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1. Introduction
In RAN4# 83 it was agreed that new requirements shall be defined for UE supporting CE with 2Rx and 4Rx antennas. In RAN4#84 companies provided ideal simulation results for performance alignment to define requirements for the following tests for 2Rx and 4Rx antennas.
	Test cases
	Reference in TS36.101

	MPDCCH CE Mode A
	8.11.2.1.1 / 8.11.2.2.1

	MPDCCH CE Mode B
	8.11.2.1.2 / 8.11.2.2.2

	PDSCH TM9
	8.11.1.1.2 / 8.11.1.2.2

	PDSCH TM2
	8.11.1.1.3 / 8.11.1.2.3



During the RAN4#84 meeting the simulation results from different companies were discussed and the repetition levels for 2Rx and 4Rx tests were agreed [2] as summarized below:
Repetition levels for MPDCCH tests:
· FDD
· 2Rx
· Mode A: Repetition number=8
· Mode B: Repetition number=32
· 4Rx
· Mode A: Repetition number=2
· Mode B: Repetition number=8
· TDD
· 2Rx
· Mode A: Repetition number=4
· Mode B: Repetition number=16
· 4Rx
· Mode A: Repetition number=2
· Mode B: Repetition number=4
Repetition levels for PDSCH tests:
· TM2 Mode B (FDD/TDD)
· 2Rx
·  Repetition number=32
· 4Rx
·  Repetition number=16
· TM9 Mode A (FDD/TDD)
· 2Rx
· Repetition number=4
· 4Rx
· Repetition number=2

With the introduction of smaller repetition levels for 2Rx and 4Rx tests, the frequency hopping interval also should to be reduced accordingly. In this contribution we present the simulation results for TM9 PDSCH performance in CE Mode A with 2Rx and 4Rx with the repetition levels and frequency hopping intervals agreed upon in [2] and [4].

2. Simulation Results 
The agreed simulation assumptions for TM9 tests from [4] are also listed in Appendix A.
The PDSCH performance in TM9 for 2Rx (Test2) and 4Rx (Test3) in FDD and TDD modes is captured in Figure 1 below. 
[bookmark: _Ref494282908]Figure 1: PDSCH Performance in TM9

Based on the results we have the following observations for TM9 CE Mode A Test2 and Test 3 in FDD and TDD modes:
Observation #1: For TM9 CE Mode A Test2 in FDD, the SNR corresponding to 70% of max TP is at -6.6 dB
Observation #2: For TM9 CE Mode A Test3 in FDD, the SNR corresponding to 70% of max TP is at -6 dB
Observation #3: For TM9 CE Mode A Test2 in TDD, the SNR corresponding to 70% of max TP is at -6.7 dB
Observation #4: For TM9 CE Mode A Test3 in TDD, the SNR corresponding to 70% of max TP is at -6 dB

The SNR points for the 70% of max downlink throughput with no impairments for CE Mode A in TM9 are summarized in Table 1.



[bookmark: _Ref493800524]Table 1: Simulation Results for PDSCH TM9 - CE Mode A
	Duplex Type
	BW
	Repetition
Level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	Fraction of Maximum Throughput (%)
	SNR (dB)

	FDD
	10 MHz
	4
	R.80 FDD
	EPA5
	2 x 2 Low
	70
	-6.6

	
	
	2
	R.80 FDD
	EPA5
	2 x 4 Low
	70
	-6.0

	TDD
	10 MHZ
	4
	R.80 TDD
	EPA5
	2 x 2 Low
	70
	-6.7

	
	
	2
	R.80 TDD
	EPA5
	2 x 4 Low
	70
	-6.0




3. Conclusions
In this contribution we have presented the ideal simulation results for PDSCH in TM9 for performance alignment for Rel-13 non-BL/CE UE requirements. Our observations are summarized below:
Observation #1: For TM9 CE Mode A Test2 in FDD, the SNR corresponding to 70% of max TP is at -6.6 dB
Observation #2: For TM9 CE Mode A Test3 in FDD, the SNR corresponding to 70% of max TP is at -6 dB
Observation #3: For TM9 CE Mode A Test2 in TDD, the SNR corresponding to 70% of max TP is at -6.7 dB
Observation #4: For TM9 CE Mode A Test3 in TDD, the SNR corresponding to 70% of max TP is at -6 dB
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[bookmark: _Ref490077502]Appendix A
The simulation assumptions captured in [4] for TM9 performance requirements for FDD and half-duplex FDD are listed in the table below:
Table 1: Test Parameters for Testing CDM-multiplexed DM RS (single layer) 
	parameter
	Unit
	Test 1
	Test 2
	Test 3

	Downlink power allocation
	

	dB
	-3
	-3
	-3

	
	

	dB
	-3 (Note 1)
	-3 (Note 1)
	-3 (Note 1)

	
	
	dB
	0
	0
	0

	
	δ
	dB
	3
	3
	3

	
	MPDCCH_RA
	dB
	
+ δ + 3
	
+ δ + 3
	
+ δ + 3

	
	MPDCCH_RB
	dB
	
+ δ + 3
	
+ δ + 3
	
+ δ + 3

	Beamforming model
	
	Annex B.4.1
	Annex B.4.1
	Annex B.4.1

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1

	
at antenna port
	dBm/15kHz
	-98 (Note 6)
	-98 (Note 6)
	-98 (Note 6)

	Symbols for unused PRBs
	
	OCNG (Note 3)
	OCNG (Note 3)
	OCNG (Note 3)

	Number of allocated resource blocks (Note 2)
	PRB
	6
	6
	6

	PDSCH transmission mode
	
	9
	9
	9

	Coverage enhancement mode
	
	CE Mode A
	CE Mode A
	CE Mode A

	OFDM starting symbol (startSymbolBR)
	
	2
	2
	2

	Maximum number of repetitions
	
	8
	[4]
	[2]

	Frequency hopping
(mpdcch-pdsch-HoppingConfig)
	
	Enabled
	Enabled
	Enabled

	Frequency hopping offset
(mpdcch-pdsch-HoppingOffset)
	
	1
	1
	1

	Frequency hopping interval
(interval-FDD)
	ms
	8
	[2]
	1

	MPDCCH transmission duration
(mpdcch-NumRepetition)
	ms
	8
	[8]
	[8]

	Number of narrowbands for frequency hopping
(mpdcch-pdsch-HoppingNB)
	
	2
	2
	2

	Starting subframe configuration for MPDCCH
(mpdcch_startSF_UESS)
	
	4
	[4]
	[4]

	Narrowband for MPDCCH
(mpdcch_Narrowband)
	
	7
	7
	7

	MPDCCH aggregation level
	
	24
	24
	24

	
Note 1:	. 
Note 2:	The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.
Note 3:	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.
Note 4:	For each test, DC subcarrier puncturing shall be considered.





The simulation assumptions captured in [4] for TM9 performance requirements for TDD are listed in the table below:
Table 2: Test Parameters for Testing CDM-multiplexed DM RS (single layer)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Downlink power allocation
	

	dB
	-3
	-3
	-3

	
	

	dB
	-3 (Note 1)
	-3 (Note 1)
	-3 (Note 1)

	
	
	dB
	0
	0
	0

	
	δ
	dB
	3
	3
	3

	
	MPDCCH_RA
	dB
	
+ δ + 3
	
+ δ + 3
	
+ δ + 3

	
	MPDCCH_RB
	dB
	
+ δ + 3
	
+ δ + 3
	
+ δ + 3

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1

	Beamforming model
	
	Annex B.4.1
	Annex B.4.1
	Annex B.4.1

	
at antenna port
	dBm/15kHz
	-98
	-98
	-98

	Symbols for unused PRBs
	
	OCNG (Note 3)
	OCNG (Note 3)
	OCNG (Note 3)

	Number of allocated resource blocks (Note 2)
	PRB
	6
	6
	6

	Simultaneous transmission
	
	No
	No
	No

	PDSCH transmission mode 
	
	9
	9
	9

	Coverage enhancement mode
	
	CE Mode A
	CE Mode A
	CE Mode A

	OFDM starting symbol (startSymbolBR)
	
	2
	2
	2

	Maximum number of repetitions
	
	8
	[4]
	[2]

	Frequency hopping
(mpdcch-pdsch-HoppingConfig)
	
	Enabled
	Enabled
	Enabled

	Frequency hopping offset
(mpdcch-pdsch-HoppingOffset)
	
	1
	1
	1

	Frequency hopping interval
(interval-TDD)
	ms
	10
	1
	1

	MPDCCH transmission duration
(mpdcch-NumRepetition)
	ms
	8
	[8]
	[8]

	Number of narrowbands for frequency hopping
(mpdcch-pdsch-HoppingNB)
	
	2
	2
	2

	Starting subframe configuration for MPDCCH
(mpdcch_startSF_UESS)
	
	1
	[1]
	[1]

	Narrowband for MPDCCH
(mpdcch_Narrowband)
	
	7
	7
	7

	MPDCCH aggregation level
	
	24
	24
	24

	
Note 1:	. 
Note 2:	The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.
Note 3:	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.
Note 4:	For each test, DC subcarrier puncturing shall be considered.



image4.emf
-8 -6 -4 -2 0 2 4 6

SNR (dB)

40

50

60

70

80

90

100

%

 

M

a

x

 

T

P

TDD; CE ModeA; TM9; EPA5

70% Max TP

2x2; Rep-4

2x4; Rep-2


image3.wmf
A

r


oleObject1.bin

image4.wmf
B

r


oleObject2.bin

oleObject3.bin

oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

image5.wmf
oc

N


oleObject9.bin

image6.wmf
1

=

B

P


oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

image1.emf
-8 -6 -4 -2 0 2 4 6

SNR (dB)

40

50

60

70

80

90

100

%

 

M

a

x

 

T

P

FDD; CE ModeA; TM9; EPA5

70% Max TP

2x2; Rep-4

2x4; Rep-2


image2.emf
-8 -6 -4 -2 0 2 4 6

SNR (dB)

40

50

60

70

80

90

100

%

 

M

a

x

 

T

P

TDD; CE ModeA; TM9; EPA5

70% Max TP

2x2; Rep-4

2x4; Rep-2


image3.emf
-8 -6 -4 -2 0 2 4 6

SNR (dB)

40

50

60

70

80

90

100

%

 

M

a

x

 

T

P

FDD; CE ModeA; TM9; EPA5

70% Max TP

2x2; Rep-4

2x4; Rep-2


