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1. Introduction

During RAN#59, a new work item for AAS BS was approved. In this paper an overview of AAS receive requirements is given while [1] discussed the transmit requirements for AAS. For each individual requirement, a short discussion on possible spatial aspects is also included.
Quite many transmit requirements have regulatory nature while receive requirement in most regions are not regulatory. The intention of this paper is thus to initiate the discussion on the AAS receive requirements, taking to account that the radiating elements are included in the AAS BS system as extensively discussed in RAN4.
2. Discussion

Due to ongoing SI on restructuring the specifications, we assume MSR specification (37.104) as base-line for the discussions since the MSR BS specification contain both generic, multi-RAT as well as single RAT requirements. The AAS specification work would, according to the AAS WID follow the outcome of the specification re-structuring SI.
7.1

General
For AAS specification, the paragraph below and the figure 7.1-1 would not be applicable since with integration of antenna, no other external equipment can be added.

Unless otherwise stated, the receiver characteristics are specified at the BS antenna connector (test port A) 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. If any external apparatus such as a RX amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (test port B). 

Certain modification for AAS on antenna connector would be needed since in AAS the antenna connector should be replaced by logical “equivalent antenna port” as discussed in [2].

The reference architecture and possible parametrization should be included in the AAS specification since for various implementation certain parameterization might affect the requirements.

7.2

Reference sensitivity level
The reference sensitivity which is a single RAT requirement would highly depend on the AAS parameterized reference architecture. Considering the minimum requirement and logical expectation from an AAS BS to give same coverage as existing BS for certain BS class, it would require radiated requirement for AAS receiver sensitivity since only transceiver boundary requirement and would not give any indication on the reference sensitivity of the AAS. 
Similar to output power, the concepts for logical “equivalent antenna port” can be used to properly measure the AAS BS radiated reference sensitivity. 

Thus the current reference sensitivity can be used as the radiated reference sensitivity for the corresponding BS class and be tested given the corresponding logical “antenna port” to capture the AAS implementation and radiating element.
7.2.1

E-UTRA minimum requirement
See above
7.2.2

UTRA FDD minimum requirement
See above
7.2.3

UTRA TDD minimum requirement
See above
7.2.4

GSM/EDGE minimum requirement
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
7.3

Dynamic range
The dynamic range is the measure of receiver capability to receive high level of wanted signal or receive the wanted signal in the presence of an unwanted signal (e.g. noise) inside the receive channel bandwidth.
The receive dynamic range is also a single RAT requirements and considering that the reference sensitivity is properly defined and tested as radiated requirement, the current requirements which should be defined as the radiated levels could be translated to transceiver boundary levels using the concept of logical “equivalent antenna port” and “equivalent antenna gain” [4].
 7.3.1

E-UTRA minimum requirement
See above
7.3.2

UTRA FDD minimum requirement
See above
7.3.3

UTRA TDD minimum requirement
See above
7.3.4

GSM/EDGE minimum requirement
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
7.4

In-band selectivity and blocking
7.4.1

General blocking minimum requirement
During the SI phase, the receiver blocking for AAS for an application was extensively discussed. Both link and system simulations indicated that the interferer level received at array element would be more or less similar compared to existing requirements derived from simulations considering fixed beam antennas. This was explained by the fact for AAS BS, due to lack of spatial selectivity, each array element depending on the position of the interferer would experience similar level as current specifications.

Within WI phase, there is a need to further investigate the in-band blocking aspects for AAS to conclude on proper levels but once the levels are understood, it may well be possible to relate the test levels to transceiver boundary based on further simulations. Note that for receiver blocking, there is no analytic translation rather the transceiver boundary levels should be investigated by means of simulations for some chosen applications.
There is thus a dependency towards the parameterized reference architecture where the number of radiating elements per array element should influence the test levels at the transceiver boundary.
7.4.2

General narrowband blocking minimum requirement
Same discussion as general blocking applies on narrow band blocking since same principle would be relevant but with the difference of another interferer type and levels.
7.4.3

Additional Narrowband blocking minimum requirement for GSM/EDGE
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
7.4.4

GSM/EDGE requirements for AM suppression
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
7.4.5
 
Additional BC3 blocking minimum requirement
Same discussion as general blocking applies on narrow band blocking since same principle would be relevant but with the difference of another interferer type and levels.
7.5

Out-of-band blocking
7.5.1

General minimum requirement
The out of band blocking requirements regardless of BS class are defined at same interfering signal level. The out-of-band requirement performance would require certain selectivity for the RF filters implemented in the receiver. Due to inclusion of RF filters for out-of-band blocking and the fact the phase of the filters in various array elements would be uncorrelated, there is no fundamental spatial aspect for out-of-band blocking and thus possibly the current requirement may be able to be used as test requirement, depending on in-band blocking investigation, at the transceiver boundary.
7.5.2

Co-location minimum requirement
Co-location blocking requirement would also be similar as general blocking requirements due to inclusion RF filter and thus the co-location can be addressed in the same manner as out-of-band blocking. 
7.6

Receiver spurious emissions
7.6.1

General minimum requirement
The receiver spurious emission requirement similar to transmitter spurious emission [3] can be defined as radiated by using the current conducted levels and the principles for “equivalent antenna port” and “equivalent antenna gain”. Depending on the AAS declared parameterized reference architecture, the transceiver boundary test levels can be settled.
7.6.2

Additional minimum requirement for BC2 (Category B)
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
7.7

Receiver intermodulation
The receiver intermodulation requirements which is a measure of the receivers linearity is an in-band requirement and similar to in-band blocking, due to lack of spatial selectivity, interferer levels similar to current specifications should be considered for AAS. Also in-line with in-band blocking, once the test levels for in-band blocking at transceiver boundary are settled, the corresponding value for receiver intermodulation considering the difference between existing in-band blocking and receiver intermodulation can be applied for AAS.
The discussion above is applicable both for general and narrow-band intermodulation requirements.
7.7.1

General intermodulation minimum requirement
See above
7.7.2

General narrowband intermodulation minimum requirement 
See above
7.7.3

Additional narrowband intermodulation minimum requirement for GSM/EDGE
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
7.8

In-channel selectivity
7.8.1

E-UTRA minimum requirement
The in-channel selectivity requirement is an E-UTRA specific requirement and is a measure of the receiver ability to receive a wanted signal at the assigned PRBs while a significantly higher interfering signal is present at other PRBs in relation to DC. This is to ensure that the receiver can handle multiple users resulting in different power within the channel bandwidth.
Similar to receiver sensitivity, the current in-channel selectivity requirement can be set as radiated requirement for AAS and be tested as radiated requirement by means of OTA measurements.
3. Conclusion

In this paper, an overview of receiver requirements for AAS is further discussed. Taking to account that the radiating elements are included and spatial aspects that would have impact should be captured, a short discussion for every single requirements is conducted. 

For a few requirements, there is a need to not only define but also test the requirements as radiated while for most of requirements, the radiated levels can be translated to transceiver boundary. For some requirements, the translation would require a logical “equivalent antenna port” as well as “equivalent antenna gain” while for other requirements, the radiated level would be the same as the transceiver boundary level.

 For certain requirements e.g. in-band blocking, there is need to have further studies considering various scenarios, applications and assumptions while other requirements, it is more straight forward to proceed with the specification work.
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