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1 Introduction
In this contribution, the differences in specification requirement between AAS and legacy passive antenna and BS systems apply to receiver parameters. In particular reference sensitivity and blocking.
2 Discussion

The purpose of this document is to identify the main receiver requirement parameters (REFSENS and Blocking) and compare them for an AAS system against those used the existing passive antenna legacy system.

The reference point and requirements should:
Be derived using similar methods as the original legacy parameters.

Have a common point of reference with legacy systems for direct comparison.

Ideally the legacy requirements should be a special case of the AAS requirements where N=1.
It should be noted that contributions on receiver blocking performance to date have been based on the level of the blocking interference level. The blocking requirements has a interference level and a Sensitivity level specified, the sensitivity level is an offset from Reference sensitivity, hence blocking cannot be fully defined without first having a specification for reference sensitivity.
2.1 Port Definitions
3GPP 36.104 states

‘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.’  
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Figure 1. 36.104 Receiver test port definition
For the purposes of discussion we need to define some more ports
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Figure 2. Legacy BTS port definitions





Figure 3. AAS port definitions
The antenna parts are shown for reference only. Mixers represent the receiver parts.

The Legacy system port A is the antenna input connector (as defined in 3GPP), B is the point in the receiver where BER (or equivalent) is realised.

The AAS system has no port A, however B is the same as in the legacy system.

Also introduced are the distributed ports, dN being the input/output of the element/sub array antennas and eN the BB distributed signal prior to the summing block.

In discussions all gains are normalised.

2.2 Reference sensitivity
Reference sensitivity is a measure of the receiver to measure a reference signal in noise limited scenarios.

3GPP 36.104 states:

‘ The reference sensitivity power level PREFSENS is the minimum mean power received at the antenna connector at which a throughput requirement shall be met for a specified reference measurement channel. ‘ 
Reference sensitivity is calculated by:
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Where B=Band width which is controlled by the modulation, k is Boltzmann’s constant and t is temperature in deg K room temp of 25deg C is assumed.

Hence Reference sensitivity power is set mainly by the NF of the receiver and the Eb/N0 required for correct demodulation.

However it is worth noting that Eb/N0 required for correct demodulation is not just a parameter of the BB. Distortion, to the signal which is not normally attributed to NF may make the signal difficult to demodulate and require a higher Eb/N0. An example of this may be excessive ripple in a band pass filter in the analogue BB.

It can be assumed that the lowest signal received will be from the most distant UE’s hence receiver sensitivity can be assumed to be in the main beam.(as only this will reach the more distant UE’s).
2.2.1 Legacy Reference sensitivity Requirement
Reference sensitivity Power level derivation is not shown in 3GPP 36.942

It is likely it has been set as a compromise of the lowest possible value at a reasonable implementation cost.

The balance for both UMTS and LTE seems to be NF~4dB (with 1dB implementation margin).
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4dB is a reasonable design target for a Macro BTS, lower than this would incur greater cost or would require relaxation of blocking (linearity) requirements.

Reference sensitivity requirement has not been set based on antenna gain, hence AAS receiver sensitivity should follow a similar approach.

2.2.2 AAS Reference sensitivity definition

Measuring the performance of individual receive paths and assuming a system performance is not a comprehensive test. It must be done at a combined system level point.

For example in an AAS the NF of the distribute receiver is the same as that of the element/sub array receive paths only if:

1. The noise generated between element sub array paths is non-coherent (uncorrelated white noise)

If limited by the Noise figure of the receiver front end this is often the case however not always, for example:
· Deaf channels caused by internal spurious products such as harmonics of clocks may be coherent across the element/sub array paths.

· Shared LO systems may have sensitivity limitations due to LO phase noise, this would be coherent across paths. 

· Etc.

2. The signal modulation quality (EVM, phase error, frequency distortion etc) may be distorted by the adding of the multiple element array paths.
2.2.3 AAS Reference sensitivity value

One of the differences between an AAS and a legacy system with a passive antenna is that a number of the implementation losses in the feed from the BTS to the antenna and the internal distribution networks and phase shifters inside the passive antenna are removed.

An AAS system with the same directivity as a passive antenna therefore should have higher antenna gain.
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As Reference sensitivity has been set somewhat based on the reasonable performance of the receiver, then it seems sensible the AAS is done in the same way.

The value for AAS reference sensitivity should 

a) Be comparable with existing Macro performance requirements

b) Be reasonable based on the cost/performance tradeoffs of the AAS implementation.
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Figure 4. Legacy BTS, System NF contributions




Figure 5. AAS, System NF contributions
In the legacy system we assume a 1dB cable loss and a 17dBi antenna gain. For the same antenna pattern in an AAS we assume 18dBi antenna gain. This implies that the distribution loss inside the passive antenna is approx 1dB.
If the receiver NF for the legacy system and the AAS were the same then the AS would have a OTA Reference sensitivity 2dB better than the legacy BTS system. 

When specifying the Reference sensitivity value for the AAS both the reference point (which losses are included) and reasonable implementation should be considered. 
For example for an AAS with very large N, is likely that the filter technology may be different from that in a legacy system with a single receive path. Some of the improvement made by removing cable and antenna distribution losses should be allocated to compensating for such likely differences.

2.2.4 Distribute Noise figure

An AAS has N sources of noise as each receiver has its own noise figure. Assuming the total wanted signal is the same as the legacy requirement then it is at a level of 1/N at each of the receiver inputs. However there are also N noise sources, if each noise source has the same Noise figure performance as the legacy receiver then it would seem that the distributed system would require a noise figure N time lower than the single receiver system. 

However this is not the case, the system performance is maintained as in BB as the noise is non-coherent and hence adds as power(10logN) and the signal is coherent and adds as amplitude (20logN).
For example a AAS with N=10, and NF=4.
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So whatever the value of N, the SNR is the same.
If the NF for each of the receiver paths is not the same then the total noise power must be the same to maintain system performance. The Noise calculation becomes:
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Which is the more general case.

This is the same as saying the system Noise Factor is the same as the average Noise Factor.
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2.2.5 Antenna directivity

Antenna directivity is a measure of the antennas ability to focus the beam pattern in a specific direction. 

Currently antenna directivity is included in the antenna gain assumption, in a passive antenna this is easy as the internal distribution losses, antenna efficiency etc and directivity gain can be summed into a single figure and tested. Separating the losses from the gain would make the situation more complex.

However in AAS the distribution of losses is different and less clearly defined, some of the losses normally associated with passive antenna parts are removed, but may be replaced with AAS implementation losses, however as they may exist on different sides of the specification reference point then they are less easy to include in the antenna gain in the same way.
It is perhaps more convenient, at least until the specification reference point is defined comprehensively to keep losses and directivity separate.

Currently antenna directivity is not included in the reference sensitivity definition. Hence if a low gain or high gain antenna is used then the BTS Reference sensitivity definition is the same.

If an OTA specification reference point is defined (including antenna directivity) then:

· Either the requirement will have to be changed with antenna directivity definition (meaning antenna gain will have to be measured, or possibly declared).

· Or Systems will have a mandated minimum antenna gain by default (as if gain drops by more than approx 4dB a negative noise figure would be required hence the system would be unrealisable).

If the specification does not include the antenna directivity, the requirement is closer to the legacy definition, greater antenna gain results in an improved link budget (larger cells, lower UE power required etc.).
2.2.6 Reference sensitivity Summary

· Reference sensitivity is a system measurement and should be applied to the distributed system as a whole.
· AAS Reference sensitivity must have a reference point location and value which takes into account distribution losses and reasonable implementation.
· Antenna directivity must be:

· Either included in requirement specification to form an on air requirement.

· Or not included and hence calibrated out in an OTA test.
2.3 Reference Sensitivity Testing

Until a suitable reference point for the requirement specification is defined then the extraction of suitable test requirements cannot be fully defined. However there are some key differences between test methods which can be described.

Conducted testing and OTA test definitions will vary depending on the reference point definition method.

If antenna directivity is included in Specification

Conducted tests must have antenna directivity removed from requirement value. Hence antenna gain must be measured – which requires and OTA test, which somewhat makes defining a conducted test irrelevant.

OTA tests can be easily defined only requiring the path loss and the test system gain to be calibrated. However there will need to be different requirements based on antenna directivity, so antenna a directivity will still be required independently.
2.3.1 Conducted Test – Per element/sub array

As has been stated per element or sub array testing does not guarantee system performance. However if it can be guaranteed that the parameter limiting Reference sensitivity is non-coherent noise then the test can be done as follows:

[image: image12.emf]Σ

e

1

e

2

e

3

e

N

B

d

1

d

2

d

3

d

N

Input

signal

Input

signal

Input

signal

Input

signal


Figure 6. Conducted test – per element/Sub array
Each receiver has a test signal input which requires demodulation to the required level, each receiver can be tested independently. The pass/fail criteria can either be in the form
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 , which is a special case of the above.
2.3.2 Conducted test – System

If the system is tested as a complete system then a single test source must be distributed to all N element/sub arrays at the same time
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Figure 7. Conducted test - system
This is very similar to the method current implied in the requirement specification. With AAS as the requirement specification point (and value) has not yet been agreed the test cannot be accurately defined however some variable to be considered are.

· If the antenna directivity has been included in requirement it must be removed (requires antenna OTA measurement)

· If the sample point includes antenna distribution losses, depending on specification definition this may require offset of the required level.
2.3.3 OTA – Near filed Probe
A near filed probe is a receiving antenna which is placed close to the antenna and has a fixed relationship between the antenna directivity and the probe received power level
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Figure 8. OTA test – near filed probe
The test signal will be applied to all element/sub arrays at the same time, hence will measure eth system reference sensitivity.

The relationship between the probe and the antenna in such close proximity is unknown. Hence the system must be carefully calibrated. It is not known exactly how this will be done at this stage. However it will require knowledge of eth antenna directivity hence the antenna beam pattern and directivity must be known.

2.3.4 OTA – Far field test.

A far field test will involve a test antenna of known gain at a known path loss. As it transmits the test signal to all element/sub arrays at the same time it offers a system reference sensitivity measurement. It is also inclusive of the antenna gain.
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Figure 9. OTA test – Far field.
If the requirement is defined independent of antenna directivity then the AAS antenna gain must be known (or measured separately).

If the requirement includes the antenna directivity (an OTA requirement) then the antenna again need not be known. 

If the requirement has different OTA requirements for different specified antenna gain then the antenna gain must be measured in order to identify the correct specification to test to.
2.4 In-band blocking
Blocking is the ability of the receiver to measure a wanted signal in the presence of a larger unwanted signal. 3GPP 36.104 states
‘The blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer. ‘
2.4.1 Legacy Blocking requirement

For blocking tests 2 signals need to be fed into the receiver. The wanted signal for demodulation
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The wanted power measurement is similar to the reference sensitivity power measurement. It must be defined at the system level.
Unlike the Reference sensitivity requirement (§2.2] which is a compromise between implementing cost and the best possible value, required blocking level has been derived from network co-existence simulations (3GPP 36.942). The level agreed is one which is only exceed in 0.01% of instances. Note the simulation only considers the blocker level not its effect on the performance of the victim network. The simulation makes assumptions about the passive antenna performance which were agreed by common consensus. 

The worst case blocking signal comes from a UE which is close to the victim BTS

The wanted signal level under blocking conditions is 6dB higher than the reference sensitivity level. The derivation of this requirement is not described, but has been consistent since the GSM requirements.

2.4.2 AAS Blocking Requirement

It has been shown by simulation [ref…], that the worst case blocking signal power level at the element sub array output (dn) is -43dBm (the same level as the current requirement at A)

Ignoring the location effect and assuming all signals are in main beam (coherent addition), we can see a fundamental difference between the Blocking signal and the Wanted signal in the specification approach.
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Figure 10. Legacy BTS Blocking level





Figure 11.AAS Blocking level

Looking at the values of Wanted signal level and blocking signal over different values of N.
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It can be seen that it is not possible to specify both the wanted level and the blocker level at the same point without reliance on N.

2.4.3 AAS blocking signal direction of arrival

Based on the assumptions used for setting the blocking level, the wanted signal is in the main beam and the worst case blocking signal is close to the BTS, this equates to an angle offset in the range 35 to 65 degrees.
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Figure 12. AAS receiver array patterns





Figure 13. AAS assumed Array and Element patterns

For the element pattern and the array pattern used in the blocking level simulations the difference is approx 10dB worst case. (Note this is effectively the same as the difference in total blocker power between the 2 cases)
The AAS still has a ‘spatial filter’ but it in a different location, hence at some point it will form the Array beam and the blocker will be attenuated.

However this is in the BB, at this point the spatial filter will remove the blocker but if it is a problem it could also be simply removed with a Frequency domain filter.

Hence whilst assuming the blocker is in main beam makes definition and test simpler and makes little difference to practical implementations.
2.4.4 Blocking Summary

· Receiver blocking must be a system test including all active elements of the system, as it includes a receiver sensitivity test.

· Wanted signal power level and blocking signal power level cannot be defined at the same location without a dependence on N.

· For simplicity it can be assumed that the wanted signal and the blocker are both present in the main beam.

2.5 Blocking Test

To test blocking both the wanted signal and the blocking signal are combined to form a test signal. In conducted tests and OTS this can be done in a combiner, to form a test signal. OTA tests offer the opportunity of combining the signals on air if required.

The method to test blocking will be similar to that for Reference sensitivity (§2.3). Once the methodology for specifying a reference point for both reference sensitivity and blocking have been agreed the test definitions will follow a similar process to those described in §2.3.
3 Conclusion
This paper has investigated the derivation of the receiver sensitivity measurement and how it can be applied to an AAS system. It has shown that:
· Reference sensitivity is a system measurement and should be applied to the distributed system as a whole.

· AAS Reference sensitivity must have a reference point location and value which takes into account distribution losses and reasonable implementation.

· Antenna directivity must be:

· Either included in requirement specification to form an on air requirement.

· Or not included and hence calibrated out in an OTA test.
The difference between antenna directivity and gin has been discussed and each of the conducted and OTA test methods have been examined and shown how a suitable requirement can be applied to each test. 

· Antenna directivity must be known whether the requirement is defined including directivity or not.

It has also investigated the receiver blocking requirement and shown that:
· Receiver blocking must be a system test including all active elements of the system, as it includes a receiver sensitivity test.

· Wanted signal power level and blocking signal power level cannot be defined at the same location without a dependence on N.

· For simplicity it can be assumed that the wanted signal and the blocker are both present in the main beam.

The next steps for RAN4 should be to

1. Decide if antenna again should be included in the receiver specification reference point definition.

2. Define the specification Reference point.
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