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1 Introduction

In RAN4#70bis meeting the way forward for SU-MIMO is agreed in [1] with the following conditions for the demodulation tests.
· Typical scenario

· Prioritize single cell high geometry scenarios to verify UE advanced receiver implementations

· Multi-cell scenario is FFS.

· 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

· Other fading propagation channels and MCS values can be studied

· The reference receiver 
· Candidate reference receiver set: CWIC/R-ML/SLIC

· Companies are encourage to provide simulation results under the typical scenarios in the next meeting for the candidate reference and LMMSE receivers

· Demodulation simulation assumptions for aligning results for single cell high geometry scenarios
Table 1 Agreed FDD UE demodulation test scenarios for alignment purpose

	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
	ETU 5
	16QAM
	8.3.1.2


In this contribution we provide simulation results for the single cell scenario listed in the table together with proposal on how to define UE demodulation tests for SU-MIMO. 
2 Test proposals
First thing noticed from Table 1 as the agreed demodulation scenario is there is no clear indication for 4x2 tests if ULA or Xpol should be used for the antenna configuration. One speculation is to use 4x2 ULA with medium correlation as this MIMO antenna model has already been defined in the specification [2]. On the other hand for 4 Tx it’s more practical to use Xpol as the antenna configuration since it’s providing better Tx diversity gain than ULA. So in addition we also provide extra results for 4Tx tests with Xpol high and medium correlation as the following Table 2.

Second thing noticed from Table 1 is the Fading channel for 8.3.1.2 is wrong which should be ETU5 instead of EPA5 for FDD test.

Table 2 Additional FDD UE demodulation test scenarios for 4x2 Xpol antenna configurations

	TM
	Antenna configuration
	Fading channel
	Mod
	Test setup reference in 36.101

	TM3
	4x2 Xpol high
	EVA 70
	16QAM
	8.2.1.3.2

	
	4x2 Xpol medium
	EVA 70
	16QAM
	8.2.1.3.2

	TM4
	4x2 Xpol high
	EPA 5
	64QAM
	8.2.1.4.3

	
	4x2 Xpol medium
	EPA 5
	64QAM
	8.2.1.4.3


The 4x2 Xpol medium MIMO antenna configuration proposed in Table 2 has not actually been specified in [3]. So in the following simulation we use the values for parameters α, β and γ for medium spatial correlation from Table 3.
Table 3 Values for parameters α, β and γ for medium spatial correlation

	Medium spatial correlation

	Α
	β
	γ

	0.3
	0.9
	0.1

	Note 1:
Value of α applies when more than one pair of cross-polarized antenna elements at eNB side.
Note 2:
Value of β applies when more than one pair of cross-polarized antenna elements at UE side.
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Figure 1 Throughput for FRC 8.2.1.3.1 FDD TM3 Test 1 10MHz EVA70 2x2 with medium correlation
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Figure 2 Throughput for FRC 8.2.1.3.2 FDD TM3 Test 1 10MHz EVA70 4x2 with ULA medium correlation
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Figure 3 Throughput for FRC 8.2.1.3.2 FDD TM3 Test 1 10MH EVA70 4x2 with Xpol medium correlation
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Figure 4 Throughput for FRC 8.2.1.3.2 FDD TM3 Test 1 10MH EVA70 4x2 with Xpol high correlation
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Figure 5 Throughput for FRC 8.2.1.4.2 FDD TM4 Test 1 10MHz EPA5 2x2 with medium correlation
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Figure 6 Throughput for FRC 8.2.1.4.2 FDD TM4 Test 2 10MHz ETU70 2x2 with medium correlation
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Figure 7 Throughput for FRC 8.2.1.4.3 FDD TM4 Test 1 10MHz ETU70 4x2 with ULA medium correlation
[image: image8.emf]0 5 10 15 20 25 30

10

15

20

25

30

35

SNR [dB]

Throughput [Mbps]

97038 FDD TM4 4x2 Xpol medium EPA 5 64QAM 8.2.1.4.3

 

 

'IRC' 'EPA CROSSPOL 0.3 0.1'

'CWIC' 'EPA CROSSPOL 0.3 0.1'

'ML' 'EPA CROSSPOL 0.3 0.1'


Figure 8 Throughput for FRC 8.2.1.4.3 FDD TM4 Test 1 10MHz ETU70 4x2 with Xpol medium correlation
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Figure 9 Throughput for FRC 8.2.1.4.3 FDD TM4 Test 1 10MHz ETU70 4x2 with Xpol high correlation
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Figure 10 Throughput for FRC 8.3.1.2 FDD TM9 Test 1 10MHz ETU5 2x2 with medium correlation

Figure 1~10 show TP results for FDD tests including the agreed and additional test scenarios.

Furthermore, TDD system is taken as important as FDD so comparable TDD tests are also simulated and their setup are shown in Table 4. Figure 11~14 show TP results for these TDD tests. All the results from Figure 1~14 are based on practical channel estimation and practical receiver implementation. 6% Tx EVM is added but RF impairment is not included in the simulations.
Table 4 Additional TDD UE demodulation test scenarios for alignment purpose

	TM
	Antenna configuration
	Fading channel
	Mod
	Test setup reference in 36.101

	TM3
	2x2 Medium
	EVA 70
	16QAM
	8.2.2.3.1

	TM4
	2x2 Medium
	EPA 5
	64QAM
	8.2.2.4.2

	
	
	ETU 70
	16QAM
	8.2.2.4.2

	TM8
	2x2 Medium
	EPA 5
	16QAM
	8.3.2.2
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Figure 11 Throughput for FRC 8.2.2.3.1 TDD TM3 Test 1 10MHz EVA70 2x2 with medium correlation
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Figure 12 Throughput for FRC 8.2.2.4.2 TDD TM4 Test 1 10MHz EPA5 2x2 with medium correlation
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Figure 13 Throughput for FRC 8.2.2.4.2 TDD TM4 Test 2 10MHz ETU70 2x2 with medium correlation
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Figure 14 Throughput for FRC 8.3.2.2 TDD TM8 Test 2 10MHz EPA5 2x2 with medium correlation

From the simulation results we have the following observations and proposals.

The relative gains between SU-MIMO receiver such as CWIC or ML and the baseline IRC receiver vary a lot among different tests. CWIC receiver can achieve very distinguishable gain in all cases while ML receiver can bring relatively good gains on certain cases but not all. 

Observation 1: CWIC receiver can achieve very distinguishable gain in all cases while ML receiver can bring relatively good gains on certain cases but not all.

From antenna deployment point of view for FDD 4x2 tests Xpol achieves much better throughput performance than ULA as expected. For both TM3 and TM4 tests with all receiver types e.g. CWIC, ML, and IRC receivers Xpol medium or high gives more than 5dB better performance than ULA medium. 
Observation 2: Xpol medium or high achieves much better throughput performance than ULA for 4x2 antenna configuration.

The relative gain between CWIC and the baseline IRC receiver on the other hand is around 1~1.5dB for Xpol medium or high which is much smaller than ULA medium 4x2 or 2x2 tests. Same for ML receiver but with even less gain. The reasons of smaller SU-MIMO gain with Xpol on 4 Tx are 1) the precoder gain of 4Tx is already very high so that the SU-MIMO receiver gain is limited and 2) the correlation between 2 Rx as the gamma value=0.1 is quite small for 2 streams hence it’s close to the low correlation case which is not a favourable scenario for SU-MIMO to cancel inter-stream interference.
Observation 3: Relative SU-MIMO gain with CWIC/ML receiver on 4x2 Xpol medium or high is too small to define proper demodulation tests. 4x2 Xpol is not taken as a typical SU-MIMO scenario to cancel correlated inter-stream interference.
For SU-MIMO as agreed the targeting scenario should be focusing on the high SNR range because that’s where most gain can be achieved. But on the other hand it’s very crucial to always be aware of the RF limitation so we can’t choose a too high test point with the risk to fail the test from the RF limitation. A proper test point should be set with SNR less than 20dB when there is no RF impairment considered. Based on the above analysis 80% maximum TP seems to be a good balance with relative good SU-MIMO gain and still within the safe zone of the SNR range. 

Observation 4: Test point as 80% maximum TP seems to be a good balance with relative good SU-MIMO gain and still within the safe zone of the SNR range close to the RF limitation. 

For the modulation order between 16QAM and 64QAM it can be seen ML gives much less relative gain e.g. around 0~1dB for 64QAM than 16QAM though CWIC still achieves very competitive gain up to 4dB with 2x2 ULA medium antenna configuration. With the limited gain for the 64QAM test it seems very difficult to define a proper throughput test for ML receiver. In addition, the SNR range at 80% maximum TP on 64QAM test is beyond 20dB which is too high to reach the RF limitation so it seems difficult to define SU-MIMO test with 64QAM. The same observation is seen for TDD tests.

Observation 5: Relative gain for 64QAM test with ML receiver is too small and also the SNR is too high considering the RF limitation. The SNR range with good SU-MIMO gain is beyond 20dB, so it’s very difficult to define proper demodulation tests with 64QAM for SU-MIMO receivers in both FDD and TDD setup.

In the end we need to come to the point to choose a proper receiver type for SU-MIMO WI in Rel-12 timeframe. There are 2 options from [3] as listed below.
Option 1: Single type of reference receiver is selected and minimum requirement is specified and met by all of the other receiver implantation choices.    
Option 2: Multiple reference receiver types to be defined and corresponding requirements are specified to each receiver type.

One important factor to define good demodulation tests is to make sure there are sufficient good gains at least around 1dB between the advanced receiver and the baseline receiver. Then Option 2 with multiple reference receiver types to be defined is not really working for the tests we have simulated. This since in each reference receiver should bring distinguishable gain between each other and also between itself and baseline receiver, and this does not really exist for all cases. This makes the only alternative to go for Option 1. The advantage of Option 1 with minimum requirement that all SU-MIMO receivers could pass is if ML is chosen for single cell SU-MIMO, the same HW can also be used for NAICS for multi-cell scenario.
Observation 6: The principle to define good demodulation tests is to make sure sufficient good gain at least around 1 dB between the advanced receiver and the baseline receiver.
Observation 7: Option 2 with multiple reference receiver types to be defined can’t really be achieved as there is no distinguishable gain difference between ML or CWIC receivers for all scenarios.
With all the observations above we propose the following proposal together with the test scenarios summarized inTable 5.
Proposal 1: Choose ML as the reference receiver type for SU-MIMO WI in Rel-12 timeframe.
Table 5 Proposed test scenarios for SU-MIMO demodulation tests
	Test setup reference in 36.101
	Duplex mode
	TM
	Antenna configuration
	Fading channel
	Mod
	Test point to be checked
	Reference receiver to be defined

	8.2.1.3.1
	FDD
	TM3
	2x2 Medium
	EVA 70
	16QAM
	80%
	ML

	8.2.1.4.2
	FDD
	TM4
	2x2 Medium
	ETU 70
	16QAM
	80%
	ML

	8.3.1.2
	FDD
	TM9
	2x2 Medium
	ETU 5
	16QAM
	80%
	ML

	8.2.2.3.1
	TDD
	TM3
	2x2 Medium
	EVA 70
	16QAM
	80%
	ML

	8.2.2.4.2
	TDD
	TM4
	2x2 Medium
	ETU 70
	16QAM
	80%
	ML

	8.3.2.2
	TDD
	TM8
	2x2 Medium
	EPA 5
	16QAM
	80%
	ML


3 Conclusions

In this contribution we provide the simulation results for SU-MIMO PDSCH demodulation tests together with observations and proposals. Our observations are summarized below.

Observation 1: CWIC receiver can achieve very distinguishable gain in all cases while ML receiver can bring relatively good gains on certain cases but not all. 

Observation 2: Xpol medium or high achieves much better throughput performance than ULA for 4x2 antenna configuration.

Observation 3: Relative SU-MIMO gain with CWIC/ML receiver on 4x2 Xpol medium or high is too small to define proper demodulation tests. 4x2 Xpol is not taken as a typical SU-MIMO scenario to cancel correlated inter-stream interference.
Observation 4: Test point as 80% maximum TP seems to be a good balance with relative good SU-MIMO gain and still within the safe zone of the SNR range close to the RF limitation. 

Observation 5: Relative gain for 64QAM test with ML receiver is too small and also the SNR is too high considering the RF limitation. The SNR range with good SU-MIMO gain is beyond 20dB, so it’s very difficult to define proper demodulation tests with 64QAM for SU-MIMO receivers in both FDD and TDD setup.
Observation 6: The principle to define good demodulation tests is to make sure sufficient good gain at least more than 1.5dB between the advanced receiver and the baseline receiver.
Observation 7: Option 2 with multiple reference receiver types to be defined can’t really be achieved as there is no distinguishable gain difference between ML or CWIC receivers for all scenarios.
And we provide proposal on receiver type together with the test scenario list to be defined for SU-MIMO demodulation requirements as the following table.
Proposal 1: Choose ML as the reference receiver type for SU-MIMO WI in Rel-12 timeframe in order to define minimum requirement for all SU-MIMO receivers.

Table 5 Proposed test scenarios for SU-MIMO demodulation tests

	Test setup reference in 36.101
	Duplex mode
	TM
	Antenna configuration
	Fading channel
	Mod
	Test point to be checked
	Reference receiver to be defined

	8.2.1.3.1
	FDD
	TM3
	2x2 Medium
	EVA 70
	16QAM
	80%
	ML

	8.2.1.4.2
	FDD
	TM4
	2x2 Medium
	ETU 70
	16QAM
	80%
	ML


	8.3.1.2
	FDD
	TM9
	2x2 Medium
	ETU 5
	16QAM
	80%
	ML

	8.2.2.3.1
	TDD
	TM3
	2x2 Medium
	EVA 70
	16QAM
	80%
	ML

	8.2.2.4.2
	TDD
	TM4
	2x2 Medium
	ETU 70
	16QAM
	80%
	ML

	8.3.2.2
	TDD
	TM8
	2x2 Medium
	EPA 5
	16QAM
	80%
	ML
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