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1. Introduction

In the previous RAN4 meetings the following agreements on the CatM2 CRS IM test cases and simulation assumptions were made [1]:

	· Cat M2 requirements
· PDSCH test cases

· CE mode A

· Test #1: 

· No repetitions and no frequency hopping

· TM6 with 4 CRS APs, MIMO Rank 1

· FRC: 16QAM (MCS14)

· Interference loading: 20%

· Test #2: 

· No repetitions and frequency hopping is FFS

· Option 1: No frequency hopping

· Option 2: Frequency hopping with frequency hopping offset = 5 and frequency hopping interval = 4 ms

· TM6 with 2 CRS APs, MIMO Rank 1

· FRC: 16QAM (MCS14)

· Interference loading: 10%

· MPDCCH test cases 

· CE mode A

· No repetitions and no frequency hopping

· Test #1: MPDCCH AL4, 0% interference loading

· Test #2: MPDCCH AL16, 10% interference loading

· TDD parameters

· UL/DL configuration 1

· Special subframe type 4


In this paper we provide alignment and impairment results for CatM2 UEs with CRS-IM.
2. PDSCH test parameters
In RAN4 86 it was agreed to further evaluate the 1RX CRS-IM performance for the case of using frequency hopping:
	· Test #2: 

· No repetitions and frequency hopping is FFS

· Option 1: No frequency hopping

· Option 2: Frequency hopping with frequency hopping offset = 5 and frequency hopping interval = 4 ms

· TM6 with 2 CRS APs, MIMO Rank 1

· FRC: 16QAM (MCS14)

· Interference loading: 10%


Frequency hopping mode was introduced for MTC communication to improve the frequency diversity under the coverage enhancement conditions and is actually applicable only under assumption when number of PDSCH repetitions is more than 1. In case of single repetition, eNB already has a sufficient scheduler freedom to allocate different RBs in different subframes. Assuming that the performance requirements were agreed to be defined under no repetitions assumption, using frequency hopping is no longer justified and does not have any impact on the demodulation performance.

Proposal #1:
Define 1RX CRS-IM CatM2 requirements under no frequency hopping assumptions
3. PDSCH simulation results
In this section we provide the PDSCH link level simulation results under the following assumptions:
· Transmission mode 6.
· Number of CRS APs, Interference profile and loading:

· Test #1 (Figure 1): 4 CRS APs, Loading 20%, INR1 = 10.45 dB, INR2 = 4.57 dB (Set 10 in [2])

· Test #2 (Figure 2): 2 CRS APs, Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB (Set 10 in [2])
· FRCs: 16QAM, MCS 14

· CE mode A
· Single repetition level

· Frequency hopping – Off

	Test #1 (TM6, 4 CRS APs) / FRC #2 (16QAM MCS 14) – FDD.
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	Test #1 (TM6, 4 CRS APs) / FRC #2 (16QAM MCS 14) – TDD.
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	Figure 1. PDSCH simulation results – Test #1.


	Test #2 (TM6, 2 CRS APs) / FRC #2 (16QAM MCS 14) – FDD.
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	Test #2 (TM6, 2 CRS APs) / FRC #2 (16QAM MCS 14) – TDD.
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	Figure 2. PDSCH simulation results – Test #2.


In Table 1 we provide the summary of PDSCH simulation results and in Table 2 we provide impairment results.
Table 1. PDSCH simulation results summary
	Scenario
	CRS-IM vs LMMSE-MRC SINR gain @ 70% Max T-put, dB
	CRS-IM SINR 
@ 70% Max T-put, dB

	
	FDD
	TDD
	FDD
	TDD

	PDSCH test #1
	1.9
	1.7
	-2.6
	-3.1

	PDSCH test #2
	2.3
	2.3
	-3.0
	-3.9


Table 2. PDSCH impairment results - SINR @ 70% Max T-put, dB
	Scenario
	FDD
	TDD

	PDSCH test #1
	11.1
	10.6

	PDSCH test #2
	12.0
	11.0


4. MPDCCH simulation results

In this section we provide the MPDCCH link level simulation results under the following assumptions:

· Number of CRS APs: 2

· Transmission type – Distributed

· Scenarios:

· Test #1 (Figure 3): MPDCCH AL4, 0% interference loading, CE mode A, No repetitions and no frequency hopping

· Test #2 (Figure 4): MPDCCH AL16, 10% interference loading, CE mode A, No repetitions and no frequency hopping

· Interference profile and loading:

· Scenario 1: Loading 0%, INR1 = 15.81 dB, INR2 = 10.5 dB (Set 10 in [3])

· Scenario 2: Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB (Set 10 in [3])

	Loading 0%, INR1 = 15.81 dB, INR2 = 10.5 dB – FDD.
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	Loading 0%, INR1 = 15.81 dB, INR2 = 10.5 dB – TDD.
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	Figure 3. MPDCCH simulation results – Test #1.


	Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB – FDD.
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	Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB – TDD.
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	Figure 4. MPDCCH simulation results – Test #2.


In Table 3 we provide the summary of MPDCCH simulation results. Impairments results are provided in Table 4.
Table 3. MPDCCH simulation results summary

	Scenario
	CRS-IM vs LMMSE-MRC gain @ 1% MPDCCH Pm-dsg, dB
	CRS-IM SINR @ 1% MPDCCH Pm-dsg, dB

	
	FDD
	TDD
	FDD
	TDD

	MPDCCH test #1
	5.2
	5.3
	-3.2
	-2.9

	MPDCCH test #2
	1.5
	1.4
	0.4
	0.6


Table 4. MPDCCH impairment results - SINR @ 1% MPDCCH Pm-dsg, dB
	Scenario
	FDD
	TDD

	MPDCCH test #1
	15.3
	15.7

	MPDCCH test #2
	14.9
	15.0


5. Conclusions

In this contribution we provided views on the CatM2 1RX CRS-IM UE performance requirements and provided detailed simulation results. In summary, we make the following proposal:

Proposal #1:
Define 1RX CRS-IM CatM2 requirements under no frequency hopping assumptions
The simulation results are also provided in the attached Excel spreadsheets:
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PDSCH Summary



		Alignment simulation results

		Test		Duplex mode		Loading		INR1		INR2		FRC		Intel				Company 2				Company 3				Company 4				Company 5				Company 6				Company 7				Company 8				Company 9				SPAN				AVERAGE SNR				AVERAGE SINR				Gain over MMSE

														MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		CRS-IM

		Test 1 (4 CRS APs)		FDD		20%		10.45		4.57		R.X3 FDD		11.0		9.1																																		0.0		0.0		11.0		9.1		-0.8		-2.6		1.9

				TDD								R.X3 TDD		10.3		8.6																																		0.0		0.0		10.3		8.6		-1.5		-3.1		1.7

		Test 2 (2 CRS APs)		FDD		10%		11.75		5.76		R.79 FDD		12.3		10.0																																		0.0		0.0		12.3		10.0		-0.6		-3.0		2.3

				TDD								R.79 TDD		11.3		9.0																																		0.0		0.0		11.3		9.0		-1.6		-3.9		2.3

		Impairment simulation results

		Test		Duplex mode		Loading		INR1		INR2		FRC		Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9		SPAN		AVERAGE		MARGIN		REQUIREMENT

		Test 1 (4 CRS APs)		FDD		20%		10.45		4.57		R.X3 FDD		11.1																		0.0		11.1		0.5		11.6

				TDD								R.X3 TDD		10.6																		0.0		10.6		0.5		11.1

		Test 2 (2 CRS APs)		FDD		10%		11.75		5.76		R.79 FDD		12.0																		0.0		12.0		0.5		12.5

				TDD								R.79 TDD		11.0																		0.0		11.0		0.5		11.5





PDSCH Test 1 FDD

				Test case 1, FDD, TM6, 4 CRS APs, Loading 20%, 16QAM (R.79 FDD)																																																Max Tput		0.149

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0.0		0.0																						0.0		0.0

				2.0		0.0																						2.0		0.0

				4.0		0.0																						4.0		0.1

				6.0		0.1																						6.0		0.1

				8.0		0.1																						8.0		0.1

				10.0		0.1																						10.0		0.1

				12.0		0.1																						12.0		0.1

				14.0		0.1																						14.0		0.1

				16.0		0.1																						16.0		0.1

				18.0		0.1																						18.0		0.1

				20.0		0.1																						20.0		0.1

				22.0																								22.0

				24.0																								24.0













				SNR @ 
70% max T-Put		11.0																						SNR @ 
70% max T-Put		9.1																

				0.10																								0.10



TM6, Loading 20%, 16QAM

LMMSE-MRC  receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	8.711E-3	2.1513999999999998E-2	3.9308000000000003E-2	5.9271999999999998E-2	7.8770999999999994E-2	9.6967999999999999E-2	0.11230999999999999	0.12363	0.13386000000000001	0.14018	0.14387	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



TM6, Loading 20%, 16QAM

CRS-IM receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	2.418E-2	4.1757000000000002E-2	6.0666999999999999E-2	7.9576999999999995E-2	9.7154000000000004E-2	0.11024	0.12127	0.13023000000000001	0.13724	0.14198	0.14480000000000001	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]





PDSCH Test 1 TDD

				Test case 1, TDD, TM6, 4 CRS APs, Loading 20%, 16QAM (R.79 TDD)																																																Max Tput		0.3856

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0.0		0.0																						0.0		0.1

				2.0		0.1																						2.0		0.1

				4.0		0.1																						4.0		0.2

				6.0		0.2																						6.0		0.2

				8.0		0.2																						8.0		0.3

				10.0		0.3																						10.0		0.3

				12.0		0.3																						12.0		0.3

				14.0		0.3																						14.0		0.3

				16.0		0.4																						16.0		0.4

				18.0		0.4																						18.0		0.4

				20.0		0.4																						20.0		0.4

				22.0																								22.0

				24.0																								24.0













				SNR @ 
70% max T-Put		10.3																						SNR @ 
70% max T-Put		8.6																

				0.27																								0.27



TM6, Loading 20%, 16QAM

LMMSE-MRC  receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	3.48703E-2	7.1592000000000003E-2	0.11741699999999999	0.16857800000000001	0.21887100000000001	0.264594	0.30248199999999997	0.33031500000000003	0.35154200000000002	0.366956	0.37562800000000002	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



TM6, Loading 20%, 16QAM

CRS-IM receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	7.6206700000000002E-2	0.12349400000000001	0.17255499999999999	0.221056	0.25992599999999999	0.29445500000000002	0.32132100000000002	0.34241899999999997	0.35891000000000001	0.37033700000000003	0.37750400000000001	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]





PDSCH Test 2 FDD

				Test case 2, FDD, TM6, 2 CRS APs, Loading 10%, 16QAM (R.X3 FDD)																																																Max Tput		0.149

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0.0		0.0																						0.0		0.0

				2.0		0.0																						2.0		0.0

				4.0		0.0																						4.0		0.1

				6.0		0.0																						6.0		0.1

				8.0		0.1																						8.0		0.1

				10.0		0.1																						10.0		0.1

				12.0		0.1																						12.0		0.1

				14.0		0.1																						14.0		0.1

				16.0		0.1																						16.0		0.1

				18.0		0.1																						18.0		0.1

				20.0		0.1																						20.0		0.1

				22.0																								22.0

				24.0																								24.0













				SNR @ 
70% max T-Put		12.3																						SNR @ 
70% max T-Put		10.0																

				0.10																								0.10



TM6, Loading 10%, 16QAM

LMMSE-MRC  receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	5.3010000000000002E-3	1.5748000000000002E-2	2.9915000000000001E-2	4.9723999999999997E-2	6.8850999999999996E-2	8.7327000000000002E-2	0.10227	0.11634	0.12586	0.13333	0.13857	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



TM6, Loading 10%, 16QAM

CRS-IM receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	1.8568999999999999E-2	3.4193000000000001E-2	5.425E-2	7.2849999999999998E-2	9.0953999999999993E-2	0.10453	0.11637	0.12512000000000001	0.13242999999999999	0.13758000000000001	0.14155000000000001	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]





PDSCH Test 2 TDD

				Test case 2, TDD, TM6, 2 CRS APs, Loading 10%, 16QAM (R.X3 TDD)																																																Max Tput		0.3856

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0.0		0.0																						0.0		0.1

				2.0		0.1																						2.0		0.1

				4.0		0.1																						4.0		0.2

				6.0		0.1																						6.0		0.2

				8.0		0.2																						8.0		0.3

				10.0		0.2																						10.0		0.3

				12.0		0.3																						12.0		0.3

				14.0		0.3																						14.0		0.3

				16.0		0.3																						16.0		0.3

				18.0		0.4																						18.0		0.4

				20.0		0.4																						20.0		0.4

				22.0																								22.0

				24.0																								24.0













				SNR @ 
70% max T-Put		11.3																						SNR @ 
70% max T-Put		9.0																

				0.27																								0.27



TM6, Loading 10%, 16QAM

LMMSE-MRC  receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	2.7539999999999999E-2	5.5738700000000002E-2	9.5531000000000005E-2	0.144368	0.19748399999999999	0.24414	0.28411599999999998	0.31410700000000003	0.33704600000000001	0.353906	0.36536999999999997	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



TM6, Loading 10%, 16QAM

CRS-IM receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	6.4071299999999998E-2	0.10699599999999999	0.15692	0.20716499999999999	0.251861	0.28827199999999997	0.31461600000000001	0.33369399999999999	0.34998499999999999	0.362099	0.37036000000000002	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]





MPDCCH Summary

		Alignment simulation results

		Test		Duplex mode		INR1		INR2		Loading		AL		Intel				Company 2				Company 3				Company 4				Company 5				Company 6				Company 7				Company 8				Company 9				SPAN				AVERAGE SNR				AVERAGE SINR				Gain over MRC

														MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM

		MPDCCH test 1		FDD		15.81		10.5		0%		4		19.0		13.8																																		0.0		0.0		19.0		13.8		2.0		-3.2		5.2

				TDD										19.5		14.2																																		0.0		0.0		19.5		14.2		2.4		-2.9		5.3

		MPDCCH test 2		FDD		11.75		5.69		10%		16		14.9		13.4																																		0.0		0.0		14.9		13.4		1.9		0.4		1.5

				TDD										14.8		13.5																																		0.0		0.0		14.8		13.5		1.9		0.6		1.3

		Impairment simulation results

		Test		Duplex mode		INR1		INR2		Loading		AL		Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9		SPAN		AVERAGE		MARGIN		REQUIREMENT

		MPDCCH test 1		FDD		15.81		10.5		0%		4		15.3																		0.0		15.3		0.5		15.8

				TDD										15.7																		0.0		15.7		0.5		16.2

		MPDCCH test 2		FDD		11.75		5.69		10%		16		14.9																		0.0		14.9		0.5		15.4

				TDD										15.0																		0.0		15.0		0.5		15.5













MPDCCH Test 1 FDD

				MPDCCH Test case 1, FDD, AL4, Loading 0%

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				2.0		0.66																						2.0		0.29

				4.0		0.50																						4.0		0.18

				6.0		0.35																						6.0		0.10

				8.0		0.23																						8.0		0.06

				10.0		0.14																						10.0		0.03

				12.0		0.08																						12.0		0.02

				14.0		0.04																						14.0		0.01

				16.0		0.03																						16.0		0.01

				18.0		0.01																						18.0		0.00

				20.0		0.01																						20.0		0.00

				22.0		0.00																						22.0		0.00

















				SNR @ 
1% Pm-dsg		19.0																						SNR @ 
1% Pm-dsg		13.8																

				1%																								1%



MPDCCH Test Case 1, Loading 0%

LMMSE-MRC receiver

Intel	2	4	6	8	10	12	14	16	18	20	22	0.66049999999999998	0.50212500000000004	0.35287499999999999	0.228575	0.13922499999999999	7.9375000000000001E-2	4.3924999999999999E-2	2.5000000000000001E-2	1.3575E-2	7.5750000000000001E-3	4.4999999999999997E-3	Company 2	2	4	6	8	10	12	14	16	18	20	22	Company 3	2	4	6	8	10	12	14	16	18	20	22	Company 4	2	4	6	8	10	12	14	16	18	20	22	Company 5	2	4	6	8	10	12	14	16	18	20	22	Company 6	2	4	6	8	10	12	14	16	18	20	22	Company 7	2	4	6	8	10	12	14	16	18	20	22	Company 8	2	4	6	8	10	12	14	16	18	20	22	Company 9	2	4	6	8	10	12	14	16	18	20	22	SNR, [dB]



Pm-dsg



MPDCCH Test Case 1, Loading 0%

CRS-IM receiver

Intel	2	4	6	8	10	12	14	16	18	20	22	0.288825	0.175125	0.101925	5.7049999999999997E-2	3.1175000000000001E-2	1.805E-2	9.4999999999999998E-3	5.5999999999999999E-3	3.4749999999999998E-3	2.5500000000000002E-3	1.825E-3	Company 2	2	4	6	8	10	12	14	16	18	20	22	Company 3	2	4	6	8	10	12	14	16	18	20	22	Company 4	2	4	6	8	10	12	14	16	18	20	22	Company 5	2	4	6	8	10	12	14	16	18	20	22	Company 6	2	4	6	8	10	12	14	16	18	20	22	Company 7	2	4	6	8	10	12	14	16	18	20	22	Company 8	2	4	6	8	10	12	14	16	18	20	22	Company 9	2	4	6	8	10	12	14	16	18	20	22	SNR, [dB]



Pm-dsg





MPDCCH Test 1 TDD

				MPDCCH Test case 1, TDD, AL4, Loading 0%

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				2.0		0.69																						2.0		0.31

				4.0		0.53																						4.0		0.19

				6.0		0.38																						6.0		0.11

				8.0		0.25																						8.0		0.06

				10.0		0.15																						10.0		0.03

				12.0		0.09																						12.0		0.02

				14.0		0.05																						14.0		0.01

				16.0		0.03																						16.0		0.01

				18.0		0.02																						18.0		0.00

				20.0		0.01																						20.0		0.00

				22.0		0.01																						22.0		0.00

















				SNR @ 
1% Pm-dsg		19.5																						SNR @ 
1% Pm-dsg		14.2																

				1%																								1%



MPDCCH Test Case 1, Loading 0%

LMMSE-MRC receiver

Intel	2	4	6	8	10	12	14	16	18	20	22	0.69037499999999996	0.53169999999999995	0.38072499999999998	0.252	0.15482499999999999	8.9774999999999994E-2	5.0500000000000003E-2	2.87E-2	1.5375E-2	8.5000000000000006E-3	5.0749999999999997E-3	Company 2	2	4	6	8	10	12	14	16	18	20	22	Company 3	2	4	6	8	10	12	14	16	18	20	22	Company 4	2	4	6	8	10	12	14	16	18	20	22	Company 5	2	4	6	8	10	12	14	16	18	20	22	Company 6	2	4	6	8	10	12	14	16	18	20	22	Company 7	2	4	6	8	10	12	14	16	18	20	22	Company 8	2	4	6	8	10	12	14	16	18	20	22	Company 9	2	4	6	8	10	12	14	16	18	20	22	SNR, [dB]



Pm-dsg



MPDCCH Test Case 1, Loading 0%

CRS-IM receiver

Intel	2	4	6	8	10	12	14	16	18	20	22	0.30727500000000002	0.18770000000000001	0.10925	6.0249999999999998E-2	3.3875000000000002E-2	1.8874999999999999E-2	1.0500000000000001E-2	5.7749999999999998E-3	3.5999999999999999E-3	2.575E-3	2.0500000000000002E-3	Company 2	2	4	6	8	10	12	14	16	18	20	22	Company 3	2	4	6	8	10	12	14	16	18	20	22	Company 4	2	4	6	8	10	12	14	16	18	20	22	Company 5	2	4	6	8	10	12	14	16	18	20	22	Company 6	2	4	6	8	10	12	14	16	18	20	22	Company 7	2	4	6	8	10	12	14	16	18	20	22	Company 8	2	4	6	8	10	12	14	16	18	20	22	Company 9	2	4	6	8	10	12	14	16	18	20	22	SNR, [dB]



Pm-dsg





MPDCCH Test 2 FDD

		MPDCCH Test case 2, FDD, AL16, Loading 10%

		SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM

				Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

		-4.00		0.66																						-4.00		0.45

		-2.00		0.51																						-2.00		0.32

		0.00		0.37																						0.00		0.22

		2.00		0.25																						2.00		0.15

		4.00		0.16																						4.00		0.10

		6.00		0.10																						6.00		0.07

		8.00		0.06																						8.00		0.04

		10.00		0.04																						10.00		0.02

		12.00		0.02																						12.00		0.02

		14.00		0.01																						14.00		0.01

		16.00		0.01																						16.00		0.00

















		SNR @ 
1% Pm-dsg		14.9																						SNR @ 
1% Pm-dsg		13.4																

		1%																								1%



MPDCCH Test Case 2

LMMSE-MRC receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	0.65925	0.50572499999999998	0.36627500000000002	0.253525	0.16464999999999999	0.1041	6.2600000000000003E-2	3.7074999999999997E-2	2.2775E-2	1.2775E-2	7.3000000000000001E-3	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	SNR, [dB]



Pm-dsg



MPDCCH Test Case 2

CRS-IM receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	0.44837500000000002	0.32035000000000002	0.22434999999999999	0.1542	0.10165	6.6975000000000007E-2	4.1399999999999999E-2	2.4975000000000001E-2	1.52E-2	8.175E-3	4.1999999999999997E-3	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	SNR, [dB]



Pm-dsg





MPDCCH Test 2 TDD

		MPDCCH Test case 2, TDD, AL16, Loading 10%

		SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM

				Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

		-4.00		0.68																						-4.00		0.47

		-2.00		0.53																						-2.00		0.34

		0.00		0.39																						0.00		0.24

		2.00		0.27																						2.00		0.16

		4.00		0.18																						4.00		0.11

		6.00		0.11																						6.00		0.07

		8.00		0.07																						8.00		0.05

		10.00		0.04																						10.00		0.03

		12.00		0.02																						12.00		0.02

		14.00		0.01																						14.00		0.01

		16.00		0.01																						16.00		0.00

















		SNR @ 
1% Pm-dsg		14.8																						SNR @ 
1% Pm-dsg		13.5																

		1%																								1%



MPDCCH Test Case 2

LMMSE-MRC receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	0.68359999999999999	0.53095000000000003	0.38832499999999998	0.26924999999999999	0.17860000000000001	0.112775	6.8625000000000005E-2	4.165E-2	2.4174999999999999E-2	1.3475000000000001E-2	6.5250000000000004E-3	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	SNR, [dB]



Pm-dsg



MPDCCH Test Case 2

CRS-IM receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	0.46837499999999999	0.33805000000000002	0.236175	0.16212499999999999	0.10920000000000001	7.17E-2	4.5225000000000001E-2	2.7074999999999998E-2	1.5975E-2	8.6999999999999994E-3	4.5750000000000001E-3	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	SNR, [dB]



Pm-dsg






