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1.
Introduction
RF core requirement for AAS base stations sensitivity have been discussed in RAN4 for a long time. Currently RAN4 have decided to have one requirement at transceiver boundary and another requirement capturing the system performance as a radiated requirement. The two requirements will capture different characteristics relevant for an AAS base station. The conducted requirement is the reference sensitivity requirement which is defined per receiver ARP connector. The radiated requirement for sensitivity is still under discussion, it would reasonable to assume that EIS will be the figure of merit as part of OTA sensitivity. It has been suggested to set the requirement on combined sensitivity after baseband combining.  

In a companion contribution [1] other conducted requirement is discussed, this contribution will discuss the consequences of fixing conducted reference sensitivity for large AAS base stations that have large RX diversity.

2.
Discussion
For AAS base station UL performance the radio reference sensitivity is an important parameter, second in importance to the whole base station receive sensitivity. The conducted sensitivity is needed as a reference for other conducted requirements. (If radiated conducted requirements would be established, then there would in principle be no need for conducted reference sensitivity, as the conducted requirement is superseded by the radiated requirement, which captures radio performance as part of capturing whole system performance). It is expected that AAS base stations will have multiple receivers, where the number of receiver is larger than 2. In the following discussion the sensitivity characteristics of the transceiver system in an AAS base station will be analysed. The UL signal chain for a system of N receiver branches is described in Figure 2-1.
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Figure 2-1: Principle of UL signal combination

The receiver array consists of N receiver with nominal gain G and noise figure F. In this case it is assumed that G, F is the same for all branches. This assumption makes the analysis much simpler, but may not be realistic for a real implementation. This means that phenomenon caused by AGC control is not captured in this analysis. The baseband pre-processing consists of a combination network, where each branch is multiplied with a complex weighing factor. The output is created by summing over all ranches. How the weighting factors are determined is outside the scope of this contribution.
Traditionally the conducted reference sensitivity is defined as signal level received corresponding to a threshold detection quality typically BER or throughput. The SNR at the detector will direct relate to BER or throughput. Therefore, it is interesting to study the relation between SNR at different point in the AAS architecture. 
The SNR at different points in the UL signal processing chain is evaluated. The SNR at the transceiver boundary (aka Receiver ARP) is SNRa, at baseband after the receiver we have SNRb and at baseband after signal combination SNRc.
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(Eq. 1)
In Eq. 1, k is Boltzmann constant, T is the system temperature and B is the receiver band width. 
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(Eq. 2)
Where F is the receiver noise figure. 
Assume that weighting vector wn, element position matrix R and wave vector k are chosen in a way so signal contributions from all receiver braches adds coherent, while noise contributions adds non-coherent, then the combined SNR is maximized and can be expressed as:
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(Eq. 3)
The simplification above is valid for the case when the incident wave is hitting the AAS at an angle of arrival perpendicular to the antenna aperture. For large AoA a loss factor will be introduced when the signal is combined.

This simplified analysis shows some interesting facts:
1. From Eq. 2, the SNRb is depending on F, the receiver branch noise figure.
2. From Eq. 3, the combined SNRc can be expressed as a function of SNRb and number of combined receiver branches. This phenomenon if traditionally called “diversity gain”.
3. From Eq. 3, the combined SNRc is a function of noise figure, number or branches and input SNR. 

Note:  If sensitivity is anchored as EIS, requirement re-allocations can be made to enable distributed radio architectures where noise figure can be traded against larger number of receiver branches. The re-allocation is of special interest at high frequencies.
The expressions show the relations between SNR at different locations in an AAS UL signal processing chain. Also it is showed how the combined SNR is a function of number of branches, System noise temperature and receiver noise figure. It must be noted that this model is valid for small N, for large N properties such as receiver noise statistics and variations of noise figure and gain must be captures to draw proper conclusions. However it must be noted that keeping existing conducted sensitivity per radio requirement could lead to overall sensitivity being over dimensioned.    
3.
Conclusion

Currently in Rel-12 time frame conducted sensitivity per branch (aka reference sensitivity) and combined OTA sensitivity will be defined for AAS base stations. The analysis shows that reference sensitivity and OTA sensitivity captures different characteristics of an AAS base station.
In the analysis the combined SNR is derived as function of input SNR. It can be seen that the combination gain is equal to N, assuming optimal combining. The analysis assumes fixed receiver gain (no AGC), no receive gain and noise figure variation between branches, all receiver sources to be statistically white and optimal combining. These assumptions may not be fulfilled for large systems. Therefore is must be noted that scaling of conducted sensitivity may not be as simple as just 10log10(N), where N is the total number of receiver branches. 
For large systems the allocation of combination gain can be allocate as diversity gain or/and for re-allocation of receiver requirements. 

Keeping the current conducted reference sensitivity requirements per radio branch could lead to overall sensitivity being over dimensioned for future AAS base stations. This consequence should be captured in the TR. The definition of an eventual scaling of reference sensitivity if FFS.
4.
References
 [1]

R4-147634, “Other conducted requirements”, Ericsson

3GPP


[image: image1]_1477121001.unknown

_1477121116.unknown

_1477120750.unknown

