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1 Introduction
During last RAN4 meeting it was agreed to reuse the concept of the spatial exclusion zone for IAB. However, there was no conclusion on the spatial aspects of the EMC RI testing with the spatial exclusion concept. 
In this contribution we provide analysis of the challenges with the application of the spatial exclusion for the EMC RI testing of the IAB. 
2 Discussion
2.1 Spatial exclusion for NR BS
According to IEC 61000-4-3, the EMC Radiated Immunity test is performed with the generating antenna facing each side of the BS. When technically justified, some BS 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 BS 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 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 1.
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Figure 1: RI testing directions for BS type 1-O (horizontal plane depicted)
2.2 Spatial exclusion for IAB
NOTE:	It shall be noted that the IAB conformance testing specification is still under construction; refer to the WF on IAB conformance work plan and specifications in R4-2017487. Therefore concluding on the spatial exclusion for EMC purposes may be seem as premature. 
In principle, it was agreed that the concept of the spatial exclusion shall be applicable to the IAB node. Due to the IAB node specifics (i.e. two radio interfaces, various product designs to be envisioned), it was not possible to directly reuse the definition of the spatial exclusion from the NR BS specification. 
Below we list assumptions which we believe shall be taken for the spatial exclusion concept formulation for IAB: 
1. The basic assumption during the formulation of the spatial exclusion concept for IAB shall be that it is product design and product implementation agnostic, i.e. there shall be no assumption on number of antenna arrays, etc. 
2. It shall consider both black box and white box approaches, i.e. there shall be no assumption on the knowledge of the antenna arrays locations.
In the following sections we continue the discussion on the spatial aspects of the EMC RI testing. 
2.2.1 Determination of the test directions
The crucial aspect of the spatial exclusion definition is the knowledge of the IAB’s antenna arrays boresight directions and feasibility to perform the EMC RI from the directions not allowing the signal from test antenna to leak into the RX chain of the EUT.
Referring to IEC 61000-4-3 (Testing and measurement techniques – Radiated, radio-frequency, electromagnetic field immunity test), the following is stated for the testing procedure: 
“The test shall normally be performed with the generating antenna facing each side of the EUT. When equipment can be used in different orientations (i.e. vertical or horizontal) all sides shall be exposed to the field during the test. When technically justified, some EUTs can be tested by exposing fewer faces to the generating antenna. In other cases, as determined for example by the type and size of EUT or the frequencies of test, more than four azimuths may need to be exposed.”

For the purpose of this discussion, let’s assume one possible realization of the IAB node with 3-array facing direction with 120deg separation, as depicted on figure 2. It is further assumed that only two antenna arrays are active at a time: one for radio link toward donor, second one towards UEs (how to setup, or determine which arrays are to be used for the IAB operation during testing is FFS). 
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Figure 2: Example 3-array IAB node with spatial exclusions depicted, and RI testing directions (red)
If we would try to directly reuse the NR BS spatial exclusion concept in this scenario, then we would and up with 3 exclusion zones (fig. 2; note only two arrays to be used for the IAB operation during testing). With such arrangement, the RI testing of the IAB node would be significantly limited. The only possible RI testing direction seems to be the “back side” direction at 270deg.
One can think that rotation of the EUT may enable more RI testing directions, e.g. see figure 3. In this case, it may be possible to perform test at 90deg and 180deg directions. However, there is still risk of injecting the signal of the generating (test) antenna into the RX chain of the EUT (this may depend on the spatial coverage of the antenna array). 
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Figure 3: Example 3-array IAB node with spatial exclusions depicted, and RI testing directions (red) - rotated
Further, referring to the TS 38.113 text (section 9.2.2: In the range of angles except the operational range of angles of the IAB type 1-O or IAB type 2-O antenna array (i.e. except for the half sphere around the EUT radiating direction) and for the frequency range above 690 MHz (according to the test method in ETSI EN 301 489-50 [28]), the EMC RF electromagnetic field immunity requirement applies) if we would exclude half spheres around each of the arrays, then based on figure 2 or 3, actually no single azimuth direction would be allowed to be tested. 
One shall also consider that the enclosure of the IAB may have various forms. To complicate this even further, one shall not exclude IAB products equipped with 4 or more antenna arrays. Such designs may be envisioned in case of antenna arrays with narrowed beams (narrower coverage in horizontal domain, traded for higher gain for “long range” applications). This example has the same challenges as those described above. 
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Figure 3: Example 4-array IAB node 

Observation:  analysis of the EMC RI testing with spatial exclusion shall consider various types of IAB implementations. 
Based on this discussion and challenges related to the EMC RI testing in azimuth plane, one possible solution may be to perform the EMC RI testing of the IAB only at its top and bottom of the enclosure. 
Proposal 1: if application of the spatial exclusion causes lack of EMC RI testing directions for IAB in the horizontal domain, the EUT shall be tested at the top and bottom directions, if technically feasible. 
2.2.2 Determination of the array boresights
For the purpose of the EMC RI testing, the IAB will have to be in operational mode. This will require two radio links to be established. As we shall have no assumption on the number of IAB antenna arrays, there is need to determine which arrays are to be used, and how to configure them: 
1. White box approach: manufacturer may declare locations of all the antenna arrays of the IAB node, e.g. refer to the Coordinate system reference point (note: depending on the product, multiple such points may be required, one per panel/antenna array) and Coordinate system orientation as already used for the NR BS conformance testing. 
	D.1
	Coordinate system reference point
	Location of coordinated system reference point in reference to an identifiable physical feature of the BS enclosure.

	D.2
	Coordinate system orientation
	Orientation of the coordinate system in reference to an identifiable physical feature of the BS enclosure.



2. Black box approach: in case the locations of the antenna arrays are not known to the tester, it may be required to perform spatial scanning in order to determine the boresights of all the antenna arrays of the IAB node. 

Proposal 2: further study both white box and black box approaches for the determination of the IAB arrays boresights. 
Proposal 3: for the white box approach, introduce necessary manufacturer’s declarations into the IAB conformance testing specification. Further study in the RF session is required.   
The aspect of the configuration of selected antenna arrays by the tester is expected to be discussed in RF room as well. EMC discussion is suggested to follow RF conformance testing agreements. Still, further analyses for EMC purposes shall not be precluded. 
Proposal 4: Further study on the selection/activation of the IAB’s arrays for the purposes of EMC RI testing.

1.1.1 Interpretation of the IEC 61000-4-3
Referring to IEC 61000-4-3, the following is stated for the testing procedure: 
“The test shall normally be performed with the generating antenna facing each side of the EUT. When equipment can be used in different orientations (i.e. vertical or horizontal) all sides shall be exposed to the field during the test. When technically justified, some EUTs can be tested by exposing fewer faces to the generating antenna. In other cases, as determined for example by the type and size of EUT or the frequencies of test, more than four azimuths may need to be exposed.”
Based on the above discussion, it is not entirely clear what shall be meant by “each side of the EUT”. 
Furthermore the test on orientations (“When equipment can be used in different orientations (i.e. vertical or horizontal) all sides shall be exposed to the field during the test”): from IAB point of view, it will used only in horizontal orientation. Does that allow to show IAB’s compliance by testing top and bottom directions only (as other directions are excluded due to antenna array locations).
The above aspects require further analysis. 
Observation: existing IEC 61000-4-3 specification text requires clarification when it comes to the analysed IAB implementations testing. 
Proposal 5: send LS to IEC to describe challenges in RAN4 for the EMC RI test setup for IAB, and ask for guidance, or IEC spec updates. Timing of the LS is FFS.
2 Conclusions
Based on the above discussion, the following proposals were formulated:  
Proposal 1: if application of the spatial exclusion causes lack of EMC RI testing directions for IAB in the horizontal domain, the EUT shall be tested at the top and bottom directions, if technically feasible. 
Proposal 2: further study both white box and black box approaches for the determination of the IAB arrays boresights. 
Proposal 3: for the white box approach, introduce necessary manufacturer’s declarations into the IAB conformance testing specification. Further study in the RF session is required.   
Proposal 4: Further study on the selection/activation of the IAB’s arrays for the purposes of EMC RI testing.
Proposal 5: send LS to IEC to describe challenges in RAN4 for the EMC RI test setup for IAB, and ask for guidance, or IEC spec updates. Timing of the LS is FFS.
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