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1 Introduction
Discussions on potential baseline test methods for UE demod are ongoing and two primary methods were identified in [1] being Option A (RTS) and Option B (spatial emulation). This paper further evaluates the potential for the spatial emulation approach.
2 Background
Proposals based on Option B are provided in [2] through [7]. The primary motive for option B comes from the experience in MIMO OTA where an MPAC approach was having the fewest restrictions in that it could emulate arbitrary channel models for testing of UE’s whose antenna systems can adapt to the channel. The alternate harmonized RTS method is equivalent for channel models with static geometry and UE with static antenna patterns. The RTS method also requires a special test mode in the UE to enable non-intrusive measurement of the UE antenna pattern.
The extension of demod test methods into FR2 creates new challenges in terms of how range length and test zone size is managed and how active systems are handled. Three specific concerns were raised in [8] as follows:
Option B, which relies on a multi-port channel emulator to synthesize multipath components that sum to create the desired propagation statistics within the test zone in the chamber, can generate channel coefficients resulting from arbitrary geometries and per CDLs in 38.901. The following captures a list of potential concerns associated with selecting Option B as the demodulation setup baseline:

1. The measurement uncertainty associated with spatial emulation of desired propagation statistics directly in a test zone is greater than the uncertainty of an antenna measurement and baseband emulation over the “cable replacement” link.

2. Since Option B may not be able to emulate TDL models or CDL models with arbitrary (simulated) UE antenna patterns, demodulation test cases using Option B will need to include the impact of real UE antennas in the requirement definition. One approach could be to include this impact in the test tolerance. This approach may increase the test tolerance to levels which preclude meaningful outcomes from the test.

3. The SNR definitions are expected to be different for Option A and Option B. In the case of Option B, it may be only possible to define the SNR at the OTA interface to the DUT and not as perceived by the baseband of the DUT.

The following sections address each point in turn.
3 Measurement uncertainty 

1. The measurement uncertainty associated with spatial emulation of desired propagation statistics directly in a test zone is greater than the uncertainty of an antenna measurement and baseband emulation over the “cable replacement” link.
The analysis of MU for option A and B for FR2 demod has not yet been studied and conclusions about which method may have a lower MU cannot yet be made. A key factor in the scalability of spatial emulation to FR2 is the issue of the size of the test zone in which spatial correlation can be controlled. It is known from the development of MPAC for MIMO OTA that the size of the test zone in which spatial correlation is controlled is determined by the angular spacing of the probes. For an 8-probe system with 45 degree spacing the test zone diameter where correlation control starts to fail is 0.7 λ, which at 2.6 GHz is 80 mm. This figure is not explicit in 3GPP [9] Table 12.4-1 but is well documented by CTIA in [10] Table 2.3.3.2-1where a slightly large figure of 1 λ was chosen as the test zone limit for an 8x2 probe system. By using more probes the test zone can be increased e.g. for a 16x2 probs system with 22.5 degree angular spacing the test zone starts to break down at 2 λ.
The extension of spatial emulation to FR2 can therefore be seen to be problematic since at 28 GHz a 16x2 probe system would have a test zone diameter of around 20 mm. Further reduction in the angular spacing of the probes can be done but then the cost of 360-degree coverage becomes prohibitive. A solution to this problem comes from the observation in [11] that once realistic gNB Tx antenna filtering has been applied to the channel model, the resulting signal contains signals from only one direction which may span an angular spread of around 50 to 100 degrees. This observation means that at FR2 it is no longer necessary as it was at FR1, to emulate the entire 360-degree azimuth and that a sectored approach covering a limited azimuth and elevation is sufficient. Using this simplification, it is possible to increase the size of the test zone by decreasing the angular spacing of the probes while limiting the overall complexity.
At 28 GHz, it has been calculated that for the current assumption of a black box DUT with maximum dimension of 150 mm, the required angular spacing of the probes would be around 2 degrees. It is known this worst-case antenna aperture is not likely and so a smaller aperture of 50 mm is also being studied from a range length perspective and for this aperture the required angular probe spacing is 5.3 degrees. It has also been shown in [2] and [3] that only a very few of the available probes require to be active to closely approximate the channel, further reducing the complexity of the system. The exact details of spatial configurations that can accurately emulate the required spatial channels with a sufficiently large test zone wil be calculated once the work to finalize the channel models to be used for demod requirements is complete. 
Another aspect that also needs to be considered is whether the FR1 definition of test zone size is relevant at FR2. It is known at FR1 that a 2x2 SU-MIMO signal is transmitted by the BS on independent antenna ports which excite different Eigenmodes of the SCME channel which is then received by the UE across a 360-degree azimuth range. This why the test system needs to control spatial correlation within the test zone. At FR2 however, the primary method of encoding 2x2 SU-MIMO will be through cross-polarized transmission from a single beamID with around 30 dBi directivity. This signal will arrive at the UE through the channel as a single direction with limited angular spread of 50 to 100 degrees with both polarizations remaining orthogonal. This signal will be received by the UE through cross-polarized antennas in such a way that the spatial correlation of the test system in the FR1 sense plays minimal or no role in the accuracy of the emulated environment.
The priority in Rel-15 is on UE with up to 2 MIMO streams and for this configuration, the Option B spatial emulation approach using cross-polarized transmission appears to create no spatial correlation issues. Indeed, the Option A RTS approach would rely on cross polarization of the test signals to guarantee sufficient isolation between the signals used for the second stage throughput measurements which from [9] at FR1 require at least 15 dB of isolation.

Extension of demod to higher order e.g. 4 streams may be possible but at least in Rel-15 it is understood the UE does not require to support more than one simultaneous beam direction and so how a 4x4 SU-MIMO signal is encoded and transmitted remains to be decided. If the solution to this is that the UE supports more than one simultaneous direction, then this provides a method for Option A to achieve sufficient isolation across four streams using two spaced cross-polarized probes. For Option B, the need to control spatial correlation in the test zone is minimized by the UE pointing in two or more directions.
For the 2x2 scope for Rel-15 it does not appear that spatial correlation is a factor that would disadvantage Option B over Option A. the uncertainty of emulating the channel through a limited number of discretized probes has bene analysed in [3] and does not appear to be a major concern. A full analysis of this will be possible once the channel model details are finalised. Range length constraints for both Option A and B are similar.
4 TDL emulation
2. Since Option B may not be able to emulate TDL models or CDL models with arbitrary (simulated) UE antenna patterns, demodulation test cases using Option B will need to include the impact of real UE antennas in the requirement definition. One approach could be to include this impact in the test tolerance. This approach may increase the test tolerance to levels which preclude meaningful outcomes from the test.
Although not explicit, it is assumed the concern over the ability of a spatial emulation approach to generate TDL models is since an omni-directional spatial transmission would be received by the UE through unknown antennas which would spatially colour the signal. The solution to this for Option A would be to transmit the TDL using a single direction of arrival and de-embed the UE antenna gain. The received signal would then be independent of the UE antenna pattern. The need for TDL models has yet to be agreed, however, assuming they are required, both Option A and Option B can emulate them with the same efficacy. Although described here as an inability to emulate a TDL, it is the case that the Option B spatial emulation approach can also emulate the Option A approach by using a single probe as used for Option A.
5 SNR definition

3. The SNR definitions are expected to be different for Option A and Option B. In the case of Option B, it may be only possible to define the SNR at the OTA interface to the DUT and not as perceived by the baseband of the DUT.
The definition of SNR in Option B has the same degrees of freedom as in Option A since Option B can fall back to an Option A approach using a single probe. This is the same reasoning as used for the ability of Option B to support TDLs.
6 Conclusions 

The concerns regarding the capability of Option B (spatial emulation) in [8] have been discussed and no significant issues found. It is self-evident that Option B can default to an Option A configuration by using a single probe for the purposes of TDL emulation or SNR control at baseband. The decision as to whether Option A or Option B makes a better baseline for demodulation depends on several factors:
1. Option A requires a UE test mode for antenna pattern measurement and will have increased test time

2. Option A is limited to test cases where the channel model geometry is static and the UE antenna pattern does not adapt to the channel due to large scale or small scale fading.

3. Option B requires more hardware and is likely to use between four and 8 active probes selected from a larger array.
4. Option B can emulate arbitrary and dynamic channels within the implemented sector size and will support UE that adapt their antenna pattern due to changes in large scale or small scale fading.

5. Option B has the potential to also support requirements that depend on active UE antenna beamforming such as initial access [12] and other RRM requirements within the implemented sector size
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