[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #80	R4-166572
Gothenburg, Sweden, 22 - 26 August, 2016 


Source: 	Huawei
Title:	Power levels for OTA test requirements
Agenda Item:	8.12.3
Document for:	Discussion
Introduction
During RAN#71 meeting, WI on enhanced AAS was approved [1]. The main goal of the eAAS WI is to create a set of AAS BS core and performance requirements which no longer require a conducted interface and are all doable in OTA fashion. 
In this contribution, we are looking at derivation of the OTA power levels based on the Rel-13 AAS BS conducted requirements.
Discussion
Referring to the Rel-13 AAS BS core requirements in TS 37.105, examples of the wanted signal and interferer power level ranges for the AAS BS conducted and radiated requirements were captured in Table 1. For simplification, the initial analysis was limited to E-UTRA requirements. 
[bookmark: _Ref455056573]Table 1: Examples of Rel-13 AAS BS power level ranges for conducted and radiated requirements
	
	Test requirement
	Rx / Tx power levels
(wanted, interferer)
	References

	Conducted Tx  requirements
	AAS Base station output power
	P(wanted), e.g. 46dBm
	Tx out power; product specific

	
	Unwanted emissions
	P(unwanted) ≤ (-52/-30) dB/1MHz
	

	
	ACLR
	45dB
Absolute limit: -15 dBm/MHz
	

	
	Transmitter intermodulation
	P(interf)= 
P(wanted) - 30dB
	

	Conducted Rx requirements
	Reference sensitivity level
	P (wanted):
-106.1 to -92.5 dBm
	Min PREFSENS: TS 36.141, f ≤ 3.0GHz, 1.4MHz channel, E-UTRA, wide area BS
Max PREFSENS: TS 36.141, 3.0GHz < f ≤ 4.2GHz, 5-20MHz channel, E-UTRA, Local area BS

	
	Dynamic range
	P (wanted):
-76 to -61.9 dBm, 
P (interf):
-88.7 to -68.4 dBm
	Min wanted and interf: TS 36.141, 1.4MHz channel, E-UTRA, WA BS
Max wanted: TS 36.141, 5-20MHz channel, E-UTRA, Local area BS
Max interf: TS 36.141, 20MHz channel, E-UTRA, Local area BS

	
	In-channel sensitivity
	P(wanted): -105.5 to -88.7 dBm, 
P(interf)= -87 to -69 dBm
	P(wanted)max: E-UTRA LA BS, 10-20MHz, 3.0GHz < f ≤ 4.2GHz
P(wanted)min: E-UTRA WA BS, 1.4MHz, <3GHz
P(interf)max: E-UTRA LA BS, 10-20MHz
P(interf)min: E-UTRA WA BS, 1.4MHz

	
	ACS, 
Narrow-band blocking
	P(wanted)= -106.1 to -92.5 dBm, 
P(interf)= -52 to -41 dBm
	

	
	Blocking
	P(wanted): -100.1 to -86.5 dBm, 
P(interf in-band) = -43 to -35 dBm 
	P(wanted) = PREFSENS + 6dB
P(interf in-band) min: E-UTRA WA BS
P(interf in-band) max: E-UTRA LA BS


	
	
	P(interf out-of-band): -15dBm
	

	
	Rx spurious emissions
	P(unwanted) ≤ -47/-57dBm
	P(unwanted): 
30MHz ‑ 1 GHz: -57dBm
Above 1GHz: -47dBm

	
	Receiver Intermodulation
	P(wanted): -100.1 to -86.5 dBm, 
P(interf)=-52 to -44 dBm
	P(wanted) = PREFSENS + 6dB
P(interf) min: E-UTRA WA BS
P(interf) max: E-UTRA LA BS

	Radiated Tx requirements
	EIRP (accuracy, direction)
	EIRP(wanted), e.g.66dBm 
	Tx out power as product specific
Considered antenna gain: 20dBi

	Radiated Rx requirements
	EIS
	EIS(wanted) ≥ -125dBm
	Considered antenna gain: 20dBi



Based on the overview of conducted power levels outlined in Table 1, analysis on power levels range for the wanted and interfering signals in AAS BS receiver tests in radiated setup is presented below.
Estimation of the OTA power level
In order to obtain complete link budget estimation for the E-UTRA requirements listed in Table 1 for the OTA testing, the following elements shall be modelled: 
· Pathloss (free space pathloss considered)
· AAS BS antenna gain: based on the beam declarations
· AAS BS transmit power (for the Tx test): product specific value
· Test range’s antenna/probe gain: based on the datasheets
For more detailed analysis, also the following contributors could be considered:
· Additional loses of the test range (e.g. cabling, etc.)
· Consideration of the OTA measurement uncertainties: e.g. ±2.2dB + TT.
Spatial loss of test distance 
Referring to the Rel-13 AAS BS work, various OTA test ranges were considered for the EIS and EIRP testing, considering near field, and far field methodologies. It is obvious that various commercial test ranges are characterized by different test distances, leading to different propagation losses. In the analysis below, we are looking into estimation of the spatial losses for particular near field test ranges, considering E-UTRA frequency bands. We are limiting the analysis to two test distances, which were derived from two commercial Near Field Test Ranges (i.e. SG64 [4] and SG128 [5] test ranges from MVG, considering d=1.5m and d=3.2 test distances, respectively). 
Based on the free space pathloss model, the curves on Figure 1 were generated. Considering the corner case of the E-UTRA frequency bands with Band46 upper frequency of ~6GHz, the free space pathloss reaches 51.5dB and 58dB, for the two considered test distances of d=1.5m and d=3.2m, respectively. 
[image: ] Figure 2: Free space pathloss for E-UTRA frequency ranges, at two different test distances
Based on the above, the size of the considered test range and its test distance is a major parameter to consider in this discussion. The objective of this work is not to put any limitations on the test ranges design, its rather to get understanding on the OTA testing feasibility and on the potential test methods modifications to cover all the Rel-14 eAAS requirements. 
Far field as well as near field ranges were considered for the Rel-13 OTA tests. Despite of the assumption of free space pathloss model, it was observed, that in case of the near field test range, it might be more appropriate to use more accurate modelling, e.g. in [3], the near field channel model for IEEE 802.15 has been proposed. It shall be further investigated, whether FSPL model provides sufficient approximation of the spatial loss, for the purposes of this study. 
Considering the above arguments, its proposed to further extend the analysis with consideration of other realistic test ranges.
Power level range for selected receiver tests
Based on the analysis of the conducted AAS BS requirement power levels, and considering certain assumptions on the test range setup, the following table captures estimations of the power levels, which the test range would have to be capable of transmitting. The below estimated power levels are related to the power levels which would have to be provided at the test systems Tx output (i.e. before reference antenna, or probe). Analysis of the power distribution in the spatial domain is out of scope of this paper. 
It shall be noted, that those power levels are derived based on Rel-13 AA BS conducted requirements, which does not mean that will be applicable for the Rel-14 work. As the discussion on the Rel-14 requirements is it its early stage, the conducted requirements were reused for this analysis. For the purpose of this analysis, 700MHz and 4GHz frequencies were selected to roughly cover the E-UTRA frequency range. Additionally, power levels for 6GHz were derived, addressing Band46. 
[bookmark: _Ref457557139]Table 2: Derivation of the test system Tx power levels for assumed antenna gains and test distance, based on selected AAS BS conducted requirements 
	 
	Test item
	AAS receiving signal level 
[dBm]
	Power level of signal (d=3.2m) [dBm]

	
	
	
	G_t [dBi]
	2
	G_t [dBi]
	2

	
	
	
	G_r [dBi]
	2
	G_r [dBi]
	18

	
	
	
	f [MHz]
	f [MHz]

	
	
	
	700
	4000
	6000
	700
	4000
	6000

	Rx
	Reference sensitivity level
	P(wanted) min 
	-106.1
	-70.65
	-55.51
	-51.99
	-86.65
	-71.51
	-67.99

	
	
	P(wanted) max
	-92.5
	-57.05
	-41.91
	-38.39
	-73.05
	-57.91
	-54.39

	
	Dynamic range
	P(wanted) min 
	-76
	-40.55
	-25.41
	-21.89
	-56.55
	-41.41
	-37.89

	
	
	P(wanted) max
	-61.9
	-26.45
	-11.31
	-7.79
	-42.45
	-27.31
	-23.79

	
	
	P(interf.) min 
	-88.7
	-53.25
	-38.11
	-34.59
	-69.25
	-54.11
	-50.59

	
	
	P(interf.) max
	-68.4
	-32.95
	-17.81
	-14.29
	-48.95
	-33.81
	-30.29

	
	Blocking
	P(wanted) min 
	-100.1
	-64.65
	-49.51
	-45.99
	-80.65
	-65.51
	-61.99

	
	
	P(wanted) max
	-86.5
	-51.05
	-35.91
	-32.39
	-67.05
	-51.91
	-48.39

	
	
	P(interf. OoB) min
	-15
	20.45
	35.59
	39.11
	4.45
	19.59
	23.11

	
	Receiver intermodulation
	P(wanted) min 
	-100.1
	-64.65
	-49.51
	-45.99
	-80.65
	-65.51
	-61.99

	
	
	P(wanted) max
	-86.5
	-51.05
	-35.91
	-32.39
	-67.05
	-51.91
	-48.39

	
	
	P(interf.) min
	-52
	-16.55
	-1.41
	2.11
	-32.55
	-17.41
	-13.89

	
	
	P(interf.) max
	-44
	-8.55
	6.59
	10.11
	-24.55
	-9.41
	-5.89

	
	
	
	MIN [dBm]
	-70.65
	-55.51
	-51.99
	-86.65
	-71.51
	-67.99

	
	
	
	MAX [dBm]
	20.45
	35.59
	39.11
	4.45
	19.59
	23.11



Considering the range of power level values in Table1, it shall be studied, whether the test systems considered in TR 37.842 would be capable of handling such range of Tx powers (which were derived based on Rel-13 conducted requirements, which might not be the case for all Rel-14 requirements). It shall be further studied, whether test system modifications are required to be studied for that purpose. 
It seems reasonable to consider test system limitations in the Rel-14 core requirements discussion, in order to identify potential limitations of the testability aspect, and to define feasible set of OTA core requirements.
Conclusion
Based on the analysis above, the following is proposed to be further studied and captured in the Rel-14 eAAS TR: 
Proposal 1: based on the analysis in this contribution, it is proposed to continue investigation on the test ranges applicability and required modifications to the test system studied in Rel-13 AAS work and described in TR 37.842, as well as their potential evolutions and alternatives. 
Proposal 2: realistic test distances for all the OTA test methods to be considered for AAS BS OTA testing shall be captured, in order to extend the study on the spatial losses and on the resulting power level required to be handled by test systems. 
Proposal 3: it shall be verified, whether the free space pathloss model is sufficient for this analysis, considering near field and far field regions.
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