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1 Introduction 
The AAS in-band blocking performance was evaluated during the study item phase with following findings [1]:
“Preliminary simulation results for a single column AAS system observed that the blocking power level for each individual receiver channel of the AAS system was similar to the in-band blocking level for a legacy BS installed with an assumed typical reference passive antenna array. Final determination will be completed in the WI phase.”
Figuring out the in-band blocking power level is very important part of the in-band blocking requirements. However, the relations with the wanted signal level are still needed as the complete requirements. 
This paper uses the in-band blocking as one example to investigate the relations between the blocking signal and the wanted signals. The results can be easily extended to other Rx requirements. 
Proposal of core and conformance testing for the Rx requirements are summarized at the conclusion part.
Most of the contents in this paper are resubmission of TDoc R4-134897 that was not treated in last meeting.
2 Discussion
2.1 Comparison between legacy BS and AAS
To understand the in-band blocking requirement, it’s necessary to check the performance for legacy BS receiver and compare it with the case for AAS virtual receiver. Figure 1 shows the situation for legacy BS.
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Figure 1: Blocking signal level for legacy BS receiver

First of all, it has been verified that the in-band blocking signals are contributed from the UE from the adjacent system but are located right below the victim AAS BS. The blocking signal and wanted signal arrive at the antenna with different directions, as shown in Figure 1.
It’s also clear that the blocking signal power presented at each individual antenna element is -43dBm, taking E-UTRA as one example. 
However, the RDN serves as the analogue beam forming, which reinforces the wanted signal but not the blocking signal. So the blocking signal level presented at the receiver is still the same as at each individual antenna element, let’s say -43dBm, which may generate blocking noise level equivalent to 6dB desens in terms of Tput loss. This is case for legacy BS.
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Figure 2: Blocking signal level for a virtual receiver of AAS BS

The situation for AAS virtual receiver is slightly different, as shown in Figure 2. The -43dBm blocking signal from the antenna element is presented at each of the physical receiver of the virtual receiver, which generated the correlated blocking noise at each receiver equivalent to 6dB desens. 
However, the taking into account the difference of the arrival angles of the wanted signal and the blocking signal, the beam forming process reinforces the wanted signal but not the blocking noise level so that the overall noise presented at the virtual antenna port for throughput measurement is still same. 
Therefore, if the requirements are specified in a way emulating the real deployment scenario, the arrival direction difference must be taken into account when testing the receiver in-band blocking performance of AAS BS. That is to say, the blocking power level presented at each individual receiver shall be -43dBm but the direction must be different from the wanted signal. 
Having the -43dBm blocking signal at each receiver, if with the same arrival direction of the wanted signal, doesn't represent the real deployment scenario and resulted requirements will be extremely over-specified if the wanted signal is kept at the same level.
2.2 How to set the in-band blocking requirements

The first consideration is the blocking signal presented at each physical receiver has to be -43dBm (E-UTRA, for example) to ensure the receiver is designed at the required in-band power level.

The second consideration is the blocking signal shall arrive at the antenna with difference direction from the wanted signal. This directional setup of the blocking signal is possible using combiner with phase shifter, or by the different placement of the blocking signal from the wanted signal if OTA testing is used. However, it’s very difficult to determine the difference between the arrival angles, giving the varying deployment conditions. 

As we said before, consideration of the arrival angle difference is the way to specifying the requirements emulating the real deployment scenarios, and the solution going this direction is definitely complicated.

To simplify the issue, we may consider in another way: the arrival angle difference actually results in no array gain applied to the blocking noise level. Supposing we don’t consider the arrival angle difference or the blocking signal and the wanted signal arrive from the same direction so both of them experience array gain, an equivalent approach to maintain the same throughput at the virtual antenna port is to increase the wanted signal power level. See Figure 3 below:
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Figure 3: Proposed in-band blocking requirements for AAS BS

In Figure 3, we propose to set the blocking signal and the wanted signal to arrive from the same direction. However, the wanted signal shall be increased by 10*log10(N) dB so that the overall impact at the receiver side for throughput measurement is still the same as shown in Figure 1 and Figure 2.
Comparing to Figure 1, it can be found that the requirements applicable to each physical receiver in AAS BS is actually the same for the receiver of a legacy BS, saying that the blocking signal is -43dBm and wanted signal is P_wanted+10*log10(N).
The same results might be derived for the other receiver requirements where the interference signal and wanted signal arrive in with different directions. Therefore, we provisionally propose that the requirements for each physical receiver in AAS BS are the same as the requirements for legacy BS. 
However, we shall keep in mind that for the Rx requirements measuring the throughput, the throughput is measured for each virtual receiver at the equivalent antenna port, or each MIMO branch. It may not be reasonable and practical to measure the throughput for each physical receiver. Therefore, we still propose to define the requirements for each virtual receiver, with the wanted signal and interference signal properly scaled so that the requirements are equivalent to the requirements applied at each physical antenna connector for legacy BS. 
Furthermore, defining the requirements per each virtual receiver will allow OTA testing in the future as only a virtual receiver generates the meaningful beam pattern for uplink.
It should be mentioned that for the wanted and interference signal presented at the antenna with the same direction, it is not be necessary to scale the wanted signal.

3 Conclusions and proposals

This paper analyzed the Rx receiver for AAS BS using the in-band blocking as one example. The results can be extended to the other Rx requirements. It’s proposed that
The requirements for each physical receiver of an AAS BS are the same as the requirements for the receiver of the legacy BS that are specified in the existing specifications.
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The RDN serves the as analogue beam forming, which reinforces the wanted signal but not the blocking signal. So the blocking signal level presented at the receiver is still the same as at each individual antenna element.





Blocking noise from each receiver is highly correlated, and spatial direction is the same as the blocking signal.





Because the wanted signal and blocking signal arrived at difference directions, the beam forming process reinforced the wanted signal, but not the blocking noise level, therefore the final blocking noise level is still the same as for single receiver.  





Blocking noise is equivalent to the noise level cause by -43dBm, Wanted=P_wanted+10*log(N)= RefSense+6
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Array gain for wanted signal is 10*log(N) dB. No gain for the blocking noise due to different arrival angles
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Blocking=-43dBm, Wanted signal =P_wanted (= RefSense+6dB-10log10N)





BF vector





BF vector





BF vector





Blocking=-43dBm, Wanted signal = P_wanted (= RefSense+6dB-10log10N)





Because the array gain is applied to both the blocking noise and the wanted signals, the overall impact is still the same as legacy BS.
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Blocking=-43dBm, Wanted=P_wanted+10*log(N)
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Blocking noise caused by -43dBm Wanted=P_wanted+10*log(N)
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Blocking=-43dBm, P_wanted
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Array gain for wanted signal =10*log(N) dB. 





Blocking=-43dBm, Wanted signal =P_wanted (=RefSense+6dB-10log10N)





Same as for legacy BS
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Wanted signal 





Blocking noise from each receiver is highly correlated, and spatial direction is the same as the blocking signal.





Blocking=-43dBm, Wanted signal =P_wanted+10*log10(N)= RefSense +6





Blocking=-43dBm, Wanted signal =P_wanted+10*log10(N)= RefSense +6





Blocking=-43dBm, Wanted signal =P_wanted+10*log10(N)= RefSense +6





Array gain for wanted signal and the blocking noise is 10*log10(N) dB. 





Blocking noise is equivalent to the noise level caused by -43dBm +10*log10(N), Wanted=P_wanted+10*log(N)+ 10*log10(N)= RefSense +6 + 10*log10(N)
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