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1 Introduction
Based on the discussion in [1], two approaches that are feasible for specifying the AAS requirements are discussed in [2]. As an exercise, we specify the AAS reference sensitivity level requirements correspondingly following the two approaches proposed in [2]. 
The objectives for this exercise are to identify the key issues that shall be worked out in the WI phase.
2 The reference sensitivity level requirements
Please be noted that the texts and symbols were presented for illustrative purpose only, and they could be optimized in the short future for more details and better denotations. Texts marked in red are issues to be resolved in the WI phase. Requirements related with antenna gains depend on the further investigation on whether it’s possible to trade off between the noise figure and antenna gain.
2.1 By approach 1
Let’s recall from [2] that approach 1 is to define the requirements at the boundary of the transceiver array that can be translated as the requirements at anywhere. Then the requirements could be specified like the follows:
[Examples for the Core Requirements for Reference Sensitivity Level]:
The reference sensitivity power level PREFSENS is the minimum mean power received at the [boundary of transceiver array, whether at single antenna connector, or at multiple antenna connectors are work for the WI stage] which a throughput requirement shall be met for a specified reference measurement channel. 

The reference sensitivity power level PREFSENS is the sum of the following two parts:
PREFSENS = PREFSENS_LEGACY_BS + [DANTNNA_GAIN_DIFFERENCE]
where PREFSENS_LEGACY_BS is the reference sensitivity level specified for legacy BS in subclause 7.x in TSxx.104, and DANTNNA_GAIN_DIFFERENCE is the different between the [GAAS_INTEGRATED_ARRAY_GAIN, which is gain of the integrated antenna array] and the [GLEGACY_REF_ANTENNA_GAIN, which is gain of the assumed reference antenna for legacy BS]
DANTNNA_GAIN_DIFFERENCE= GAAS_INTEGRATED_ARRAY_GAIN - GLEGACY_REF_ANTENNA_GAIN
and whether[ DANTNNA_GAIN_DIFFERENCE]is needed depends on the future decision on possible trade-off between noise figure and antenna gain.
[Examples for the Test Requirements for Reference Sensitivity Level, if OTA far-field testing]
The reference sensitivity level PREFSENS may be translated as the far field requirements PREFSENS_FAR_FIELD [at point B at the far field], where the point B are located at [the middle of main beam], and the distance from the AAS to point B shall be larger than [x meters]. The path loss from AAS to point B is calibrated as GPATH_LOSS dB. The reference sensitivity level required to meet the throughput requirements at far field shall be
PREFSENS_FAR_FIELD = PREFSENS - GAAS_INTEGRATED_ARRAY_GAIN + GPATH_LOSS
2.2 By approach 2
Approach 2 is to define the requirements AAS by comparing radio performance of AAS and the legacy BS at the far field. Then the requirements could be specified like the follows:

[Examples for the Core Requirements for the Reference Sensitivity Level]:
The reference sensitivity level PREFSENS_FAR_FIELD at the far filed is the minimum power level that the AAS BS receive [at point B at the far field], which a throughput requirement shall be met for a specified reference measurement channel, where the point B are located at [the middle of main beam], and the distance from the AAS to point B shall be larger than [x meters]. The path loss from AAS to point B is calibrated as GPATH_LOSS dB. The minimum reference sensitivity level required to meet the throughput requirements shall be
PREFSENS_FAR_FIELD = PREFSENS_LEGACY_BS -GLEGACY_REF_ANTENNA_GAIN + GPATH_LOSS+[DANTNNA_GAIN_DIFFERENCE]
where PREFSENS_LEGACY_BS is the reference sensitivity level specified for legacy BS in subclause 7.x in TSxx.104; [DANTNNA_GAIN_DIFFERENCE] is the different between the [GAAS_INTEGRATED_ARRAY_GAIN, which is gain of the integrated antenna array] and the [GLEGACY_REF_ANTENNA_GAIN, which is gain of the assumed reference antenna for legacy BS]

DANTNNA_GAIN_DIFFERENCE= GLEGACY_REF_ANTENNA_GAIN - GAAS_INTEGRATED_ARRAY_GAIN

and whether[ DANTNNA_GAIN_DIFFERENCE]is needed depends on the future decision on possible trade-off between noise figure and antenna gain.
[Examples for the Test Requirements for Reference Sensitivity Level, if for conducted test]
The reference sensitivity level at far field PREFSENS_FAR_FIELD may be translated as the requirements at the boundary of the transceiver array, which is denoted as PREFSENS, where
PREFSENS = PREFSENS_FAR_FIELD + GAAS_INTEGRATED_ARRAY_GAIN - GPATH_LOSS
A throughput requirement shall be met for a specified reference measurement channel for the minimum received power level PREFSENS received at the boundary of the transceiver array.
3 The conclusions
The exercise conducted in section 2 proves clearly demonstrated the observations made at [2], and they are duplicated below:
1.1 Approach 1 compares with the legacy BS at the boundary of the transceivers; Approach 2 compares with the legacy BS at the far field.

1.1.1 If the characteristics of the integrated antenna array are declared and tested, the requirements at far field and at the boundary of transceivers are convertible.

1.2 The description of the requirements by approach 1 would be similar to existing specifications; Approach 2 would require the requirements to be described in a different manner from existing specification. 

1.2.1 How to describe the requirements is actually the work of the WI stage.

1.3 Core requirements specified at the far field shall consider the impairments introduced by the integrated antenna array, for example the accuracy of output power. Core requirements specified at the boundary of transceiver array don’t have to include the impairments from integrated antenna array. But the test specifications shall consider the uncertainty introduced by the antenna.

1.3.1 However, the implications of accuracy at either the core requirement part or the test requirement parts on network performance are the same.

As the differences between approach 1 and approach 2 are really the issues like “black against white”, it is suggested to spend the efforts on the follows aspects in the WI stage

1 How to declare and test the required characteristics of the integrated antenna array.

2 The definition of far field.

3 The other key issues that have been identified
3.1 The spatial characteristics

3.2 Whether or not to relate with AAS requirements with the gain of the integrated antenna array and the assumed reference antenna for legacy BS. 
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7.4
Requirements for AAS receivers
7.4.1
Requirement Reference Point
<Text to be added> 
7.4.2 Reference sensitivity
There are two approaches to define the reference sensitivity level requirements. Requirements related with antenna gains depend on the further investigation on whether it’s possible to trade off between the noise figure and antenna gain.

7.4.2.1 By approach 1
Approach 1 is to define the requirements at the boundary of the transceiver array that can be translated as the requirements at anywhere. Then the requirements could be specified like the follows:

[Examples for the Core Requirements for Reference Sensitivity Level]:
The reference sensitivity power level PREFSENS is the minimum mean power received at the [boundary of transceiver array, whether at single antenna connector, or at multiple antenna connectors are work for the WI stage] which a throughput requirement shall be met for a specified reference measurement channel. 

The reference sensitivity power level PREFSENS is the sum of the following two parts:

PREFSENS = PREFSENS_LEGACY_BS + [DANTNNA_GAIN_DIFFERENCE]
where PREFSENS_LEGACY_BS is the reference sensitivity level specified for legacy BS in subclause 7.x in TSxx.104, and DANTNNA_GAIN_DIFFERENCE is the different between the [GAAS_INTEGRATED_ARRAY_GAIN, which is gain of the integrated antenna array] and the [GLEGACY_REF_ANTENNA_GAIN, which is gain of the assumed reference antenna for legacy BS]

DANTNNA_GAIN_DIFFERENCE= GAAS_INTEGRATED_ARRAY_GAIN- GLEGACY_REF_ANTENNA_GAIN
and whether[ DANTNNA_GAIN_DIFFERENCE]is needed depends on the future decision on possible trade-off between noise figure and antenna gain.
[Examples for the Test Requirements for Reference Sensitivity Level, if OTA far-field testing]
The reference sensitivity level PREFSENS may be translated as the far field requirements PREFSENS_FAR_FIELD [at point B at the far field], where the point B are located at [the middle of main beam], and the distance from the AAS to point B shall be larger than [x meters]. The path loss from AAS to point B is calibrated as GPATH_LOSS dB. The reference sensitivity level required to meet the throughput requirements at far field shall be

PREFSENS_FAR_FIELD = PREFSENS - GAAS_INTEGRATED_ARRAY_GAIN + GPATH_LOSS
7.4.2.2 By approach 2
Approach 2 is to define the requirements AAS by comparing radio performance of AAS and the legacy BS at the far field. Then the requirements could be specified like the follows:

[Examples for the Core Requirements for the Reference Sensitivity Level]:
The reference sensitivity level PREFSENS_FAR_FIELD at the far filed is the minimum power level that the AAS BS receive [at point B at the far field], which a throughput requirement shall be met for a specified reference measurement channel, where the point B are located at [the middle of main beam], and the distance from the AAS to point B shall be larger than [x meters]. The path loss from AAS to point B is calibrated as GPATH_LOSS dB. The minimum reference sensitivity level required to meet the throughput requirements shall be

PREFSENS_FAR_FIELD = PREFSENS_LEGACY_BS - GLEGACY_REF_ANTENNA_GAIN +GPATH_LOSS+[DANTNNA_GAIN_DIFFERENCE]
where PREFSENS_LEGACY_BS is the reference sensitivity level specified for legacy BS in subclause 7.x in TSxx.104; [DANTNNA_GAIN_DIFFERENCE] is the different between the [GAAS_INTEGRATED_ARRAY_GAIN, which is gain of the integrated antenna array] and the [GLEGACY_REF_ANTENNA_GAIN, which is gain of the assumed reference antenna for legacy BS]

DANTNNA_GAIN_DIFFERENCE= GLEGACY_REF_ANTENNA_GAIN - GAAS_INTEGRATED_ARRAY_GAIN

and whether[ DANTNNA_GAIN_DIFFERENCE]is needed depends on the future decision on possible trade-off between noise figure and antenna gain.
[Examples for the Test Requirements for Reference Sensitivity Level, if for conducted test]
The reference sensitivity level at far field PREFSENS_FAR_FIELD may be translated as the requirements at the boundary of the transceiver array, which is denoted as PREFSENS, where

PREFSENS = PREFSENS_FAR_FIELD + GAAS_INTEGRATED_ARRAY_GAIN - GPATH_LOSS
A throughput requirement shall be met for a specified reference measurement channel for the minimum received power level PREFSENS received at the boundary of the transceiver array.
The exercise conducted above clearly demonstrated the following observations:

Approach 1 compares with the legacy BS at the boundary of the transceivers; Approach 2 compares with the legacy BS at the far field.

If the characteristics of the integrated antenna array are declared and tested, the requirements at far field and at the boundary of transceivers are convertible.

The description of the requirements by approach 1 would be similar to existing specifications; Approach 2 would require the requirements to be described in a different manner from existing specification. 

How to describe the requirements is actually the work of the WI stage.

Core requirements specified at the far field shall consider the impairments introduced by the integrated antenna array, for example the accuracy of output power. Core requirements specified at the boundary of transceiver array don’t have to include the impairments from integrated antenna array. But the test specifications shall consider the uncertainty introduced by the antenna.

However, the implications of accuracy at either the core requirement part or the test requirement parts on network performance are the same.

As the differences between approach 1 and approach 2 are really the issues like “black against white”, it is suggested to spend the efforts on the follows aspects in the WI stage

How to declare and test the required characteristics of the integrated antenna array.

The definition of far field.

The other key issues that have been identified
The spatial characteristics

Whether or not to relate with AAS requirements with the gain of the integrated antenna array and the assumed reference antenna for legacy BS. 


Editor Note: Reference sensitivity refers to the minimum RX signal level that can be detected and relates to receiver internal noise. Receiver noise will not add coherently when combined in the baseband, whereas an applied signal will. Thus the applied signal to receiver noise level will differ between the individual transceivers and the combined signal, and the SNR for the combined signal will be modified by the spatial processing. The term "sub array reference sensitivity" refers to the reference sensitivity defined at sub array level prior to RDN combining, and "system reference sensitivity" to the reference sensitivity defined after baseband combining.

7.4.2
In-band blocking
Receiver in-band blocking requirement for BS with AAS is defined to protect against higher mean power level of the interferer or blocker signal. The higher interferer level arises as results of the difference in antenna gain between the antenna array and the single element of the antenna array.
<End of Text proposal for TR 37.840, ver 0.4.0>
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