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1 Introduction

SU-MIMO as one of the intra-cell interference scenario was investigated within the study item of network-assisted interference cancellation and suppression (NAICS) for LTE (RP-130404) [1]. The evaluation results of advanced receivers, i.e. Reduced Complexity Maximum Likelihood receiver (R-ML), Code Word level Interference Cancellation receiver (CWIC) and Symbol Level Interference Cancellation receiver (SLIC), are summarized and captured in TR 36.866 [2]. 
Based on the conclusions on SU-MIMO made in TR 36.866, this paper extracts and summarizes the motivations for the improved performance requirements for SU-MIMO.
2 Motivations of introducing improved performance requirement

2.1 High percentage of multi-stream transmission
In the study phase of network-assisted interference cancellation and suppression receivers, system level simulations were conducted to determine the MCS and rank of scheduled transmission under the agreed evaluation assumptions for NAICS [3]. The results clearly show a fairly large percentage, i.e. 32% of scenario 1 and 50% of scenario 2, of scheduled transmissions are of multiple layers given 40% as the target utilization ratio. The performance of these multiple-stream transmissions are degraded by inter-stream interference due to the imperfect feedback and limited codebook size. This highly frequent occurrence of multiple stream transmission indicates that SU-MIMO is worth treating as an important interference mitigation scenario to improve system throughput performance.    
2.2 Large performance gain of advanced receivers

During the study phase of NAICS, performance gain of advanced receivers (i.e. R-ML, CWIC and SLIC) over Rel-11 MMSE reference receiver was evaluated by several interested companies. The evaluation is mainly based on the existing SU-MIMO test cases defined for verifying UE demodulation performance covering TM3/TM4/TM9 [4]. Additionally, new simulation scenarios, such as median antenna correlation, OLLA ON/OFF and adaptive coding and modulation were also bought into the evaluation processes. The conclusion drawn from the simulation results is captured in the summary section of the TP:

· From the summary of the link level simulation results, we conclude that further advanced receiver based on IC/ML without the need for network assistance can provide significant gains (e.g. up to 5dB depending on the receiver structure and the test case) compared to legacy baseline receiver such as MMSE-IRC and MMSE when applied to SU-MIMO scenarios listed (i.e. the goal is to cancel the inter steam intra cell interference).
To apply the advance receiver in SU-MIMO scenario, UE requires no more network assistance to mitigate the inter-steam interference, so there is no impact on either RAN1/2 specification beside UE proper advance receiver implementations. Considering that the performance gain of advance receiver greatly improves system spectrum efficiency, it is justified to open a work item in only RAN4 on verifying UE’s proper implementation to capture these promised performance gains. As an example, Figure 1 shows the performance improvement over legacy MMSE reference receiver by employing R-ML and CWIC advanced receivers. The test setup reuses the same legacy test case of 8.2.1.4.2 defined in TS36.101.
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Figure 1 Demodulation performance comparison with test case of TS36.101 8.2.1.4.2 as an example
2.3    Pre-alignment for future network assistance advanced receivers

The candidate advance receivers evaluated for SU-MIMO scenario, i.e. R-ML, CWIC and SLIC, are also the candidate receivers for network assistance receivers for mitigating inter-cell interference. Since currently there is no existing test cases to verify UE basic implementation of R-ML, CWIC and SLIC receivers, it can be imagined that with the additional blind detection of some or full of the inter-cell interference parameter in the future, it will be really hard to align the advanced receiver performance among the companies. If the new work item proposal of SU-MIMO is approved during which UE basic implementation is verified, it can also serve as the pre-alignment for later inter-cell interference handling receivers with the added complexity of blind detection and/or network assistance/coordination. 

In the new work item, it is also proposed to verify CSI feedback actually matching its demodulation performance for the UEs employing the advanced receivers to maximize the system throughput gain. This work is also a shared work item of advance receivers for both SU-MIMO and inter-cell interference scenarios. But SU-MIMO scenario is much simpler and the verification is much easy to achieve. 
Overall, the proposed work in SU-MIMO can usefully serve as the first step for aligning the complicated inter-cell receiver performance.   
3 How the SU-MIMO proposal is related to other NAICS proposals

The SU-MIMO WI proposal and other NAICS WI proposals are actually quite independent to each other. The SU-MIMO WI deals only with intra-cell interference which does not require any network signaling or UE blind detection behavior. The alignment of advanced receiver demodulation and CSI feedback performance is the major scope of this WI proposal. The receiver performance evaluation for SU-MIMO has been concluded and the summary is captured in the TR36.866 which facilitates starting a RAN4 performance WI immediately. For the NAICS WI proposals from other companies, it is mainly focusing on inter-cell interference mitigation. Its major issue to solve beside the UE receiver demodulation performance is how the UE acquires the interfering signal parameters, e.g. by blind detection or network signaling/coordination. It is expected that in the initial phase of NAICS work item, there will be RAN1 intensive work. So in RAN4 SU-MIMO could share the time units allocated for receiver enhancement with NAICS in the initial phase and the occupied portion for SU-MIMO could be reduced in later phase. 
The other major difference between SU-MIMO and NAICS inter-cell interference cancellation work item lies in the reference receiver selection for specifying the performance requirements. As it is concluded in the NAICS study item, CWIC is regarded as unfeasible for inter-cell interference cancelation in terms of the amount of required interference parameters information, e.g. interference PDSCH allocation and scheduled MCS values. While for SU-MIMO scenarios, essential information for CWIC effective operation is readily available through serving cell scheduling and CWIC receiver achieves the best performance gains for many evaluated scenarios, CWIC receiver is considered as a strong candidate reference receiver. In that case, it is obvious that different reference receiver selections for specifying the UE enhanced performance should be handled in separated work items.  
4 RAN4 time budget proposal
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NOTE:
In case further explanation of the time budget proposal is needed, then please explain this below.

additional comments to the time budget proposal:
5 Conclusion

We propose to approve the new work item proposal on improved performance requirements for SU-MIMO, as in WID RP-140150, with defining Improved Minimum Performance Requirements for E-UTRA: intra-cell interference suppression and cancellation receiver for SU-MIMO.

In this contribution, we also provided the RAN4 time budget of the improved performance requirement for SU-MIMO new work item, which is for reference of future work on this area.
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