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1.
Introduction
At last RAN4 meeting in Riga several companies raised questions about the relevance and applicability of the introduction of a minimum requirement for radiated receiver sensitivity for AAS BS. Radiated requirements for output power and receiver sensitivity have been discussed extensively. At last meeting it was agreed to continue working with technical details needed to define radiated output power and receiver sensitivity [1]. 
For DL it is straight forward to define a minimum requirement for output power for AAS BS, while for UL it is a bit more complex. The reason for this difference is associated to the specification of the physical layer for E-UTRA and UTRA. Traditionally, the UL receiver in a base-station is utilizing receiver diversity where several signals are combined in a way where the SIR is maximized. The current specifications don’t capture requirements related to UL beam-forming. The details about UL beam-forming is implementation specific and varies between different vendors or products.  This means that several implementation approaches is used to achieve receiver sensitivity combining several antenna signals.

This contribution will continue the discussion related to radiated receiver sensitivity for AAS BS.
2.
Discussion
In the evolution of AAS BS design it is interesting to move the front-end and radio close to radiating element is minimizing the total noise figure of the receiver. In the case where the receiver is distributed with one-to-one mapping to radiating elements the number of baseband port could be considerably higher than expected for legacy BS. The freedoms to resolve signals from different UEs will increase together with processing load. A way of reducing the processing load required by the baseband processing is to introduce a pre-processing stage where cell-specific beam-forming could be created. Then number of receiver can be larger than the number of UL baseband ports. In this case the receivers must be working in a coherent manner using a common phase reference. It is reasonable to assume that different types of AAS BS will exist along the line of evolution. In the UL case for legacy BS signals from several receivers are combined using different kinds of algorithms maximizing the Signal-to-Interference Ratio (SIR) of the wanted signal. 

Basically two potential candidates for UL beam-forming exists:

1. Switched-beam: A finite number of fixed, pre-defined beams
2. Adaptive Array: A theoretical infinite number of patterns that are adjusted in real time according to the spatial changes of signal of interest and signals not of interest.

The switched-beam concept can be realized passively using butler matrix networks or actively in baseband under condition that all receivers are coherently locked to a common reference source. The adaptive array beam-forming approach is used for the communication between a user and a base-station in UL. By adjusting to the RF environment as it changes or spatial origin of signals, adaptive beam-forming can dynamically alter the signal pattern to the RF signal environment; in other words, they can direct the main beam toward the signal of interest while suppressing the antenna pattern in the direction of interferers or signals not of interest. The adaptive concept is far superior to the performance of switched-beam system since switched-beams not only may not be able to place the desired signal at the maximum of the main beam, but also it exhibits inability to fully reject interference. A typical scenario is receiver diversity where two branches are combined to maximize the received SIR. As the number of receiver branches is expected to grow for AAS BS, new opportunities arise for UL beam-forming. It is reasonable to believe that active cell-specific beam-forming will be deployed on UL creating spatial isolation between cells in different cell-partition scenarios, such as horizontal cell-splitting or vertical cell-splitting. 
However for systems with few base band ports and single column antennas the concept of cell-specific beam-forming and UE-specific beam-forming may not be relevant. Systems with few RX antenna ports using passive RDN for creation of cell-specific beam-forming the BS will combine the received signals in a way so SIR is maximized. This means that the main beam is created by the RDN 

However where the number of radios is larger than the number of basebands ports pre-processing is utilized to generate a grid of beams. Baseband processing is then searching for then beams with highest SNR. To be able to generate a grid of beams require the receivers to be operating in a coherent manner. The concept of grid of beams is utilized by 8-port TDD systems. Which beam-forming concept to be used for UL is an implementation choose made by the base-station manufacturer. It is also possible that AAS BS will utilize both switched beam-forming and adaptive beam-forming simultaneously for cell-splitting purposes.  

This contribution described the differences relevant for beam-forming concepts for UL and DL. This information shall be used in the work defining requirements and corresponding test cases. The concept of adaptive beam-forming makes it difficult to define test beams when measuring the combined receiver sensitivity in an antenna test range.
As pointed out in a reference contribution [2] the radiation pattern is of secondary interest compared to maximizing the SNR of the wanted signal at the output of the receiver for a traditional BS. However for an integrated BS the SIR will also depend on the noise caused by the BS itself (e.g. wideband TX noise, TX IM, optical links) together with the performance of combination and individual receiver performance. 

Further analysis is needed to decide if a real reference signal for E-UTRA in a closed loop fashion is needed or a signal similar to Fixed Reference Channels (FRC) as defined in TS 36.141 shall be used.
3.
Conclusion

This contribution describes two possible ways of implementing beam-forming in E-UTRA UL. Both ways and combinations will be used in AAS BS. As mentioned in this contribution it is difficult to define a radiation pattern or test beams for adaptive beam-forming implementation. However it is suggested to define a minimum requirement for the combined radiated receiver sensitivity. This will capture the capability of the whole base station in terms of receiver sensitivity.

More studies are needed to define the pre-conditions needed to make the adaptive beam-forming to operate in a correct manner so testing can be done in an antenna test range. It is not meant that requiring testing of radiated sensitivity shall put new requirements on UL beam-forming instead it is suggested to run the base station in a normal operation mode testing the combined receiver sensitivity. 
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