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1 Introduction

Receiver blocking requirements specify the ability of the Node B TRX to receive and decode in it’s own channel given in the presence of another strong in band interferer. Receiver blocking has already been discussed extensively in RAN4 as part of the AAS SI. In particular, since the impact of a strong interferer is to block individual TRX units, it has been noted that the antenna pattern applying to blocking signals is at the sub-array level, whereas the wanted signal experiences the array pattern of the AAS system as a whole.
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Blocking requirements are defined such that blocking occurs with 0.01% probability. 

RAN4#64 also discussed the need to consider requirement and test setting points for AAS systems. Thus in addition to simulation effort, it is also important to consider how and where RX blocking requirements should be defined for an AAS system
2 RX blocking requirements for existing systems
Blocking requirements for MSR systems are specified in 37.104. Several types of blocking requirement are specified:
· Wideband in-band blocking, in which the interfering signal is UTRAN FDD

· Narrowband in-band blocking, in which the interfering signal is E-UTRAN 1RB

· Out of band blocking

In each case, the blocking requirement is characterised by three parameters

· The wanted signal (with associated level)

· The blocking signal (with associated frequency offset from the wanted signal, and level)

· A measure of the quality of the wanted signal at the receiver
· For E-UTRAN, this measure is throughput, for UTRAN it is raw BER

The requirement on the signal levels is set with respect to the antenna connector. The receive quality is measured within the baseband. Thus the requirement is defined considering two points as indicated in Figure 1 Reference points for the existing TX blocking requirements below.
[image: image2.emf]TRX Baseband

Reference point for wanted 

signal and blocker: 

Antenna connector

Reference point for quality 

measure: baseband output


Figure 1 Reference points for the existing TX blocking requirements
3 RX blocking requirement for AAS systems
In principle, RX blocking requirements can be applied in AAS systems in a similar manner to existing systems; i.e. by means of defining a wanted signal, an interferer and a quality measure. However further thought is required for AAS systems in terms of where to define the requirement. 

Blocking requirements are derived based on the likely levels of interferening signal that may be encountered in real world deployments. When the requirement is defined at the antenna connector, then since the power and positions of the interferers in the neighbour system obviously do not change the requirement depends on the antenna characeristics and gain. Furthermore, the blocking requirement is defined with signal levels at levels at which the receiver still functions and is able to offer 95% throughput. Thus in an AAS system, the phases of the wanted signal and blocker at each TRX and the combining of TRX outputs will influence the throughput and hence the requirement.
It it important to bear in mind that the requirement definition point in an AAS system may well not be the same as the test point. Ideally, core requirements should be defined in a manner that makes them as applicable as possible to all types of  AAS architecture and implementation and application; i.e. applicable regardless of the AAS dimensions, antenna characteristics and the combining of the output signals from TRXs.  Performance tests may then need to be defined at different points within the AAS and to indicate how the tests relate to the core requirements. The tests may be AAS application dependent, but ideally the core requirements would not be.
3.1 Potential reference points for blocking requirements

Figure 2 shows a generic AAS system together with several points at which the requirement can be defined.
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Figure 2 Potential requirement points for blocking requirements in an AAS system
For the blocking requirement, three reference points are needed; the point at which the wanted signal is defined, the point at which the blocker is defined and the point at which the quality measure is defined.

Each of the three components of the requirement needs to be defined at a point within the AAS system. In the following, a non exhaustive list of potential reference points is discussed. The discussion is split into two groups; reference points that lead to requirements defined on individual TRXs and reference points that lead to requirements defined on the array as a whole.
Requirements defined on individual TRXs
Blocker & wanted signal at point C, quality measure at point D
If the requirement is defined in this manner, then the requirement is placed on individual TRXs and is defined in the same manner as in the current specifications. The requirement will not take into account the beamforming and gains of the AAS array. For RX blocking, this seems reasonable though since the impact of the blocker is at the TRX level. However setting a requirement on individual TRXs may carry a disadvantage when considering manufacturing variability, since a requirement per TRX has to be met for all N TRXs, whereas a requirement placed on the AAS as a whole may be able to be met as long as a sufficient number of the TRXs function to ensure that the quality measure is met.

The values for the requirements should be set considering the likely levels of interferers encountered in front of a basestation in the real world. When the requirement is placed at point C, then it is necessary to make assumptions on the characteristics of the AAS antenna elements when setting the requirements, since the level of an interferer in front of a basestation and at the antenna connector will differ according to the antenna characteristics. 

When setting a requirement at point D, it may also be difficult to devise a suitable quality measure, as the measure is defined prior to the baseband. One example of a quality measure could be e.g. IQ sample SINR. Another example could estimate the BER that would be obtained if some standard baseband processing would be applied to the output signal. Also, any ability of the baseband processing to mitigate blocking effects is not considered. Tests are likely not to take place at the TRX output even if the requirement is defined there.
Blocker & wanted signal at point A, quality measure at point F
When the requirement is set considering points A and F, then the spatial behaviour of the wanted signal, blocker and the antenna combining inside the AAS is taken into account. This has several implications:

· In addition to the power level, the spatial positions of the wanted signal and the blocker should be defined
· In principle, more than one blocker could be defined, although it is not clear that such a requirement would represent any real blocking situation

· The quality measure (e.g. throughput or BER) would depend on the positions of the wanted signal, the blocker and the antenna combining (i.e. AAS application)

· For example, placing the wanted signal in the main beam and the blocker in a null would have an obviously different impact to vice versa

· It may be necessary to define a fixed antenna combining in a test mode. However even if that would be the case, the requirement would depend on the AAS architecture (e.g. array dimensions, antenna characteristics)
The fact that the quality measure depends on the AAS application is a potential difficulty in setting a blocking requirement at points A and F. However this could be overcome by one of two means:
· Base the requirement on an assumption that the AAS operates in a “test mode” in which the combining weights are fixed e.g. to 1

· Require that the quality measure be met “in the main beam” or “at all points at which a UE may be scheduled”, but do not specify in the requirements where these points are
· These points would need to be defined in a test, which would be application specific

If the requirement would be defined using either of these two means, then it would relate to the system being able to detect a UE received at the minimum receivable power that is expected from the system deployment scenario and within the scope of the AAS application.
4 Conclusion

From the above discussion, it is clear that there exists a large variety of options for defining reference points for the blocking requirement. In order to make the blocking requirement as independent as possible of the AAS implementation and the application the following reference points are proposed:
· The reference point for the wanted signal and blocker is A

· The reference point for the quality measure is F
The requirement quantities could then be defined as follows:
· The wanted signal spatial position is determined to be at the point of highest antenna gain of the AAS system. Thus the specifications would not define a specific point, but rather that the signal will be at the highest gain point, wherever that is for the AAS system and application

· One or more blocker positions should  be defined based on system study of likely blocker positions if the blocker is defined at point A. 
· The quality measure could be throughput or raw BER at the baseband output

In this manner, the blocking requirement could be made independent of the AAS dimensions, architecture, antenna characteristics and spatial processing. Performance tests would need to define where the point in space at which AAS gain is maximum is for the AAS under test, or to define a test mode in which the AAS combining would be based on a fixed weights pattern, such that the point of maximum gain could be defined to always be at a fixed position. The test method itself could be based on either conductive or OTA tests; the test method would not impact the core requirement.
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