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1
Introduction

The current status of RAN1 NAICS study focuses on the third objective of the SID which states that:

“(RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments
Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 
Identify any physical layer changes and network signalling needed to achieve the system level gain.
Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC
Work can start at different time for different reference receivers”
In addition, RAN4 is currenly evaluating the receivers feasibility in face of finite buffer transmission, the so called Phase 2, which is covered by the second objective of the NAICS SID.
In this paper we discuss about the impact of non-linear receivers on system performance in Release 12.

2
Enhanced system performance through the utilization of non-linear receivers
During the NAICS studies, the main scenarios considered for interference supressions and cancellation have been:

· Intra-cell interference resulted from current SU-/MU-MIMO operation 

· Inter-cell interference based on deployment scenarios prioritized in Rel-11, taking into account scenarios, once defined, under Rel-12 WIs/SIs such as small cells.
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 succesfully receive the multiple streams anyhow. In SU-MIMO transmission there is however residual interference due to the non-perfect orthogonalization of the transmitted layers. 
Observation:

· SU-MIMO is not subject any additional signalling needs as the available information is explicitly signalled to the UE already currently.

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. As the IC mechanisms target SU-MIMO, and for example in NAICS scenario 2 at least approximately 50% of the UEs are likely to experience multi-stream transmission, the benefit of enhanced link adaptation for these UEs is evident. As RAN4 could define performance requirements for such non-linear operation in SU-MIMO environment as a first outcome of NAICS work, 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 and also the associated L2S mapping methodology corresponding to an agreed reference receiver. However, it is for further discussion whether such evaluation should be done in RAN1 or in RAN4, and also the potenatial time frame in a potential following WI phase, that would specify the performance requirements for the SU-MIMO enhanced receivers. This is naturally important for any further development of the multi-antenna/multi-stream operation during future releases as well as for other technologies to be considered.  One may of course argue that from the total pool of UEs, not all of them are NAICS receiver capable, however the considered RAN4 receivers for SU-MIMO are corresponding to rather practical implementations which might already exploit non-linear processing in existing UE modem designs.  

Proposal:

· The system performance benefits of utilizing non-linear receivers in SU-MIMO should be evaluated.

· Provided that system gain is identified, release 12 should define NAICS receiver performance for SU–MIMO.

3
Conclusions

One of the very first NAICS SID observations is that there is considerable link gain due to non-linear interference cancelation of inter-stream interference in SU-MIMO.
Proposal:
· The system performance benefits of utilizing non-linear receivers in SU-MIMO should be evaluated.

· Provided that system gain is identified, release 12 should define NAICS receiver performance for SU–MIMO.
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