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1 Introduction

In the last meeting it was agreed to introduce initially SDR test for all the UE categories for single carrier only, [1]. This document provides the new RMC and the simulation results.
Table 1: Common test parameters of PDSCH test with EPDCCH scheduling
	Parameter
	Description

	Test Methodology
	Peak rate Sustained Data Rate Test; 
In principle, the parameters in the existing SDR tests will be re-used except for EPDCCH specific parameters. Coding rates need to be verified.

	Bandwidth
	As defined in TS36.101.

Note: SDR test for all UE categories and CA bandwidth combinations as defined in TS 36.101. 

	Duplexing 
	FDD, TDD

	Cyclic Prefix
	Normal 

	EPDCCH transmission mode
	Localized

	Number of EPDCCH Sets
	1

	Number and configuration of EPDCCH RPB pairs
	4

	ECCE levels
	2

	EPDCCH Starting Symbol
	Starting symbol is decided by RRC signalling and CFI = 1

	EPDCCH monitoring subframe
	Configured

	EPDCCH DCI Format
	DCI Format 2A

	PDSCH transmission mode
	As per legacy tests

	MBSFN subframe configuration
	No

	Antenna Configuration
	1 x 2 (UE Cat 1) and 2 x 2

	Propagation channel
	Static channel

	Noise
	No external noise added

	EPDCCH beamforming model
	Random pre-coding

	Timing Advance
	100 μs

	TDD UL/DL configuration
	As per legacy tests


2 SDR tests
The EPDCCH occupies 1 PRB according to the set up. The number of REs  in one PRB (excluding CRSs, legacy control channels as those are already taken into account in the binary channel bits provided in the RMC) can be computed as follows
For TM1 = 168 REs – 12RE (control channel for CFI=1) -6REs for CRSs = 150REs
For TM3@ two CRS antenna ports = 168 REs – 12RE (control channel for CFI=1) -12REs for CRSs = 144REs
The new binary channel bits are computed as follows:
(nominal binary channel bits/modulation order- available REs used for EPDCCH)*modulation order.
The following sections provide the tables for the RMCs for the new SDR tests.
2.1 FDD
Table 8.7.1-2: test parameters for sustained downlink data rate (FDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3,4,6
	Test 3A

	Bandwidth
	MHz
	10
	10
	20
	10

	Transmission mode
	
	1
	3
	3
	3

	Antenna configuration
	
	1 x 2
	2 x 2
	2 x 2
	2 x 2

	Propgatation conditions
	
	Static

	CodeBookSubsetRestriction bitmap
	
	N/A
	10
	10
	10

	Downlink power allocation
	
[image: image1.wmf]A

r


	dB
	0
	-3
	-3
	-3

	
	
[image: image2.wmf]B

r


	dB
	0
	-3
	-3
	-3

	
	(
	dB
	0
	0
	0
	0

	
[image: image3.wmf]s

E

ˆ

at antenna port
	dBm/15kHz
	-85
	-85
	-85
	-85

	Symbols for unused PRBs
	
	OP.6 FDD
	OP.1 FDD
	OP.1 FDD
	OP.1 FDD

	EPDCCH scheduling
	
	Localized

	EPDCCH # sets
	
	1

	EPDCCH set size
	
	4

	EPDCCH AL
	
	2 ECCEs

	TA
	
	100musec

	EREGS
	
	ECCE#0 = EREG#{0,4,8,12} in PRB pair#0

ECCE#1 = EREG#{1,5,9,13} in PRB pair#0


	Note 1:
No external noise sources are applied.

Note 2:
For CA test cases, PUCCH format 1b with channel selection is used to feedback ACK/NACK.



In the RMC definition the information bit payload is selected according to the maximum amount of PRB allocated. 
Table A.3.9.1-1: Fixed Reference Channel for sustained data-rate test (FDD)

	Parameter
	Unit
	Value

	Reference channel
	
	R.31-1E FDD
	R.31-2E FDD
	R.31-3E FDD
	R.31-3AE FDD
	R.31-4E FDD
	

	Channel bandwidth
	MHz
	10
	10
	20
	10
	20
	

	Allocated resource blocks (Note 8)
	
	Note 5
	Note 6
	Note 7
	Note 6
	Note 7
	

	Allocated subframes per Radio Frame
	
	10
	10
	10
	10
	10
	

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	

	Coding Rate
	
	
	
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9,
	
	 0.41
	0.60
	0.6
	0.87
	0.88
	

	  For Sub-Frame 5
	
	0.41
	0.66
	0.63
	0.91
	0.88
	

	  For Sub-Frame 0
	
	0.41
	0.64
	0.62
	0.92
	0.91
	

	Information Bit Payload (Note 8)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	10296
	25456


	51024 
	36696 
	75376 
	

	  For Sub-Frame 5
	Bits
	10296
	25456
	51024 
	35160 
	71112 
	

	  For Sub-Frame 0
	Bits
	10296
	25456


	51024
	36696 
	75376
	

	Number of Code Blocks
(Notes 3 and 8)
	
	
	
	
	36840
	75688
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	2
	5
	9
	6
	13
	

	  For Sub-Frame 5
	Bits
	2
	5
	9
	6
	12
	

	  For Sub-Frame 0
	Bits
	2
	5
	9
	6
	13
	

	Binary Channel Bits (Note 8)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	25200
	42336
	85536
	42336
	85536
	

	  For Sub-Frame 5
	Bits
	25200
	38880
	81216
	38880
	81216
	

	  For Sub-Frame 0
	Bits
	25200
	39888
	83088
	39888
	83088
	

	Number of layers
	
	1
	2
	2
	2
	2
	

	Max. Throughput averaged over 1 frame (Note 8)
	Mbps
	10.296
	25.456
	51.024
	36.542
	74.950
	

	UE Categories
	
	≥ 1
	≥ 2
	≥ 2
	≥ 2
	≥ 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.


Table 8.7.1-3: Minimum requirement (FDD)

	Test
	UE Category
	CA

capability
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	
	
	
	
	
	TB success rate [%]

	1
	Category 1
	-
	10296
	R.31-1E FDD
	TBD

	2
	Category 2
	-
	25456
	R.31-2E FDD
	TBD

	3
	Category 3 (Note 1)
	-
	51024
	R.31-3E FDD
	TBD

	3A
	Category 3 (Note 2)
	-
	36696 (Note 4)
	R.31-3AE FDD
	TBD

	4
	Category 4
	-
	75376 (Note 5)
	R.31-4E FDD
	TBD

	6
	Category 6, 7
	-
(Note 7)
	75376 (Note 5)
	R.31-4E FDD
	TBD

	Note 1:
If the operating band under test does not support 20 MHz channel bandwidth, then test is executed according to Test 3A.

Note 2:
Applicable to operating bands supporting up to 10 MHz channel bandwidths. 

Note 3:
For 2 layer transmissions, 2 transport blocks are received within a TTI.
Note 4:
35160 bits for sub-frame 5.

Note 5:
71112 bits for sub-frame 5.

Note 6:
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.


2.1.1 TDD

The parameters specified in Table 8.7.2-1 are valid for all TDD tests unless otherwise stated.

The RMC are modified as follows

Table 8.7.2-2: test parameters for sustained downlink data rate (TDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 3A
	Test 4,6

	Bandwidth
	MHz
	10
	10
	20
	15
	20

	Transmission mode
	
	1
	3
	3
	3
	3

	Antenna configuration
	
	1 x 2
	2 x 2
	2 x 2
	2 x 2
	2 x 2

	Propagation conditions
	
	Static

	CodeBookSubsetRestriction bitmap
	
	N/A
	10
	10
	10
	10

	Downlink power allocation
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	dBm/15kHz
	-85
	-85
	-85
	-85
	-85

	Symbols for unused PRBs
	
	OP.6 TDD 
	OP.1 TDD
	OP.1 TDD
	OP.2 TDD
	OP.1 TDD

	ACK/NACK feedback mode
	
	Bundling
	Bundling
	Bundling
	Multiplexing
	Multiplexing

	EPDCCH scheduling
	
	localized

	EPDCCH # sets
	
	1

	EPDCCH set size
	
	4

	EPDCCH AL
	
	2 ECCEs

	TA
	
	100musec

	EREGS
	
	ECCE#0 = EREG#{0,4,8,12} in PRB pair#0

ECCE#1 = EREG#{1,5,9,13} in PRB pair#0


	Note 1:
No external noise sources are applied.

Note 2:
PUCCH format 1b with channel selection is used to feedback ACK/NACK.



Table A.3.9.2-1: Fixed Reference Channel for sustained data-rate test (TDD)

	Parameter
	Unit
	Value

	Reference channel
	
	R.31-1E TDD
	R.31-2E TDD
	R.31-3E TDD
	R.31-3AE TDD
	R.31-4E TDD

	Channel bandwidth
	MHz
	10
	10
	20
	15
	20

	Allocated resource blocks
	
	Note 6
	Note 7
	Note 8
	Note 9
	Note 8

	Uplink-Downlink Configuration (Note 3)
	
	5
	5
	5
	1
	1

	Number of HARQ Processes per component carrier
	Processes
	15
	15
	15
	7
	7

	Allocated subframes per Radio Frame (D+S)
	
	8+1
	8+1
	8+1
	4
	4

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	
	
	
	
	

	  For Sub-Frames 4,9
	
	0.41
	0.60
	0.60
	0.88
	0.88

	  For Sub-Frames 3,7,8
	
	0.41
	0.60
	0.60
	N/A
	N/A

	  For Sub-Frames 1
	
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frames 5
	
	0.41
	0.65
	0.63
	0.89
	0.87

	  For Sub-Frames 6
	
	0.41
	0.61
	0.60
	N/A
	N/A

	  For Sub-Frames 0
	
	0.41
	0.63
	0.61
	0.92
	0.91

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	10296
	25456 
	51024 
	51024
	75376 

	  For Sub-Frames 3,7,8
	Bits
	10296
	25456 
	51024 
	0
	0

	  For Sub-Frame 1
	Bits
	0
	0
	0
	0
	0

	  For Sub-Frame 5
	Bits
	10296
	25456 
	51024 
	51024
	71112 

	  For Sub-Frame 6
	Bits
	10296
	25456 
	51024 
	0
	0

	  For Sub-Frame 0
	Bits
	10296
	25456 
	51024 
	51024
	75376 

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

	  For Sub-Frames 4,9 
	
	2
	5
	9
	9
	13

	  For Sub-Frames 3,7,8
	
	2
	5
	9
	N/A
	N/A

	  For Sub-Frame 1
	
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 5
	
	2
	5
	9
	9
	12

	  For Sub-Frame 6
	Bits
	2
	5
	9
	n/a
	N/A

	  For Sub-Frame 0
	
	2
	5
	9
	9
	13

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	25200
	42336
	85536
	57888
	85536

	  For Sub-Frames 3,7,8
	Bits
	25200
	42336
	85536
	0
	0

	  For Sub-Frame 1
	Bits
	0
	0
	0
	0
	0

	  For Sub-Frame 5
	Bits
	25200
	39312
	81648
	57456
	81648

	  For Sub-Frame 6
	Bits
	25200
	41904
	85104
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	25200
	40320
	83520
	55872
	83520

	Number of layers
	
	1
	2
	2
	2
	2

	Max. Throughput averaged over 1 frame (Note 10)
	Mbps
	8.237
	20.365
	40.819
	20.409
	29.724

	UE Category
	
	≥ 1
	≥ 2
	≥ 2
	≥ 2
	≥ 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:
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 = 0..2 are allocated for SIB transmissions in sub-frame 5 for all bandwidths.

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

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

Note 8:
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 9:
Resource blocks 
nPRB = 4..71 are allocated for the user data in all sub-frames

Note10:
Given per component carrier per codeword.


Table 8.7.2-3: Minimum requirement (TDD)

	Test
	UE Category
	CA Capability
	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
	Category 1
	-
	10296/0
	R31-1E TDD
	

	2
	Category 2
	-
	25456/0
	R31-2E TDD
	

	3
	Category 3 (Note 1, 4)
	-
	51024/0
	R31-3E TDD
	

	3A
	Category 3 (Note 2)
	-
	51024/0
	R31-3AE TDD
	

	4
	Category 4
	-
	75376/0 (Note 4)
	R31-4E TDD
	

	6
	Category 6,7
	-
(Note 7)
	75376/0 (Note 4)
	R.31-4E TDD
	

	Note 1:
If the operating band under test does not support 20 MHz channel bandwidth, then test is executed according to Test 3A.

Note 2:
Applicable to operating bands supporting up to 15 MHz channel bandwidths. 

Note 3:
For 2 layer transmissions, 2 transport blocks are received within a TTI.
Note 4:
71112 bits for sub-frame 5.

Note 5:
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.


3 Results
Small performance difference do to slight increase/decrease in coding rate  is expected for those tests.  In particular some slight relaxations may be needed for high code rate (such as 0.91) due to SNR limitations. 
In previous meeting it was agreed to include in the SDR test the UE monitoring subframe capability, in order to make sure that the UE follows the signalling and it capable of monitoring EPDCCH in certain subframes and PDCCH in others. In subframes when the UE monitors the PDCCH the coding rate will be the same as for legacy SDR test. In the worst case the EPDCCH is scheduled in all the subframes which consequently increases the coding rate in each subframe. Hence the simulation results are provided for this worst case, i.e. by considering the RMC tables provided above. If acceptable degradation of the performance is shown in this case compared to the legacy SDR test then we can be confident that if PDCCH is monitored in certain subframes rather than EPDCCH the performance will improve.

This section provides the simulation results.
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Figure 1.  SDR test 1 (FDD)
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Figure 2.  SDR test 2 (FDD)
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Figure 3.  SDR test 3 (FDD)
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Figure 4.  SDR test 3A (FDD)

[image: image11.emf]19 19.5 20 20.5 21 21.5 22 22.5 23 23.5 24 24.5 25 25.5 26

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

x 10

8

SNR (dB)

PDSCH (bps)

SDR Test 4 (FDD)

 

 


Figure 5.  SDR test 4 (FDD)
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Figure 6.  SDR test 1 (TDD)
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Figure 7.  SDR test 2 (TDD)
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Figure 8.  SDR test 3 (TDD)
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Figure 9.  SDR test 3A (TDD)
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Figure 10.  SDR test 4 (TDD)

4 Conclusions

In this paper we provide the RMC for the new SDR tests, which can be considered for the definition of the test set up.
According to these simulation results the same legacy requirements can be considered for the new SDR tests for test 1, 2, 3, 3A. A slight relaxation of the requirements might be needed for test 4 and 6.
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