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1. Introduction

In RAN #73 meeting the WI on the LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements was approved [1]. The work item has two main objectives:
	· Investigate feasibility and specify requirements for the CRS-IM receivers for the generic scenarios with different number of CRS APs (2, 4) and different number of UE receive antennas for synchronous networks.
· Investigate feasibility and specify requirements for the enhanced SU-MIMO inter-stream interference mitigation (SU-MIMO IM) receivers for the scenarios with 4 receive antennas UEs.


In accordance to the WID the following objectives are agreed in application to the SU-MIMO enhancements work:

	· Stage 1: Investigate performance benefits and feasibility of using SU-MIMO IM receivers for the scenarios with 4 receive antennas UEs.

· Stage 2: Specify UE demodulation performance requirements to verify enhanced SU-MIMO receivers for the UEs equipped with 4 RX antennas


At the initial stage (i.e. Stage 1) of the WI the main purpose of RAN4 work on SU-MIMO enhancements would be to investigate the performance/feasibility using SU-MIMO IM receivers. In particular, the following work directions are included in the WI scope:

1) Identification of target scenarios:

· Number of MIMO layers, modulation, propagation conditions, etc
2) Identification of reference receiver structure for SU-MIMO IM evaluation
3) Evaluation of performance of enhanced SU-MIMO IM receivers
In this contribution we provide our views on the target scenarios, reference receivers and simulation assumptions for the enhanced SU-MIMO (E-SU-MIMO) work. In the companion paper [2] we provide initial simulation results.
2. Scenarios

The following scenarios for SU-MIMO evaluations are captured in the WID [1]:
	· SU-MIMO scenarios

· Rank 2/3/4 SU-MIMO is considered

· The maximum number of layers (e.g. rank3/4) should be determined based on feasibility study (e.g. operating SNR), realistic Tx EVM assumption and the study on performance gains, reference receiver complexity and testability, etc.

· Strive to reuse agreed Tx EVM for 4Rx in Rel-13 if the related agreement can be reached

· Consider 2 and 4 CRS APs scenarios

· Channel correlations

· Focus on the Medium, Medium A and High antenna correlation models

· Modulation order: up to 256QAM

· The considered modulation orders should be decided based on feasibility study (e.g. operating SNR), realistic Tx EVM assumption, performance gains, reference receiver complexity and testability, etc.

· Strive to reuse agreed Tx EVM for 4Rx in Rel-13 if the related agreement can be reached.


In our view, the following aspects should be discussed in more details at the early stage of the WI.
MIMO rank + Modulation order

Based on the WI objectives MIMO rank 2/3/4 are included in the WI scope. In addition, different modulations are considered with up to 256QAM modulation order. The RAN4 is tasked to investigate performance benefits and feasibility of using SU-MIMO IM receivers for different combinations of MIMO rank and modulation format scenarios. In our view, further downselection of the scenarios should be considered subject to the outcome of RAN4 studies. In particular, we suggest that the following factors should be taken into account while making down-selection of the candidate MIMO rank + Modulation format scenarios:
1) Performance gains: SU-MIMO receivers should ensure noticeable performance gains over legacy MMSE-IRC receivers.
2) Scenario likelihood: The likelihood of using high number of layers jointly with higher order modulations is relatively low. In the field the probability of MIMO rank 2/3 transmissions is usually much higher comparing to the MIMO rank 4 case. Therefore, when making the decision it is important to prioritize work on the more practical scenarios which may indeed improve the network performance. Hence, the work on the MIMO rank 2 scenarios can be prioritized. In addition, the scenario probability in terms of link adaptation needs to be taken into account. For instance, the probability of rank 4 QPSK may be questioned since there are rather many alternatives like rank 1 + 256QAM, rank 2 + 16QAM to achieve the same spectral efficiency, while allowing better SNR performance.
3) Reference receiver complexity: The SU-MIMO IM receiver complexity obviously scales with the increase of the number of layers and modulation format and should be taken into account when deciding on the feasibility of rank 3 and 4 SU MIMO IM receivers.
4) Performance testability: The target scenario should ensure that R-ML receivers has testable margin over MMSE receivers (e.g. at least 1 dB). In addition, it is important to ensure that the operating SNR point is not too high to avoid RF imperfections effects.
Below in Table 1 and Table 2 we provide analysis of the current Rel-12 SU-MIMO (R-ML) test cases and Rel-14 4RX SU-MIMO (MMSE) tests cases. It can be observed that the existing 2RX SU-MIMO IM test cases cover a subset of the MIMO rank + Modulation format scenarios with the most emphasis on the rank 2/3. For instance, for Rel-12 SU-MIMO IM the tests cases are defined for QPSK and 16QAM only. Scenarios with 64QAM were excluded due to high SNR operating point (beyond 20 dB). The 4RX MMSE SU-MIMO requirements are defined for scenarios with 256QAM for up to rank 2 case. Therefore, we think that RAN4 should first conduct the studies for a range of possible MIMO rank + modulation scenarios and further perform downselection based on the results of evaluations.
Table 1. FDD R12 SU-MIMO tests for advanced receiver (Type C)

	Test #
	TM
	Antenna configuration
	Number of layers
	Modulation
	Other

	8.2.1.3.1B
	TM 3
	2x2, Medium
	2
	16QAM
	

	8.2.1.3.1C
	TM 3
	2x2, Medium
	2
	QPSK
	Multi-cell

	8.2.1.4.2A
	TM 4
	2x2, Medium
	2
	16QAM
	

	8.3.1.2A
	TM 9
	2x2, Medium
	2
	16QAM
	


Table 2. FDD R13 4RX SU-MIMO MMSE based tests
	Test #
	TM
	Antenna configuration
	Number of layers
	Modulation 

	8.11.1.1.2
	TM 3
	2x4, Low
	2
	16QAM

	8.10.1.1.4
	TM 4
	4x4, Low
	2
	64QAM and 256QAM

	8.10.1.1.6
	TM 9
	2x4, Low
	2
	16QAM

	8.10.1.1.7
	TM 3
	4x4, Low
	3
	64QAM

	8.10.1.1.8
	TM4
	4x4, Low
	4
	16QAM

	8.10.1.1.9
	TM9
	4x4, Low
	4
	16QAM


Proposal #1:
Further investigate SU-MIMO IM performance, complexity and testability for scenarios with different MIMO rank and Modulation format. Perform further scenarios downselection based on evaluation results.

Proposal #2:
Prioritize analysis of MIMO rank 2 scenarios.

Transmission modes

Similar to the Rel-12 SU-MIMO IM WI the requirements may be defined in application to both CRS-based and DMRS-based transmission modes:

· CRS-based TM 3
· CRS-based TM 4

· DMRS-based TM 9

Antenna correlation models
In accordance to the WID the investigations should “Focus on the Medium, Medium A and High antenna correlation models”. In our view, without limiting the scope the investigations can be conducted for the 2x4 and 4x4 antenna models with ULA Medium and Medium A MIMO correlation models: 
	Correlation Model
	(
	(

	Medium Correlation
	0.3
	0.9

	Medium Correlation A
	0.3
	0.3874


Proposal #3:
Further investigate performance for 2x4 and 4x4 antenna models with ULA Medium and Medium A MIMO correlation models.

eNB TX EVM
For the case of multi-layer transmissions and for the higher order modulations the BS TX EVM assumptions may play an important role in deciding the feasibility of using and testing SU-MIMO IM receivers. The typical BS TX EVM assumptions used for the UE performance requirements definition are as follows:
· QPSK, 16QAM, 64QAM: 6% TX EVM
· 256QAM: 3% TX EVM

Meantime, the existing BS TX EVM requirements captured in the TS 36.104 are much more relaxed:
· QPSK:

17.5 %

· 16QAM:
12.5 %

· 64QAM:
8 %

· 256QAM:
3.5 %

Therefore, even though the performance requirements can be defined under certain simulation assumptions, it may be difficult to guarantee that in the field the actual EVM characteristics will be tight. Hence, using multi-rank higher-order modulations may be penalized by the high eNB TX EVM. This topic was already extensively discussed in the scope of the R13 4RX WI. In our view, the discussion on the practical TX EVM values should continue with the purpose to identify practical BS TX EVM requirements that would allow SU-MIMO IM operation.
Proposal #4:
Further discuss realistic eNB TX EVM simulation assumptions and whether eNB TX EVM requirements should be tightened.

Target SNR range
For the multi-rank MIMO transmissions with higher order modulations the operating SNR points may be rather high which may affect the performance testability. Currently the UE demodulation requirements are usually limited by ~25dB (the majority of requirements are defined for SNR < 20dB). Hence, taking into account the UE RF impairments margin, the max SNR from the simulations is limited by 22-23dB. In our view, the max SNR for the SU-MIMO IM requirements should be discussed. In case high SNR values are considered, additional studies on how to take into account UE RF impairments (on top of the existing RF margin approach) may need to be considered.

Proposal #5:
Further discuss the max SNR value for the definition of the SU-MIMO IM requirements.
Interference environment

The SU-MIMO enhancements are intended for the intra-cell inter-stream interference mitigation. Hence, the majority of test cases can be considered in application to the interference-free single cell environment. Meantime, inter-stream interference handling is also an important part of the reference receiver (see Section 3) and some of the test cases with multi-cell interference limited environment should be considered. On top of that, under assumption of interference limited scenario the R-ML gains over MMSE may be increases since for the linear receiver the number of degrees of freedom may be limited to handle both intra-cell and inter-cell interference.
Proposal #6:
Focus evaluations on the single-cell scenarios. Define at least some of the test cases with multi-cell interference limited conditions for verify inter-cell interference suppression. 
3. Reference receiver structure
In accordance WID the SU-MIMO IM reference receiver should be discussed [1]:

	· Identify the reference receiver structure for SU-MIMO IM evaluation
· R-ML is considered in high priority


During the Rel-12 SU-MIMO WI two reference receiver structures were considered: 

· Reduced complexity ML (R-ML)

· Codeword-level IC (CWIC)

The majority of the Rel-12 SU-MIMO IM performance evaluations were conducted for both receiver structures. However, eventually the final UE demodulation performance requirements were defined based on R-ML receiver performance. Given explicit R-ML receiver prioritization mentioned in the WI objectives R-ML performance studies can be prioritized and CWIC receivers may be left out of scope:
Proposal #7:
R-ML reference receiver structure is used for SU-MIMO IM
In addition, all prior RAN4 work has shown the importance of interference-aware receive processing. Similar to the Rel-12 SU-MIMO IM receivers it is important to ensure that SU-MIMO IM receiver is also capable of inter-cell interference handling. In particular, interference whitening based on the inter-cell interference covariance matrix estimation can be considered.
Proposal #8:
SU-MIMO IM reference receiver is capable of inter-cell interference pre-whitening
4. UE performance requirements
During the Rel-12 SU-MIMO WI only UE demodulation requirements were defined due to difficulties with the CSI reporting testability. In accordance to the Rel-14 WI objectives “UE demodulation performance requirements” should be defined, while CSI reporting is left out of scope. Therefore, we suggest to focus further work on the UE demodulation enhancements.
Proposal #9:
Consider to define UE demodulation performance requirements for E-SU-MIMO. Do not define CSI reporting requirements.
5. Simulation Assumptions
In Table 3 we provide our suggestions on the simulation assumptions and test cases to be considered for further investigations of E-SU-MIMO receivers. 

Table 3. E-SU-MIMO simulation assumptions
	Parameter
	Value

	Duplexing mode
	FDD

	MIMO Rank and Modulation order scenarios
	MIMO Rank 2 + QPSK

MIMO Rank 2 + 16QAM

MIMO Rank 2 + 64QAM

MIMO Rank 2 + 256QAM

MIMO Rank 3 + QPSK

MIMO Rank 3 + 16QAM

MIMO Rank 3 + 64QAM

MIMO Rank 4 + QPSK

MIMO Rank 4 + 16QAM

	TX EVM
	6% for QPSK, 16QAM, 64 QAM 

3% for 256QAM 

	TMs
	TM3, TM4, TM9

	Scenarios
	Scenario #1: Single-cell

Scenario #2: Multi-cell (reuse Rel-12 assumptions)

	Antenna models
	2x4 and 4x4 

Medium ULA antenna correlation. Other correlation may be optionally considered

	Number of CRS APs
	TM 3,4: Same as number of TX antennas

TM 9: 2 CRS APs

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Number of PDCCH symbols
	2

	Channel model
	EVA70, EPA5, EVA5

	Precoding for TM4/9
	Granularity: wideband for TM4; PRG for TM9

5ms period + 8ms delay

	Receivers
	MMSE

R-ML


Proposal #10:
Use simulation assumption from Table 3 for initial performance analysis.
6. Conclusions

In this contribution we provided our views on the E-SU-MIMO target scenarios and reference receivers. In addition the simulation assumptions for further investigations are suggested. In summary, we make the following proposals:
Proposal #1:
Further investigate SU-MIMO IM performance, complexity and testability for scenarios with different MIMO rank and Modulation format. Perform further scenarios downselection based on evaluation results.

Proposal #2:
Prioritize analysis of MIMO rank 2 scenarios.

Proposal #3:
Further investigate performance for 2x4 and 4x4 antenna models with ULA Medium and Medium A MIMO correlation models.

Proposal #4:
Further discuss realistic eNB TX EVM simulation assumptions and whether eNB TX EVM requirements should be tightened.

Proposal #5:
Further discuss the max SNR value for the definition of the SU-MIMO IM requirements.

Proposal #6:
Focus evaluations on the single-cell scenarios. Define at least some of the test cases with multi-cell interference limited conditions for verify inter-cell interference suppression. 
Proposal #7:
R-ML reference receiver structure is used for SU-MIMO IM

Proposal #8:
SU-MIMO IM reference receiver is capable of inter-cell interference pre-whitening
Proposal #9:
Consider to define UE demodulation performance requirements for E-SU-MIMO. Do not define CSI reporting requirements.
Proposal #10:
Use simulation assumption from Table 3 for initial performance analysis.
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