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1. Introduction

This paper focusses on the most basic of UE NR requirements, that being EIRP. An understanding of this baseline capability and how it may be tested will inform all other discussion on mmWave OTA requirements.

Early discussions on EIRP have been covered well in [1] through [3] for example. The key proposal from [1] is:

Proposal 1: EIRP/EIS shall be guaranteed in any orientations.  
Another key assumption being made is that to ensure the necessary link budgets, beamsteering will be required at the UE and from that it can also be concluded that the UE, or at least many classes of UE, will require to have at least two independent antenna arrays in order that the beam can be steered over the entire sphere.

There is clearly a long way to go before turning this general statement into testable requirements. This paper will cover what such requirements might look like but will discuss the challenges in measuring EIRP in all directions on a multi-antenna UE.
2. EIRP measurement for AAS
It is useful in order to establish a baseline for the UE, to consider the EIRP measurement procedure for AAS as defined in [4]. Four separate test methods have bene defined, however, for simplicity, the indoor anechoic chamber method (far field) is considered here as a baseline. Figure 1 below from [4] shows the setup for measuring AAS EIRP.
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Figure 1: Indoor Anechoic Chamber measurement system setup for EIRP

The test procedure in [4] subclause 10.3.1.1.2.3 is as follows:

7)
Set the AAS BS to generate the tested beam with the beam peak direction intended to be the same as the testing direction.

8)
Rotate the AAS BS to make the testing direction aligned with the direction of the receiving antenna.

9)
Set the AAS BS to transmit the test signal at the maximum power according to E-TM1.1. 

10)
Measure the mean power for each carrier arriving at the measurement equipment connector, denoted by PR_AAS_EIRP, D:

-
PR_AAS_EIRP, D: Measured mean power for each carrier at the measurement equipment connector at D in figure 10.3.1.1.2.3-1.

11)
Calculate the EIRP with the following formula:


EIRP = PR_AAS_EIRP, D+ LEIRP_cal, A→D
12)
Repeat the above steps 7)~17) per conformance test beam direction pair.

The essence of this procedure is that the AAS eNB has declared a considerable amount of information about the definition and steering capability of the supported beams. This declaration currently runs to 41 items in [4] table 9.2-1 covering the following areas:
-
A beam identifier.
-
A reference beam direction pair, including reference beam peak direction and reference beam centre direction.
-
A maximum EIRP achieved in the beam peak direction when the beam direction pair is set to the reference beam direction pair.

-
The EIRP accuracy directions set.
-
Four further beam direction pairs at the maximum steering directions, where the maximum steering direction is the beam direction pair associated with the maximum beam centre steering direction. Selection of these 4 maximum steering directions is described in subclause 7.1.4.

-
For each of the four further beam direction pairs at the maximum steering directions:

-
Maximum EIRP achieved in the beam peak direction (one EIRP per beam direction pair).

-
Beamwidth (one beamwidth per beam direction pair).

Using this substantial set of declarations, the test method consists of manually controlling the eNB beam direction while rotating the eNB towards the intended direction of the measurement antenna. The signal transmitted by the eNB is a static test model E-TM1.1.

It is evident from this brief description of the AAS EIRP test method that it relies entirely on extensive declarations from the manufacturer coupled with test signals and proprietary eNB control over the beam directions. In addition, being an eNB, the beam directions are expected to be restricted to a subset of the sphere in the direction of expected coverage. This approach to eNB testing is considered appropriate and follows on from current conducted eNB test methods in [5] which also rely on manufacturer declarations, test models and proprietary DUT control. This approach is best described as “open loop”, disabling all normal network signalling functions.
3. EIRP measurement for UE
By contrast with the existing EIRP procedures for the eNB which rely heavily on manufacturer’s declarations, special test signals and proprietary control mechanisms, the traditional approach to UE testing has been to rely in almost all cases on standard network operation. For this reason the starting point for discussions on UE EIRP test methods will assume communication with an eNB emulator using standard network signalling in a far field anechoic chamber.

Figure 2 shows a basic far field anechoic test environment equipped with a 3D positioner and single antenna base station emulator. It is assumed the UE has at least two independent antenna arrays capable of pointing over two orthogonal hemispheres.
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Figure 2. Basic far field anechoic test environmnet for EIRP

It is evident that this basic test environment shares almost nothing in common with what has been defined for the eNB. The primary differences are that for the eNB, all aspects of normal operation are supressed and the fixed test signal is manually steered over a declared direction while the eNB is rotated relative to the measuremtn antenna. Any active beamsteering algorithms are switched off. By contrast, the UE in Figure 2 will attempt to conntect to the eNB using standard netowrk signalling which will involve first acquiring the eNB signal followed by beam steering/refinement and tracking algorithms being employed, although the eNB AoA will remain static for this test. The result of this standard “closed loop” process should be that the UE has directed one of its beams towards the eNB measurement antenna.
The next step to fulfil proposal 1 above is that the UE needs to be rotated in 3D relative to the eNB so that EIRP can be measured over the entire sphere.
The sufficiency of this basic closed loop EIRP test method described in Figure 2 needs to be studied. It will be ideal if such a test method is considered sufficient for developing EIRP requirements since no special test signals or device control is required and for this simple case, the UE is being tested in a realistic single eNB beam environment. The next sections discuss aspects of the requirements that need to be considered in measuring EIRP.

3.1 Impact of beamwidth
It is evident from the discussion in [1] that there may be a range of UE implementations regarding the number of antenna elements employed for beam steering. This motivated the following proposal:

Proposal 2: At least the following information should be provided as much as possible in the future meetings.

· The number of antenna elements and its arrangements to be implemented in mmWave devices in certain frequencies.

· Behaviours of mmWave devices when beamforming is used and not used.

· How many number of elements is used from the implemented elements at a certain time

· Where and how the antenna elements are placed in the mmWave devices

· How to cover the entire sphere by switching the antenna element group(s)
· How much EIRP/EIS is assumed under a certain condition
This proposal raises the question of beamwidth. If it could be established that all UE transmissions had to occur within a certain beamwidth e.g. 15 degrees, then it would be simple to define a test method employing an antenna with similar or wider aperture in order to measure EIRP. However, it seems unlikely that such a requirement on beamwidth will generally apply, so it has to be assumed that the UE Is not constrained in the beamwidth it uses. This however has implications for the design of the test system. If the UE uses a narrower beam than the aperture of the eNB receiver then there should be no issues, but if the UE uses a much wider beam then the measured EIRP by the eNB will not reflect the true value as some of the energy will fall outside the eNB antenna aperture. Solving this by using a much wider eNB antenna is possible but then the whole question of the accuracy of the beam direction comes into play.
A test system with a 45 degree aperture would accurately measure the EIRP from a 15 degree beam but would not then be able to tell if the UE beam direction was correct. Defining a generalized method to arbitrarily validate the correct beam pointing angle for a system where beamwidth may not be specified seems problematic. Furthermore, the assessment of beam direction in the presence of active beam steering algorithms, would require a further degree of complexity in the test environment which would need to employ an independent measuring receivers or a moveable receiver capable of determining beam direction using finer resolution than the main eNB antenna. Such an augmented system might look like Figure 3.
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Figure 3. Augmented far field anechoic test environmnet for EIRP

Observation 1. An open question is whether UE EIRP should be specified independently of a measured or declared beamwidth or whether it should be specified in a particular beamwidth? Clearly there are implications on not just test system design but also on co-existence issues since the same EIRP from a very narrow beam and from an omnidirectional source have vastly different interference characteristics and measurement method differences.
Observation 2. If it is decided that TRP is a necessary requirement, perhaps as part of another requirement, this will have significant impact on the design of the test system. A trade-off may be required between the measurement aperture of the test system and the need to supress UE beamsteering during measurement with less than full sphere aperture.

3.2 Impact of beam count
Another aspect to consider is the number of simultaneous beams supported by the UE. Currently, there is nothing to prevent a UE from directing the uplink for one cell into more than one direction. For example, if the UE receiver detects two downlink beams of similar strength it would be beneficial to direct the uplink back in the same directions. This would be for a single cell scenario rather than maintaining two independent links with separate cells. It is certainly expected that the UE receiver might employ a dual receiver in such situations which has implications for any EIS test method design, but the same principles could also apply in the uplink to EIRP.
Observation 3. If the UE is not precluded from directing the uplink to one cell in more than one direction this would require a second transceiver in the anechoic chamber connected to the eNB emulator.

3.2 Impact of phantoms
The baseline requirements and testing will be based on free space, however it should be self-evident that the impact of head/hand/body phantoms on mmWave UE performance is going to be considerably more challenging than in < 6 GHz designs. The interaction between the phantom and device will be much stronger as will the impact of subtle differences in positioning. This could lead to an unsustainable escalation in the number of test cases and so the time efficiency of the basic EIRP test method needs to be carefully considered.
Observation 4. The need to consider phantoms at mmWave is far more important than it was for RF < 6 GHz. The interaction between phantoms and the device will be much stronger, and the potential for a much larger number of test cases is likely. This will have a significant impact on test time so the underlying EIRP test method needs to be fast.

Observation 5. Since the primary operating mode of NR will be dual carrier CA with the primary band < 6 GHz and a secondary carrier at mmWave, the use of phantoms will require them to be accurate across a very broad frequency range. Existing phantoms are much more limited in bandwidth. This will need to be resolved before realistic phantom testing with NR CA can take place.

.
4. Conclusions
This paper has reviewed the existing AAS EIRP “open loop” test method based on beam declarations, special test signals and manual beam steering using proprietary DUT control. This is compared to a basic “closed loop” UE EIRP test method using standard network signaling. The suitability of a closed loop method for all likely UE implementations is discussed including how to handle widely differing beamwidths, more than one active uplink beam. The design of EIRP test methods will depend on the expected range of the UE beamwidth and also on the number of allowed beams. In addition, it is considered essential to keep the basic free space EIRP test times at a minimum due to the multiplying impact of the inevitable need to test many use cases with phantoms which currently do not exist for the broad frequency ranges needed for dual carrier NR. The following observations are made.
Observation 1. An open question is whether UE EIRP should be specified independently of a measured or declared beamwidth or whether it should be specified in a particular beamwidth? Clearly there are implications on not just test system design but also on co-existence issues since the same EIRP from a very narrow beam and from an omnidirectional source have vastly different interference characteristics and measurement method differences.

Observation 2. If it is decided that TRP is a necessary requirement, perhaps as part of another requirement, this will have significant impact on the design of the test system. A trade-off may be required between the measurement aperture of the test system and the need to supress UE beamsteering during measurement with less than full sphere aperture.

Observation 3. If the UE is not precluded from directing the uplink to one cell in more than one direction this would require a second transceiver in the anechoic chamber connected to the eNB emulator.

Observation 4. The need to consider phantoms at mmWave is far more important than it was for RF < 6 GHz. The interaction between phantoms and the device will be much stronger, and the potential for a much larger number of test cases is likely. This will have a significant impact on test time so the underlying EIRP test method needs to be fast.

Observation 5. Since the primary operating mode of NR will be dual carrier CA with the primary band < 6 GHz and a secondary carrier at mmWave, the use of phantoms will require them to be accurate across a very broad frequency range. Existing phantoms are much more limited in bandwidth. This will need to be resolved before realistic phantom testing with NR CA can take place.

5. References
[1]
R4-168454 NTT DOCOMO, INC “Consideration to EIRP/EIS in mm Wave”

[2]
R4-165770 Qualcomm Incorporated “UE RF Requirements for mmWave”

[3]
R4-165772 Qualcomm Incorporated “UE Conformance Testing for mmWave”

[4]
TR 37.842 v13.0.0 “Radio Frequency (RF) requirement background for Active Antenna System (AAS) Base Station (BS)” 
[5]
TR 36.141 v14.1.0 “Base Station (BS) conformance testing”
Page 3

