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1 Introduction

The term Active Antenna System (AAS) refers to an antenna array in which one or more of the antenna elements are driven from separate PAs on the transmit side, and/or separate LPA and transceivers on the receive side. In addition the PA, LPA and possibly transceivers may be located within the antenna housing in proximity to the antennas. 
Traditionally, performance and demodulation requirements and tests are defined with respect to a reference point that is at the antenna connector of each individual transmit/receive chain. The reference point may relate to an individual antenna element, or may relate to a point before/after a phase shifting network that distributes the transmitted signal across a number of antennas. In either case, for the RF tests the reference point characterizes performance of a single RF transmit or receive chain. Manufacturers may declare that further chains demonstrate the same performance as the tested chain. For demodulation tests, it is assumed that the RX signal and interference are distributed in an equal power and uncorrelated manner between receive chains and that the EbNo can be split evenly between chains, which allows for the test configuration shown below to be applied.
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During recent RAN4 meetings, concerns have been raised that the current definition of performance requirements and tests with respect to antenna connectors is not sufficient for advanced systems with active antenna elements [3]. Concerns range from the accessibility of suitable testing points to the impact of the spatial distribution of transmitted energy on coexistence scenarios [1] to the impact of different spatial distributions of wanted and different types of interference signals on requirements such as blocking, Intermodulation, ACLR etc. [2] to near field interactions between active elements. Following the RAN4 discussions, RAN#53 launched a Study Item to examine how to capture suitable performance requirements and test methodologies for active antennas [4].
It is likely that no one method will fit all of the TX and RX requirements, and so a requirement based approach to defining performance and test requirements should be undertaken. An important activity in the study item will be to examine the impact of active antenna systems on each requirement group individually. 
This paper discusses in more detail the impact to the receiver performance requirements, and considers the possibility of defining performance requirements related to algorithmic spatial processing.
2 Discussion

2.1 Current performance requirement definition

Uplink performance requirements are defined in the MSR specification 37.104. The MSR specification refers back to the individual UTRA FDD, UTRA TDD, LTE and GSM specifications. The scope of the current document is to examine the impact to UTRA FDD and LTE

Performance requirements are defined to impose minimum specifications for the baseband processing. In all cases, interference is in-band. Thus the TX and RX RF impact of spurious emissions, ACLS, ACS, blocking, intermodulation etc. relating to out of band signals have no impact on the uplink performance testing.

2.1.1 UTRA FDD

UTRA FDD performance requirements are applied to DCH, RACH and E-DPDCH (which indirectly tests E-DPCCH). In addition, HARQ ACK detection and E-DPCCH false and missed detection requirements are specified.

The reference sensitivity level is -121 dBm, -111 dBm and -107 dBm for wide, medium and home BTS respectively. This suggests a receiver noise level ranging from from -103 to -90dBm from the wide area to home BTS. The dynamic range requirement states the maximum AWGN level to be between -73dBm for wide area to -39dBm for home BTS.

For demodulation performance requirements, interference is in the form of AWGN and 25.141 states the AWGN level to be -84, -74 and -70 dBm for wide, medium and home BTS. Thus the AWGN lies well below the maximum but substantially above the receiver noise level. Receiver RF effects will be insignificant in comparison with the AWGN level and can be ignored.

Thus the demodulation performance will relate entirely to baseband algorithms. 

2.1.2 E-UTRA

LTE performance requirements are applicable to PUSCH demodulation, ACK missed and false detection when multiplexed with PUSCH, PUCCH ACK missed/false detection, PUCCH CQI decoding and RACH false detection and missed & erroneous detection.

PUSCH may be transmitted from 1 or from 2 UE antennas in Release 10. In the test setup, when transmitted from 1 UE antenna, the wanted signal (after applying channel fading) is distributed to all Node B antennas, along with uncorrelated AWGN in a similar manner to UTRA FDD. A similar setup is applied for RACH testing. When transmitted from 2 UE antennas, each UE antenna is subjected to an independent fading channel, but then the combined UE TX signal is distributed to each of the Node B antennas.
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PUCCH is tested in both a single user and a multi user test setup. The single user test setup is the same as for PUSCH. The multi-user setup involves 3 interfering users. In principle, the 3 interfering users could show different spatial characteristics to the wanted user, in which case an advanced antenna array processing algorithm could attempt to maximise the received signal whilst minimising the interference. In the currently specified tests, it is assumed that the fading between the receive antenna elements is uncorrelated. For antenna connector tests, uncorrelated fading would not allow the baseband processing to take advantage of a correlated array for e.g. receive beamforming. However attempting to specify correlation and directivity between users would imply considering specific array implementations. Maximum strain could be placed on the baseband algorithms if the positioning of the user and interferers would be the same, and this would also likely simplify the test implementation.
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UL timing is tested using 2 UEs, but with no fading channel. Hence the users have no directivity. This configuration could in principle be applied when testing an active antenna array, as it places maximum strain on the accuracy of the timing adjustment loop, since interference between the two users in the case of poor timing accuracy is maximised.
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2.2 Defining performance requirements for AAS basestations

As discussed above, currently performance requirements are defined based on AWGN interference, with the exception of LTE PUCCH and UL synchronisation. In most deployments, UL interference consists of a mixture of noise and other user interference. In WCDMA, other user interference arises from both inter- and inter cell users, whereas in LTE interference is predominantly from other cells. 

For WCDMA, so called “Noise Rise” is limited to 6-12dB, implying that the interference power is 3 – 7 times the noise power. The LTE UL, in particular in scenarios such as low frequency bands and urban canyon is often interference limited.
An active antenna system at the basestation can be employed to mitigate interference and maximise SINR in the uplink. A number of technology approaches exist to do so, ranging from UL specific RET to user specific RX beamforming.

The current UL performance requirements have been designed for link demodulation performance tests, and will not capture the performance of spatial processing capabilities afforded by the application of active antenna arrays. In principle, performance requirements could be designed in which interference profiles consisting of AWGN and spatially specific interferers are defined in order to benchmark the performance of an arrays spatial processing and interference mitigation capability. An example where such an approach has already been defined in RAN4 is the WCDMA downlink Enhanced Type 3i receiver specification. 
However the definition of interference profiles for UL AAS is dependent on the deployment scenarios and definition of performance requirements will depend on the technology strategy of the spatial processing. Both tasks are nontrivial. Furthermore, definition of performance requirements considering interference profiles couples the baseband link demodulation performance with the performance of the spatial processing, which is undesirable and likely to lead to complexities in specification. Thus we propose that link demodulation and spatial processing performance should be defined separately and as necessary.

2.2.1 Receiver processing model

For the reasons described above, it is helpful to decompose the receiver processing performance definition into separate requirements relating to link demodulation and spatial processing. The link demodulation requirements should relate to the performance of a single link in the absence of interferers. 

Link performance requirements
All of the WCDMA and the LTE PUSCH link demodulation requirements can be defined based on AWGN interference. In principle, the requirements can be defined at antenna connection points, as is currently the case. As in the current specification, an antenna connection point may refer to a point at which the combined RX signal arrives from a set of multiple antennas whose signals have been combined across a phase shifting network at the input to active transceiver electronics.
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The test point for the link performance requirements can also be defined to be at an antenna connector, however in some AAS constructions such connectors may not be accessible and further effort may be required to define test points at e.g. module level or via coupling to the antennas themselves.
LTE PUCCH and UL timing accuracy requirements are more difficult since they involve specific interferers as well as AWGN. For UL timing accuracy is defined with no fading channel; keeping this assumption will maximise the stress on the timing control loop and baseband. PUCCH interferers have uncorrelated fading channels; this assumption could be kept as a minimum assumption, even if spatial performance tests then test the performance of a correlated array.
Thus in principle, link performance requirements can be defined in the same manner as in the current specifications (i.e. 25.104, 25.141, 36.104, 36.141), however testing at the antenna connector may not always be feasible.
Spatial processing performance

In the current specifications, requirements relating to spatial processing performance are not defined. As discussed above, it is useful to define demodulation performance requirements in the same manner as is currently the case. Spatial processing performance requirements may then need to be added as a new section to the specifications, or as new specifications.

To define spatial performance requirements, a performance metric that can be tested across multiple implementations is required. Possibilities for such a metric include physical channel BER, as used for e.g. Reference Sensitivity testing or BLER, as used for demodulation performance requirements. The location of the spatial processing may, dependent on the implementation be close to the RF of part of the baseband. Advanced spatial processing techniques may integrate baseband functionality and spatial processing. Thus, BLER is likely to be the best metric for spatial processing performance. The spatial processing requirements will appear similar to demodulation requirements, and couple employ e.g. similar FRCs and channel configurations, however they would differ in the definition and structure of the interference and the manner of testing.
Defining a suitable set of interference scenarios for testing is a nontrivial task, as the scenarios should allow for differing technology approaches and applications. Definition of tests that are based on the antenna connector is likely to be very difficult without a reference adaptive antenna configuration; in reality some level of OTA testing may well be necessary for testing spatial processing performance.
3 Conclusion

Current demodulation performance tests have been designed for systems that do not apply Active Antenna Arrays and do not exercise algorithmic spatial processing capabilities. The AAS Study Item should consider whether and how performance of algorithmic spatial processing could be defined and tested. Testing of spatial processing should be defined separately to link performance requirements. Both types of requirements are likely to be based upon RX BLER, however for spatial processing requirements the interference structure will be more complex and the method of testing is more likely to be based on OTA. Link performance requirements can be defined using the antenna connector as a reference point in a similar manner to the current specifications.
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