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1 Introduction
A WI on the introduction of Band 31 was approved. Performance work should start. The aim of the performance work is to introduce selected tests to cover 5MHz bandwidth. PDSCH, PDCCH, PHICH  and CSI tests are needed. This document focuses on PDSCH demodulation performance.
In this paper we provide the RMC which can be used as reference for the introduction of new tests as defined in [1]. Initial simulation results are also provided.
In document [1] we have proposed two possible way forwards for the definition of the RMC:

· Option 1: Consider the same MCS as for legacy 10MHz carrier.  The advantage is that it is straightforward. The drawback of this alternative is that because of the extended control region compared to 10MHz carrier the actual achieved coding rate will differ from the coding rate obtained for the 10MHz base test case, which can slightly change the SNR test point (possibly large difference in requirements).

· Option 2. For each new test, find the MCS applicable for 5MHz which minimize the difference between the target coding rate and the one obtained with the selected MCS for 5MHz carrier. The advantage of this approach is that the SNR test point will be closer to the one obtained for the legacy test compared to option 1. The drawback is that more work needed in order to find appropriate RMC for 5MHz.

In the following we consider both options with a preference for option 2.

2 TM2 test

2.1 TM2 tests with 4 antenna ports
The introduction of the following test is proposed [1]: 
	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	1.4 MHz
	R.12 FDD
	OP.1 FDD
	EPA5
	4x2 Medium
	70
	0.6
	1-8

	2
	10 MHz
	R.13 FDD
	OP.1 FDD
	ETU70
	4x2 Low
	70
	-0.9
	1-8

	3
	5 MHz
	R.54 FDD
	OP.1 FDD
	ETU70
	4x2 Low
	70
	TBD
	1-8


Table 1 provides the RMC considering option 1 and option 2.

Figure 1 shows the performance results for these RMC with Option 1 and Option 2 together with the performance obtained for the legacy 10MHz based test.
Table 1. FRC for TM 2 with 4 antenna ports.
	Parameter
	Unit 
	Legacy
	Option 1, same MCS
	Option 2, minimization of coding rate difference

	Reference channel
	
	R.13 FDD
	R.54 FDD
	R.54 FDD

	Channel bandwidth
	MHz
	10
	5
	5

	Allocated resource blocks (Note 4)
	
	50
	25
	25

	Allocated subframes per Radio Frame
	
	9
	9
	9

	Modulation
	
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	1/3
	1/3

	Information Bit Payload (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	4392 (ITBS =5, R=0.3431)
	2216 (ITBS =5, R=0.3821)
	1800 (ITBS =4, R=0.3103)

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	3624 (ITBS =4, R= 0.3012)
	1800 (ITBS = 4, R= 0.3577)
	1416 (ITBS = =3 R=0.2814)

	Number of Code Blocks
(Notes 3 and 4)
	
	
	
	

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

	  For Sub-Frame 5
	
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	
	1
	1
	1

	Binary Channel Bits (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	12800
	5800
	5800

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	12032
	5032
	5032

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	3.876
	1.953
	1.582

	UE Category
	
	≥ 1
	≥ 1
	≥ 1
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Figure 1. TM2 test for Option 1 and Option 2 with 4tx antenna ports. 
Proposal 1. For TM2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=-0.9dB.
2.2 TM3 tests: 
2.2.1 TM3 tests with 2 antenna ports

For TM3 the following tests are defined
	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.0
	2-8
	-

(Note 2)

	1A
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	3-8
	CL_A-A

	2
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	3, 5-8
	CL_A-A, CL_C

	3
	2x20 MHz
	R.35-1 FDD
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	15.8 
	4
	CL_A-A, CL_C

	4
	5 MHz
	R.55 FDD or R.11-2 FDD depending on options
	OP.1 FDD
	EVA70
	2x2 Low
	70
	TBD
	1-8
	-



	Note 1:
For CA test cases, the OCNG pattern applies for each CC.
Note 2:      Test 1 may not be executed for UE-s for which Test 1A is applicable.


Table 2 provides the FRC for Option 1 and Option 2 and Figure 2 provides the initial simulation results.
Table 2. FRC for TM 3 with 2 antenna ports.

	Parameter
	Unit 
	Legacy
	Option 1, same MCS
	Option 2, minimization of coding rate difference

	Reference channel
	
	R.11 FDD
	R.55 FDD
	R.11-2 FDD

	Channel bandwidth
	MHz
	10
	5
	5

	Allocated resource blocks (Note 4)
	
	50
	25
	25

	Allocated subframes per Radio Frame
	
	9
	9
	9

	Modulation
	
	16QAM
	16QAM
	16QAM

	Target Coding Rate
	
	1/2
	1/2
	1/2

	Information Bit Payload (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	12960 (ITBS =13, R=0.4936)
	6456 (ITBS = 13, R=0.5420)
	5736(ITBS = 12, R=0.4780)

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	12960(ITBS = 13, R=0.5262)
	6456 (ITBS = 13, R= 0.6273)
	4968 (ITBS = 11, R=0.4792)

	Number of Code Blocks
(Notes 3 and 4)
	
	
	
	

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

	  For Sub-Frame 5
	
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	
	3
	2
	1

	Binary Channel Bits (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	26400
	12000
	12000

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	24768
	10368
	10368

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	11.664
	5.810
	5.163

	UE Category
	
	≥ 2
	≥ 1
	≥ 1
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Figure 2. TM3 test for Option 1 (and Option 2) with 2tx antenna ports. 
Proposal 2. For TM3 2x2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=13dB, or to tighten it by X=0.5dB.

2.2.2 TM3 tests with 4 antenna ports

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.14 FDD
	OP.1 FDD
	EVA70
	4x2 Low
	70
	14.3
	2-8

	2
	5MHz
	R.56 FDD
	OP.1 FDD
	EVA70
	4x2 Low
	70
	TBD
	1-8


Table 3 provides the FRC for Option 1 and Option 2 and Figure 3 provides the initial simulation results.

Table 3. FRC for TM 3 with 4 antenna ports.

	Parameter
	Unit 
	Legacy
	Option 1, same MCS
	Option 2, minimization of coding rate difference

	Reference channel
	
	R.14 FDD
	R.56
	R.56

	Channel bandwidth
	MHz
	10
	5
	5

	Allocated resource blocks (Note 4)
	
	50
	25
	25

	Allocated subframes per Radio Frame
	
	9
	9
	9

	Modulation
	
	16QAM
	16QAM
	16QAM

	Target Coding Rate
	
	1/2
	1/2
	½

	Information Bit Payload (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	12960 ITBS =13, R=0.5091)
	6456 (ITBS =13, R=0.5607)
	5736(ITBS =, R=0.4945)

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	11448 ITBS =, R=0.4777)
	5736 (ITBS = 12, R= 0.5700)
	4968 (ITBS = 11, R=0.4936)

	Number of Code Blocks
(Notes 3 and 4)
	
	
	
	

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

	  For Sub-Frame 5
	
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	
	2
	1
	1

	Binary Channel Bits (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	25600
	11600
	11600

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	24064
	10064
	10064

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	11.513
	5.738
	5.086

	UE Category
	
	≥ 2
	≥ 1
	≥ 1
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Figure 3. TM3 test for Option 1 (and Option 2) with 4tx antenna ports. 
Proposal 3. For TM3 2x2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=14.3dB, or to tighten it by X=0.2dB.

2.3 TM4/TM6 tests: 

2.3.1 TM4, Single-Layer Spatial Multiplexing 2 Tx Antenna Port
Under this case two tests are defined as follows

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category
	Comment

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.10 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	-2.5
	1-8
	Reporting mode PUSCH 1-2

	2
	10 MHz
	R.10 FDD
	OP.1 FDD
	EPA5
	2x2 High
	70
	-2.3
	1-8
	Reporting mode PUSCH 3-1

	3
	5MHz
	R.57 FDD
	OP.1 FDD
	EPA5
	2x2 High
	70
	TBD
	1-8
	Reporting mode PUSCH 3-1


Table 4 provides the FRC for Option 1 and Option 2 and Figure 4 provides the initial simulation results.

Table 4. FRC for TM 4 with 2 antenna ports.

	Parameter
	Unit 
	Legacy
	Option 1, same MCS
	Option 2, minimization of coding rate difference

	Reference channel
	
	R.10 FDD
	R.57 FDD
	R. 57 FDD

	Channel bandwidth
	MHz
	10
	5
	5

	Allocated resource blocks (Note 4)
	
	50
	25
	25

	Allocated subframes per Radio Frame
	
	9
	9
	9

	Modulation
	
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	1/3
	1/3

	Information Bit Payload (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	4392 (ITBS = 5, R=0.3327)
	2216 (ITBS = 5, R=0.3821)
	1800 (ITBS =4, R=0.3000)

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	4392 (ITBS =, R=0.3547)
	2216 (ITBS = 5, R= 0.4275)
	1800 (ITBS = =4 R=0.3472)

	Number of Code Blocks
(Notes 3 and 4)
	
	
	
	

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

	  For Sub-Frame 5
	
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	
	1
	1
	1

	Binary Channel Bits (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	13200
	6000
	6000

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	12384
	5184
	5184

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	3.953
	1.994
	1.620

	UE Category
	
	≥ 1
	≥ 1
	≥ 1
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Figure 4. TM4 test for Option 1 (and Option 2) with 2tx antenna ports. 
Proposal 4. For TM6 2x2 test it is proposed to use Option 2 and relax the legacy requirement (-2.3dB) by X=~0.8dB.

2.3.2 TM4, Single-Layer Spatial Multiplexing 4 Tx Antenna Port
The following test is defined so far in 36.101

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.13 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	-3.2
	1-8

	2
	5MHz
	R.54 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	TBD
	1-8


Table 1 provides the RMC for Option 1 and Option 2 and Figure 5 provides the initial simulation results.
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Figure 5. TM4 test for Option 1 and Option 2 with 4tx antenna ports. 
Proposal 5. For TM6 4x2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=-3.2dB, or to tighten it by X=0.5dB.

2.3.3 Multi-Layer Spatial Multiplexing 2 Tx Antenna Port
The following two tests are defined currently: 

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	 R.35 FDD
	OP.1 FDD
	 EPA5
	2x2 Low
	70
	18.9
	2-8

	2
	10 MHz
	R.11 FDD
	OP.1 FDD
	ETU70
	2x2 Low
	70
	14.3
	2-8

	3
	5 MHz
	 R.58 FDD
	OP.1 FDD
	 EPA5
	2x2 Low
	70
	TBD
	1-8


Table 5 provides the RMC for Option 1 and Option 2 and Figure 6 provides the initial simulation results.

Table 5. FRC for TM 4 with 2 antenna ports.
	Parameter
	Unit 
	Legacy
	Option 1, same MCS
	Option 2, minimization of coding rate difference

	Reference channel
	
	R.35 FDD
	R.58 FDD
	R.58 FDD

	Channel bandwidth
	MHz
	10
	5
	5

	Allocated resource blocks (Note 4)
	
	50
	25
	25

	Allocated subframes per Radio Frame
	
	9
	9
	9

	Modulation
	
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	1/2
	1/2
	1/2

	Information Bit Payload (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	19848 (ITBS = 18, R= 0.5036)
	9912 (ITBS = 18, R= 0.5533)
	9144 (ITBS =17, R=0.5107)

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	18336 (ITBS = 17, R= 0.4955)
	9144 (ITBS = 17, R= 0.5910)
	7736(ITBS =15 R=0.5005)

	Number of Code Blocks
(Notes 3 and 4)
	
	
	
	

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

	  For Sub-Frame 5
	
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	
	3
	2
	2

	Binary Channel Bits (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	39600
	18000
	18000

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	37152
	15552
	15552

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	17.712
	8.844
	8.089

	UE Category
	
	≥ 2
	≥ 1
	≥ 1
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Figure 6. TM4 test for Option 1 and Option 2 with 2tx antenna ports multi-layer. 
Proposal 6. For TM4 2x2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=18.9dB, or to slightly relax it by X=0.2dB.

2.3.4 Multi-Layer Spatial Multiplexing 4 Tx Antenna Port
Under this set up the following tests are introduced:

	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.36 FDD
	OP.1 FDD
	EPA5
	4x2 Low
	70
	14.7
	2-8
	-

	2
	2x10 MHz
	R.14 FDD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	10.8
	3-8
	CL_A-A

	3
	2x20 MHz
	TBD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	TBD
	5-8
	TBD

	4
	5 MHz
	R.59 FDD
	OP.1 FDD
	EPA5
	4x2 Low
	70
	TBD
	1-8
	-

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.


Table 6 provides the RMC for Option 1 and Option 2 and Figure 7 provides the initial simulation results.

Table 7. FRC for TM 4 with 4 antenna ports.
	Parameter
	Unit 
	Legacy
	Option 1, same MCS
	Option 2, minimization of coding rate difference

	Reference channel
	
	R.36 FDD
	R.59 FDD
	R.59 FDD

	Channel bandwidth
	MHz
	10
	5
	5

	Allocated resource blocks (Note 4)
	
	50
	25
	25

	Allocated subframes per Radio Frame
	
	9
	9
	9

	Modulation
	
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	1/2
	1/2
	1/2

	Information Bit Payload (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	18336 (MCS 17, R= 0.4794)
	9144 (MCS 17, R= 0.5283)
	7992 (MCS 16, R= 0.4621)

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	18336 (MCS 17, R= 0.5100)
	9144 (MCS 17, R= 0.6089)
	7736 (MCS 15, R= 0.5156)

	Number of Code Blocks
(Notes 3 and 4)
	
	
	
	

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

	  For Sub-Frame 5
	
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	
	3
	2
	2

	Binary Channel Bits (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	38400
	17400
	17400

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	36096
	15096
	15096

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	16.502
	8.230
	7.167

	UE Category
	
	≥ 2
	≥ 1
	≥ 1
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Figure 7. TM4 test for Option 1 and Option 2 with 4tx antenna ports multi-layer.
Proposal 7. For TM4 4x2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=14.7dB, or to slightly tightened by X=0.2dB.

3 Conclusions

In this paper we have provided a proposal for the RMC for all the proposed PDSCH tests for 5MHz together with initial simulation results and initial proposals for the definition of the performance requirements.
Proposal 1. For TM2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=-0.9dB.

Proposal 2. For TM3 2x2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=13dB, or to tighten it by X=0.5dB.
Proposal 3. For TM3 2x2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=14.3dB, or to tighten it by X=0.2dB.

Proposal 4. For TM6 2x2 test it is proposed to use Option 2 and relax the legacy requirement (-2.3dB) by X=~0.8dB.
Proposal 5. For TM6 4x2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=-3.2dB, or to tighten it by X=0.5dB.

Proposal 6. For TM4 2x2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=18.9dB, or to slightly relax it by X=0.2dB.

Proposal 7. For TM4 4x2 test it is proposed to use Option 2 and reuse the same requirement as for legacy test, i.e. SNR=14.7dB, or to slightly tightened by X=0.2dB.
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