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1. Introduction

In RAN #73 meeting the “LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements” WI was approved [1]. The work item has the following objective on the SU-MIMO IM enhancements:
	· 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.

· 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


In the previous RAN4 WG meeting initial discussion on the candidate scenarios took place and two WFs [2-3] were agreed. In this contribution we provide our further views on the target scenarios, reference receivers and simulation assumptions for the enhanced SU-MIMO (E-SU-MIMO) work. In the companion paper [4] we provide initial simulation results.
2. Scenarios for feasibility studies
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. Further downselection of the scenarios should be considered subject to the outcome of RAN4 studies.
In RAN4 #80bis meeting the following agreements on the evaluation scenarios for 4RX SU-MIMO IM feasibility analysis were made [2]:
	· MIMO Rank 2 scenarios with 4 Rx antenna 
· Candidate scenarios for initial analysis
· Transmission mode
· TM4 with 2Tx and 4Tx
· TM9 with 2Tx and 4Tx
· Modulation order
· 16QAM, 64QAM, 256QAM
· Other scenarios are not precluded and companies are encouraged to bring further inputs
· FFS if inter cell interference scenarios are considered
· For 256QAM scenarios, RAN4 will decide feasibility with following considerations as mentioned in WID: operating SNR, realistic Tx EVM assumption, performance gains, reference receiver complexity and testability
· MIMO Rank 3/4 scenarios with 4 Rx antenna 
· Candidate scenarios for initial analysis

· Transmission mode

· TM3 with rank 3

· TM4 with rank 4

· TM9 with rank 4

· Modulation order

· 16QAM, 64QAM, 256QAM

· Other scenarios are not precluded and companies are encouraged to bring further inputs
· FFS if inter cell interference scenarios are considered
· For 3/4 layers and 256QAM scenarios, RAN4 will decide feasibility with following considerations as mentioned in WID: operating SNR, realistic Tx EVM assumption, performance gains, reference receiver complexity and testability
· Antenna configuration

· ULA Medium correlation (α=0.3, β=0.9)

· ULA Medium A correlation (α=0.3, β=0.3874)

· Optional for 3/4 layers scenarios:

· XPOL Medium A correlation (α=0.3, β=0.6, γ=0.2)


MIMO rank + Modulation order

The main purpose of the feasibility analysis is to understand the testability of the 4RX SU-MIMO IM performance under various conditions taking into account such factors as performance gains, receiver complexity and operating SNR point. In Tables 1 and 2 we summarize the observations on the SU-MIMO IM testability (SNR gains, SNR point) based on the evaluations results in the companion paper [4]. In particular, the following scenarios were studied:
· Scenario #1: TM4 + 4x4 ULA Medium
· Scenario #2: TM4 + 4x4 ULA Medium A
· Scenario #3: TM4 +  4x4 ULA Medium A + Interference
· Scenario #4: TM4 +  4x4 XPL Medium A
· Scenario #5: TM4 +  4x4 ULA Low
· Scenario #6: TM9 + 8x4 ULA Medium A
· Scenario #7: TM9 + 16x4 2D XPL High
Table 1. SU-MIMO IM simulation results

	Modulation
	Rank
	4x4 ULA Medium
	4x4 ULA Medium A
	4x4 ULA Med A + Interf.
	4x4 XPL Medium A
	4x4 ULA Low
	8x4 ULA Medium A
	16x4 2D XPL High

	16QAM
	2
	Gain: 3.6 dB
SNR: 12.3 dB
	Gain: 1.0 dB
SNR: 7.2 dB
	Gain: 1.2 dB
SINR: -1.0 dB
	No Gain
	No Gain
	Gain: 1.4 dB
SNR: 5.5 dB
	No Gain

	
	3
	Gain: >10dB
SNR: 24.5 dB
	Gain: 5.5 dB
SNR: 17.1 dB
	Gain: 4.3 dB
SINR: 8.6 dB
	Gain: 0.2 dB
SNR: 8.9 dB
	No Gain
	Gain: 5.2 dB
SNR: 23.3 dB
	Gain: 2.5 dB
SNR: 12.1 dB

	
	4
	Gain: >5dB
SNR: 33.1 dB
	Gain: 8 dB
SNR: 23.6
	Gain: 5.6 dB
SINR: 15.0 dB
	Gain: 1.0 dB
SNR: 12.8 dB
	Small Gain
	Gain: >10dB
SNR: 23.5 dB
	Gain: 4.3 dB
SNR: 15.0 dB

	64QAM
	2
	Gain: 1.4 dB
SNR: 18.3 dB
	Gain: 0.4 dB
SNR: 12.1 dB
	Gain: 0.4 dB
SINR: 3.8 dB
	No Gain
	No Gain
	Gain: 0.5 dB
SNR: 10.6 dB
	No Gain

	
	3
	Very high SNR 
	Gain: 2.4 dB
SNR: 26.6 dB
	Gain: 1.5 dB
SINR: 17.2 dB
	No Gain
	No Gain
	Gain: 3.1 dB
SNR: 30.1 dB
	Gain: 1.4 dB
SNR: 18.2 dB

	
	4
	Very high SNR 
	Very high SNR 
	Very high SINR 
	Gain: 0.4 dB
SNR: 19.2 dB
	Small Gain
	Very high SNR 
	Gain: 2.9 dB
SNR: 23.2 dB

	256QAM
	2
	Gain: 1.2 dB
SNR: 27 dB
	Gain: 0.3 dB
SNR: 20.1 dB
	Gain: 0.4 dB
SINR: 11.8 dB
	No Gain
	No Gain
	Gain: 0.6 dB
SNR: 20.1 dB
	No Gain

	
	3
	Very high SNR 
	Very high SNR 
	Gain: 1.6 dB
SINR: 26.6 dB
	No Gain
	No Gain
	Very high SNR 
	Gain: 1.7 dB
SNR: 29.4 dB

	
	4
	Very high SNR 
	Very high SNR 
	Very high SNR 
	Gain: 0.5 dB
SINR: 28.6 dB
	Small Gain
	Very high SNR 
	Very high SNR 


Table 2. SU-MIMO IM testability analysis summary

	Rank

Modulation
	Rank 2
	Rank 3
	Rank 4

	16QAM
	Testable
Scenario 1
	Testable
Scenarios 2, 3, 7
	Testable
Scenarios 3, 7

	64QAM
	FFS if Scenario 1 can be used
	FFS if Scenarios 2, 3, 7 can be used
	FFS if Scenario 7 can be used

	256QAM
	No testable scenarios identified
	FFS if Scenario 3 can be used
	No testable scenarios identified


It may be observed that based on the results of the studies the SU-MIMO testability was confirmed for a subset of MIMO rank + Modulation format scenarios (16QAM) and further studies on the identification of additional scenarios are still required (for 64QAM and 256QAM). 
Proposal #1:
Confirm testability MIMO rank 2/3/4 scenarios with 16QAM modulation. Continue feasibility studies for the 64QAM and 256QAM scenarios.
In general case, there may be up to 12 combinations of MIMO rank and modulation format (3 MIMO ranks x 4 modulation formats). Even in case the feasibility of SU-MIMO IM testability is confirmed for all combinations the total number of requirements may be very high and there is no need to introduce a test case for each possible combination. To reduce the overall amount of test cases the following principles are suggested:

1) Introduce 16QAM or 64QAM test cases for all MIMO rank scenarios (MIMO rank 2, rank 3 and rank 4). For each MIMO rank introduce a test case for one modulation format only.

2) Introduce a single 256QAM test case. MIMO rank is FFS.
Proposal #2:
In case testability is confirmed consider to introduce 16QAM or 64QAM test cases for all MIMO rank scenarios. Introduce a single 256QAM test case.
For the previous analysis it was assumed that same modulation format is used for codewords 0 and 1. In practical conditions the modulation formats used for different layers may vary, especially in scenarios with MIMO rank 3 transmissions. Therefore, scenarios with mix of different modulation formats for different codewords should be taken into account.
Proposal #3:
Further study SU-MIMO IM for scenarios with different modulation formats for different codewords at least for MIMO rank 3 scenarios.
Antenna correlation scenarios

In RAN4 #80bis meeting a set of target antenna configuration scenarios was identified. In order to proceed with feasibility studies the overall set of scenarios should be extended. In particular, the following scenarios are suggested:
1) 2x4 ULA Medium correlation

2) 4x4 ULA Medium correlation

3) 4x4 ULA Medium A correlation

4) 4x4 XPOL Medium A correlation

5) 8x4 ULA Medium correlation

6) 8x4 ULA Medium A correlation

Proposal #4:
Evaluate SU-MIMO IM performance in application to a wide set of antenna configuration scenarios including ULA Med, ULA Med A, XPOL Med A and 2x4, 4x4 and 8x4 configurations.
Interference environment

The SU-MIMO enhancements are intended mainly 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 and some of the test cases with multi-cell interference limited environment should be considered. In addition, as illustrated in the companion paper [4] using interference limited scenarios allows improving the testability of the SU-MIMO IM enhancements via reducing the operating SINR point (see Figure 1). 

	[image: image1.emf]0 5 10 15 20 25 30 35

SNR, dB

0

5

10

15

20

25

30

35

40

45

50

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, TM4, EPA-5Hz, 4x4, ULA Medium A, Rank4, 16QAM

LMMSE

R-ML


TM4 4x4 ULA Medium A correlation
	[image: image2.emf]-10 -5 0 5 10 15 20 25 30

SINR, dB

0

5

10

15

20

25

30

35

40

45

50

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, TM4, EPA-5Hz, 4x4, ULA Medium A, Rank4, 16QAM

LMMSE

R-ML


TM4 4x4 ULA Medium A correlation w/ TM1 interference

	Figure 1. Interference environment impact on Enhanced SU-MIMO IM performance


Proposal #5:
Further study SU-MIMO IM testability for the interference limited scenarios. 

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 comparing to the values used for the definition of the UE demodulation performance requirements:
· 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 enough and the actual performance can be achieved. 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.
In Figure 2 we illustrate the EVM impact on the SU-MIMO IM receiver performance. In particular, we evaluate the performance for MIMO Rank 4 + 64QAM and MIMO Rank 3 + 256QAM performance under assumptions of typical EVM values and for the case of no EVM. It may be observed that TX EVM has obviously noticeable impact on the performance of high rank / high modulation order performance. Furthermore, the impact is more noticeable for the R-ML receivers and the impact on the MMSE is relatively low. Therefore, we think that EVM discussion should an essential part of future RAN4 work. At the initial stage we suggest to conduct further studies on the EVM impact on the R-ML performance and the following scenarios are suggested for investigations:

· 64QAM:

· No EVM: 0 % (upper bound)

· Reduced EVM: [3] %

· Typical EVM: 6 %

· 256QAM:
3.5 %

· No EVM: 0 % (upper bound)

· Reduced EVM: [1.5] %

· Typical EVM: 3 %
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	Figure 2. EVM impact on Enhanced SU-MIMO IM performance


Proposal #6:
Further discuss realistic eNB TX EVM simulation assumptions and whether eNB TX EVM requirements should be tightened. Further study the SU-MIMO IM performance for different TX EVM scenarios (no EVM, reduced EVM and typical EVM)
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). 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 #7:
Further discuss the max SNR value for the definition of the SU-MIMO IM requirements.
3. Simulation assumptions for feasibility studies
In this section we provide our proposal on the simulation assumptions for further feasibility studies.
The following approach is suggested to derive common RAN4 WG conclusions on the SU-MIMO IM testability:

1) Agree on a common set of evaluation scenarios

a. Aim to cover all possible combinations of MIMO rank and modulation format

b. Identify additional scenarios in terms of antenna configurations, TMs, interference environment

2) Collect summary of simulation results

a. SNR gain vs LMMSE-IRC

b. Operating SNR point (e.g. @ 70% of max throughput)

3) Down-select the scenarios with testable performance gains

The suggested evaluation scenario and assumptions are summarized in Table 3
Table 3. Simulation assumptions
	Parameter
	Value

	Duplexing mode
	FDD

	MIMO Rank and Modulation order scenarios
	MIMO Rank 2 + 16QAM

MIMO Rank 2 + 64QAM

MIMO Rank 2 + 256QAM

MIMO Rank 3 + 16QAM

MIMO Rank 3 + 64QAM

MIMO Rank 4 + 16QAM

MIMO Rank 4 + 64QAM

	TX EVM
	16QAM, 64 QAM: 0%, 3%, 6%
256QAM: 0%, 1.5%, 3%

	TMs
	TM3, TM4, TM9

	Antennas scenarios
	1)
2x4 ULA Medium correlation

2)
4x4 ULA Medium correlation

3)
4x4 ULA Medium A correlation

4)
4x4 XPOL Medium correlation

5)
4x4 XPOL Medium A correlation

6)
8x4 ULA Medium correlation

7)
8x4 ULA Medium A correlation

8)
16x4 2D XPL High correlation

	Interference scenarios
	Scenario #1: Single-cell (for all antenna scenarios)
Scenario #2: Multi-cell (reuse Rel-12 assumptions, FFS if Scenario #2 should be considered for all antenna scenarios)

	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
	PMI feedback used for TM4 and TM9

Granularity: wideband for TM4; PRG for TM9

5ms period + 8ms delay

	Receivers
	MMSE

R-ML


Proposal #8:
Use simulation assumption from Table 3 for further Stage 1 SU-MIMO studies.

4. Conclusions

In this contribution we provided our views on the enhanced SU-MIMO IM target scenarios and simulation assumptions. In summary, we make the following proposals:
Proposal #1:
Confirm testability MIMO rank 2/3/4 scenarios with 16QAM modulation. Continue feasibility studies for the 64QAM and 256QAM scenarios.
Proposal #2:
In case testability is confirmed consider to introduce 16QAM or 64QAM test cases for all MIMO rank scenarios. Introduce a single 256QAM test case.
Proposal #3:
Further study SU-MIMO IM for scenarios with different modulation formats for different codewords at least for MIMO rank 3 scenarios.
Proposal #4:
Evaluate SU-MIMO IM performance in application to a wide set of antenna configuration scenarios including ULA Med, ULA Med A, XPOL Med A and 2x4, 4x4 and 8x4 configurations.

Proposal #5:
Further study SU-MIMO IM testability for the interference limited scenarios. 

Proposal #6:
Further discuss realistic eNB TX EVM simulation assumptions and whether eNB TX EVM requirements should be tightened. Further study the SU-MIMO IM performance for different TX EVM scenarios (no EVM, reduced EVM and typical EVM)
Proposal #7:
Further discuss the max SNR value for the definition of the SU-MIMO IM requirements.
Proposal #8:
Use simulation assumption from Table 3 for further Stage 1 SU-MIMO studies.
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