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1 Introduction

During RAN4#62 and RAN4#62bis, the potential impact of AAS on demodulation performance requirements was discussed. Demodulation performance is not within the scope of the Study Item. This contribution proposes to capture a note about potential impact to demodulation requirements in an Annex of the TR for reference purposes.
2 References
[1] R4-120487, “On spatial distribution aspects of receiver performance requirements”, Ericsson, RAN4#62, February 2012
[2] R4-121653, “On AAS impacts to demodulation performance testing”, Ericsson, RAN4#62bis, March 2012
3  Text proposal

The following text is proposed for an Annex of the TR
X
AAS demodulation performance aspects
Demodulation requirements play a key role in ensuring system performance. In this appendix possible future work needed for defining demodulation requirements and tests in the context of AAS is noted.  
The principles behind the demodulation requirements are unlikely to be impacted significantly by AAS, but definition of reference points and tests would be quite likely to require further work due to possible inaccessibility of antenna connectors and the need to consider carefully the phase pattern of the applied test signal.
The introduction of AAS applications implies that within the basestation system, functionality exists that is responsible for spatial performance. The functionality may reside in baseband or elsewhere. The current demodulation performance tests do not provide a means for testing spatial performance.  Requirements relating to spatial performance may need to be captured in later releases, although it is feasible for initial AAS specs to capture demodulation performance requirements only without capturing spatial performance.
X.1 Demodulation performance requirements
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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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 AWGN lies well below the maximum but substantially above the receiver noise level. 

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 the currently specified tests, it is assumed that the fading between the receive antenna elements is uncorrelated. 
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UL timing is tested using 2 UEs, but with no fading channel. 
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X.1.2 Testing demodulation performance requirements
The test point for the performance requirements in the current specifications is 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.

Since (with the exception of PUCCH and UL timing requirements), the interference is defined as AWGN, AWGN can be applied to all antenna points for defining demodulation performance.
If the wanted signal can be applied independently at all of the antennas and is uncorrelated, then the wanted signal will have no directionality and the demodulation performance requirements can be directly applied as they are currently defined.
However if it is not possible to completely decorrelate the applied signal between the antennas then the wanted signal will have some directionality, and it may be the case that the processing behind the antenna modules applies weighting, phase shifting and combining taking into account. This implies that the position of the wanted signal (i.e. the phase and amplitude shift) can impact the Ior/Ioc level at which the demodulation requirement is achieved, or alternatively that a specified signal may achieve different Ior/Ioc with different types of AAS.

Thus it may be the case that if the demodulation performance requirement is defined independently of the array type and application, then different AAS arrays could easily appear to show different demodulation behaviour. Thus in a future work item to define performance requirements and tests for AAS, there may need to be discussion on the extent to which decorrelated test signals can be applied to different antennas and whether there is a need to take into account he AAS structure and application.

X.2 Spatial performance requirements

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 specific and possibly spatially placed interferers are defined, possibly together with a spatially placed wanted signal 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, in which interferers are defined in addition to the wanted signal. 

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 it is likely that link demodulation and spatial processing performance should be defined separately and as necessary.
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