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1 Introduction
In this contribution, we discussed how AAS receiver requirements shall be defined with taking into account of its spatial characteristics.
2 Discussion
2.1 Reference sensitivity
For legacy BS, the antenna port ‘C’ is defined as the test port in current 3GPP specification, as shown in Fig 1(left one). And the reference sensitivity power at the antenna port ‘C’ is the sum of the signals received at each element (i.e. d1, d2, … dn) combined by the feeder network in the RF domain. 
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Figure 2‑1 Legacy BS Reference sensitivity definition
For AAS BS shown in Fig 1 (right one), signals received at d1, d2, … dn are the same with that in legacy BS. And the antenna gain is not resolved until digital baseband processing at point B. It should be also noted that the system between A and B in both legacy and AAS system is the same. Therefore to ensure the same receiver capability, it is suggested that the reference sensitivity requirement in existing specification (TS25.104/36.104) could be reused for AAS BS. 

For testing, it is suggested to reuse the existing testing specifications (TS25.141/36.141) for antenna array system, as shown in Fig 2. As reference sensitivity is important for signals which are small, usually this will be at the edge of the cell and hence in the antenna main beam. The existing testing method is suitable for testing the p[erformance of the main beam and hence is sufficient. For AAS, the test signals applied to the receiver antenna connectors (d1, d2, … dn) shall be (PRefsens-10log10N), so the sum of the powers of the signals equals the power of the reference sensitivity at point ‘B’.
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Figure 2‑2 AAS BS Reference sensitivity definition
2.2 In-band blocking

AAS system does not achieve an array pattern until after digital baseband processing, therefore the blocking level and wanted signal level are different from those of legacy BS at the front end. Simulation results show that the blocking level received at the AAS individual element (before LNA) could be almost the same with that of legacy BS. And the desired signal at each individual element (before LNA) might be lower than that of legacy BS due to the lack of multi-element summation to form the array pattern, which could be assumed to be 10log10N (i.e. the difference between the passive array gain and the single element gain in the direction to the edge of the cell (i.e. in the main lobe)). Therefore at the individual element receiver (d1, d2, … dn), the blocking level is -43dBm(TBD), and the wanted signal level is (PRefsense +6 – 10log10N). 
After digital baseband processing (at point B), the wanted signal level is compensated by 10log10N via coherent combining in the digital domain, i.e. (PRefsense +6dB). For blocker level, it will be suppressed by the digital processing via antenna array pattern (side lobe). Therefore the Signal-to-Noise ratio at Test point B is same for AAS and legacy BS since the same array pattern is used.
Table 1 Comparison of in-band blocking requirement for legacy BS and AAS BS
	Test Point
	Legacy Macro BS
	AAS 

	
	Wanted signal power
	In-band blocking power
	Wanted signal power
	In-band blocking power

	d1, d2, … dn
	PRefsense +6 – 10log10N
	-43dBm
	PRefsense +6 – 10log10N
	-43dBm (TBD)

	C
	PRefsense +6
	-43dBm
	NA
	NA

	c1, c2, … cn
	NA
	NA
	PRefsense +6 – 10log10N
	-43dBm (TBD)

	B
	PRefsense +6
	-43dBm
	PRefsense +6
	-43dBm (TBD)
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Figure 2‑3 Comparison of legacy BS and AAS in-band blocking requirement
To reflect the interference received by AAS and ensure system performance in the real network, the defining and testing in-band blocking requirement for AAS BS shall obey the following principles:

1. The blocking level shall be defined on each Rx link (element). If the requirement is defined at the sum of all receiver connectors, the blocking level shall be increased by 10log10N. 

2. AAS and legacy BS shall have the same system throughput performance, which means the same SNR shall be achieved at baseband processing (Point B) . 
According to the initial simulation results, it is suggested that the existing in-band blocking requirement can be applied to each Rx link of AAS.
For the testing, two ways are proposed:

1) Testing each Rx link one by one, i.e. at Point ti
the wanted signal is PRefsense +6
the in-band blocking interfering signal is [-43]dBm

2) Testing in-band blocking by using a splitter, i.e. the test port is Point T

the wanted signal is PRefsense +6
the in-band blocking interfering signal is [-43]+10log10N dBm
It is noted that these 2 methods are not exactctly equivilanet option 2 at the input has a wanted signal which is 10log10N lower than option 1, and they both have the same level of blockers. However option 2 recovers the wanted signal level by the coherent combining of the wanted signal in the BB and may gain from the non-coherent combining of the blocking signals. Both methods have the advantage that they do not require a spatial (or phased) component in the test signal.
3 Conclusion
In this paper, we discuss in details on AAS receiver requirements and testing. Based on the discussion, a text proposal is provided for TR37.840 [2].
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7
Study of AAS receiver characteristics
<Text to be added> 

7.1
General review of receiver characteristics

<Text to be added> 

< Editor’s comments: general comparison with traditional BS >

< Editor’s comments: identify AAS specific characteristics >
7.2
Receiver spatial characteristics

<Text to be added> 

< Editor’s comments: elaborate the spatial characteristics>
For AAS receive requirements, let’s start the discussions from the in-band blocking requirement, and other receiver requirements such as in-channel selectivity, dynamic range, and the receiver inter-modulation could follow the similar discussion. 

The in-band blocking interference power represents the total received power at the antenna connector (via the connected antenna) from all the UEs in the adjacent system within the same operating band but based on the uncoordinated deployment. As shown in Fig.7.2-1, the signals collected from the antenna elements are combined before being fed into the front end of the receiver for traditional BS. While for AAS BS, each receiver is connected with one or multiple antenna elements. Since the antenna pattern connected with the receiver is different between traditional BS and AAS, the received blocking level needs to be investigated. 
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Figure 7.2‑1Scenarios of received blocking signals at traditional BS and AAS
7.3
Simulation results

<Text to be added> 

< Editor’s comments: some numerical results, for example, the comparison study at different reference points>
7.3.1 In-band blocking
<Text to be added>
7.4
Requirements for AAS receivers
7.4.1 Reference sensitivity
<Text to be added>
7.4.2 In-band blocking
<Text to be added>
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Ps = sum(Pi), where Ps is the required input power specified
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