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1 Introduction
In RAN4 meeting #73, the way forward [1] were agreed. This contribution will provide the simulation results for 256QAM demodulation results based on the agreement and discuss the remaining issues as follows:

· FRC parameters for TDD 256QAM performance requirements;

· Feasibility to introduce TM2 256QAM test;
· Sustained data rate test;

· Test setup for 256QAM PMCH test
And one more issue is the extra margin for 256QAM.

2 Simulation results and remaining issues for normal test
2.1 Simulation results for FDD 256QAM test
Based on the WF [1] and contribution [2], the simulation results are shown in Figure 1 and Figure 2. The required SNRs at 70% relative throughput are summarized in Table 1.
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Figure 1: Simulation results for FDD TM4 with MCS20 CFI=1
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Figure 2: Simulation results for FDD TM9 with MCS23/22 CFI=2
Table 1: Summary of simulation results (FDD)

	Test Num.
	Test description
	SNR level @70% TP

	1-1
	TM4 10MHz MCS 20 in SF 1,2,3,4,6,7,8,9, CFI = 1, EVA5 2x2 Low
	22.1dB

	2-1
	TM9 10MHz MCS 23 in SF 0,1,4,6,9, MCS 22 in SF 2,3,7,8, CFI= 2, EPA5 2x2 Low
	21.7dB


2.2 FRC parameters and simulation results for TDD 256QAM test
For TDD we propose to follow the similar FRC-s as defined for FDD 256QAM test. As the existing FRC, we do not use subframe#5 and for simplicity to calculate the FRC channels we propose to schedule subframe #1, 4, 6, 9 for TDD TM4 test and schedule subframe #4, 9 for TDD TM9 test.
In Table 2 and Table 3, we summarize the proposed parameters and test cases. For TM9 test there would to two options for FRC if we follow the existing TM9 test setup for CSI-RS configurations (5ms periodicity): 
· Option 1: CSI-RS transmission in subframe #4, 9;

· Option 2: CSI-RS transmission not in subframe #4, 9;

Table 2: TM4 dual-layer test cases (TDD)

	Test Num
	TM
	Bandwidth
	FRC
	Propagation condition
	Antenna and correlation
	UE category

	2-2
	TM4 2-layer
	20 MHz
	MCS 20 in SF 4,9,CFI=1
	EVA5
	2×2 Low
	11-15


Table 3: TM9 cases (TDD)

	Test Num
	TM
	Bandwidth
	FRC
	Propagation condition
	Antenna and correlation
	UE category

	3-2
	TM9 1-layer
	20MHz
	Non CSI-RS: MCS 23 in SF 4,9,CFI=2

CSI-RS: MCS22 in SF 4,9,CFI=2
	EPA5
	2×2 Low
	11-15


In Figure 3~5 and Table 4, we provide the simulation results. Comparing the simulation results for Option 1 and Option 2, we find the case without CSI-RS transmission provides the slight higher SNR test point. So we prefer Option 2.
· Proposal 1: we propose the following FRC-s for 256QAM TDD requirements under fading channel:

· TM4 dual-layer test: MCS 20 in SF 1, 4, 6, 9 CFI = 1;
· TM9 single-layer test: MCS 23 in SF 4, 9 (without CSI-RS on SF 4, 9), CFI= 2
· CSI-RS will be transmitted in 5ms periodicity and in SF 0, 5
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 Figure 3: Simulation results for TDD TM4 test cases
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Figure 4: Simulation results for TDD TM9 CSI-RS test cases
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Figure 5: Simulation results for TDD TM9 non CSI-RS test cases

Table 4: Summary of simulation results (TDD)

	Test Num.
	Test description
	SNR level @70% TP

	1-1
	TM4 20MHz MCS 20 in SF 4,9,CFI=1, EVA5 2x2 Low
	22.4 dB

	2-1
	TM9 20MHz Non CSI-RS: MCS 23 in SF 4,9,CFI=2,EPA5 2x2 Low
	21.6 dB

	2-1A
	TM9 20MHz CSI-RS: MCS 22 in SF 4,9,CFI=2,EPA5 2x2 Low
	21.3 dB


2.3 Introducing TM2 test
In the previous meeting, the simulation results for TM2 were provided and summarized in [4]. The averaged SNR at 75% is 22.1dB for FDD. The main argument against the TM2 test is that the channel equalizer and soft demodulation performance for 256QAM have been verified by TM4 and TM9 test cases. But in our view, we think that TM2 would be widely used in high correlation channel for small cell or micro cell. So it is important to verify the performance under the typical scenario.
· Proposal 2: We suggest considering introducing TM2 256QAM test.
3 SDR tests for 256QAM
In TS36.306, the new UE categories 11~15 are specified to support 256QAM. For these UE categories both single carrier and CA 256QAM sustained data rate tests should be defined to ensure the sufficient test coverage.

According to the discussion in the last RAN4 meeting, there are mainly two options for 256QAM SDR test setup of MCS:

· Option 1: I_MCS #26

· Option 2: the largest MCS
In this section, we first provide the simulation results and then discuss the test setup for 256QAM SDR test. In Figure 6 we provide the simulation results, and the simulation parameters are given in the Annex.

It is observed that the 85% throughput could be achieved at around 25dB~26dB. The concern is that the required SNR would be too high and too challenging for UE receiver RF implementation. But in our view, if the largest TB size was not applied in the SDR test, the deliver of packets from the physical layer to higher layer could not be fully verified, and it also means that the announced peak data rate for UE category 11~15 could not be reached.

So we still want to propose the largest TB size for 256QAM SDR test. In order to solve companies’ concern on high SNR maybe we can consider the alternative ways, e.g., lower the reference level. And 5% Rx EVM may corresponds to 26dB maximum available SINR and 4% to about 28dB. We would like companies to provide more information on achievable SINR at receiver.
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Figure 6: simulation results for sustained-data rate tests

In sum, we propose that

· Proposal 3: for 256QAM, we propose to define the new sustained data rate test with TM3 and 1CC~3CC for FDD (FDD CA) and TDD (TDD CA) in the small cell enhancement work item.
· Proposal 4: for 256QAM sustained data rate test, we propose that
· Select the largest TB size on each subframe according to available PRB number for downlink transmission;

· Allocate 1 OFDM symbol for PDCCH for all the bandwidths;
· Reserve one subband for SIB transmission on subframe #5 on each CC (to simplify the test setup such that each CC could be allowed as PCell), and schedule all the PRBs on the rest of downlink subframes except for special subframes in TDD;
· Provide the good test coverage for CA bandwidth combinations.
· Firstly finalize the FDD and TDD 256QAM sustained data rate test and then study the TDD FDD CA 256QAM sustained data rate test.
With proposal 3, we suggest finalizing FDD CA and TDD CA 256QAM test in SCE performance WI and leave TDD FDD CA 256QAM to TEI. It would be difficult for complete the case covering all the CA configurations, because some of them are still under discussion.
4 PMCH tests for 256QAM

In the last RAN4 meeting, the PMCH requirement was discussed [5]. It was proposed that
· RAN4 introduces new PMCH demodulation performance requirements supporting 256QAM for both FDD and TDD. 

· If RAN4 introduce PMCH with 256QAM, use lower delay spread channel such as EVA5.

In the online discussion, we expressed the concern on the time needed to define all the test cases. We wonder whether the group is OK to delay the work to TEI and focus on the 256QAM normal test, SDR test and CSI test due to the restricted timeline for finalizing the performance part. So we propose that
· Proposal 5: We propose to delay PMCH 256QAM performance requirements to TEI and focus on finalization of 256QAM TM4/TM9 (TM2 if agreeable) demodulation requirements, sustained data rate requirement and CSI requirements.
· Proposal 6: If the group agreed on introduce of PMCH 256QAM performance requirements in SCE performance WI, we proposed to adopt EVA5 or EPA 5 propagation condition and reuse the existing MBSFN test setup as much as we could.
5 Extra impairment margin for 256QAM
In RAN4 we usually apply 0.5dB extra margin for QPSK and 16QAM, 0.8dB extra margin for 64QAM, and 0.0/0.3dB for control channel, which were documented in [6]. The rationale behind is that the larger number of margin will be applied for the test with high SNR (>10dB) and high standard deviation (>0.7) of the alignment simulation results, which is based on the analysis of simulation result uncertainty. 
In that way, we propose to define the extra margin for 256QAM based on the further alignment results collected from companies. We propose two options:

· Proposal 7: For the extra margin for 256QAM, we propose two options:
· Option 1: use 0.8dB margin for 256QAM demodulation performance requirements;
· Option 2: use the averaged STD for 256QAM demodulation performance requirements.
Theoretically we should follow Option 2. But the problem is that the test case number for 256QAM is much less than the number for 64QAM. We only have two samples for averaging.
6 Conclusions
In this contribution, we provide the simulation results and discuss the remaining issues for 256QAM demodulation performance requirements and discuss the framework for sustained data rate tests. The proposals are summarized as follows:
· Proposal 1: we propose the following FRC-s for 256QAM TDD requirements under fading channel:

· TM4 dual-layer test: MCS 20 in SF 1, 4, 6, 9 CFI = 1;

· TM9 single-layer test: MCS 23 in SF 4, 9 (without CSI-RS on SF 4, 9), CFI= 2
· CSI-RS will be transmitted in 5ms periodicity and in SF 0, 5

· Proposal 2: We suggest considering introducing TM2 256QAM test.

· Proposal 3: for 256QAM, we propose to define the new sustained data rate test with TM3 and 1CC~3CC for FDD (FDD CA) and TDD (TDD CA) in the small cell enhancement work item.
· Proposal 4: for 256QAM sustained data rate test, we propose that
· Select the largest TB size on each subframe according to available PRB number for downlink transmission;

· Allocate 1 OFDM symbol for PDCCH for all the bandwidths;
· Reserve one subband for SIB transmission on subframe #5 on each CC (to simplify the test setup such that each CC could be allowed as PCell), and schedule all the PRBs on the rest of downlink subframes except for special subframes in TDD;
· Provide the good test coverage for CA bandwidth combinations.
· Firstly finalize the FDD and TDD 256QAM sustained data rate test and then study the TDD FDD CA 256QAM sustained data rate test.
· Proposal 5: We propose to delay PMCH 256QAM performance requirements to TEI and focus on finalization of 256QAM TM4/TM9 (TM2 if agreeable) demodulation requirements, sustained data rate requirement and CSI requirements.
· Proposal 6: If the group agreed on introduce of PMCH 256QAM performance requirements in SCE performance WI, we proposed to adopt EVA5 or EPA 5 propagation condition and reuse the existing MBSFN test setup as much as we could.
· Proposal 7: For the extra margin for 256QAM, we propose two options:
· Option 1: use 0.8dB margin for 256QAM demodulation performance requirements;

· Option 2: use the averaged STD for 256QAM demodulation performance requirements.
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8 Annex: simulation parameters for sustained data rate test with 256QAM
8.1 FDD SDR tests

Table A.1: Test Parameters (FDD)

	Parameter
	Unit
	Value 

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Inter-TTI Distance
	
	1

	Number of HARQ processes per component carrier
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 256QAM

	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	1

	Cross carrier scheduling
	
	Not configured

	Propagation condition
	
	Static propagation condition

No external noise sources are applied

	Transmission mode
	
	TM3

	Antenna configuration
	
	2 x 2

	Codebook subset restriction
	
	10

	Downlink power allocation
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	dBm/15kHz
	-85

	Symbols for unused PRBs
	
	OP.1 FDD

	ACK/NACK feedback
	
	PUCCH format 1 for single carrier case

PUCCH format 3 for CA test cases


Table A.2 Fixed Reference Channel for sustained data-rate test (MCS 26)

	Parameter
	Unit
	Value

	Reference channel
	
	R.31-x1 FDD
	R.31-x2 FDD
	R.31-x3

FDD
	R.31-x4

FDD

	Channel bandwidth
	MHz
	20
	15
	10
	5

	Allocated resource blocks (Note 8)
	
	Note 7
	Note 11
	Note 6
	Note 6

	Allocated subframes per Radio Frame
	
	10
	10
	10
	10

	Modulation
	
	256QAM
	256QAM
	256QAM
	256QAM

	Coding Rate
	
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9,
	
	0.74
	0.74
	0.74
	0.77

	  For Sub-Frame 5
	
	0.75
	0.77
	0.77
	0.79

	  For Sub-Frame 0
	
	0.76
	0.77
	0.78
	0.84

	Information Bit Payload (Note 8)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	84760
	63776
	42368
	21384

	  For Sub-Frame 5
	Bits
	81176
	61664
	40576
	19848

	  For Sub-Frame 0
	Bits
	84760
	63776
	42368
	21384

	Number of Code Blocks
(Notes 3 and 8)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	14
	11
	7
	4

	  For Sub-Frame 5
	Bits
	14
	11
	7
	4

	  For Sub-Frame 0
	Bits
	14
	11
	7
	4

	Binary Channel Bits (Note 8)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	115200
	86400
	57600
	28800

	  For Sub-Frame 5
	Bits
	109440
	80640
	52992
	25344

	  For Sub-Frame 0
	Bits
	111936
	83136
	54336
	25536

	Number of layers
	
	2
	2
	2
	2

	Max. Throughput averaged over 1 frame (Note 8)
	Mbps
	84.402
	63.565
	42.189
	42.189

	UE Categories
	
	6, 7, 11, 12, 13
	6, 7, 11, 12, 13
	6, 7, 11, 12, 13
	6, 7, 11, 12, 13


Table A.3: Fixed Reference Channel for sustained data-rate test (highest MCS)

	Parameter
	Unit
	Value

	Reference channel
	
	R.31-x1 FDD
	R.31-x2 FDD
	R.31-x3 FDD
	R.31-x4 FDD

	Channel bandwidth
	MHz
	5
	10
	20
	15

	Allocated resource blocks (Note 8)
	
	Note 12
	Note 6
	Note 7
	Note 9

	Allocated subframes per Radio Frame
	
	10
	10
	10
	10

	Modulation
	
	256QAM
	256QAM
	256QAM
	256QAM

	Coding Rate
	
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9,
	
	0.85
	0.85
	0.85
	0.88

	  For Sub-Frame 5
	
	0.91
	0.89
	0.86
	0.89

	  For Sub-Frame 0
	
	0.84
	0.90
	0.88
	0.91

	Information Bit Payload (Note 8)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	24496
	48936
	97896
	75376

	  For Sub-Frame 5
	Bits
	22920
	46888
	93800
	71112

	  For Sub-Frame 0
	Bits
	21384
	48936
	97896
	75376

	Number of Code Blocks
(Notes 3 and 8)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	4
	8
	16
	13

	  For Sub-Frame 5
	Bits
	4
	8
	16
	12

	  For Sub-Frame 0
	Bits
	4
	8
	16
	13

	Binary Channel Bits (Note 8)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	28800
	57600
	115200
	86400

	  For Sub-Frame 5
	Bits
	25344
	52992
	109440
	80640

	  For Sub-Frame 0
	Bits
	25536
	54336
	111936
	83136

	Number of layers
	
	2
	2
	2
	2

	Max. Throughput averaged over 1 frame (Note 8)
	Mbps
	48.0454
	97.4624
	
	

	UE Categories
	
	≥ 2
	≥ 2
	≥ 3
	≥ 3

	Note 1:
1 symbol allocated to PDCCH for all tests.
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit). 

Note 4:
Resource blocks nPRB = 0..2 are allocated for SIB transmissions in sub-frame 5 for all bandwidths.

Note 5:
Resource blocks nPRB = 6..14,30..49 are allocated for the user data in all sub-frames.

Note 6:
Resource blocks 
nPRB = 3..49 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..49 in sub-frames 0,1,2,3,4,6,7,8,9.

Note 7:
Resource blocks 
nPRB = 4..99 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..99 in sub-frames 0,1,2,3,4,6,7,8,9.

Note 8: 
Given per component carrier per codeword.

Note 9:
Resource blocks 
nPRB = 4..74 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..74 in sub-frames 0,1,2,3,4,6,7,8,9.

Note 10:
Resource blocks 
nPRB = 4..71 are allocated for the user data in sub-frames 0,1,2,3,4,5,6,7,8,9.

Note 11:
Resource blocks 
nPRB = 4..74 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..74 in sub-frames 0,1,2,3,4,6,7,8,9.
Note 12:
Resource blocks nPRB = 2..24 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..24 in sub-frames 0,1,2,3,4,6,7,8,9.


Table A.4: Minimum requirement (FDD)

	Test
	Bandwidth (MHz)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	
	
	
	
	TB success rate [%]

	1
	20
	97896 (Note 3)
	R.xx-3 FDD
	TBD

	2
	2x10
	48936 (Note 3)
	R.xx-1 FDD
	TBD

	3
	10+15
	48936 (Note 3) for 10MHz CC

75376 (Note 5) for 15MHz CC
	R.xx-1 FDD for 10MHz CC

R.xx-2 FDD for 15MHz CC
	TBD

	4
	10+20
	48936 (Note 3) for 10MHz CC

97896 (Note 3) for 20MHz CC
	R.xx-1 FDD for 10MHz CC

R.xx-3 FDD for 20MHz CC
	TBD

	5
	2x15
	75376 (Note 5)
	R.xx-2 FDD
	TBD

	6
	15+20
	75376 (Note 5) for 15MHz CC

97896 (Note 3) for 20MHz CC
	R.xx-2 FDD for 15MHz CC

R.xx-3 FDD for 20MHz CC
	TBD

	7
	2x20
	97896 (Note 3)
	R.xx-3 FDD
	TBD

	8
	3x20
	97896 (Note 3)
	R.xx-3 FDD
	TBD

	9
	15+20+20
	75376 (Note 5) for 15MHz CC

97896 (Note 3) for 20MHz CC
	R.xx-2 FDD for 15MHz CC

R.xx-3 FDD for 20MHz CC
	TBD

	10
	10+20+20
	48936 (Note 3) for 10MHz CC

97896 (Note 3) for 20MHz CC
	R.xx-1 FDD for 10MHz CC

R.xx-3 FDD for 20MHz CC
	TBD

	11
	15+15+20
	75376 (Note 5) for 15MHz CC

97896 (Note 3) for 20MHz CC
	R.xx-2 FDD for 15MHz CC

R.xx-3 FDD for 20MHz CC
	TBD

	12
	10+15+20
	48936 (Note 3) for 10MHz CC

75376 (Note 5) for 15MHz CC

97896 (Note 3) for 20MHz CC
	R.xx-1 FDD for 10MHz CC

R.xx-2 FDD for 15MHz CC

R.xx-3 FDD for 20MHz CC
	TBD

	13
	10+10+20
	48936 (Note 3) for 10MHz CC

97896 (Note 3) for 20MHz CC
	R.xx-1 FDD for 10MHz CC

R.xx-3 FDD for 20MHz CC
	TBD

	14
	10+15+15
	48936 (Note 3) for 10MHz CC

75376 (Note 5) for 15MHz CC
	R.xx-1 FDD for 10MHz CC

R.xx-2 FDD for 15MHz CC
	TBD

	15
	5+10+20
	24496 (Note 6) for 5MHz CC

48936 (Note 3) for 10MHz CC

97896 (Note 3) for 20MHz CC
	R.xx FDD for 5MHz CC

R.xx-1 FDD for 10MHz CC

R.xx-3 FDD for 20MHz CC
	TBD

	Note 1:
For 2 layer transmissions, 2 transport blocks are received within a TTI.

Note 2:
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.

Note 3:
93800 bits for sub-frame 5.
Note 4:
46888 bits for sub-frame 5.
Note 5:
71112 bits for sub-frame 5.
Note 6:
22920 bits for sub-frame 5 and 21384 bits for sub-frame 0.


Table A.5: Test points for sustained data rate (FRC)
	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)
	Cat. 6
(Note 5)
	Cat. 7
(Note 5)
	Cat. 11
	Cat. 12
	
	
	
	

	Single carrier
	20
	1
	1
	-
	-
	
	
	
	

	CA with 2CCs
	2x10
	2
	2
	2
	2
	
	
	
	

	
	10+15
	3
	3
	3
	3
	
	
	
	

	
	10+20
	4
	4
	4
	4
	
	
	
	

	
	2x15
	5
	5
	5
	5
	
	
	
	

	
	15+20
	6
	6
	6
	6
	
	
	
	

	
	20+20
	7
	7
	7
	7
	
	
	
	

	CA with 3CCs
	3x20
	7
	7
	8
	8
	
	
	
	

	
	15+20+20
	7
	7
	9
	9
	
	
	
	

	
	10+20+20
	7
	7
	10
	10
	
	
	
	

	
	15+15+20
	6
	6
	11
	11
	
	
	
	

	
	10+15+20
	6
	6
	12
	12
	
	
	
	

	
	10+10+20
	13
	13
	13
	13
	
	
	
	

	
	10+15+15
	14
	14
	14
	14
	
	
	
	

	
	5+10+20
	15
	15
	15
	15
	
	
	
	

	Note 1:   If UE can be tested for CA configuration, single carrier test is skipped.

Note 2:   For non-CA UE, test is selected for maximum supported bandwidth.

Note 3:   For CA UE, test is selected for bandwidth combination corresponding to maximum aggregated bandwidth and the largest number of CCs among all the CA configurations supported by UE. 

Note 4:   If CA UE under test cannot support the assigned test case, the single carrier test is selected. 
Note 5:   The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.
Note 6:   If CA UE under test cannot support the assigned test case, the test for CA with 2CCs is selected according to maximum aggregated bandwidth among all the CA configurations with 2CCs supported by UE.


8.2 TDD SDR tests

Table A.6: Test Parameters (TDD)

	Parameter
	Unit
	Value 

	Special subframe configuration (Note 1)
	
	4

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Inter-TTI Distance
	
	1

	Number of HARQ processes per component carrier
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 256QAM

	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	1

	Cross carrier scheduling
	
	Not configured

	Propagation condition
	
	Static propagation condition

No external noise sources are applied

	Transmission mode
	
	TM3

	Antenna configuration
	
	2 x 2

	Codebook subset restriction
	
	10

	Downlink power allocation
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at antenna port
	dBm/15kHz
	-85

	Symbols for unused PRBs
	
	OP.1 TDD

	ACK/NACK feedback
	
	PUCCH format 1 with multiplexing for single carrier case

PUCCH format 3 for CA test cases

	Note 1:
as specified in Table 4.2-1 in TS 36.211 [4].


Table A.7: Minimum requirement (TDD)

	Test
	Bandwidth (MHz)
	Maximum number of bits of a DL-SCH transport block received within a TTI for normal/special sub-frame
	Measurement channel
	Reference value

	
	
	
	
	TB success rate [%]

	1
	20
	97896/0 (Note 3)
	R.xx-3 FDD
	TBD

	2
	15+20
	75376/0 (Note 4) for 15MHz CC

97896/0 (Note 3) for 20MHz CC
	R.xx-2 FDD for 15MHz CC

R.xx-3 FDD for 20MHz CC
	TBD

	3
	2x20
	97896/0 (Note 3)
	R.xx-3 FDD
	TBD

	4
	3x20
	97896/0 (Note 3)
	R.xx-3 FDD
	TBD

	5
	15+20+20
	75376/0 (Note 4) for 15MHz CC

97896/0 (Note 3) for 20MHz CC
	R.xx-2 FDD for 15MHz CC

R.xx-3 FDD for 20MHz CC
	TBD

	Note 1:
For 2 layer transmissions, 2 transport blocks are received within a TTI.

Note 2:
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.

Note 3:
 bits for sub-frame 5.
Note 4:
 bits for sub-frame 5.


Table A.8: Test points for sustained data rate (FRC)
	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)
	Cat. 6
(Note 5)
	Cat. 7
(Note 5)
	Cat. 11
	Cat. 12
	
	
	
	

	Single carrier
	20
	1
	1
	-
	-
	
	
	
	

	CA with 2CCs
	15+20
	2
	2
	2
	2
	
	
	
	

	
	2x20
	3
	3
	3
	3
	
	
	
	

	CA with 3CCs
	3x20
	2
	2
	4
	4
	
	
	
	

	
	15+20+20
	2
	2
	5
	5
	
	
	
	

	Note 1:   If UE can be tested for CA configuration, single carrier test is skipped.

Note 2:   For non-CA UE, test is selected for maximum supported bandwidth.

Note 3:   For CA UE, test is selected for bandwidth combination corresponding to maximum aggregated bandwidth and the largest number of CCs among all the CA configurations supported by UE. 

Note 4:   If CA UE under test cannot support the assigned test case, the single carrier test is selected. 
Note 5:   The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.
Note 6:   If CA UE under test cannot support the assigned test case, the test for CA with 2CCs is selected according to maximum aggregated bandwidth among all the CA configurations with 2CCs supported by UE.


Table A.9: Fixed Reference Channel for sustained data-rate test (TDD)
	Parameter
	Unit
	Value

	Reference channel
	
	R.yy TDD
	R.yy-1 TDD
	
	
	

	Channel bandwidth
	MHz
	15
	20
	
	
	

	Allocated resource blocks
	
	Note 5
	Note 6
	
	
	

	Uplink-Downlink Configuration (Note 3)
	
	1
	1
	
	
	

	Number of HARQ Processes per component carrier
	Processes
	7
	7
	
	
	

	Allocated subframes per Radio Frame (D+S)
	
	4+0
	4+0
	
	
	

	Modulation
	
	256QAM
	256QAM
	
	
	

	Target Coding Rate
	
	
	
	
	
	

	  For Sub-Frames 4,9
	
	0.88
	0.85
	
	
	

	  For Sub-Frames 2,3,7,8
	
	N/A
	N/A
	
	
	

	  For Sub-Frames 1
	
	N/A
	N/A
	
	
	

	  For Sub-Frames 5
	
	0.88
	0.86
	
	
	

	  For Sub-Frames 6
	
	N/A
	N/A
	
	
	

	  For Sub-Frames 0
	
	0.90
	0.87
	
	
	

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	75376
	97896
	
	
	

	  For Sub-Frames 2,3,7,8
	Bits
	N/A
	N/A
	
	
	

	  For Sub-Frame 1
	Bits
	0
	0
	
	
	

	  For Sub-Frame 5
	Bits
	71112
	93800
	
	
	

	  For Sub-Frame 6
	Bits
	0
	0
	
	
	

	  For Sub-Frame 0
	Bits
	75376
	97896
	
	
	

	Number of Code Blocks per Sub-Frame
(Note 4)
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	
	13
	16
	
	
	

	  For Sub-Frames 2,3,7,8
	
	N/A
	N/A
	
	
	

	  For Sub-Frame 1
	
	N/A
	N/A
	
	
	

	  For Sub-Frame 5
	
	12
	16
	
	
	

	  For Sub-Frame 6
	Bits
	N/A
	N/A
	
	
	

	  For Sub-Frame 0
	
	13
	16
	
	
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	86400
	115200
	
	
	

	  For Sub-Frames 2,3,7,8
	Bits
	N/A
	N/A
	
	
	

	  For Sub-Frame 1
	Bits
	0
	0
	
	
	

	  For Sub-Frame 5
	Bits
	81216
	110016
	
	
	

	  For Sub-Frame 6
	Bits
	0
	0
	
	
	

	  For Sub-Frame 0
	Bits
	83712
	112512
	
	
	

	Number of layers
	
	2
	2
	
	
	

	Max. Throughput averaged over 1 frame (Note 10)
	Mbps
	29.724
	38.749
	
	
	

	UE Category
	
	Note 
	Note 
	
	
	

	Note 1:
1 symbol allocated to PDCCH for all tests.
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
As per Table 4.2-2 in TS 36.211 [4].

Note 4:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

Note 5:
Resource blocks nPRB = 4..74 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..74 in other downlink sub-frames.
Note 6:
Resource blocks nPRB = 4..99 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..99 in sub-frames 0,3,4,6,7,8,9.
Note 7:
The reference channel is applied to the UE category with support of 256QAM including UE category 6, 7, 11, 12 and 13.
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