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1.
Introduction
At RAN4#68bis in Riga it was agreed to study the feasibility of a minimum requirement related to the radiated receiver sensitivity of an AAS base station. 

So far the work defining minimum requirement for radiated output power is progressing, while the work defining minimum requirement for radiated receiver sensitivity has not been prioritised. For radiated output power EIRP have been agreed to be used as base for the minimum requirement. The work with radiated receiver sensitivity has not agreed on a definition of the requirement.
This contribution presents a minimum requirement definition for radiated receiver sensitivity based on Equivalent Isotropic Receiver Sensitivity (EIRS).

2.
Discussion
The technical background for defining a radiated receiver sensitivity minimum requirement for AAS BS is a consequence of the fact that transceiver array is integrated together with RDN and antenna array to a single system. The impact of each subsystem (antennas, RDN, transceivers) no longer combines independently of one another. 
In earlier presented contributions it has been suggested to define the sensitivity for a field-strength (
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) in dBV/m in front of the aperture or Equivalent Isotropic Received Sensitivity (
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) as potential candidates for radiated receiver sensitivity. 
For a passive system, 
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 can be thought of as: 
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 is the minimum received power level in dBm at the detector and 
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 is the antenna array gain in dBi. The radiated receiver sensitivity is the corresponding radiated requirement to conducted reference sensitivity. The radiated receiver sensitivity will unlike reference sensitivity capture impacts from self-inference caused by integration of radio and antenna. When the distance is short between antenna and radio electronics, emissions can leak direct into the receiver aperture and de-sense the system receiver sensitivity.

The radiated sensitivity level can also be seen a field-strength level measured in V/m just in front of the antenna aperture, where the relation between EIRS and the field-strength can be expressed as:
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 is in V/m in linear scale. This expression can be simplified as:
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, where 
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 is in dBV/m, 
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is dBm and 
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 in MHz. In the work doing link-budget calculations it is preferable to use EIRS instead of field-strength, since EIRS can easily be associated with UE EIRP via the propagation loss. 
The radiated receiver sensitivity of an AAS base station receiver is related the signal-to-noise level at the detector in the demodulator. In an anechoic chamber the SNR at the detector will directly relate to bit-error-ratio (BER) performance or throughput. For reference sensitivity the SNR is difficult to measure, therefore BER or throughput is used. The SNR can be expressed as:
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 is signal-to-noise ratio at the detector, 
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 is the array antenna gain and
[image: image16.wmf]tot

N

 is the total noise floor at the detector calculated as: 
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is related to the individual receiver noise or the receiver array noise and 
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 is the noise level caused by self-interference. For an integrated system where the antenna aperture is a part of the enclosure of the product, the interference noise level (
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) can be the dominant factor in the total noise level (
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). The in-band self-degradation of radiated receiver sensitivity is described in earlier presented contribution [1]. The total noise level will directly affect the sensitivity level of the receiver. For an integrated product, where the radio electronics is fulfilling the emission requirement in Table 8.2.1.3-1 or TS 37.113 [2], will not guarantee the radiated receiver sensitivity to be as expected. The reason is the isolation between the antenna aperture and emission source at the radio electronics is far lower than for a legacy site deployment where the radio and antenna is separated by a large distance. 
The relations above imply that EIRS will depend on:
· Array antenna gain

· Test signal
· Self-interference noise

The array antenna gain will be a function of antenna element gain, number of elements, coherent combining efficiency and complex combinations of many factors, such as LNA gain, AGC setting and impedance matching. The antenna aperture size will depend on base-station class. The number of transceivers will depend on base-station capabilities related to different deployment scenarios. Since the current conducted requirement for reference sensitivity still applies for AAS base stations and the radiated receiver sensitivity will depend on number of supported receiver chains, it is suggested to define a radiated sensitivity minimum requirement as a manufacture declaration. The manufacturer declares a maximum level for radiated receiver sensitivity. This approach is unlike radiated output power where an accuracy interval is defined, just a single sided threshold. 

The radiated sensitivity will also depend on parameters, such as frequency band, receiver bandwidth and modulation. The conduced reference sensitivity requirement is limited to reference measurement channel (RMC) defined for a fixed Reference Channel (FRC) defined in Annex A in TS 36.104. The FRC gives the modulation format.
It is suggested to define minimum requirement for radiated receiver sensitivity as the minimum receiver sensitivity in beam pointing direction where the beam is pointing straight out from the aperture. The AAS base station will adapt and create a beam with highest possible gain. The corresponding receiver sensitivity level is proposed to be used as base for the minimum requirement for radiated receive sensitivity. The radiation pattern for UL is of secondary importance, it effectively depends on the position of the wanted signal and potentially also interferers. However, it is very important that the receiver have the ability to receive a weak signal in a controlled environment. A test of receiver sensitivity will capture self-interference degradation and beam-forming gain. 
3.
Conclusion

To capture the overall receiver sensitivity of AAS BS a new declarable requirement must be added to 3GPP RF core specifications. A threshold for radiated receiver sensitivity captures the overall system performance. Since different types of implementations will exist it is suggested to define the minimum requirement as a declaration and in conformance testing show that the sensitivity is better than the declared threshold.
RAN4 needs to decide if the requirement needs to be defined per receiver or as the combined radiated sensitivity included all supported receivers. Is must be noted that currently, conducted reference sensitivity is defined per receiver.
In this contribution a draft version of relevant sections for minimum requirement related to radiated receiver sensitivity can be found. 
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A radiated receiver sensitivity requirement can be expressed in text as:

10.1
General

The radiated receiver sensitivity level, Prad,sens, is a value that the manufacturer declares.

Unless otherwise stated, the receiver characteristics are specified with a full complement of transceivers for the configuration in normal operating conditions. For FDD operation the requirements in clause 7 shall be met with the transmitter on. 

NOTE:
In normal operating conditions the BS in FDD operation is configured to transmit and receive at the same time. 

10.2
Radiated receiver sensitivity

The radiated receiver sensitivity power level Prad,sens is the minimum mean power received by the base-station at which a throughput or Bit Error Ratio requirement shall be met for a specified reference measurement channel.

Using the reference measurement channel specification in Annex A [Y], the reference sensitivity level and performance of the BS shall be as specified in Table 7.2-1.

Table 10.2-1: UTRA BS radiated receiver sensitivity levels

	BS Class
	Reference measurement channel data rate
	BS radiated receiver sensitivity level 

Prad,sens
 [dBm]
	BER

	Wide Area BS
	12.2 kbps
	(Note*)


	BER shall not exceed 0.001

	Medium Range BS
	12.2 kbps
	
	BER shall not exceed 0.001

	Local Area
	12.2 kbps
	
	BER shall not exceed 0.001

	Note*:
There is no limit for the radiated receiver sensitivity level.


For E-UTRA, the throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in Annex A [X] with parameters specified in Table 7.2-2 for Wide Area BS, in Table 7.2-3 for Medium Range BS, in Table 7.2-4 for Local Area BS.

Table 10.2-2: Wide Area BS radiated receiver sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Radiated receiver sensitivity power level, Prad,sens
 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	(Note**)

	3
	FRC A1-2 in Annex A.1
	

	5
	FRC A1-3 in Annex A.1
	

	10
	FRC A1-3 in Annex A.1*
	

	15
	FRC A1-3 in Annex A.1*
	

	20
	FRC A1-3 in Annex A.1*
	

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each



	Note**:     There is no limit for the radiated receiver sensitivity level.


Table 10.2-3: Medium Range BS radiated receiver sensitivity levels
	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Radiated receiver sensitivity power level, Prad,sens
 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	 (Note**)


	3
	FRC A1-2 in Annex A.1
	

	5
	FRC A1-3 in Annex A.1
	

	10
	FRC A1-3 in Annex A.1*
	

	15
	FRC A1-3 in Annex A.1*
	

	20
	FRC A1-3 in Annex A.1*
	

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each.

	Note**:      There is no limit for the radiated receiver sensitivity level.


Table 10.2-4: Local Area BS radiated receiver sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Radiated receiver sensitivity power level, Prad,sens
 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	(Note**)



	3
	FRC A1-2 in Annex A.1
	

	5
	FRC A1-3 in Annex A.1
	

	10
	FRC A1-3 in Annex A.1*
	

	15
	FRC A1-3 in Annex A.1*
	

	20
	FRC A1-3 in Annex A.1*
	

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each



	Note**:      There is no limit for the radiated receiver sensitivity level.


10.2.1
Minimum requirement

In normal conditions, maximum radiated receiver sensitivity shall not deviate more than TBD dB from rated receiver sensitivity declared by the manufacturer.
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