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1. Introduction
A new RAN4-led LTE Rel-12 work item [1] on performance requirements for interference cancellation and suppression receiver for SU-MIMO was approved during RAN#63. A first round of discussion took place during RAN4#70bis meeting and a way forward was agreed in [2]. For the work aiming at UE demodulation requirements, the following was agreed:
· Prioritize single cell high geometry scenarios to verify UE advanced receiver implementations;

· Prioritize medium antenna correlation;

· Current 36.101 single cell multi-layer spatial multiplexing FRC test setups can be used as the starting point for aligning simulation results for demodulation.
In this contribution, we provide performance results for enhanced SU-MIMO UE receiver demodulation according to the agreed simulation assumptions [2].   
2. SU-MIMO performance evaluation
Simulation assumptions
Simulation assumptions comply with the agreements in [2]. The simulated cases (FDD) are listed in Table 1. The setup is based on the referred requirement scenarios in 36.101, with the modifications given in the WF. 
We have evaluated the demodulation performance of R-ML receiver and compared it against the baseline MMSE receiver. R-ML complies with the description in Section 7.3 of reference [3].
Table 1: Simulated cases (FDD)
	TM
	Antenna configuration
	Fading channel
	Mod
	Test setup reference in 36.101

	TM3
	2x2 Medium
	EVA 70
	16QAM
	8.2.1.3.1

	
	4x2 Medium
	EVA 70
	16QAM
	8.2.1.3.2

	TM4
	2x2 Medium
	EPA 5
	64QAM
	8.2.1.4.2

	
	
	ETU 70
	16QAM
	8.2.1.4.2

	
	4x2 Medium
	EPA 5
	64QAM
	8.2.1.4.3

	TM9
	2x2 Medium
	EPA 5
	16QAM
	8.3.1.2


Simulation results

The throughput vs. SNR performance of R-ML against baseline MMSE receiver is illustrated in Figures 1-5. In each of the figures, 70% and 90% relative throughput levels are indicated by blue and green horizontal lines, respectively. 
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Figure 1: TM3 – 2x2 Medium – EVA 70 – 16QAM
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Figure 2: TM3 – 4x2 Medium – EVA 70 – 16QAM
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Figure 3: TM4 – 2x2 Medium – EPA 5 – 64QAM
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Figure 4: TM4 – 2x2 Medium – ETU70 – 16QAM
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Figure 5: TM4 – 4x2 Medium – EPA 5 – 64QAM


Discussion

 Results summary

We start by summarizing the results in Section 2.3 by examining the performance of the considered UE receivers at both 70% and 90% relative throughput, in Table 3 and 4, respectively. The SNR at 70% relative throughput is used in the majority of UE demodulation test cases in TS36.101. While it is suitable for RAN4 testing purposes, the associated BLER lies in the range of ~20-30%. The latter does not correspond to a typical operation point at system level where the target value for the outer-loop link adaptation is typically set around 10% BLER for the 1st transmission. Therefore, it makes sense to also investigate the throughput performance around 90% level, which may provide insight for receiver down-selection while ensuring close-to-maximum performance at system level.
Table 2: Summary – Relative throughput gain @ 70% relative throughput
	Simulation case
	SNR [dB] @ 70% relative throughput

	
	Baseline MMSE
	R-ML | gain

	TM3 – 2x2 Medium – EVA 70 – 16QAM
	17.4
	14.8
	2.6

	TM3 – 4x2 Medium – EVA70 – 16QAM
	20.2
	16.0
	4.2

	TM4 – 2x2 Medium – EPA5 – 64QAM
	20.9
	19.2
	1.7

	TM4 – 2x2 Medium – ETU70 – 16QAM
	17.9
	15.4
	2.5

	TM4 – 4x2 Medium – EPA 5 – 64QAM
	18.4
	17.0
	1.4


Table 3: Summary – Relative throughput gain @ 90% relative throughput
	Simulation case
	SNR [dB] @ 90% relative throughput

	
	Baseline MMSE
	R-ML | gain

	TM3 – 2x2 Medium – EVA 70 – 16QAM
	19.4
	16.3
	3.1

	TM3 – 4x2 Medium – EVA70 – 16QAM
	22.0
	17.5
	4.5

	TM4 – 2x2 Medium – EPA5 – 64QAM
	25.9
	22.8
	3.1

	TM4 – 2x2 Medium – ETU70 – 16QAM
	21.0
	17.1
	3.9

	TM4 – 4x2 Medium – EPA 5 – 64QAM
	23.2
	20.3
	2.9


Overall, it is observed that the performance gain of R-ML over MMSE baseline is considerable, already at the 70% relative throughput level. In TM3, R-ML gains are 2.6 - 4.2 dB in SNR. In TM4, the gains are slightly smaller, 1.4 - 2.5 dB.

When MMSE and R-ML receivers are compared at the 90% relative throughput level, the performance difference increases, especially in TM4, where the R-ML gains are now 2.9 - 3.9 dB. In TM3, R-ML achieves SNR gain of 3.1 - 4.5 dB.
The gain of R-ML over MMSE baseline is higher at 90% throughput level than at 70% level. From network operation perspective, 90% performance level is more interesting, as it is usually the targeted success rate of initial PDSCH transmission. Looking at the observed SNR gains there, R-ML receiver provides a clear improvement in demodulation performance over the MMSE baseline, which makes R-ML a viable reference receiver for SU-MIMO performance requirements. However, it should be noted that for RAN4 requirement scenarios, 70% relative throughput level should be maintained. Although the R-ML differentiation to MMSE is lower at 70% level, it is still enough for setting the requirement.
 Considerations on the reference receiver
Currently, three candidate receiver structures are considered (CWIC/R-ML/SLIC) and their generic description may be found in the NAICS Technical Report [3]. During the Study Item phase [3], good SU-MIMO throughput gains were observed for R-ML and CWIC, as well as to some extent SLIC, depending on company results and simulated scenarios. To date, CWIC and R-ML are getting the most traction in RAN4 [4]

 REF _Ref387132194 \r \h 
[5]

 REF _Ref387132195 \r \h 
[6]

 REF _Ref387132196 \r \h 
[7] and we focus the discussion here on these two reference receiver architectures.
To our view, the choice of reference receiver should be mainly guided by the three following aspects: 
A) Implementation complexity and cost;
B) Performance gain vs. baseline receiver;
C) Coherent/unified receiver architecture for intra-cell SU-MIMO and NAICS.
Implementation complexity and cost
The implementation complexity of R-ML against CWIC has been investigated during the Study Item phase, mostly in the context of inter-cell interference cancellation. A summary may be found in reference [8].  Most of the considerations therein still apply (e.g. detector, decoding complexity) except that interference parameter estimation is not needed in the case of the case of SU-MIMO (PRB allocation, MCS, P_A, etc. are known via DCI signalling). For a comparison of CWIC vs. R-ML receiver architecture, one may refer for instance to [9]

 REF _Ref387133656 \r \h 
[10]. To summarize, three components mainly govern the complexity of the UE receiver: 
· Channel estimation;

· Symbol detection;

· PDSCH turbo decoding. 

Complexity of channel estimation can be assumed to be the same for CWIC and R-ML. For CWIC receivers, the detector stage may be either linear (L-CWIC) but or non-linear (e.g. ML-CWIC) as discussed in [3]. Hence CWIC detector complexity is not necessarily lower than for R-ML. 
However, CWIC and R-ML differ mostly in terms of turbo decoding complexity: CWIC involves one or several additional turbo decoding of the transport block(s) depending on the considered implementation. Besides the additional turbo decoding complexity, CWIC receiver structures introduce latency in the decoding/IC chain.
Performance gains

Previously shown performance results indicate that R-ML receiver performed well in all considered scenarios and for both TM3/TM4, with good performance gains wrt. baseline MMSE receiver. Overall, R-ML receiver architecture is therefore robust and very competitive performance/complexity -wise.
Coherent receiver architecture for SU-MIMO / NAICS

We view as important to maintain commonality and coherence in terms of reference receiver structures between SU-MIMO and NAICS operation. As discussed in a previous contribution [11], SU-MIMO / NAICS / CRS-IC receiver enhancements all target the same core functions of the UE chipset – i.e. the receiver and detection/decoding chain. Therefore, a single receiver structure such as R-ML is desirable to tackle both SU-MIMO and NAICS interference scenarios. Still, one may implement a different receiver for SU-MIMO such as e.g. CWIC, while SLIC or R-ML needs to be applied for the inter-cell case (because CWIC is not suitable for inter-cell IC). However, such optimization should not be mandated as baseline, because it incurs significantly higher implementation cost and complexity. Also, it is well-known that: 
· Reference receiver architectures in RAN4 do not necessarily dictate or limit implementation choices;

· Too many receiver options further complicate specifying minimum performance requirements.
Single vs. multiple performance requirements
Starting from the fact that multiple receivers (e.g. R-ML, CWIC) are being evaluated/favored by different companies, the possibility to consider single or multiple reference receiver type/s for specifying requirements and ensuring enough performance differentiation from legacy MMSE implementation was discussed in reference [12]. However, we do not favor developing multiple minimum requirements for enhanced SU-MIMO because:
· Although different, the performance of R-ML/CWIC still falls within the same ball park. Hence, performance differentiation may not be achieved in test cases given implementation margins.
· One would risk increased UE fragmentation which is not desirable from operators’ perspective.
· Multiple performance requirements lead to increased workload in RAN4 and may compromise the timeline for completion of the Work Item.
We conclude the discussion on the reference receiver on the following proposal:

Proposal 1: 
Focus on R-ML reference receiver architecture for specifying minimum performance requirements for enhanced SU-MIMO receivers.

3. Conclusion 
In this contribution, we provided performance results for enhanced SU-MIMO UE receiver demodulation according to the agreed simulation assumptions [2]. Based on the provided performance results, analysis and discussion, we view that the R-ML receiver architecture is robust and very competitive performance/complexity -wise in all considered scenarios. Therefore, we propose that:
Proposal 1: 
Focus on R-ML reference receiver architecture for specifying minimum performance requirements for enhanced SU-MIMO receivers.
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