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1. Introduction
In RAN4 #76bis, test case were selected for PCFICH/PDCCH, PHICH and EPDCCH demodulation performance requirements for 4 Rx UE. In this contribution, we provide alignment/impairment results for agreed test cases. 
2. PCFICH/PDCCH demodulation test
It was agreed to define PCFICH/PDCCH demodulation test for 4 Rx UE based on existing single cell 2 Rx test defined in section 8.4 of 36.101. Table 1 lists agreed test cases [1]. 

Table 1. PCFICH/PDCCH demodulation test for 4 Rx UE [1]

	Test number
	Based on
	Antenna configs
	Propagation
	Options of Antenna correlations

	1
	8.4.1.1 for FDD and 8.4.2.1 for TDD
	1x4
	ETU70
	Low ULA

	2
	8.4.1.2.1 for FDD and 8.4.2.2.1 for TDD
	2x4
	EVA70
	Low ULA

	3
	8.4.1.2.2 for FDD and 8.4.2.2.2 for TDD
	4x4
	EPA5
	New Medium Xpol


Note that, for medium correlation channel to be used for 4 Tx transmit diversity, it was agreed to introduce new medium XPOL channel with alpha=0.3, beta=0.6, gamma=0.2. Figure 1 and 2 show FDD and TDD simulation results for PCFICH/PDCCH demodulation tests. We can observe that 4 Rx UE can provide 2~3.5dB performance gain over 2 Rx UE at 1% Pm-dsg. Table 2 shows CINR requirements to achieve 1% Pm-dsg with impairment margin. 
Table 2. Impairment results for PCFICH/PDCCH demodulation tests

	Antenna configuration
	1x4
	2x4
	4x4

	FDD
	-6.1 dB
	-4.0 dB
	-0.4 dB

	TDD
	-5.3 dB
	-3.5 dB
	-0.3 dB


[image: image1.emf]-14 -12 -10 -8 -6 -4 -2 0

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

1 Tx, AL=8, DCI format 1, ETU70 low

CINR (dB)

PDCCH BLER

 

 

NRx=2

NRx=4

 [image: image2.emf]-10 -8 -6 -4 -2 0 2

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

2 Tx, AL=4, DCI format 2, EVA70 low

CINR (dB)

PDCCH BLER

 

 

NRx=2

NRx=4


[image: image3.emf]-8 -6 -4 -2 0 2 4

10

-4

10

-3

10

-2

10

-1

10

0

4 Tx, AL=2, DCI format 2, EPA5, new medium XPOL

CINR (dB)

PDCCH BLER

 

 

NRx=2

NRx=4


Figure 1. PCFICH/PDCCH demodulation performance (FDD)
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Figure 2. PCFICH/PDCCH demodulation performance (TDD)

3. PHICH demodulation test
It was agreed to define PCFICH/PDCCH demodulation test for 4 Rx UE based on existing single cell 2 Rx test defined in section 8.5 of 36.101. Table 3 lists agreed test cases [2]. New medium XPOL channel is used for PHICH demodulation test with 4 Tx antenna similar to PCFICH/PDCCH demodulation test. 
Figure 3 and 4 show FDD and TDD simulation results for PHICH demodulation tests. We can observe that 4 Rx UE can provide 2.5~3.5dB performance gain over 2 Rx UE at 0.1% Pm-an. Table 4 shows CINR requirements to achieve 0.1% Pm-an with impairment margin.

Table 3. PHICH demodulation test for 4 Rx UE [1]

	
	Based on
	Antenna configs
	Propagation
	Options of Antenna correlations

	1
	8.5.1.1 for FDD and 8.5.2.1 for TDD
	1x4
	ETU70
	Low ULA

	2
	8.5.1.2.1 for FDD and 8.5.2.2.1 for TDD
	2x4
	EVA70
	Low ULA

	3
	8.5.1.2.2 for FDD and 8.5.2.2.2 for TDD
	4x4
	EPA5
	New Medium Xpol


Table 4. Impairment results for PHICH demodulation tests

	Antenna configuration
	1x4
	2x4
	4x4

	FDD
	1.7 dB
	0.1 dB
	0.3 dB

	TDD
	1.7 dB
	0.4 dB
	-0.3 dB
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Figure 3. PHICH demodulation performance (FDD)
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Figure 4. PHICH demodulation performance (TDD)

4. EPDCCH demodulation test
For EPDCCH demodulation test, it was agreed to define 4 Rx demodulation performance requirements based on existing EPDCCH demodulation test for 2 Rx UE as listed in table 5. 
Table 5. EPDCCH demodulation test for 4 Rx UE [3]

	Test number
	Based on
	Antenna configs
	Propagation
	Options of Antenna correlations

	1
	8.8.1.1 for FDD and 8.8.1.2 for TDD

TM3 Distributed
	2x4
	EVA5
	Low ULA

	2
	
	2x4
	EVA70
	Low ULA

	3
	8.8.2.1 for FDD and 8.8.2.2 for TDD

TM9 Localized
	2x4
	EVA5
	Low ULA

	4
	
	2x4
	EVA5
	Low ULA


Figure 5 and 6 shows simulation results for EPDCCH demodulation test for FDD and TDD. We can observe that, for distributed EPDCCH, 4 Rx UE provides 3~3.8 dB performance gain over 2 Rx UE. On the other hand, for localized EPDCCH, 4 Rx UE provides 4~6 dB performance gain over 2 Rx UE. Table 6 shows CINR requirements to achieve 1% Pm-dsg with impairment margin. 

Table 6. Impairment results for EPDCCH demodulation tests

	Test case
	Distributed AL 4
	Distributed AL 16
	Localized AL 2
	Localized AL 8

	FDD
	-0.8 dB
	-6.3 dB
	6.4 dB
	-1.4 dB

	TDD
	-0.9 dB
	-6.1 dB
	6.0 dB
	-2.1 dB
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Figure 5. EPDCCH demodulation performance (FDD)
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Figure 6. EPDCCH demodulation performance (TDD)

5. Conclusions

In this contribution, we provided alignment/impairment simulation results for 4 Rx demodulation performance for PCFICH/PDCCH, PHICH and EPDCCH. 
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