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4.1.1.2
Evaluation results


The evaluation results from companies for test cases in Table 4.1.1-1 are depicted in Figure 1 to Figure 3. 
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Figure 1 Simulation results for TM2 (Huawei, R4-1710548)
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Figure 2 Simulation results for TM2 (Intel, R4-1710400)
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Figure 3 Simulation results for TM2 (Qualcomm, R4-1710311)
The evaluation results from companies for test cases in Table 4.1.1-3 are depicted in Figure 4 to Figure 6.
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Figure 4 Simulation results for TM3 (Huawei, R4-1710548)
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Figure 5 Simulation results for TM3 (Intel, R4-1710401)
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Figure 6 Simulation results for TM3 (Qualcomm, R4-1710311)
Additional independent simulation results from interested companies for the MU-MIMO with single layer and TM9 with dual-layer transmission scenarios not captured in the Table 4.1.1-1and 4.1.1-3can be found in Figure B-1 to Figure B-2 in Annex B. 
4.1.1.3
Summary of link level evaluation results

The companies’ evaluation results of TM2 and TM3 as depicted in section 4.1.1.2 are summarised in Table 4.1.1-4 and Table 4.1.1-5 respectively.
Table 4.1.1-4 Summary of TM2 simulation results
	Source
	Transmission mode
	Bandwidth and MCS


	Reference channel


	Propagation condition


	Correlation matrix and antenna config.
	SNR(dB)@70% MaxTP
	Performance gain (dB) of 8Rx compared to 4Rx

	
	
	
	
	
	
	2x4
	2x8
	

	Huawei,

HiSilicon
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	Medium correlation A, ULA for 2x4 /Medium correlation B, ULA, for 2x8
	2.3
	0.25
	2.05

	Intel
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	Medium correlation A, ULA for 2x4 /Medium correlation B, ULA, for 2x8
	1.2
	-2.6
	3.8

	Qualcomm
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	Medium correlation A, ULA for 2x4 /Medium correlation B, ULA, for 2x8
	1.5
	-1.1
	2.6

	Average value
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	Medium correlation A, ULA for 2x4 /Medium correlation B, ULA, for 2x8
	1.7
	-1.2
	2.9


Table 4.1.1-5 Summary of TM3 simulation results
	Source
	Transmission mode
	Bandwidth and MCS


	Reference channel


	Propagation condition


	Correlation matrix 
	SNR(dB)@70% MaxTP
	Performance gain (dB) of 8Rx compared to 4Rx

	
	
	
	
	
	
	2x4
	2x8
	

	Huawei,

HiSilicon
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	Low
	6.38
	2.58
	3.80

	Intel
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	Low
	5.5
	1.6
	3.9

	Qualcomm
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	Low
	5.5
	2.4
	3.1

	Average 
value  
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	Low
	5.8
	2.2
	3.6


From the results in Table 4.1.1-4, for TM2, 8Rx can achieve average 2.9dB performance gain compared to 4Rx with the assumptions in Table 4.1.1-1 and Table 4.1.1-2.

From the results in Table 4.1.1-5, for TM3 with dual-layer transmission, 8Rx can achieve average 3.6dB performance gain compared to 4Rx with the assumptions in Table 4.1.1-3.
4.1.1.3A
Miscellaneous observations
The observation in this section is not based on common understanding from RAN4, and reflects individual interested company’s   own view based on the independent evaluation results. 
From Figure B-1 in Annex B for the single-layer MU-MIMO scenario, some company observes that:

a. The gain obtained from 8Rx reduces to about 1.5dB compared to 4Rx in low correlation cases;

b. If the same Medium Correlation A (MedCorrA) is applied, 8Rx slightly underperforms 4Rx;

c. 8Rx with MedCorrB obtains about 3dB gain against 4Rx with MedCorrA at 70% of maximum configured throughput.

From Figure B-2 for the TM9 with dual-layer case, it is observed that, for SNR greater than 30dB and Medium Correlation A case, 4×4 antenna configuration obtains slightly higher throughput than 4×8 antenna configuration.
Some company views that the combination of medium correlation A and 8Rx ULA antenna model considered in Figure B-1 is too pessimistic assumption, and XPOL antenna model can better represent the practical 8Rx UE implementation. 
< End of first change >
<Start of second change >
4.1.2.2
Evaluation results

Throughout the rest of this report,, “64QAM MCS table” refers to Table 7.1.7.1-1 in TS 36.213 with maximum modulation order of 6 and “256QAM MCS table” refers to Table 7.1.7.1-1A in TS 36.213 with maximum modulation order of 8 unless otherwise stated.
4.1.2.2.1
Fading channel: EPA5 and Low correlation
Companies’ evaluation results of test cases in Table 4.1.2-1 are depicted in Figure 7 to Figure 21.
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Figure 7 Simulation results for Rank=4 with 64QAM MCS table (Huawei, R4-1710549)
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Figure 8 Simulation results for Rank=5 with 64QAM MCS table (Huawei, R4-1710549)
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Figure 9 Simulation results for Rank=5 with 64QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 10 Simulation results for Rank=5 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 11 Simulation results for Rank=6 with 64QAM MCS table (Huawei, R4-1710549)
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Figure 12 Simulation results for Rank=6 with 64QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 13 Simulation results for Rank=6 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 14 Simulation results for Rank=7 with 64QAM MCS table (Huawei, R4-1710549)
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Figure 15 Simulation results for Rank=7 with 64QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 16 Simulation results for Rank=7 with 256 QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 17 Simulation results for Rank=8 with 64QAM MCS table (Huawei, R4-1710549)
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Figure 18 Simulation results for Rank=8 with 64QAM MCS table (Intel, R4-1710402)
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Figure 19 Simulation results for Rank=8 with 256QAM MCS table (Intel, R4-1710402)
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Figure 20 Simulation results for Rank=8 with 64QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 21 Simulation results for Rank=8 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)

4.1.2.2.2
SDR (Static propagation condition)
Companies’ evaluation results of SDR are depicted in Figure 22 to Figure 25.
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Figure 22 Simulation results for SDR test with 64QAM MCS table (Huawei, R4-1710549)
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Figure 23 Simulation results for SDR test with 256QAM MCS table (Huawei, R4-1710549)
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Figure 24 Simulation results for SDR test with 256QAM MCS table (Intel, R4-1710403)

[image: image25]
Figure 25 Simulation results for SDR with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)
Additional independent simulation results from the interested companies for the scenarios not captured in Table 4.1.2-1 can be found in Figure B-3 to B-6 in Annex B.
4.1.2.3
Summary of link level evaluation results

4.1.2.2.1
Fading channel: EPA5 and Low correlation 
Companies’ evaluation results of achieved maximum TBS index (which can be totally decoded rightly) of TM9 with rank=4/5/6/7/8 in EPA5 channel model as depicted in section 4.1.2.2 are summarised in Table 4.1.2-3.
Table 4.1.2-3 Achieved max TBS index of TM9
	Source
	Transmission mode
	MCS table
	Propagation condition


	Correlation matrix and antenna config.
	TBS index

	
	
	
	
	
	Rank=4
	Rank=5
	Rank=6
	Rank=7
	Rank=8

	Huawei,

HiSilicon
	TM9
	64QAM MCS table
	EPA5
	8x8 Low
ULA
	22
	21
	20
	19
	17

	Intel
	TM9
	64QAM MCS table
	EPA5
	8x8 Low ULA
	
	
	
	
	15

	Intel
	TM9
	256QAM MCS table
	EPA5
	8x8 Low ULA
	25
	
	
	
	

	Qualcomm
	TM9
	64QAM MCS table
	EPA5
	8x8 Low ULA
	
	24
	23
	22
	21

	Qualcomm
	TM9
	256QAM MCS table
	EPA5
	8x8 Low ULA
	
	28
	27
	22
	21


The achieved performance gain of rank=5/6/7/8 compared to rank=4 in EPA5 channel model with low correlation are summarized in Table 4.1.2-4 and Table 4.1.2-4A.
Table 4.1.2-4 Throughput gain of different ranks compared to rank=4
	Source
	Transmission mode
	Propagation condition


	MCS table
	Correlation matrix and antenna config.
	TP gain=
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	Rank=5
	Rank=6
	Rank=7
	Rank=8

	Huawei,

HiSilicon
	TM9
	EPA5
	64QAM MCS table
	8x8 Low,

ULA
	19.8%/21.2%
	37.9%/38.3%
	47.8%/54.6%
	34.2%/45.5%

	Qualcomm
	TM9
	EPA5
	64QAM MCS table
	8x8 Low, ULA
	20.1%/24.9%
	38.4%/39.6%
	46.9%/55.6%
	45.8%/58.0%

	Average value
	TM9
	EPA5
	64QAM MCS table
	8x8 Low, ULA
	20.0%/23.1%
	38.2%/39.0%
	47.4%/55.6%
	40.0%/51.8%


Table 4.1.2-4A Throughput gain of different ranks compared to rank=4
	Source
	Transmission mode
	Propagation condition


	MCS table
	Correlation matrix and antenna config.
	TP gain=
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	Rank=5
	Rank=6
	Rank=7
	Rank=8

	Qualcomm
	TM9
	EPA5
	256QAM MCS table
	8x8 Low,

ULA
	1.1%/8.9%
	13.4%/22.2%
	4.6%/28.3%
	4.6%/13.4%


From Table 4.1.2-4, it is observed that when 64QAM MCS table is used, the average throughput gain of 8Rx with Rank>4 compared to 4Rx with rank=4 is as large as 47.4% and 55.6% at SNR of 36dB and 40dB respectively.  From Table 4.1.2-4A, it is observed that when 256QAM MCS table is used, the throughput gain of 8Rx with Rank> 4 compared to 4Rx with rank=4 is as large as 28.3% at 40dB SNR where the highest gain is observed under rank=7 transmission.
4.1.2.3.2
SDR (Static propagation condition)
Companies’ evaluation results of SDR as depicted in section 4.1.2.2 are summarised in following Table 4.1.2-5 and Table 4.1.2-5. Table 4.1.2-5 provides the summary of throughput for different TBS at 36dB and 40dB and Table 4.1.2-6 provides the TB success rate at 36dB and 40dB for the corresponding TBS index in Table 4.1.2-5.
Table 4.1.2-5 Throughput for different TBS at 36dB and 40dB (SDR)
	TBS Index
	Achieved Max throughput
 (Mbps)

TP_36dB/TP_40dB

	
	Huawei(Note 2)
	Intel
	Qualcomm (Note1)

	
	64QAM MCS table
	256QAM MCS table
	64QAM MCS table
	256QAM MCS table
	64QAM MCS table
	256QAM MCS table

	22
	220.2720/220.2720
	
	
	
	
	

	23
	224.0420/224.0420
	
	
	
	
	

	…
	
	
	
	
	
	

	25
	
	
	
	231.293/231.293


	
	169/169

	…
	
	
	
	
	
	

	29
	
	293.7120/293.7120
	
	
	
	199/199

	30
	
	283.3776/293.7120
	
	
	
	179/205

	Note 1: 41RB allocation with 80% scheduling

Note 2: 50RB allocation with 100% scheduling. 


Table 4.1.2-6 TB success rate at 36dB and 40dB (SDR)

	TBS Index
	TB success rate

Rate_36dB/Rate_40dB

	
	Huawei
	Company 1

	
	64QAM MCS table 
	256QAM MCS table
	64QAM MCS table
	256QAM MCS table

	22
	100%/100%
	
	
	

	23
	97%/97%
	
	
	

	…
	
	
	
	

	29
	
	100%/100%
	
	

	30
	
	90%/100%
	
	

	Note :
The TB success rate is defined as TB success rate = 100%*NDL_correct_rx/    (NDL_newtx + NDL_retx), where  NDL_newtx is the number of newly transmitted DL transport blocks, NDL_retx is the number of retransmitted DL transport 
blocks, and NDL_correct_rx is the number of correctly received DL transport blocks.


Based on the reference channel R.31-7 FDD and R.68-4 FDD of existing SDR tests for 4Rx, the achieved maximum TP are 126.6Mbps and 168.8Mbps for 64QAM and 256 QAM. The 8Rx can achieve 73% and 74% SDR gain compared to 4Rx for 64QAM and 256QAM respectively.
4.1.2.3A
Miscellaneous observation
The observation in this section is not based on common understanding from RAN4 and reflects individual interested company’s own view based on the independent simulation results. Good low antenna correlation can be maintained in the practical implementation.
From Figure B-3 in Annex B, some company observes that the throughput performance of rank=8 degrades dramatically with a slight increase in β from zero to 10-6. Therefore, in order to achieve satisfactory performance by using 8Rx for ranks higher than 4, good low antenna correlation has to be maintained. 
Some company views that the combination of larger β and 8Rx ULA antenna model considered in Figure B-3 is too pessimistic assumption, and XPOL antenna model can better represent the practical 8Rx UE implementation. 
<End of second change >
<Start of third change >
4.2.2
Evaluation results

The evaluation results of PCFICH/PDCCH from companies for test cases in Table 4.2.1-1 are depicted in Figure 26 to Figure 28.

[image: image28.png]Pr-dsg

PCIFCH/PDCCH, 2Tk

10 o =
—e— 2T4R4CCE
—&— 2TBRACCE
—e—2TBR 20CE
o Prdag=1%

1o’

2
10
o i | | | H i i

A2

E] E] B 5 5 4
SNR(dE)





Figure 26 Simulation results for PCFICH/PDCCH (Huawei, R4-1710550)
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Figure 27 Simulation results PCFICH/PDCCH (Intel, R4-1710406)
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Figure 28 Simulation results for PCFICH/PDCCH (Qualcomm, R4-1710311)

4.2.3
Summary of link level evaluation results

The companies’ evaluation results of PCFICH/PDCCH test cases in Table 4.2.1-1 are summarised in Table 4.2.1-2.
Table 4.2.1-2 Summary of PCFICH/PDCCH simulation results

	Source
	SNR(dB)@ Pm-dsg=1%

	
	4CCE
	2CCE

	
	4Rx
	8Rx
	Performance gain (dB) of 8Rx compared to 4Rx
	4Rx
	8Rx
	Performance gain (dB) of 8Rx compared to 4Rx

	Huawei
	-5.5
	-8.4
	2.9
	N/A
	-5.6
	N/A

	Intel
	-5.6
	-8.4
	2.8
	-2.7
	-5.8
	3.1

	Qualcomm
	-5.7
	-9.4
	3.7
	N/A
	-6.7
	N/A

	Average value
	-5.6
	-8.7
	3.1
	-2.7
	-6.0
	3.3


From the evaluation results in Table 4.2.1-2, with the same CCE aggregation level for both 8Rx and 4Rx, 8Rx can achieve average 3dB performance gain compared to 4Rx with 4CCE aggregation level. 8Rx with 2CCE aggregation level has slight performance gain compared to 4Rx with 4CCE aggregation level. It is also observed that Pm-dsg performance gain of 8Rx is realized at very low SNR under -5dB where UE may have handed over to a new target cell, or achieved at extremely low Pm-dsg regime under 0.1% which may not improve effective PDSCH throughput.
< End of third change >
<Start of third change >
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Annex B:
Additional independent simulation results from interested companies.
Miscellaneous PDSCH demodulation simulation result for rank lower than 4 from the individual interested companies are depicted in Figure B-1 to Figure B-2.
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Figure B-1 Normalized throughput performance for TM9, single-layer spatial multiplexing, EPA5 (Intel, R4-1710399)
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Figure B-2 Normalized throughput performance for TM9, dual-layer spatial multiplexing, EPA5 (Intel, R4-1710399)
Miscellaneous PDSCH demodulation simulation results for rank higher than 4 from the individual interested companies are depicted in Figure B-3 to Figure B-6.
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Figure B-3 Normalized throughput performance for TM9 8×8 8-layer Spatial Multiplexing under 64QAM MCS table (Intel, R4-1710399)
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Figure B-4 Simulation results for Rank=5 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872) 
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Figure B-5 Simulation results for Rank=6 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)


[image: image36]
Figure B-6 Simulation results for Rank=7 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)
<End of second change >
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