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1. Introduction

In RAN4 #86 meeting a WF on FeCoMP UE performance requirements [1] and FeCoMP UE PDSCH simulation assumptions [2] were agreed. The following agreements on the PDSCH demodulation requirements were made:
	· Test cases

· RAN4 84bis: Test #1: 2RX UE receives 2 MIMO layers PDSCH (1 MIMO layer per TP)

· RAN4 85: Test #2: 4RX UE, 3 MIMO layers PDSCH (2 MIMO layer from TP1 and 1 MIMO layer from TP2)

· Test #3: 4RX UE, 4 MIMO layers PDSCH (2 MIMO layer from TP1 and 2 MIMO layer from TP2)

· Antenna configuration:

· RAN4 84bis: Test #1: 2x2 ULA low (for TP1-UE and TP2-UE links)

· RAN4 85: Test #2: 4x4 ULA low (for TP1-UE and TP2-UE links)

· Test #3: 4x4 ULA low (for TP1-UE and TP2-UE links)

· Power imbalance 

· RAN4 84bis: Test #1: Equal power between the TPs (SNRTP1 = SNRTP2)

· RAN4 85: Test #2: TP2 SNR is [3] dB lower than TP1 SNR (SNRTP1 = SNRTP2 + [3]dB)

· Test #3: Equal power between the TPs (SNRTP1 = SNRTP2)

· FRC: 

· RAN4 84bis: Test #1: 16QAM, 1/2, Rank 1 for each TP

· RAN4 85: Test #2: 

· TP1: 16QAM, 1/2, Rank 2

· TP2: 16QAM, 1/2, Rank 1

· Test #3: 16QAM, 1/2, Rank 2 for each TP

· Number of CRS APs: 

· RAN4 84bis: Test #1: 2 CRS APs for each TP

· Tests #2: 2 CRS APs for each TP

· Tests #3: 4 CRS APs for each TP


In this paper we provide alignment and impairment results for FeCoMP PDSCH test cases.

2. Simulation results

In this section we provide our simulation results for scenarios with NC-JT transmission: 
· Scenario #1: 2RX UE receives 2 MIMO layers PDSCH (1 MIMO layer per TP)
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· Scenario #2: 4RX UE receives 3 MIMO layers PDSCH (1 layer from TP1 and 2 layers from TP2)
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· Scenario #3: 4RX UE receives 4 MIMO layers PDSCH (2 layer from TP1 and 2 layers from TP2)
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For each scenario we consider the following cases:
· Case #1: Only TP1 is active (i.e. conventional SU-MIMO)
· Case #2: Both TP1 and TP2 are active (i.e. NC-JT). UE applies practical time/frequency offset estimation/compensation of signal from TP 2.

In Figure 1, Figure 2 and Figure 3 we present simulation results for scenarios with 2 RX UE (#1) and 4 Rx UE (#2 and #3) respectively. Detailed simulation assumptions are provided in [2].
	FDD mode
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	TDD mode
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	Figure 1. Simulation results for Test case #1 (2 Rx UE, 2 MIMO layers PDSCH)


	FDD mode
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	Figure 2. Simulation results for Test case #1 (4 Rx UE, 3 MIMO layers PDSCH)


	FDD mode
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	TDD mode
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	Figure 3. Simulation results for Test case #1 (4 Rx UE, 4 MIMO layers PDSCH)


In Table 1 we provide summary of FeCoMP PDSCH impairments results
Table 1. FeCoMP simulations summary

	Test case
	Impairment results
SNR TP1 @ 70% Max T-put, dB

	
	FDD
	TDD

	Test case #1
	10.3
	10.2

	Test case #2
	10.5
	10.6

	Test case #3
	14.8
	14.9


3. Conclusions

In this paper we provided alignment and impairment results for FeCoMP PDSCH test cases.
The simulation results are also summarized in the attached Excel spreadsheets:

[image: image10.emf]Summary FeCoMP  UE Demod sim.xlsx
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Summary



		Alignment results

		Test		Duplex mode		Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9		SPAN		AVERAGE SNR

		Test 1 (2 RX UE, 2 MIMO layers)		FDD		8.3																		0.0		8.3

				TDD		8.2																		0.0		8.2

		Test 2 (4 RX UE, 3 MIMO layers)		FDD		8.5																		0.0		8.5

				TDD		8.6																		0.0		8.6

		Test 3 (4 RX UE, 4 MIMO layers)		FDD		12.8																		0.0		12.8

				TDD		12.9																		0.0		12.9

		Impairment results

		Test		Duplex mode		Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9		SPAN		AVERAGE SNR		MARGIN		REQUIREMENT

		Test 1 (2 RX UE, 2 MIMO layers)		FDD		10.3																		0.0		10.3		0.5		10.8

				TDD		10.2																		0.0		10.2		0.5		10.7

		Test 2 (4 RX UE, 3 MIMO layers)		FDD		10.5																		0.0		10.5		0.5		11.0

				TDD		10.6																		0.0		10.6		0.5		11.1

		Test 3 (4 RX UE, 4 MIMO layers)		FDD		14.8																		0.0		14.8		0.5		15.3

				TDD		14.9																		0.0		14.9		0.5		15.4





PDSCH test 1

				Test case 1 (2RX UE, 2 MIMO layers PDSCH), FDD																								Test case 1 (2RX UE, 2 MIMO layers PDSCH), TDD



				Max Tput		20.2224																						Max Tput		9.1696

				SNR, dB		Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9						SNR, dB		Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-4.0		0.7																						-4.0		0.4

				-2.0		2.5																						-2.0		1.1

				0.0		4.8																						0.0		2.2

				2.0		7.1																						2.0		3.1

				4.0		9.2																						4.0		4.1

				6.0		11.5																						6.0		5.2

				8.0		13.8																						8.0		6.3

				10.0		16.2																						10.0		7.4

				12.0		18.0																						12.0		8.2

				14.0		19.2																						14.0		8.7

				16.0		19.8																						16.0		9.0

				18.0		20.0																						18.0		9.1

				20.0		20.1																						20.0		9.1

				22.0		20.2																						22.0		9.1

				24.0																								24.0









				SNR @ 
70% max T-Put		8.3																						SNR @ 
70% max T-Put		8.2																

				14.16																								6.42



Test case 1, FDD

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	0.73386499999999999	2.4885999999999999	4.8498900000000003	7.1017599999999996	9.2454199999999993	11.465299999999999	13.814	16.197500000000002	18.0198	19.170000000000002	19.787500000000001	20.041599999999999	20.123699999999999	20.150700000000001	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



Test case 1, TDD

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	0.36976399999999998	1.1205099999999999	2.1638500000000001	3.1209199999999999	4.0946300000000004	5.1581700000000001	6.2955199999999998	7.4067299999999996	8.2332800000000006	8.7312700000000003	8.9847300000000008	9.0807800000000007	9.1100100000000008	9.1183300000000003	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]





PDSCH test 2

				Test case 2 (4RX UE, 3 MIMO layers PDSCH), FDD																								Test case 2 (4RX UE, 3 MIMO layers PDSCH), TDD



				Max Tput		30.3552																						Max Tput		13.8992

				SNR, dB		Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9						SNR, dB		Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-4.0		0.1																						-4.0		0.1

				-2.0		2.3																						-2.0		1.1

				0.0		7.4																						0.0		3.2

				2.0		10.5																						2.0		4.6

				4.0		13.3																						4.0		5.6

				6.0		15.9																						6.0		7.0

				8.0		20.0																						8.0		9.1

				10.0		25.5																						10.0		11.7

				12.0		28.9																						12.0		13.2

				14.0		30.0																						14.0		13.7

				16.0		30.2																						16.0		13.8

				18.0		30.2																						18.0		13.8

				20.0		30.3																						20.0		13.9

				22.0		30.3																						22.0		13.9

				24.0																								24.0









				SNR @ 
70% max T-Put		8.5																						SNR @ 
70% max T-Put		8.6																

				21.25																								9.73



Test case 2, FDD

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	9.08244E-2	2.2720500000000001	7.3545499999999997	10.485099999999999	13.324299999999999	15.885999999999999	19.985900000000001	25.549700000000001	28.873000000000001	29.956900000000001	30.1812	30.243300000000001	30.2666	30.284199999999998	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



Test case 2, TDD

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	0.111108	1.10412	3.1537000000000002	4.5939399999999999	5.6175899999999999	7.0318199999999997	9.0789600000000004	11.665100000000001	13.2241	13.714	13.819100000000001	13.8436	13.8528	13.8538	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]





PDSCH test 3

				Test case 3 (4RX UE, 4 MIMO layers PDSCH), FDD																								Test case 3 (4RX UE, 4 MIMO layers PDSCH), TDD



				Max Tput		40.488																						Max Tput		18.6288

				SNR, dB		Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9						SNR, dB		Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-4.0		0.0																						-4.0		0.0

				-2.0		0.8																						-2.0		0.6

				0.0		5.7																						0.0		2.4

				2.0		11.1																						2.0		4.8

				4.0		14.1																						4.0		6.2

				6.0		17.1																						6.0		7.2

				8.0		19.7																						8.0		8.4

				10.0		22.4																						10.0		10.0

				12.0		26.5																						12.0		12.0

				14.0		31.6																						14.0		14.5

				16.0		35.6																						16.0		16.6

				18.0		38.2																						18.0		17.7

				20.0		39.5																						20.0		18.3

				22.0		40.1																						22.0		18.5

				24.0																								24.0









				SNR @ 
70% max T-Put		12.8																						SNR @ 
70% max T-Put		12.9																

				28.34																								13.04



Test case 3, 2 CRS APs

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	4.9620000000000003E-3	0.76758000000000004	5.7360800000000003	11.131500000000001	14.071300000000001	17.050799999999999	19.672999999999998	22.376999999999999	26.542899999999999	31.5595	35.6021	38.236600000000003	39.537599999999998	40.107599999999998	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



Test case 3, 4 CRS APs

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	1.9051200000000001E-2	0.56453299999999995	2.3929200000000002	4.7689300000000001	6.2145000000000001	7.15313	8.4088799999999999	9.9826499999999996	11.9838	14.472200000000001	16.550599999999999	17.739999999999998	18.266500000000001	18.459399999999999	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]
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