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1 Introduction

The scope of the 4Rx WI is among others to specify PDSCH demodulation performance requirements. In this document the Ericsson proposal for the PDSCH demodulation performance testcases.
2 Scope of PDSCH requirements

The objectives for demodulation requirements of PDSCH for 4 Rx AP in the WI sheet the following

· Specify UE performance requirements with 4 Rx antenna including

· Demodulation of PDSCH (Cell-Specific Reference Symbols)

· Demodulation of PDSCH (User-Specific Reference Symbols)

· PDSCH demodulation requirements support up to 4 layers

· No prioritization on number of layers.

· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers. 

Considering the possible benefits of 4RX AP, our view is that it is very important to specify PDSCH requirements not just for rank 4 operation, but also for lower rank so that the 4RX requirements provide not just for improved peak rate with 4 layer MIMO, but also providing for improved performance at lower SNR range where 4 layer operation is not feasible. It is important that UE are allowed to perform fallback to 2RX operation when conditions allow to save power, but it is also important to ensure that a 4RX UE provides the expected system and user benefit and gain, justifying the additional complexity and cost of this type of device.

The means and algorithm for performing fallback from 4RX to 2RX is mostly a UE implementation issue and not within the scope of RAN4 to specify the exact mechanism. From a standards perspective, RAN4 needs to develop requirements for 4RX in scenarios where there is gain over 2RX (eg  4RX demod tests with higher throughput compared to 2RX) and the expected behaviour in the requirements scenario is that the UE will determine to use 4RX, since it is operating in a scenario where 4RX provides significant gain.
The testcases do provide a set of usecases where 4Rx is required, outside of these testcases it is up to the UE to decide when to use 4Rx and when to fall back to 2Rx. Therefore it is very important that the selected testcases provide a reasonable coverage of scenarios in order to support the UE with usecases where 4Rx is required. 

Observation 1: It is proposed that the testcases has a good coverage over different transmission modes and scenarios in order to guarantee that 4Rx is supported for all transmission modes. 
Based on this the following scenarios should be prioritized when investigating testcases
· Specify UE performance requirement with 4 Rx AP including

· Demodulation of PDSCH (Cell-Specific Reference Symbols) for TM3/TM4/TM6
· 10 and 20 MHz BW

· 1, 2 and 4 antenna port performance

· 1 and 2 layers

· MRC, IRC, R-ML, CWIC receivers
· Both ULA and XPOL antenna configurations
· Open Loop spatial multiplexing with Large delayed CDD

· Closed Loop spatial multiplexing

· Demodulation of PDSCH (User-Specific Reference Symbols)
· 10 and 20 MHz BW

· 1, 2 and 4  (and 8) antenna port performance

· 1, 2 and 4 layers

· MRC, IRC, R-ML, CWIC receivers
3 Simulation results
In this section simulation results 
Table 1 Proposed new PDSCH requirements.

	Propagation condition
	TM
	Proposed antenna configuration
	Based on current requirement section

	EVA5
	TM1
	1x4
	Single-antenna port performance. 

8.2.1.1.1,  (FDD)

8.2.2.1.1, (TDD)

	EVA70 
	TM2
	2x4 
	IRC Receiver

8.2.1.2.4, (FDD)

8.2.2.2.4, (TDD)

	EVA70
	TM3
	2x4 
	Open-loop spatial multiplexing performance 

8.2.1.3.1 (FDD) 

8.2.2.3.1 (TDD)

	ETU70
	TM4
	2x4 

4x4 
	Closed-loop spatial multiplexing performance with IRC

8.2.1.4.1B (FDD)

8.2.2.4.1B (TDD)

	EVA5
	TM9/10
	2x4 
4x4 
	Single-Layer

8.3.1.1A (FDD)

8.3.2.1B (TDD)

	ETU5
	TM9/10
	2x2
2x4
4x4 

	Multi-Layer

8.3.1.2 (FDD)

8.3.2.3 (TDD)


3.1 PDSCH test cases

3.1.1 General

In the following sections the scenarios are shown that are proposed for new requirements when 4 Rx ports are used. The testcases are selected in order to cover several TMs, different number of layers, different antenna configurations and correlations. Also the candidate receivers such as MRC, IRC, R-ML and CWIC are investigated for new requirements.
3.1.2 TM1: Single-antenna port performance

Here a testcase for FDD based on section 8.2.1.1.1 and for TDD based on section 8.2.2.1.1 are proposed covering the case with one Tx antenna port.
3.1.2.1 Simulation results
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Figure 1: The performance simulations for TM1 with antenna configuration 1x2 and 1x4 with Low and New Medium correlation.
In the figure above the result from the Low and New Medium [3] correlations for a Linear antenna array (ULA) are shown. Here for 2 Tx antennas the gain for 4 Rx in the Low correlation case is 3.3 dB compared with 2Rx, while for the New Medium correlation ULA case is almost 2.4 dB. Note also that the performance for 2Rx for Low and New Medium antenna correlations have a differs with about 0.5 dB difference, while when having 4 Rx antennas the difference is increased to about 1.5 dB. But still the difference in performance is quite low.
Table 2 TM1 performance as the SNR at 70% of the Max Throughput

	Antenna config
	1x2
	1x4

	
	ULA
Low Corr
	ULA
New Medium Corr
	ULA
Low
	ULA
New Medium

	SNR [dB]
	14.95
	15.52
	11.61
	13.12


Observation 2: The gain of TM1 testcase with 4Rx compared with 2Rx is 2.4 dB for New Medium Correlation and 3.3 dB for the Low Correlation. 
Observation 3: For TM1 testcase the difference between the performance of the New Medium Correlation and the Low Correlation is quite low, 0.5 dB for 2Rx and 1.5 dB for 4Rx.
3.1.2.2 Proposal for single-antenna port

For test coverage of a 4Rx UE it is proposed to have a test of TM1 with 4Rx:

Proposal 1: Create a new testcases for 4Rx capable UEs for TM1 with antenna configuration 1x4 and Low Correlation based on the testcases in 36.101 section 8.2.1.1.1 and 8.2.2.1.1 as indicated below. 

3.1.2.2.1 FDD (8.2.1.1.1)

	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate

gory

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	

	TBD
	10 MHz
	R.3 FDD
	OP.1 FDD
	EVA5
	1x4 Low
	70
	
	≥2


3.1.2.2.2 TDD (8.2.2.1.1) 

	Test number
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation C

ondition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	TBD
	10 MHz
	R.3 TDD
	OP.1 TDD
	EVA5
	1x4 Low
	70
	
	≥2


3.1.3 TM2: Transmit diversity performance

3.1.3.1 Simulations
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Figure 3: The performance simulations for TM2 with antenna configuration 2x2 and 2x4 with Low and New Medium correlation with 1 Layer.
In the figures above the result for TM2 from the Low and New Medium [3] correlations for a Linear antenna array (ULA) are shown. Here the gain for 4 Rx in the Low correlation ULA case is 3.9 dB compared with 2Rx, and for the New Medium correlation ULA case the gain is 3.4 dB. Alsdo note that for 2x2, the performance for Low and New Medium correlation are almost identical while for 4Rx the performance of New Medium is about 0.5 dB better than for Low correlation. 
Table 2 TM2 performance as the SNR at 70% of the Max Throughput

	Antenna config
	2 Rx Antennas
	4 Rx Antenna

	
	ULA
Low Corr
	ULA
New Medium Corr
	ULA
Low
	ULA
New Medium

	SNR [dB]
	2.66
	2.81
	-1.23
	-0.53


Observation 4: The gain for TM2, IRC receiver, with 4Rx compared with 2Rx is 3.3 dB for New Medium Correlation and 3.9 dB for the Low Correlation. 
Observation 5: For TM2 with IRC receiver the difference between the performance of the New Medium Correlation and the Low Correlation is very low, identical for 2Rx and 1.5 dB for 4Rx.
3.1.3.1.1 Proposals

In order to guarantee a good performance in TM2, a test of TM2 with 4Rx is required. 

Proposal 2: Create a new testcases for 4Rx capable UEs for TM2 with antenna configuration 2x4 and New Medium Correlation based on the testcases in 36.101 section 8.2.1.2.4 and 8.2.2.2.4 as indicated below. 

Proposal 3: Create the testcase for TM2 based on 1 Layer, since the test is close to the cell border.
3.1.3.1.1.1 FDD (8.2.1.2.4)

For this case with two antenna ports one testcase for FDD based on section 8.2.1.1.1 and one for TDD based on section 8.2.2.1.1 are proposed covering the case with one Tx antenna port.
Table 8.2.1.2.4-2: Enhanced Performance Requirement Type A, Transmit Diversity (FRC) with TM3 interference model

	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration (Note 3)
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 3
	Cell 1
	Cell 2
	Cell 3
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (Note 2)
	

	TBD
	R.46 FDD
	OP.1 FDD
	N/A
	N/A
	EVA70
	EVA70
	EVA70
	2x4 New Medium XPOL
	70
	
	≥1


3.1.3.1.1.2 TDD (8.2.2.2.4)

Table 8.2.2.2.4-2: Enhanced Performance Requirement Type A, Transmit Diversity (FRC) with TM3 interference model

	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration (Note 3)
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 3
	Cell 1
	Cell 2
	Cell 3
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (Note 2)
	

	TBD
	R.46 TDD
	OP.1 TDD
	N/A
	N/A
	EVA70
	EVA70
	EVA70
	2x4 New Medium XPOL
	70
	
	≥1


3.1.4 TM3: Open-loop spatial multiplexing performance

3.1.4.1 Simulations
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Figure 5 The performance simulations for TM3 with antenna configuration 2x2 and 2x4 with X-Pol Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 6: The performance simulations for TM3 with antenna configuration 2x2 and 2x4 with X-Pol New Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 7: The performance simulations for TM3 with antenna configuration 2x4 with X-Pol and ULA Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 8: The performance simulations for TM3 with antenna configuration 2x4 with X-Pol and ULA New Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
In the Figure 5 and Figure 6 above the result for TM3 from the Medium and New Medium [3] correlations for a cross polarized antenna configuration and the MMSE, R-ML and CWIC receivers are shown. In Figure 7 and Figure 8, the performance for X-pol and ULA antenna configurations are compared for the 2x4 configuration with 2 layers.  

It can be noted that the performance of the advanced receiver types has quite similar performance as the MMSE receiver, especially for the X-pol antenna configuration. One rational for this might be that for low SNR and with 4 receivers the gain with the advanced receivers is limited. 

Table 4 TM3 performance for 2Rx  with cross polarized antennas as the SNR at 70% of the Max Throughput

	Receiver type
	MMSE 
	R-ML
	CWIC

	
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr

	SNR [dB]
	11.1
	11.2
	11.0
	11.1
	10.4
	10.4


Table 5 TM3 performance for 4 Rx with cross polarized antennas at the SNR at 70% of the Max Throughput

	Receiver type
	MMSE
	R-ML
	CWIC

	
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr

	SNR [dB]
	7.5
	6.5
	7.6
	6.6
	
6.8
	5.8


Table 6 TM3 performance for 4 Rx with linear antenna array at the SNR at 70% of the Max Throughput

	Receiver type
	MMSE
	R-ML
	CWIC

	
	ULA
Medium Corr
	ULA
New Medium Corr
	ULA
Medium Corr
	ULA
New Medium Corr
	ULA
Medium Corr
	ULA
New Medium Corr

	SNR [dB]
	16.9
	11.5
	14.6
	10.8
	15.1
	10.4


Observation 6: The gain for TM3 with 4Rx compared with 2Rx is around 4.5 dB for New Medium Correlation and around 3.5 dB for the Medium Correlation. 

Observation 7: The gain for TM3 with the advanced receiver types is limited, less than 1dB in these testcases with Medium antenna correlation and SNR around 10 dB.

3.1.4.2 Proposals

A TM3 test with 4Rx is, based on the gain of around 4.5 dB,  needed. 

Proposal 4: Create a new TM3 testcases for 4Rx capable UEs with antenna configuration X-Pol, 2x4 and New Medium Correlation with 2 Layers based on the testcases in 36.101 section 8.2.1.2.4 and 8.2.2.2.4 as indicated below. 

3.1.4.2.1 FDD (8.2.1.3.1)

	Test num
	Bandwidth
	Reference channel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE category

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	

	TBD
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x4 New Medium XPOL
	70
	
	≥2


3.1.4.2.2 TDD (8.2.2.3.1)

	Test number
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	TBD
	10 MHz
	R.11-1 TDD
	OP.1 TDD
	EVA70
	2x4 New Medium XPOL
	70
	
	≥2


3.1.5 TM4: Closed loop spatial multiplexing performance, single layer

3.1.5.1.1 Simulations
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Figure 9: The performance simulations for TM4 with antenna configuration 2x2 and 2x4 with X-Pol Low correlation and 1 Layer. 
Table 7: TM4 performance with 1 Layer as the SNR at 70% of the Max Throughput

	Antenna config
	2 Rx Antennas
	4 Rx Antenna
	4x4

	
	X-Pol
Low Corr
	X-Pol
New Medium Corr
	X-Pol
Low
	X-Pol
New Medium
	X-Pol
Low
	X-Pol
New Medium

	SNR [dB]
	4.2
	4.2
	0.2
	1.2
	-0.7
	-0.3


Observation 8: The gain for TM4, 1 Layer, with 4Rx compared with 2Rx is 3 dB for New Medium Correlation and 4 dB for the Low Correlation.
Observation 9: For TM4, 1 Layer, the difference between the performance of the New Medium Correlation and the Low Correlation is very low, identical for 2Rx, 1 dB for 2x4 and 0.5 dB for antenna configuration 4x4.
3.1.5.2 Proposals

There is a considerable gain of TM4 in fading environment, why a testcase of TM4 is also proposed.

Proposal 5: Create a new testcase for 4Rx capable UEs for TM4 with antenna configuration 2x4 and New Medium Correlation based on the testcases in 36.101 section 8.2.1.4.1B and 8.2.2.4.1B as indicated below. 
3.1.5.2.1 FDD (8.2.1.4.1B)

Table 8.2.1.4.1B-2: Enhanced Performance Requirement Type A, Single-Layer Spatial Multiplexing (FRC) with TM4 interference model

	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration (Note 3)
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 3
	Cell 1
	Cell 2
	Cell 3
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (Note 2)
	

	TBD
	R.47 FDD
	OP.1 FDD
	N/A
	N/A
	EVA5
	EVA5
	EVA5
	2x4 New Medium
	70
	 
	≥1

	TBD
	R.47 FDD
	OP.1 FDD
	N/A
	N/A
	EVA5
	EVA5
	EVA5
	4x4 New Medium
	70
	 
	≥1

	Note 1:
The propagation conditions for Cell 1, Cell 2 and Cell 3 are statistically independent.

Note 2:
SINR corresponds to 
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 of Cell 1 as defined in clause 8.1.1.
Note 3:
Correlation matrix and antenna configuration parameters apply for each of Cell 1, Cell 2 and Cell 3.


3.1.5.2.2 TDD (8.2.2.4.1B)

Table 8.2.2.4.1B-2: Enhanced Performance Requirement Type A, Single-Layer Spatial Multiplexing (FRC) with TM4 interference model

	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration (Note 3)
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 3
	Cell 1
	Cell 2
	Cell 3
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (Note 2)
	

	TBD
	R.47 TDD
	OP.1 TDD
	N/A
	N/A
	EVA5
	EVA5
	EVA5
	2x4 New Medium
	70
	
	≥1

	TBD
	R.47 TDD
	OP.1 TDD
	N/A
	N/A
	EVA5
	EVA5
	EVA5
	4x4 New Medium
	70
	
	≥1

	Note 1:
The propagation conditions for Cell 1, Cell 2 and Cell 3 are statistically independent.

Note 2:
SINR corresponds to 
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 of Cell 1 as defined in clause 8.1.1.
Note 3:
Correlation matrix and antenna configuration parameters apply for each of Cell 1, Cell 2 and Cell 3.


3.1.6 TM4: Closed loop spatial multiplexing performance Dual layer

3.1.6.1 Simulations
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Figure 11: The performance simulations for TM4 with antenna configuration 2x2 and 2x4 with X-Pol Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 12: The performance simulations for TM4 with antenna configuration 2x2 and 2x4 with X-Pol Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 13: The performance simulations for TM4 with antenna configuration 2x2 with ULA and X-Pol Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 14: The performance simulations for TM4 with antenna configuration 2x2 with ULA and X-Pol, New Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 15: The performance simulations for TM4 with antenna configuration 4x4 with ULA and X-Pol Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 16: The performance simulations for TM4 with antenna configuration 2x2 with ULA and X-Pol New Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
In these simulations with TM4 and 2 Layers and 2x2, 2x4 and 4x4 antenna configurations the resulting performance at 70% throughput is shown in Tables …

Table 8 TM4 performance for 2 Rx with cross polirized antennas and 2 Layers as the SNR at 70% of the Max Throughput

	Receiver type
	MMSE
	R-ML
	CWIC

	
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr

	SNR [dB]
	11.5
	11.6
	11.4
	11.5
	10.2
	10.2


Table 10 TM4 performance for 2 Tx and 4 Rx with cross polarized antenna and 2 layers as the SNR at 70% of the Max Throughput

	Receiver type
	MMSE
	R-ML
	CWIC

	
	Medium Corr
	New Medium Corr
	Medium Corr
	New Medium Corr
	Medium Corr
	New Medium Corr

	SNR [dB]
	8.1
	6.7
	8.2
	6.8
	6.8
	5.9


Table 9: TM4 performance for 4 Tx and 4 Rx with cross polarized antennas and 2 layers at the SNR at 70% of the Max Throughput

	Receiver type
	MMSE
	R-ML
	CWIC

	
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr

	SNR [dB]
	7.9
	6.4
	8
	6.6
	6.6
	5.3


In these simulations the performance of the 4x4 receivers with different receiver configurations are shown.
Observation 10: The gain for TM4, 2 Layer, with 4Rx compared with 2Rx is between 4.3 and 4.9  dB for New Medium Correlation and 3.2 and 3.4  dB for the Medium Correlation.
Observation 11: The gain for the CWIC receiver compared with the MMSE receiver for TM4, 4x4 with 2 Layer, is 1.1 dB for New Medium Correlation and 1.3 dB for the Medium Correlation.
3.1.6.2 Proposals

Testing of TM4 with 2 layers in higher Doppler with a MMSE receiver is also proposed since there is a considerable gain with 4Rx in this scenario as well. 

Proposal 6: Create a new testcases for 4Rx capable UEs for TM4, 2 Layers with antenna configuration 2x4 and New Medium Correlation based on the testcases in 36.101 section 8.2.1.4.2 and 8.2.2.4.2 as indicated below. 

3.1.6.2.1 FDD (8.2.1.4.2)

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	TBD
	10 MHz
	R.11 FDD
	OP.1 FDD
	ETU70
	2x4 New Medium XPOL
	70
	
	≥2


3.1.6.2.2 TDD (8.2.2.4.2)

	Test number
	Band-width
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	TBD
	10 MHz
	R.11-1 TDD
	OP.1 TDD
	ETU70
	2x4 New Medium XPOL
	70
	
	≥2


3.1.7 TM9: User specific Reference Symbols:

3.1.7.1 Single-layer Spatial Multiplexing
3.1.7.1.1 Simulations
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Figure 17: The performance simulations for TM9, IRC receiver, with antenna configuration 4x2 and 4x4 with Low and New Medium correlation and 1 Layer. 

For TM9, IRC receiver 4x2 and 4x4, 1 layer are simulated with the following results.

Table 2 TM9 performance IRC performance for single Layer as the SNR at 70% of the Max Throughput

	Antenna config
	2 Rx Antennas
	4 Rx Antenna

	
	ULA
Low 
	ULA
New Medium 
	ULA
Low
	ULA
New Medium

	SNR [dB]
	3.4
	3.5
	-0.7
	-0.2


Observation 12: The gain for TM9, 1 Layer and IRC receiver with 4Rx compared with 2Rx is 3.3 dB for New Medium Correlation and 4.1 dB for Low Correlation.
Observation 13: For TM9, 1 Layer and IRC receiver the performance with New Medium Correlation and the with Low Correlation, are similar, for 2Rx antennas they are identical, for 4 Rx antennas the difference is 0.5 dB.
3.1.7.1.2 Proposals

TM9 is an essential transmission mode which needs to be thoroughly tested. First is a testcase for 1 layer with an IRC receiver proposed. 

Proposal 7: Create a new TM9 testcases for 4Rx capable UEs with 1 Layers with antenna configuration 4x4 and New Medium Correlation based on the testcases in 36.101 section 8.3.1.1A and 8.3.2.1A as indicated below. 
3.1.7.1.2.1 FDD (8.3.1.1A)

Table 8.3.1.1A-2: Enhanced Performance Requirement Type A, CDM-multiplexed DM RS with TM9 interference model
	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration (Note 3)
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (Note 2)
	

	
	R.48 FDD
	OP.1 FDD
	N/A
	EVA5
	EVA5
	4x4 New Medium
	70
	-1.1
	≥1

	Note 1:
The propagation conditions for Cell 1 and Cell 2 are statistically independent.

Note 2:
SINR corresponds to 
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 of Cell 1 as defined in clause 8.1.1.
Note 3:
Correlation matrix and antenna configuration parameters apply for each of Cell 1 and Cell 2.


3.1.7.1.2.2 TDD (8.3.2.1B)

Table 8.3.2.1B-2: Enhanced Performance Requirement Type A, CDM-multiplexed DM RS with TM9 interference model
	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration (Note 3)
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (Note 2)
	

	
	R.48 TDD
	OP.1 TDD
	N/A
	EVA5
	EVA5
	4x2 New Medium
	70
	
	≥1

	Note 1:
The propagation conditions for Cell 1 and Cell 2 are statistically independent.

Note 2:
SINR corresponds to 
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 of Cell 1 as defined in clause 8.1.1.
Note 3:
Correlation matrix and antenna configuration parameters apply for each of Cell 1 and Cell 2.


3.1.7.2 MultiLayer Spatial Multiplexing 

3.1.7.2.1 Simulations
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Figure 19: The performance simulations for TM9 with antenna configuration 2x2, 2x4 and 4x4 with X-Pol Medium correlation, 2 and 4 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 20: The performance simulations for TM9 with antenna configuration 2x2, 2x4 and 4x4 with X-Pol New Medium correlation, 2 and 4 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 21: The performance simulations for TM9, with antenna configuration 2x4 with Low, Medium and New Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 24: The performance simulations for TM9, with antenna configuration 4x4 with Low, Medium and New Medium correlation and 2 Layers. The simulations are performed for MMSE, R-ML and CWIC receivers.
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Figure 27: The performance simulations for TM9, with antenna configuration 4x4 with Low, Medium and New Medium  correlation and 3 Layers. The simulations are performed for MMSE, and R-ML receivers.

Table 12 TM9 performance for 2 Tx and 2 Rx with cross polarized antennas and 2 Layers as the SNR at 70% of the Max Throughput

	Receiver type
	MMSE
	R-ML
	CWIC

	
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr

	SNR [dB]
	16.0
	16
	15.9
	16
	14.1
	14.2


Table 12 TM9 performance for 2 Tx and 4 Rx with cross polarized antennas and 2 Layers as the SNR at 70% of the Max Throughput

	Receiver type
	MMSE
	R-ML
	CWIC

	
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr

	SNR [dB]
	11.5
	9.2
	11.6
	9.4
	10.5
	8.5


Table 13 TM9 performance for 4 Tx and 4 Rx with cross polarized antennas and 2 layers at the SNR at 70% of the Max Throughput

	Receiver type
	MMSE
	R-ML
	CWIC

	
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr

	SNR [dB]
	11.5
	9.2
	11.6
	9.3
	10.5
	8.5


Table 14 TM9 performance for 4 Tx and 4 Rx with cross polarized antennas and 3 layers as the SNR at 70% of the Max Throughput

	Receiver type
	MMSE
	R-ML

	
	X-Pol
Medium Corr
	X-Pol
New Medium Corr
	X-Pol
Medium Corr
	X-Pol
New Medium Corr

	SNR [dB]
	16.9
	14.3
	17.0
	14.5


Observation 14: The gain for TM9, 2 Layers with 4Rx compared with 2Rx is between 5,7 and 6.8 dB for New Medium Correlation and between 3.6 and 4.3 dB for Medium Correlation.

Observation 15: The performance for TM9, 4x4 with 3 Layers is around SNR=14.5 dB at 70% of Max throughput for New Medium Correlation and around 17 dB for Medium Correlation.

Observation 16: The gain for using advanced receivers in case of TM9 with 4Rx, X-Pol is small. 

Observation 17: The SNR levels for a TM9, 4x4 test with 4 Layers is high, in the order of 20 dB or higher also for Low and Medium correlation.
3.1.7.2.2 Proposals

The aim is to specify a testcase for TM9 4 Rx with more than 2 Layers. As a test of 4x4,  4 Layer testcase requires a high SNR which is difficult to test. 3 Layers is more realistic for a testcase. It is also shown that 4Rx creates a considerable gain for TM9 with 3 Layers.   

Proposal 8: Create a new TM9 testcase for 4Rx capable UEs MMSE receiver, with antenna configuration 4x4, with 3 Layers, and New Medium Correlation based on the testcases in 36.101 section 8.3.1.2 and 8.3.2.3 as indicated below.

3.1.7.2.2.1 FDD (8.3.1.2)

Table 8.3.1.2-2: Minimum performance for CDM-multiplexed DM RS (FRC) with multiple CSI-RS configurations

	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	Cell1
	Cell 2
	Cell 1
	Cell 2
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
16QAM 1/2
	R.51 FDD
	OP.1 FDD
	N/A
	ETU5
	ETU5
	4x4 New Medium 
	70
	
	≥2

	Note 1:
The propagation conditions for Cell 1 and Cell 2 are statistically independent.

Note 2:
Correlation matrix and antenna configuration parameters apply for each of Cell 1 and Cell 2.

Note 3: 
SNR corresponds to 
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 of Cell 1.


3.1.7.2.2.2 TDD(8.3.2.3)

Table 8.3.2.3-2: Minimum performance for CDM-multiplexed DM RS (FRC) with multiple CSI-RS configurations

	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	
	10 MHz
16QAM 1/2
	R.51 TDD
	OP.1 TDD
	N/A
	ETU5
	ETU5
	4x4 New Medium
	70
	
	≥2

	Note 1:
The propagation conditions for Cell 1 and Cell 2 are statistically independent.

Note 2:
Correlation matrix and antenna configuration parameters apply for each of Cell 1 and Cell 2.

Note 3: 
SNR corresponds to 
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 of Cell 1.


3.1.8 SDR testing
For the Sustained datarate it is proposed to develop a single carrier test for TM9 with 4x4 antenna configuration in 36.101, section 8.7.
Proposal 9: Specify a SDR test for TM9 with antenna configuration 4x4 with 4 Layers in section 8.7.

4 Conclusions
Observation 1: It is proposed that the testcases has a good coverage over different transmission modes and scenarios in order to guarantee that 4Rx is supported for all transmission modes. 
Observation 2: The gain of TM1 testcase with 4Rx compared with 2Rx is 2.4 dB for New Medium Correlation and 3.3 dB for the Low Correlation. 
Observation 3: For TM1 testcase the difference between the performance of the New Medium Correlation and the Low Correlation is quite low, 0.5 dB for 2Rx and 1.5 dB for 4Rx.
Observation 4: The gain for TM2, IRC receiver, with 4Rx compared with 2Rx is 3.3 dB for New Medium Correlation and 3.9 dB for the Low Correlation. 
Observation 5: For TM2 with IRC receiver the difference between the performance of the New Medium Correlation and the Low Correlation is very low, identical for 2Rx and 1.5 dB for 4Rx.
Observation 6: The gain for TM3 with 4Rx compared with 2Rx is around 4.5 dB for New Medium Correlation and around 3.5 dB for the Medium Correlation. 

Observation 7: The gain for TM3 with the advanced receiver types is limited, less than 1dB in these testcases with Medium antenna correlation and SNR around 10 dB.

Observation 8: The gain for TM4, 1 Layer, with 4Rx compared with 2Rx is 3 dB for New Medium Correlation and 4 dB for the Low Correlation.
Observation 9: For TM4, 1 Layer, the difference between the performance of the New Medium Correlation and the Low Correlation is very low, identical for 2Rx, 1 dB for 2x4 and 0.5 dB for antenna configuration 4x4.
Observation 10: The gain for TM4, 2 Layer, with 4Rx compared with 2Rx is between 4.3 and 4.9  dB for New Medium Correlation and 3.2 and 3.4  dB for the Medium Correlation.
Observation 11: The gain for the CWIC receiver compared with the MMSE receiver for TM4, 4x4 with 2 Layer, is 1.1 dB for New Medium Correlation and 1.3 dB for the Medium Correlation.

Observation 12: The gain for TM9, 1 Layer and IRC receiver with 4Rx compared with 2Rx is 3.3 dB for New Medium Correlation and 4.1 dB for Low Correlation.
Observation 13: For TM9, 1 Layer and IRC receiver the performance with New Medium Correlation and the with Low Correlation, are similar, for 2Rx antennas they are identical, for 4 Rx antennas the difference is 0.5 dB.
Observation 14: The gain for TM9, 2 Layers with 4Rx compared with 2Rx is between 5,7 and 6.8 dB for New Medium Correlation and between 3.6 and 4.3 dB for Medium Correlation.

Observation 15: The performance for TM9, 4x4 with 3 Layers is around SNR=14.5 dB at 70% of Max throughput for New Medium Correlation and around 17 dB for Medium Correlation.

Observation 16: The gain for using advanced receivers in case of TM9 with 4Rx, X-Pol is small. 

Observation 17: The SNR levels for a TM9, 4x4 test with 4 Layers is high, in the order of 20 dB or higher also for Low and Medium correlation.
Proposal 1: Create a new testcases for 4Rx capable UEs for TM1 with antenna configuration 1x4 and Low Correlation based on the testcases in 36.101 section 8.2.1.1.1 and 8.2.2.1.1 as indicated below. 

Proposal 2: Create a new testcases for 4Rx capable UEs for TM2 with antenna configuration 2x4 and New Medium Correlation based on the testcases in 36.101 section 8.2.1.2.4 and 8.2.2.2.4 as indicated below. 

Proposal 3: Create the testcase for TM2 based on 1 Layer, since the test is close to the cell border.
Proposal 4: Create a new TM3 testcases for 4Rx capable UEs with antenna configuration X-Pol, 2x4 and New Medium Correlation with 2 Layers based on the testcases in 36.101 section 8.2.1.2.4 and 8.2.2.2.4 as indicated below. 

Proposal 5: Create a new testcase for 4Rx capable UEs for TM4 with antenna configuration 2x4 and New Medium Correlation based on the testcases in 36.101 section 8.2.1.4.1B and 8.2.2.4.1B as indicated below. 
Proposal 6: Create a new testcases for 4Rx capable UEs for TM4, 2 Layers with antenna configuration 2x4 and New Medium Correlation based on the testcases in 36.101 section 8.2.1.4.2 and 8.2.2.4.2 as indicated below. 
Proposal 7: Create a new TM9 testcases for 4Rx capable UEs with 1 Layers with antenna configuration 4x4 and New Medium Correlation based on the testcases in 36.101 section 8.3.1.1A and 8.3.2.1A as indicated below. 
Proposal 8: Create a new TM9 testcase for 4Rx capable UEs MMSE receiver, with antenna configuration 4x4, with 3 Layers, and New Medium Correlation based on the testcases in 36.101 section 8.3.1.2 and 8.3.2.3 as indicated below.

Proposal 9: Specify a SDR test for TM9 with antenna configuration 4x4 with 4 Layers in section 8.7.
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