specified in FCC Part 2.
FCC does not define any TX exclusion bands for BS equipment today.

	EMC Radiated Emission (RE) requirements
	-50dBm/MHz ERP general requirement. Not applicable for BS equipment
Defined in ETSI EN 55032.
	-50dBm/MHz above 1 GHz mandatory requirement.
Specified in FCC Part 15, §15.35.

	Radiated Immunity (RF electromagnetic field) requirements
	Two type of requirements defined:
3 V/m, 80 MHz – 690 MHz, and
10 V/m 690 MHz – 6 GHz.
Defined in ETSI EN 301 489-1 and ENSI EN 301 489-50
RX Exclusion bands defined 20 MHz above and below the operating band
	No requirements today



Note:	From the above regulatory requirements, the radiated spurious emission requirements (-36 dBm/100kHz and -30 dBm/1MHz) are reflected in the existing EMC specifications for AAS BS [13] and non-AAS BS [14]. Similarly, the 3 V/m immunity requirement is captured in the existing EMC specifications.
16.4 Field strength in EMC chamber
16.4.1	General
This sub-clause provides an example estimation of field strength within the EMC chamber. Assuming free space propagation loss in an anechoic chamber, the path loss can be calculated as:
[image: ], where Gt and Gr are the antenna gains (with respect to an isotropic radiator) of the transmitting and receiving antennas respectively,  is the wavelength, and R is the distance between the TX and RX.
Assuming a 0dBi antenna gain for the TX and RX, the isotropic free space path loss is plotted in figure 8.3.1-1 for 30, 1000, 2000, 4000, 6000 and 12000 MHz.
[image: ]
Figure 8.3.1-1: Free-space path loss, assuming Gt=Gr=0 dBi
It can be noted that for a typical distance between the EUT and the probe antenna within the chamber, (e.g. 5 meters), the path loss at 2 GHz is more than 50 dB. However, if the EUT has an integrated antenna which has gain, and the measurement probe antenna also has gain the total loss between the EUT and the measurement equipment may drop. For example, an EUT with  TX antenna gain = 10 dBi and assuming 10 dBi antenna gain for the probe antenna, the coupling loss at 5 meters is roughly 30 dB, i.e. 20 dB lower than the  coupling loss assuming 0 dBi antenna gains. With this observation, and the fact the AAS BS is transmitting and connected to its integrated antenna, it can be contemplated that an AAS BS EUT leads to significantly increased field strength within the chamber compared to the usual EMC measurement scenario where the transmitters are connected to terminating loads. This increased field strength and associated received power from the measurement probe could potentially damage the test equipment.
16.4.2	Conversion between dBm to V/m
Since the field strength within the EMC chamber is expressed in terms of electric field strength (i.e. V/m), it is important to establish the intensity of electric field strength generated when transmitting at a certain power (dBm). This conversion exists in prior art and is explained in [17]. In summary, for a free space wave impedance of 377 ohm, the electric field (V/m) can be expressed as:

	
Where R is the distance of EUT from the interferer (during the immunity testing).
This formula provides us a way to calculate the field strength within the chamber.
16.5	Protection of measurement equipment
In order to protect the measurement device from the increased field strength levels within the EMC chamber during the spurious emission testing. Traditionally in EMC testing as the BS transmitters are working into a load the received signal from the EMC text antenna is at a low power level which can be fed directly into the measurement equipment. With the AAS BS testing as the transmitter units are radiating through the AAS BS antenna the transmit signal received at the measurement device is of a high power. In order to protect the measurement device from this signal, the device needs to ensure additional attenuation by filtering out the wanting signal with a notch or band stop filter. Additionally, TX exclusion bands similar to those used in existing conducted spurious emissions requirements may need to be defined in certain areas to ensure that the increased field strength does not block/damage the measurement device.
The existing RAT-specific frequency boundary limits defined for out-of-band emissions by the SEM or OBUE requirements in TS 37.105 [3] is a sufficient boundary to limit exposure of the measurement’s equipment receiver from the high field strengths of the wanted signal.

16.6	Emission requirements
For the EMC emissions requirement, the following approach was agreed for the NR BS types:
1. BS type 1-C and BS type 1-H:
-	The emissions requirement will reuse the legacy approach base on the antenna ports termination.
i.	RF spurious emission requirement will be captured in the RF core specification 3GPP TS 38.104 [3], conforming to the 3GPP TS 38.141-1 [17].
ii.	EMC radiated emissions requirement will be captured in the EMC specification 3GPP TS 38.113 [15]
-	The emission requirement will apply to BS and the ancillary equipment.
2. BS type 1-O and BS type 2-O:
-	For BS type 1-O and BS type 2-O the RF radiated spurious emission includes the EMC radiated emissions. In this case RF radiated spurious emissions and EMC radiated emissions cannot be distinguished in the OTA measurement setup.
-	Follow the single limit approach for the RF RSE and EMC RE emission requirement.
i.	The core requirement will be captured in the RF core specification 3GPP TS 38.104 [3], conforming to the 3GPP TS 38.141-2 [18].
ii.	Remove the corresponding EMC radiated emission requirements from 3GPP TS 38.113 [15].
-	The emission requirement will apply to the ancillary equipment only.
In terms of transmitter spurious emission, two types of core requirements specified for AAS BS are relevant:
1.	The RF spurious emission requirements specified in TS 37.105 [3] with different measurement bandwidths and spurious emission levels as detailed in SM.329 [18].
2.	The EMC radiated emission requirements specified in TS 37.114 [13] with the same measurement bandwidths as the RF spurious emission requirements.
In terms of the applicability of the RF Radiated Spurious Emission (RF RSE) and EMC Radiated Emission (EMC RE) requirements in the OTA setup, according to the existing conducted requirements for UTRA, E-UTRA and MSR, these requirements apply from 30 MHz to 12.75 GHz with consideration of exceptions:
-	Unwanted emissions: the RF RSE requirement apply at frequencies within the above specified frequency range with the exception of the UTRA spectrum emission mask (SEM) and E-UTRA operating band unwanted emissions (OBUE) ranges specified in single RAT and MSR specifications. For more details on the unwanted emissions exclusion ranges refer to subclause 5.6.6.1.
-	Upper frequency: in order for the RF RSE requirement to comply with the SM.329 recommendation [18], for certain operating bands the upper limit of the spurious range is extended beyond 12.75GHz to the limit of 5th harmonic (but not higher than 26GHz). For more details on the upper limit setting in those cases, refer to SM.329 [18].
The applicability of EMC RE and RF RSE requirements is illustrated in figure 8.5-1 below


Figure 8.5-1: Applicability of spurious emission requirements
It is to be noted that these EMC RE requirements are applicable at the enclosure port and the EMC antenna port is connected to a terminating load while the AAS BS is transmitting at full power. The EMC RE are then tested in this setup to make sure that the requirements are fulfilled.
For the OTA AAS BS architecture that does have the possibility of disconnecting the composite antenna, the EMC antenna ports can no longer be connected to a terminating load. This means that the RF RSE and EMC RE requirements cannot be differentiated any needs to be considered as single OTA requirement specified at the enclosure of the DUT. The single requirement contains a RF RSE component and an EMC RE component as shown in figure 8.5-1 and the total emission requirement is as specified in the SM.329 [18] recommendation.
Mechanism to specify the regional and additional co-existence requirements is for FFS.

16.7	Radiated immunity requirements
16.7.1	Measurement set-up for testing radiated immunity
In an EMC RI testing test setup for non-AAS BS products, the antenna connectors of the BS are terminated during test to prevent high power levels entering the RX of the EUT. For the AAS BS architectures such as BS type 1-O, due to lack of the antenna connectors (called TAB connectors in case of AAS BS products), it is not possible to terminate TAB connectors and prevent disturbances affecting the RX chain. This may lead to the receiver of the BS type 1-O being inoperable (in case the RF blocking requirements are not met). To avoid the BS type 1-O receiver being inoperable during the EMC RI test, protection mechanisms need to be employed for BS RX during the RI testing.
A high level example of EMC RI test setup for an OTA AAS BS is illustrated in figure 11.4.1-1. The Equipment Under Test (EUT) is placed in an anechoic chamber on top of a turn table. A range antenna or probe antenna generates the interfering RF electromagnetic field.
[image: ]
Figure 11.4.1-1: Example radiated immunity test setup for a BS type 1-O
An important difference of the EMC radiated immunity test setup for an BS type 1-O as compared with testing of the EUT equipped with the antenna connectors is the need for OTA performance parameter monitoring. During EMC RI test the EUT is rotated horizontally in order to expose it to the interfering RF electromagnetic field from all directions in horizontal plane.
According to IEC 61000-4-3 [25], all testing of equipment shall be performed in a configuration as close as possible to actual installation conditions. In order to allow electromagnetic susceptibility testing of the maximum surface for BS type 1-O, the EUT shall be mounted using rack (or pole) mount, if possible.
16.7.2	Alternatives to protect BS type 1-O during RI test
3GPP has agreed on the use of two mechanisms to protect the BS during RI testing: 
-	Exclusion bands, or
-	Spatial exclusion.
The combined use of these two alternatives is reflected in both AAS BS EMC specification TS 37.114 [16] and the NR BS EMC specification TS 38.113 [15].
16.7.2.1	Exclusion bands
Exclusion bands were considered as a mechanism to protect the receiver from potential damage/undue stress during the RI test of the non-AAS BS products so far, where the exclusion bands represent a range of frequencies over which no tests are made.
During the discussion of Release 15, the need for widening the size of the exclusion bands in TS 37.113 [23], TS 37.114 [16] and TS 38.113 [15] has been recognized. The parameter proposed to get this extension was the boundary of the in-band and out-of-band region, represented by the maximum offset of the out-of-band boundary from the uplink operating band edge (i.e. ∆fOOB). The value of ∆fOOB was derived considering the width of the NR operating band and was agreed to be: 
-	20 MHz, for operating bands narrower than 100 MHz, or
-	60 MHz, for operating bands wider than 100 MHz. 
The above ∆fOOB values considered the use of spatial exclusion during the EMC RI testing.
Before the significant risk to over-dimension the Rx band filter for BS type 1-O, the need for using a value higher than ∆fOOB to calculate the exclusion bands size was agreed for the test case with no spatial exclusion being considered. In this case the exclusion band takes into account the width of the operating band as follows: 
-	60 MHz, for operating bands narrower than 100 MHz, or
-	200 MHz, for operating bands wider than 100 MHz.
16.7.2.2	Spatial exclusion
According to IEC 61000-4-3 [28], the EMC Radiated Immunity test is performed with the generating antenna facing each side of the EUT. When technically justified, some EUTs can be tested by exposing fewer faces to the generating antenna. For BS type 1-O the RI test need to be reduced to fewer angular incidences. This is to protect the EUT receiver from being blocked due to received input power levels exceeding the OOB blocking limits during the RI testing. Referring to the IEC 61000-4-3 [25] guidance above, the angular incidence where the front of the BS type 1-O is facing the interferer range antenna needs to be omitted, as depicted in figure 16.7.2.2-1.
[image: 图片1]
Figure 16.7.2.2-1: RI testing directions for BS type 1-O (horizontal plane depicted)
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