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1   Background
A new SI on LTE DL 8Rx antenna ports [1] was approved in RAN#76. The objectives of PDSCH with rank higher than 4 are listed in the following. In this contribution, simulation assumptions and initial evaluation results are provided. 
1.1.1   4.1
Objective of SI or Core part WI or Testing part WI

The study item has the following objectives for evaluation of performance for downlink 8Rx antennas:

· Evaluation of PDSCH demodulation performance with 8Rx for the transmissions with rank higher than 4 

· Identify the scenarios for the evaluations 

· Identify the necessary parameters including MCS, rank (>4), antenna configuration and MIMO channel correlation, and propagation conditions

· Minimize the evaluation case numbers as much as possible

· Run link level simulations, and investigate the operating SNR for higher layer transmission
· Use MMSE-IRC as the reference receiver

· Based on the above evaluation results, identify the UE RF, RRM and UE performance requirements, which will be specified.

· Identify the scope and objectives of UE performance requirements for 8Rx
· UE demodulation requirements

· CSI requirements
2   Simulation assumptions

In the companion paper, the following cases in Table 1 were proposed. In the subsection of section 2, the detailed simulation assumptions are provided.
Table 1 list of evaluation cases

	tests cases
	Transmission

Mode
	Set up

	PDSCH
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>

rank


	TM9
	10MHz, 8x8 low, EPA5,rank5 

	
	
	10MHz, 8x8 low, EPA5,rank6

	
	
	10MHz, 8x8 low, EPA5,rank7

	
	
	10MHz, 8x8 low,EPA5,rank8


2.1   PDSCH

2.1.1   Rank>4

2.1.1.1   Rank=8
Table 2 simulation assumptions for TM9 8 layer

	Test number
	Transmission mode
	DMRS Ports
	Bandwidth and MCS
	Reference channel
	Propagation condition
	Correlation matrix and antenna config.

	1
	TM9
	Port 7~14
	10 MHz

16QAM
	R.aa FDD
	EPA5
	8x8 Low

	2
	TM9
	Port 7~14
	10 MHz

16QAM
	R.bb FDD
	EPA5
	8x8 Low


Table 2A Parameters for fixed reference channel 
	Reference channel
	
	R.aa FDD
	R.bb FDD

	Channel bandwidth
	MHz
	10
	10

	Allocated resource blocks
	
	50 (Note 3)
	50 (Note 3)

	Allocated subframes per Radio Frame
	
	9
	9

	Modulation
	
	16QAM
	16QAM

	Target Coding Rate
	
	0.26~0.32
	0.56~0.63

	Information Bit Payload 
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	25456
	51024

	  For Sub-Frames 2,3,7,8
	Bits
	25456
	51024

	  For Sub-Frame 5
	Bits
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	21384
	42368

	Number of Code Blocks (Note 4)
	
	
	

	  For Sub-Frames 1,4,6,9
	Code blocks
	5
	9

	  For Sub-Frames 2,3,7,8
	Code blocks
	5
	9

	  For Sub-Frame 5
	Bits
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	4
	7

	Binary Channel Bits
	
	
	

	For Sub-Frames 1,6
	Bits
	TBD
	TBD

	  For Sub-Frames 4,9
	Bits
	TBD
	TBD

	  For Sub-Frames 2,7
	Bits
	TBD
	TBD

	  For Sub-Frames 3,8
	Bits
	TBD
	TBD

	  For Sub-Frame 5
	Bits
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	
	

	Max. Throughput averaged over 1 frame 
	Mbps
	22.503
	45.056

	Note 1:
2 symbols allocated to PDCCH. 

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].


2.1.1.2   Rank=7
Table 3 simulation assumptions for TM9 7 layer

	Test number
	Transmission mode
	DMRS Ports
	Bandwidth and TBS
	Reference channel
	Propagation condition
	Correlation matrix and antenna config.

	1
	TM9
	Port 7~13
	10 MHz

16QAM,TBS=13
	R.gg FDD
	EPA5
	8x8 Low


Table 3A Parameters for fixed reference channel 
	Reference channel
	
	R.gg FDD

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	50 (Note 3)

	Allocated subframes per Radio Frame
	
	9

	Modulation
	
	16QAM

	Target Coding Rate
	
	

	Information Bit Payload 
	
	

	  For Sub-Frames 1, 2,3,4,6,7,8,9
	Bits
	39232(CW0)
51024(CW1)

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0
	Bits
	31704(CW0)

42368(CW1)

	Number of Code Blocks (Note 4)
	
	

	  For Sub-Frames 1, 2,3,4,6,7,8,9
	Code blocks
	7(CW0)

9(CW1)

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0
	Bits
	6(CW0)

7(CW1)

	Binary Channel Bits
	
	

	For Sub-Frames 1,6
	Bits
	TBD

	  For Sub-Frames 4,9
	Bits
	TBD

	  For Sub-Frames 2,7
	Bits
	TBD

	  For Sub-Frames 3,8
	Bits
	TBD

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0
	Bits
	76032

	Max. Throughput averaged over 1 frame 
	Mbps
	34.556(CW0)
45.065(CW1)


2.1.1.3   Rank=6
Table 4 simulation assumptions for TM9 6 layer

	Test number
	Transmission mode
	DMRS Ports
	Bandwidth and TBS
	Reference channel
	Propagation condition
	Correlation matrix and antenna config.

	1
	TM9
	Port 7~12
	10 MHz

16QAM,TBS=13
	R.ee FDD
	EPA5
	8x8 Low

	2
	TM9
	Port 7~12
	10 MHz

16QAM,TBS=16
	R.ff FDD
	EPA5
	8x8 Low


Table 4A Parameters for fixed reference channel 
	Reference channel
	
	R.ee FDD
	R.ff FDD

	Channel bandwidth
	MHz
	10
	10

	Allocated resource blocks
	
	50 (Note 3)
	50 (Note 3)

	Allocated subframes per Radio Frame
	
	9
	9

	Modulation
	
	16QAM
	16QAM

	Target Coding Rate
	
	TBD
	TBD

	Information Bit Payload 
	
	
	

	  For Sub-Frames 1, 2,3,4,6,7,8,9
	Bits
	39232
	48936

	  For Sub-Frame 5
	Bits
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	31704
	45352

	Number of Code Blocks (Note 4)
	
	
	

	  For Sub-Frames 1, 2,3,4,6,7,8,9
	Code blocks
	7
	8

	  For Sub-Frame 5
	Bits
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	6
	8

	Binary Channel Bits
	
	
	

	For Sub-Frames 1,6
	Bits
	TBD
	TBD

	  For Sub-Frames 4,9
	Bits
	TBD
	TBD

	  For Sub-Frames 2,7
	Bits
	TBD
	TBD

	  For Sub-Frames 3,8
	Bits
	TBD
	TBD

	  For Sub-Frame 5
	Bits
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	
	

	Max. Throughput averaged over 1 frame 
	Mbps
	34.5560
	43.6840

	Note 1:
2 symbols allocated to PDCCH. 

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].


2.1.1.4   Rank=5
Table 5 simulation assumptions for TM9 5 layer

	Test number
	Transmission mode
	DMRS Ports
	Bandwidth and TBS
	Reference channel
	Propagation condition
	Correlation matrix and antenna config.

	1
	TM9
	Port 7~11
	10 MHz

16QAM,TBS=13
	R.cc FDD
	EPA5
	8x8 Low

	2
	TM9
	Port 7~11
	10 MHz

16QAM,TBS=16
	R.dd FDD
	EPA5
	8x8 Low


Table 5A Parameters for fixed reference channel 
	Reference channel
	
	R.cc FDD
	R.dd FDD

	Channel bandwidth
	MHz
	10
	10

	Allocated resource blocks
	
	50 (Note 3)
	50 (Note 3)

	Allocated subframes per Radio Frame
	
	9
	9

	Modulation
	
	16QAM
	16QAM

	Target Coding Rate
	
	TBD
	TBD

	Information Bit Payload 
	
	
	

	  For Sub-Frames 1, 2,3,4,6,7,8,9
	Bits
	25456(CW0)

39232(CW1)
	32856(CW0)

48936(CW1)

	  For Sub-Frame 5
	Bits
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	21384(CW0)

31704(CW1)
	30576(CW0)

45352(CW1)

	Number of Code Blocks (Note 4)
	
	
	

	  For Sub-Frames 1, 2,3,4,6,7,8,9
	Code blocks
	5(CW0)

7(CW1)
	6(CW0)

8(CW1)

	  For Sub-Frame 5
	Bits
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	4(CW0)

6(CW1)
	6(CW0)

8(CW1)

	Binary Channel Bits
	
	
	

	For Sub-Frames 1,6
	Bits
	TBD
	TBD

	  For Sub-Frames 4,9
	Bits
	TBD
	TBD

	  For Sub-Frames 2,7
	Bits
	TBD
	TBD

	  For Sub-Frames 3,8
	Bits
	TBD
	TBD

	  For Sub-Frame 5
	Bits
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	76032
	76032

	Max. Throughput averaged over 1 frame 
	Mbps
	22.5032(CW0)
34.5560(CW1)
	29.3423(CW0)
43.6840(CW0)

	Note 1:
2 symbols allocated to PDCCH. 

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].


2.2   SDR test
Table 6: FRC for SDR test 

	MIMO layer
	Modulation 
	Bandwidth
	MCS/TBS

	8 layer
	64QAM
	10
	21/19

	
	
	10
	22/20

	
	
	10
	25/23

	
	
	10
	26/24

	
	256QAM
	10
	19/24

	
	
	10
	20/25


3   Simulation results

3.1   PDSCH

3.1.1   Rank>4
3.1.1.1   Rank=8
The simulation results of TM9 with 16QAM/coding rate=0.3 is provided in Figure 1-a. And simulation results of TM9 with 16QAM/coding rate=0.6 is provided in Figure 1-b.
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Figure 1-a simulation results for TM9, 8layer, R.aa
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Figure 1-b simulation results for TM9, 8layer, R.bb
3.1.1.2   Rank=7
The simulation results of TM9 with 7 layers is provided in Figure 2.
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Figure 2 simulation results for TM9, 5layer, R.gg
3.1.1.3   Rank=6
The simulation results of TM9 with 6 layers is provided in Figure 3.
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Figure 3 simulation results for TM9, 5layer, R.ee/ff

3.1.1.4   Rank=5
The simulation results of TM9 with 5 layers is provided in Figure 4.
[image: image6.png]Throughput(Mbps)

TMS, 848, Rank=5

70%MaxTP | |

15
SNR(dE)





Figure 4 simulation results for TM9, 5layer, R.cc/dd

3.2   SDR test
The simulation results of SDR evaluation are depicted in Figure 5~7.
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Figure 5 simulation results for 64QAM, EVM=3%
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Figure 6 simulation results for 64QAM, EVM=6%
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Figure 7 simulation results for 256QAM, EVM=3%
From the simulation results in Figure 5~7, it can be observed that
Observation 1:

· with the assumption EVM=3%,
· 64QAM with TBS23 can achieve the peak throughput.

· 256QAM with MCS25 can achieve the peak throughput.

·  with the assumption EVM=6%, 
· 64QAM with TBS20 can achieve the peak throughput.

4   Conclusion
In this contribution, the initial PDSCH evaluation results are provided. The conclusions are 
Observation 1:

· with the assumption EVM=3%,

· 64QAM with TBS23 can achieve the peak throughput.

· 256QAM with MCS25 can achieve the peak throughput.

·  with the assumption EVM=6%, 

· 64QAM with TBS20 can achieve the peak throughput.
5   Reference

[1] RP-171491,“New SI proposal: Study on LTE DL 8Rx antenna ports”，  RAN Meeting #76，Huawei, HiSilicon，
_1563182731.unknown

