


[bookmark: _GoBack]3GPP TSG RAN WG4 Meeting #85	R4-1713847
Reno, US, 27 November - 1 December 2017
Source:		Rohde & Schwarz
Title:	On Feasibility of spatial emulation of Multi-AoA
Agenda Item:		9.8.4
Document for:	Discussion
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution discusses the feasibility of spatial emulation of Multi AoA, e.g., using the Simplified Sectorized-Multi Probe Anechoic Chamber (SS-MPAC) system solution proposed for demodulation and RRM testing as baseline system. The focus of this investigation is the resulting number and the arrival angular spread of rays that need to be emulated as well as the far-field (FF) distance criteria. 
Discussion
The SS-MPAC solution was introduced in May 2017 [1] and has been proposed various times as baseline solution ever since including the last meeting [3] since “it has fewest restrictions and no fundamental open issues.” 
The key to achieving a practical spatial emulation solution for NR frequency range 2 (FR2) of NLOS channel models is the simplification of the channel model as the large amount of rays from the proposed channel models in [2] would otherwise result in a very large amount of antennas/probes, i.e., ~23 clusters with 20 sub-paths per cluster for NLOS CDL models and ~13 clusters with 20 sub-paths per cluster for LOS CDL models and receive cluster-wise angular spread up to 22°. Without further simplification every sub-path/ray would have to be implemented with a discrete probe which in turn would have to be connected to an output of a channel emulator. Based on the large number of rays (>400 for NLOS, >200 for LOS), SS-MPAC would be completely unfeasible and costly. 
Observation 1: Without channel model simplification, spatial emulation of CDL channel models of [2] is not feasible and too costly
One approach to reduce the channel model complexity is to take into account the filtering aspect of the gNB antenna assumption which was introduced in [4]. Essentially, the rays in the vicinity of the peak direction of the channel model are amplified by the composite antenna gain of the BS antenna array while the other clusters are weakened due to the lack of gain in the given directions. Additional work was presented in [5] for the three NLOS CDL models. However, it was not clear which BS antenna assumptions were made, specifically whether the HPBW was indeed chosen to be 25o as stated which has not been documented in the common BS antenna assumption reference [6]. 
Channel Model Results after BS Antenna Filtering
This section presents channel model results after the BS antenna filtering. In this analysis, the gNB antenna pattern is directed towards the strongest cluster and multiplied with all rays for each NLOS channel model of [2] as outlined previously in [6]. While other BS antenna patterns were investigated, this contribution focuses on the BS assumptions proposed by a BS vendor in the previous meeting [7]:
· 8x8 array with HPBW=[90°] , Maximum directional gain of an antenna element: [4]dBi
The results presented here are solely focusing on a centre frequency of 28GHz and 39GHz. The frequency dependent angular spreads are calculated according to tables 7.5-6 through 7.5-10 in [2]. In this contribution only the UMi – Street Canyon NLOS scenario is examined. Other scenarios would generate different angular spreads and eventually different cluster angles. The new departure and receive angles of the CDLs are scaled according to equation 7.7-5 in [2]. An example of the angular scaling for CDL-A is shown in Figure 1 for a carrier frequency of 28GHz for the departure angles, Figure 1a, and arrival angles, Figure 1b. It is clear that the angular spread becomes smaller for higher frequencies and it is more significant for the departure angles.
a)
b)

[bookmark: _Ref498586666]Figure 1: Angular spread scaling for CDL-A at carrier frequency 28GHz. a) departure b) arrival.

Observation 2: The cluster angular spread is reduced for higher frequencies.
Observation 3: With significantly smaller departure angular spreads and equal antenna beam widths, the probability for additional clusters to be amplified within the main beam is higher. 
Examples of the BS antenna pattern [7], with the beam steered towards the departure angle of the strongest cluster, are shown in Figure 2  for the CDL-A channel model before scaling, Figure 2a and  after angular scaling for a carrier frequency of  28GHz, Figure 2b.
a)
b)

[bookmark: _Ref498521218]Figure 2: BS antenna patterns for the CDL-A channel model and the array with HPBW of 90°. a) Without scaling, b) 28GHz.

In the next set of figures the resulting channel models at the receiver end after the BS antenna filtering are presented for the three NLOS UMi channel models (CDL-A through CDL-C). The results for the CDL-A through CDL-C  are shown in Figure 3 through Figure 5 respectively for carrier frequencies of 28GHz, a, and 39GHz ,b. On the left the power levels for all clusters sub-paths/rays, (each ray is plotted as circle) are shown as a function of AoAs (azimuth axis). The horizontal line on top marks the highest power level of the strongest ray while the bottom line marks the power level 30dB below. The relative level of 30dB below the peak matches the 30dB range between the strongest and weakest clusters of the CDL models in [2]. On the right, all rays with power levels, within a 30 dB range relative to the strongest power, are visualized in 3D plots at the receiver end. 
a)
b)

Figure 3: Resulting CDL-A channel after BS antenna filtering for the BS array with HPBW of 90°. Power level as a function of AoA on the left and 3D plot of the resulting rays within the 30dB range on the right. The carrier frequency of 28GHz is shown in a) while 39GHz is shown in b).
a)
b)

Figure 4: Resulting CDL-B channel after BS antenna filtering for the BS array with HPBW of 90°. Power level as a function of AoA on the left and 3D plot of the resulting rays within the 30dB range on the right. The channel for a carrier frequency of 28GHz is shown in a) while for 39GHz is shown in b) 
 


a)
b)

Figure 5: Resulting CDL-A channel after BS antenna filtering for the BS array with HPBW of 90°. Power level as a function of AoA on the left and 3D plot of the resulting rays within the 30dB range on the right. The carrier frequency of 28GHz is shown in a) while 39GHz is shown in b). 

Observation 4: A very large number of rays are required to be emulated in the test system even after BS antenna pattern filtering. 
Two main results directly determine the complexity of the test system, i.e., the required number of emulated rays at the receiver end with respect to the power dynamic range and their arrival angular spread. In Table 1 the required number of emulated rays for CDL-A through CDL-C for three different dynamic power ranges (relative to the strongest ray) are listed. It can be seen that the number of emulated rays is between 19 and 139 and significantly varies with the channel model and carrier frequency. The required number of probes in the test system would highly depend on the resulting receive angular spread.
[bookmark: _Ref498498598]Table 1:  Required number of emulated rays for three dynamic power ranges (below the strongest ray) for the three NLOS channel models and frequencies of 28 and 39GHz. 
	Dynamic power range of rays [dB]
	Channel Model
	Frequency [GHz]
	Number of required rays

	10
	CDL-A
	28
	19

	10
	CDL-A
	39
	19

	10
	CDL-B
	28
	30

	10
	CDL-B
	39
	31

	10
	CDL-C
	28
	20

	10
	CDL-C
	39
	21

	20
	CDL-A
	28
	20

	20
	CDL-A
	39
	21

	20
	CDL-B
	28
	51

	20
	CDL-B
	39
	60

	20
	CDL-C
	28
	27

	20
	CDL-C
	39
	31

	30
	CDL-A
	28
	48

	30
	CDL-A
	39
	54

	30
	CDL-B
	28
	125

	30
	CDL-B
	39
	139

	30
	CDL-C
	28
	75

	30
	CDL-C
	39
	75



The ray angular distributions in azimuth and zenith are presented in histograms in Figure 6 through 8.  The arrival angular distribution of  the emulated rays at the receiver end are shown (within the 30dB range from the strongest ray) for the CDL-A through CDL-C channel models within azimuth (AoA), in a, and within zenith (ZoA), in b, for carrier frequencies of 28GHz on the left and 39GHz on the right.
a)
b)

[bookmark: _Ref498528909]Figure 6: Distribution of CDL-A rays within the 30dB range of the strongest ray in a) azimuth (AoA) and b) zenith (ZoA). The distribution for 28GHz is shown on the left while the distribution for 39GHz is shown on the right.

a)
b)

Figure 7: Distribution of CDL-B rays within the 30dB range of the strongest ray in a) azimuth (AoA) and b) zenith (ZoA). The distribution for 28GHz is shown on the left while the distribution for 39GHz is shown on the right.


a)
b)

[bookmark: _Ref498528933]Figure 8: Distribution of CDL-C rays within the 30dB range of the strongest ray in a) azimuth (AoA) and b) zenith (ZoA). The distribution for 28GHz is shown on the left while the distribution for 39GHz is shown on the right.
 
Observation 5: In order to emulate the required rays, an azimuth and zenith spread of 260o and 60o has to be spatially emulated in the test system respectively. 
It has been pointed out in [2] section 7.7.5.1 that the fixed CDL angles are not suitable for MIMO simulations as it could bias the statistics and influence the performance testing of the DUT. Thus, a large number of CDLs with various angles and angular spreads should be applied in tests to improve performance testing. A test system therefore has to be flexible to support the emulation of a large variety of scenarios.
Observation 6: A test system has to support various scenarios without a restriction on the number of emulated rays and ray angular spreads within a given power dynamic range. 
Observation 7: The test system cost and complexity with the required number of rays shown in Table 1 is making the spatial channel model emulation approach unfeasible. 
Proposal 1: A test system has to support various number of test scenarios and should not be limited to a small number in order not to bias the test results.
Proposal 2: Before proceeding with the spatial emulation approach as a baseline test system for demod and RRM, the observed issues regarding the number of required rays and their angular spread need to be solved. 

Far-Field Distance Requirements
SS-MPAC proponents have argued far-field distance criteria differently for RF and demod/RRM. For UE RF testing in FR2, it was argued that a UE with maximum dimension D has to be measured at the Fraunhofer far-field distance 2D2/ [8]. According to proposal 2 in [8], the far-field distance could be reduced if the distance between antenna array phase centres was declared; however, since the black-box approach has been adopted, this far-field distance would be very large as shown in Table 2 for two different D (15cm for smartphone UEs and 30cm for tablet UEs) and for two different frequencies (28GHz and 39GHz)

[bookmark: _Ref498499454]Table 2: Fraunhofer FF-Distance proposed by SS-MPAC proponents for UE RF testing
	Maximum Device Size
D [cm]
	Fraunhofer 
FF-Distance [m]

	
	f = 28GHz
	f = 39GHz

	15
	4.2
	5.9

	30
	16.8
	23.4



However, for demod test cases, the SS-MPAC proponents argued that the FF-distance could be relaxed significantly [9] by stating that D could be assumed to be the size for the single antenna array (quote from [9]: “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, it should definitely be expected that more than one antenna array is used for demod test cases [10, 11]. Additionally, it has been argued the far-field distance for a single antenna array is based on the largest dimension of the UE for the adopted black-box approach instead of the size of the antenna array [9]. Another data point for MPAC systems requiring the channel model to originate from the FF is stated in [12]. 
For RRM, it was argued that the AoA is more relevant than the power levels and that the far-field criteria could therefore be relaxed [9]. However, [9] gives no technical justification to support this affirmation. RRM legacy LTE test cases include mobility, event triggered reports, RLM, etc. where the changes of power are critical to fulfil the test purpose. With NR, the AoA will also play a role, but certain RRM events are still related to the UE measuring accurately a power change. In fact, it has been decided in previous meetings that RRM static scenarios (without dynamic AoA) are prioritised. Hence, the FF criteria for RRM is as critical as for demod and UE RF. 
Observation 8: The same FF distance criteria for SS-MPAC demod and RRM testing need to be applied as for the UE RF testing with the direct FF baseline system. According to [8], the Fraunhofer FF distances summarized in Table 2 apply to SS-MPAC. 
Observation 9: Considering the large sector sizes outlined in Figure 6 through 8, very large chamber dimensions would be required for a spatial emulation based system such as SS- MPAC when a direct FF approach is employed, e.g., 14m x 14m x 6m for 28GHz and 50m x 50m x 22m for 39 GHz. Such system for FR2 is impractical.
Alternatively, as outlined in by channel emulation experts, a plane-wave synthesis approach could be utilized to generate a plane wave in the near-field to emulate the far-field [13]. For a spherical quiet-zone of size D, see Table 2, a rectangular probe array of 1.5D x 1.5D would be required in order to create a plane wave everywhere within the quiet zone [14]. As stated in [13], Nyquist sampling requires the probe array spacing to be /2. Table 3 outlines the NF probe array dimensions and the number of probes within such probe array. In order to implement a NF/Plane-Wave Synthesis SS-MPAC, each of the rays outlined in Table 1 or Figures 6 through 8 would have to be implemented with a NF probe array, Table 3, and with each probe array connected to an output of the channel emulator (with individual amplitude and phase control per probe array antenna port).

[bookmark: _Ref498500145]Table 3: Near-Field Probe Array Requirements for a single channel model ray 
	Quiet Zone Size
D [cm]
	NF probe array size 
(L x W) [cm]
	Number of Probes within NF probe array
FF-Distance [m]

	
	
	f = 28GHz
	f = 39GHz

	15
	22.5 x 22.5
	441
	841

	30
	45 x 45
	1764
	3481



Observation 10: A NF spatial emulation test system based on plane-wave synthesis would require a total number of probes and channel emulator outputs in the 10s of thousands for the resulting number of rays outlined in Table 1. The complexity and cost of such system is making the spatial channel emulation approach in the NF unfeasible to be considered as a baseline test system approach for demod and RRM conformance testing.  
Proposal 3: Before proceeding with the spatial emulation approach as a baseline test system for demod and RRM, the issues regarding the far-field distance criteria need to be solved. 
 
Summary
Observation 1: Without channel model simplification, spatial emulation of CDL channel models of [2] is not feasible and too costly 
Observation 2: The cluster angular spread is reduced for higher frequencies.
Observation 3: With significantly smaller departure angular spreads and equal antenna beam 
Observation 4: A very large number of rays are required to be emulated in the test system even after BS antenna pattern filtering. 
Observation 5: In order to emulate the required rays, an azimuth and zenith spread of 260o and 60o has to be spatially emulated in the test system respectively. 
Observation 6: A test system has to support various scenarios without a restriction on the number of emulated rays and ray angular spreads within a given power dynamic range. 
Observation 7: The test system cost and complexity with the required number of rays shown in Table 1 is making the spatial channel model emulation approach unfeasible. 
Proposal 1: A test system has to support various number of test scenarios and should not be limited to a small number in order not to bias the test results.
Proposal 2: Before proceeding with the spatial emulation approach as a baseline test system for demod and RRM, the observed issues regarding the number of required rays and their angular spread need to be solved. 
Observation 8: The same FF distance criteria for SS-MPAC demod and RRM testing need to be applied as for the UE RF testing with the direct FF baseline system. According to [8], the Fraunhofer FF distances summarized in Table 2 apply to SS-MPAC. 
Observation 9: Considering the large sector sizes outlined in Figure 6 through 8, very large chamber dimensions would be required for a spatial emulation based system such as SS- MPAC when a direct FF approach is employed, e.g., 14m x 14m x 6m for 28GHz and 50m x 50m x 22m for 39 GHz. Such system for FR2 is impractical.
Observation 10: A NF spatial emulation test system based on plane-wave synthesis would require a total number of probes and channel emulator outputs in the 10s of thousands for the resulting number of rays outlined in Table 1. The complexity and cost of such system is making the spatial channel emulation approach in the NF unfeasible to be considered as a baseline test system approach for demod and RRM conformance testing.  
Proposal 3: Before proceeding with the spatial emulation approach as a baseline test system for demod and RRM, the issues regarding the far-field distance criteria need to be solved. 
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