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1
Introduction

During the previous RAN#63 plenary, a WI on performance requirements of interference cancellation and suppression receiver for SU-MIMO has been approved with the following RAN4 objective:

Enhance the UE performance in the presence of inter-stream interference thereby improving the spectral efficiency for the system. The detailed objectives include:

· Reference receivers considered should be focused on the evaluated receivers in the study item, i.e. (R)-ML, CWIC and SLIC receivers. 

· Specify the typical scenarios for SU-MIMO deployments to be considered in the UE demodulation and CSI requirements work 

· For PDSCH, identify and agree on realistic deployment scenarios.

· The reuse of related, applicable Rel. 8-11 SU-MIMO scenarios is encouraged as much as possible.
· Specify the UE demodulation performance requirements and CSI requirements with the reference receiver for the practical implementations.
· UE demodulation performance requirements for both CRS based transmission modes and DMRS based transmission mode;

· CSI requirements to ensure the CSI reporting to be matched with the actual demodulation performance.
In this contribution we present views with respect to advanced receiver choices for SU-MIMO.
2
Enhanced link and system performance through the utilization of non-linear receivers
2.1 SU-MIMO link and system performance
Throughout the RAN4 studies, from the very beginning it has been shown that very promising gains can be achieved for SU-MIMO operation by applying non-linear receivers. Single user MIMO is of course not subject to any additional network coordination and signalling as the needed information in terms of inter-stream interference structure is already available at the UE through legacy DCI signalling. Moreover, the UE has to decode this information in order to successfully receive the multiple streams anyhow. In SU-MIMO transmission there is however residual interference due to the non-perfect orthogonalization of the transmitted layers. 

The non-linear receiver gains found in SU-MIMO operation have been in the range of about 2.5 – 4 dB [2]
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[7], with an upper bound achieved by CWIC receivers. These gains have been also observed at mid-to-high SNR levels having a higher probability of larger ranks. For finite buffer traffic such probability is quite likely to be increased compared to full buffer traffic. 

Observation:

· Performance gains of 2.5 – 4dB have been observed when performing inter-stream IC in SU-MIMO.

The application of advanced, non-linear receivers for SU-MIMO will lead to increased LTE system capacity. The system benefits are evident as enhanced link adaptation would be applicable to a good number of UEs, depending on scenario though. RAN4 is mandated to define performance requirements for such non-linear receiver operation in SU-MIMO, however it is important to quantify the system benefits of non-linear receivers in SU-MIMO operation. This would entail system level evaluation of gains from advanced receivers for SU-MIMO while also it should be clarified the applicability of the existing NAICS L2S mapping methodology corresponding to an agreed reference receiver. 
Proposal:

· The system performance benefits of utilizing non-linear receivers in SU-MIMO should be evaluated.
2.2 SU-MIMO advanced receiver in Release 12
3GPP embarked on an ambitious Release 12 path of specifying advanced receiver performance requirements for two types of interference cancellation: inter-cell IC and inter-stream IC. In both situations the UE needs to cancel one interfering codeword (even that in inter-cell the current assumption would allow for a two codeword IC as well, however with lower probability to happen in practice). On the other hand the inter-stream cancellation receiver benefits from full knowledge of both streams, allowing the decoding and even iterative IC processing, something found not sustainable in the inter-cell IC case. It is important to note that SU-MIMO receivers are corresponding to rather practical implementations which might already exploit non-linear processing in existing UE modems. Thinking at a unified framework for an advanced Release 12 receiver, its construction could start from the existing SU-MIMO architecture and embed elements needed to provide an inter-stream IC solution. Indeed, the receivers providing IC for both inter-cell and inter-stream share several common blocks like performing estimation of both streams’ effective channel, leading to the conclusion that a single architecture is possible. Naturally, the inter-cell IC receiver would consist of extra blind/non-blind detection blocks. On the other hand it is crucial to strive for the maximum of performance which can be obtained from inter-stream cancellation, hence considering the decoding stage which is possible in SU-MIMO.
Proposal:

· Advanced receiver performance requirements for SU-MIMO should exploit the decoding of the streams.
3
SU-MIMO deployment scenarios

In RAN4#68bis meeting, details related to the SU-MIMO operation in intra-cell have been agreed [8]. The intention was mainly to move forward with a common set of assumptions, as follows:
· The existing performance requirements are proposed to be reused as followed with certain changes.

· Baseline tests

· Test 1: 36.101 Open loop spatial multiplexing (TM3), Section 8.2.1.3.1 

· Test 2: 36.101 Closed loop spatial multiplexing (TM4) Section 8.2.1.4.2 

· Test 3: 36.101 Dual-Layer Spatial Multiplexing (TM 9), Section 8.3.1.2 

· Optional tests

· Test 1: 36.101 Type A receiver Section 8.2.1.2.4 (TM2/3) 

· Test 2: 36.101 Type A receiver Section 8.2.1.4.1B (TM4/6)


· Test 3: 36.101 Type A receiver Section 8.3.1.1A (TM9/9) 

· Two sets of results are expected for the tests above with changes as proposed below 

· Baseline setup: Current FRC setup with medium correlation, synchronous network

· Optional setup: OLLA with follow CQI and PMI, Rank 2, medium correlation, Doppler 5Hz, synchronous network

In [9]
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 \* MERGEFORMAT [10] the above test cases have been considered, while the analysed receivers have been: L-CWIC, R-ML, SLIC. In [7] we have presented SU-MIMO link performance for CWIC receiver in various setups: with fixed modulation and with link adaptation, in scenarios with white Gaussian interference as well as considering two interferers according to NAICS scenarios. In Figure 1 we present a preliminary result comparing MMSE, CWIC and R-ML receivers. 
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Figure 1: Rank-2 2x2 TM4 with Scenario TS36.101 §8.2.1.4.1B (RAN4#64bis Test2) mcs#20 simulation assumptions, DIP1=-1.73dB, DIP2=-8.66dB.

Proposal:

· Study further the SU-MIMO performance of candidate receivers in the agreed test cases.
4
Conclusions

In this contribution we have been presenting views with respect to the SU MIMO operation and the need of further assessment in both link and system evaluations. Our observation and proposals can be summarized as follows: 
Observation:

· Performance gains of 2.5 – 4dB have been observed when performing inter-stream IC in SU-MIMO.

Proposals for the work plan of the WI:

· The system performance benefits of utilizing non-linear receivers in SU-MIMO should be evaluated.
· Advanced receiver performance requirements for SU-MIMO should exploit the decoding of the streams.
· Study further the SU-MIMO performance of candidate receivers in the agreed test cases.
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