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1. Introduction

The work plan tasks defined for the RAN4 #83 meeting can be found in Table 1 taken from [1]. This paper addresses the highlighted UE RRM tasks at a high level for the mmWave OTA scenarios. More detailed proposals are found in [2] and [3].
Table 1. Work plan for RAN4 meeting #83
	Timeline
	UE RF tasks
	UE RRM tasks
	UE demod tasks

	RAN4 #83, May '17
	Make progress on MU element descriptions
	Finalize the baseline measurement setup
	

	 
	Make progress on MU budget values
	Make progress on propagation modeling for RRM scenarios
	

	 
	Make progress on mapping between MU elements and UE RF requirement definitions in the NR WI
	Based on preliminary observations from ETRFFD, exchange views on defining the far-field distance criteria for the RRM measurement setup
	 

	 
	Make progress on ETRFFD
	Define work plan for alternate test methodologies (if applicable)
	 

	 
	Make progress on alternate test methodologies (if applicable)
	 
	 


2. 3GPP channel models for RRM at mmWave
There may be a subset of < 6 GHz RRM tests that can be carried out using omnidirectional “cable replacement” OTA techniques at mmWave, such as those relating to frequency or timing, however it is assumed that most mmWave RRM requirements will need to be defined and measured in a 3D spatial OTA environment. There may also be legacy RRM tests that no longer make sense in a 3D spatial environment.
The key driver for all RRM requirements should be an accurate and concise understanding of the mmWave channel propagation characteristics. To that end the first resource is to study the channel dynamics as defined in the latest 3GPP channel model for 0.5 – 100 GHz in [4]. This set of channel models is based on an extension of the geometric stochastic channel models (GSCM) developed for LTE in [5]. The models in [4] were developed by RAN1 for the purposes of system level simulations. In previous generations, it has been the case that RAN1 system level models have been adapted for use in RAN4 as link level models for the purposes of developing UE and BS requirements. The first question to ask is whether the current models in [4] can be adapted for link level use.
Preliminary analysis of [4] suggests that the channels have a more complex structure than the previous SCME channels used for MIMO OTA in [6]. The SCME channels were already highly scattered, and to implement them correctly requires a multi-probe anechoic chamber (MPAC) test system which can emulate an arbitrary 2D spatial field in 360 degrees. It is safe to assume that the 3D models in [4] would require a 3D MPAC solution.

The extension of MPAC to mmWave has been discussed in various papers [3], [7], [8], and it is clear that direct scaling to mmWave frequencies of current systems is not viable. The primary issue is that the size of the test zone in which the signals can be controlled (with known correlation) is a function of the wavelength of the test signal and the angular separation of the probes. The test zone in an 8x2 MPAC system starts to degrade at 0.7 λ, which at 39 GHz provides a test zone size of only 5 mm. Upgrading to a 16x2 chamber would extend the test zone to around 15 mm but it is apparent that to reach realistic device sizes using the current definition of the test zone is not practical. It is however possible to reconsider our understanding of the test zone at mmWave frequencies and consider how the MPAC principle might be usable at mmWave frequencies. To that end, the new concept of the simplified sectorized MPAC (SS MPAC) is developed in some detail in [2] and [3] and discussed further here in section 6.
3. Alternative channel models for RRM at mmWave

It was discussed in [3] that the complexity of the channel models in [4] is higher than in previous models, with some scenarios having up to 20 clusters in 3D with significant power angular spectrum (PAS). Evidence from ongoing research and a variety of published studies [9] – [14] indicate the mmWave channel is typically very sparse with very narrow angular spreads - as low as 0.5 degrees at 60 GHz [9]. By contrast the channels defined in [4] are a lot more complex with wider AS. Such channels are fundamentally harder to emulate in test systems so it is doubly important to confirm the suitability of these system level models for link level use as the cost of doing so in terms of test system complexity is high.
In addition to the channel structure, the dynamics of the channel in terms of mobility, evolution of AoA and modelling of blocking are very important for the development of realistic RRM requirements. The current scope of the testability SI is to focus on free space performance as the first step. This is a pragmatic approach however, the implications on head/hand/body proximity on UE blocking performance needs to be considered soon as will may have a significant impact on the design of handheld equipment. Future OTA test systems will need to accommodate head/hand/body phantoms for that reason and this wil impact their design.
4. Far field distance
The question of what far field distance to use for RRM is a major issue. At < 6 GHz, conducted RRM requirements were primarily based on power levels and ratios. It is assumed the conducted test systems for RRM have slightly looser requirements on power accuracy than those used for RF tests. In moving to mmWave, correctly emulating power is still important but by far the more important criteria is to correctly model the spatial dynamics in terms of AoA of the available beams as the UE progresses through the environment. At < 6 GHz the signals were practically omnidirectional, but at mmWave they are highly directional, so emulating only power variations without the associated angular variation would fall far short of realistic environments. 
Given that emulating AoA is more important that emulating the ideal power, it is up for discussion if the classic far field criteria can be relaxed for RRM test systems. This may be particularly relevant since the definition of “D” for RRM may be different to that used for RF tests. For requirements based on a single array, such as EIRP, it is safe to assume that D represents the size of the array, which may be in the order of 1 – 2 cm @ 28 GHz rather than the larger size of the device which is unlikely to be less than 15 cm. For requirements that may involve simultaneous use of more than one array, the effective D becomes the separation between the arrays. This is the case for the correlation-based requirements in MIMO OTA for LTE < 6 GHz and the reason why the test zone size of the classic MPAC test system is so small. The potential use of the SS MPAC at mmWave discussed in [3] assumes that spatial correlation is no longer as important as it was since demodulation requirements are most likely to be based on single stream single array scenarios and not on rich channels capable of supporting multi-stream transmission to a single device.
For demodulation purposes, it may then be safe to assume that D can be based on the array size and not the array separation, since simultaneous use of more than one array is a low probability scenario at mmWave. However, for RRM requirements based on spatial dynamics, there are scenarios where multiple arrays may be used simultaneously. This was previously discussed in [15].

The issue raised in [15] was that for requirements that involve simultaneous use of more than one array, the effective D must be the separation of the arrays, in order that the angular error of the test signal is minimized. The example used in [15] is shown in Figure 1.
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Figure 1. Standard far field test setup

The device is a tablet with two 4 cm arrays placed 24 cm apart in opposite corners. The classic far field distance calculated from the size of the array would then be 30 cm at 28 GHz. However, for any requirement where both antennas are used simultaneously, such as beamforming to a dynamic channel with evolving AoA, both antennas may be tracking the signal simultaneously. In such a case, with a far field calculated from only the array size and with the device cantered on the test volume, there is a +/- 22 degree error on the AoA. To overcome this error the classic far field distance needs to be calculated from the antenna array separation, which increases the working distance for this device to 10.8 m. This is a big concern and it remains to be agreed how to determine the far field distance for requirements that depend on accurate modelling of the AoA to more than one array at a time. The existing Fraunhofer distance, which is based on power levels and limited phase difference across the test zone, does not appear to be relevant in determining the acceptable AoA error.
Devices designed to accurately track the spatial evolution of real signals in the far field are likely to be confused by a test system that is generating signals from much closer distance that are pretending to be in the far field. One solution to this is to use a CATR to generate a collimated signal, however, the extension of CATR to a multi-beam test system is non-trivial.

5. Potential baseline test systems

6.1 Idealized 3D RRM baseline

The attributes of an idealized 3D OTA test system for RRM were introduced in section 2. It seems evident such a system would be prohibitively expensive to develop and in any case, a 3D system with so many antennas might have enough back scatter to look more like a spherical reverberation chamber.  Although it may not be possible to develop such a system, it may still be useful to hold on to the principle of a system capable of generating an arbitrary number of signals with arbitrary angular spread from arbitrary 3D directions. In particular, when it comes to assessing the compromises in alternative simpler test methods, there needs to be a baseline against which the shortcomings are measured. The metrics to assess the compliance of simpler test methods against the 3D ideal are yet to be developed, and based on the experience of trying to harmonize multiple test methods for MIMO OTA, equivalence and validation criteria are an essential piece of work to get right early in the process. Failure to identify sufficient validation criteria will lead to unacceptable test system variability later. Potential validation metrics for the SS MPAC proposal are given as an example in [3].
The alternative to enabling implementation freedom against an ideal system with appropriate metrics for validation is to propose a specific design of a test method as the baseline and not consider the finer details of how this may compare to an ideal. This would have the effect of making the specific design the de facto standard since any alternatives are unlikely to be able to reproduce the exact non-deal behaviours of the reference method in all scenarios for all devices. 
6.2 Simplified sectorized MPAC

The principle behind the SS MPAC is to reduce the theoretical complexity of an arbitrary 3D MPAC system by making three fundamental assumptions:

1. Only one sector of the full 3D sphere is emulated e.g. 120° x 60° degrees – this precludes scenarios such as testing a UE with simultaneous back and front signals
2. The arbitrary AoA of the clusters defined in [4] is discretized in order that a closer match to a modified channel can be implemented with fewer probes aligned to the discretized AoA

3. The assumptions about test zone size adopted for MIMO OTA < 6 GHz intended to guarantee correlation for SU MIMO within the test zone are relaxed to focus on beam selection and tracking requirements
With the above assumptions, the potential to emulate the channel models in [4] at mmWave with the SS MPAC approach look feasible. Whether the above assumptions are acceptable to RAN4 will be part of the negotiation between what is ideally preferred vs. what can practically be implemented.

6.3 Limited scope 3D baseline
Another possible alternative is to consider a baseline capable of limited 3D operation such as in Figure 2.
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Figure 2. Limited scope 3D test system
The principle here is to emulate in 3D a small number of signals (max 4?) from a limited set of angles. Each signal would be represented by one probe antenna, without variable angular spread. This might be arranged through mechanical positioning of RRHs within the anechoic chamber or through some form of switched antenna array mounted on arcs. Such a system would have significant capability to emulate movement through typical scenarios with correct evolution of AoA over some distance. By adding a channel emulator to each probe, it is possible to apply temporal and frequency fading to each signal giving the possibility to model effects such as ground bounce, Doppler and shadow fading/blocking. Care would need to be taken with the limitations of any particular design in terms of what simultaneous angles could be emulated, however, it may still be that with the addition of a 2D positioner for the UE, many realistic scenarios could be emulated.
6. The impact of gravity on beamforming algorithms
One of the most significant challenges in developing UEs that can adapt to a dynamic 3D mmWave environment is the acquisition and tracking of the available signals. The cause of varying AoA comes from two independent sources, first is the propagation conditions of the channel and second is the angle of the device relative to the channel. Thus, even in a “static” environment, the device must deal with potentially significant and fast changes of orientation towards the network. One of the ideas being developed to handle the second type of AoA variation is the use of gravity sensors in the UE to predict the evolution of the AoA due to changes in the device orientation. This approach has potential and certainly is something that can be exploited, however it is something that may need to be considered when designing test systems for emulating real network scenarios. For instance, if the test system emulates a changing AoA due to device orientation by changing the AoA of the test signal rather than reorienting the device relative to a static signal, then the device may get confused. This is not major point now but something that should be kept in mind.
7. Conclusions
This paper has discussed some of the major factors to consider when developing a baseline test system for RRM. An idealized 3D systems seems out of the question for cost and complexity reasons, however, a practical simplified system is proposed in [2] and [3] for consideration. The importance of agreeing soon on the channels to be emulated is very important as this has a large bearing on the design of practical test methods which will permanently limit the scope of what scenarios can be tested. The suitability of the system level models in [4] needs to be assessed for link level simulations as well as comparison with ongoing research into channel models in [9] to [14]. Another critical factor to decide soon is the far field criteria for RRM for spatial requirements where accurate emulation of AoA is needed. In such cases the far field is determined by the UE array separation, rather than individual array size, leading to a 10 or 20-fold increase in far field distance.
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