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1 Introduction

In RAN4 Meeting #68, the test cases for EPDCCH+PDSCH had been discussed and the agreements were captures in [1]. Because the peak data rate varies with different UE categories, a number of test cases should be defined with respect to UE categories. There were two remaining issues left from the last meeting:

· MCS and TBS for each test.

· Whether CA based tests will be introduced.

In this paper, we will discuss the remaining issues and provide simulation results for the cases of PDSCH with ePDCCH scheduling.
2 Discussion on remaining Issues 
2.1 MCS/TBS for PDSCH test with EPDCCH scheduling
Compared to the SDR tests, the PDSCH transmission is scheduled by EPDCCH instead of PDCCH for the tests under discussion. The rate matching around EPDCCH should be conducted, which reduces the available RE-s for PDSCH. As a result, the code rate of data will increase. Because UE may skip decoding if the effective code rate is higher than 0.93, the code rates of the new FRC-s should be carefully checked to ensure the feasibility when the largest TB size was selected. Fortunately, the corresponding code rates is lower than 0.93. The FRC-s are given in Annex (A.3.10).
2.2 CA configurations for PDSCH test with EPDCCH scheduling
The idea is to duplicate the whole set of SDR tests replacing the PDCCH scheduling by EPDCCH scheduling. If UE supports EPDCCH, then test it against the SDR requirements with EPDCCH scheduling. Otherwise, test UE against the legacy SDR requirements with PDCCH scheduling.
But there have already been 12 SDR test cases. Considering 15MHz SDR test and 3-DL CA, the test case number would increase further. Adding EPDCCH based SDR tests would not be a simple copy-paste work based on the legacy SDR tests. At least the TB Size should be re-calculated and simulation should be re-run.
On the other hand, the purpose of SDR test is verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum number of DL-SCH transport block bits received within a TTI for the UE category indicated. The RF channel implementation and higher layer processing as well as peak data rate decoding are relevant to the test. EPDCCH scheduling together with timing advance may limit the processing timeline. But it might not be the key point to meet the original test purpose. 

The main purposes of PDSCH tests with EPDCCH scheduling would be to verify the PDSCH peak data decoding under the shrunk processing timeline caused by EPDCCH decoding and timing advance, and to verify the correct rate matching. UE may use the quite similar processing pipelines on each CC-s.
For the CA SDR tests, TM1 and TM3 as the two typical transmission modes are selected for the test. Maybe between EPDCCH and PDCCH scheduling schemes, we can choose one too. 

Based on the above discussion, we wonder whether the single carrier based test would be sufficient. Therefore, we propose:

· Proposal 1: it is suggested to define the demodulation performance requirements of PDSCH with EPDCCH scheduling (SDR requirements) based on the single carrier to simplify the specification.
If necessary, maybe we could define the EPDCCH requirements based on CA with one or two bandwidth combinations which could be applicable to all the UE categories to verify the capability of supporting EPDCCH on multiple CC-s.
3 Simulation results
Figure 1 provides the simulation results by comparing to the simulation results of the legacy SDR tests. From the simulation results, it is observed that the performance gaps between PDSCH+EPDCCH test cases and the corresponding SDR test cases are approximately within 1dB and the largest gap could be found for Test 3A. So the existing TB success rate requirements for the legacy tests could be reused for PDSCH tests with EPDCCH scheduling.
· Observation 1: the existing TB success rate requirements for the legacy tests could be reused for PDSCH tests with EPDCCH scheduling.
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(a) Test 1
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(b) Test 2
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(c) Test 3
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(d) Test 3A

[image: image5.emf]16 17 18 19 20 21 22 23 24

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR (dB)

BLER

Test 4, performance of PDSCH SDR and PDSCH+ePDCCH SDR test

 

 

PDSCH SDR

PDSCH + ePDCCH SDR


(e) Test 4

Figure 1: Simulation results for PDSCH tests with EPDCCH scheduling compared to the legacy SDR test cases
4 Conclusion
In this paper, we discuss the PDSCH test with EPDCCH scheduling. We propose that 
· Proposal 1: it is suggested to define the demodulation performance requirements of PDSCH with EPDCCH scheduling (SDR requirements) based on the single carrier to simplify the specification.
The simulation results for the single carrier test cases are provided. And the detailed test parameters are provided in the Annex.
From the simulation results, it could be observed that

· Observation 1: the existing TB success rate requirements for the legacy tests could be reused for PDSCH tests with EPDCCH scheduling.
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6 Annex: PDSCH performance requirements scheduled by EPDCCH
------------------------------------ Text of EPDCCH performance requirements ----------------------------------------------

8.8
Demodulation of PDSCH scheduled by EPDCCH
The purpose of the test is to verify the PDSCH demodulation performance scheduled by EPDCCH with the largest possible DL-SCH transport block bits within a TTI for the UE category indicated. The test cases below specify the relative throughput under the shrunk processing time caused by EPDCCH decoding and the timing advance and under the RF conditions at receiver side to be equal to or larger than the requirements. Transmission modes 1 and 3 are used with radio conditions resembling a scenario where the maximum data rates are available.
8.8.1
FDD

The parameters specified in Table 8.8.1-1 are valid for all FDD tests unless otherwise stated.

Table 8.8.1-1: Common Test Parameters (FDD)

	Parameter
	Unit
	Value 

	Number of EPDCCH Sets
	
	1

	Transmission Type of EPDCCH-PRB-set
	
	Localized

	Number of PRB pair per EPDCCH-PRB set and EPDCCH PRB pair allocation
	PRB
	4

(RB3, RB17, RB31, RB45)

	EPDCCH aggregation level
	
	2 ECCE

	EPDCCH starting position
	
	epdcch-StartSymbol-r11=2 (Note 1)

	EPDCCH DCI format
	
	DCI format 2A

	EPDCCH beamforming model
	
	Annex B.4.5

	Subframe pattern for monitored EPDCCH
	
	N/A

	Subframe configuration
	
	Non-MBSFN

	Timing advance
	μs
	100

	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 64QAM

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

	Note 1:
The staring OFDM symbol for EPDCCH and PDSCH is determined from the higher layer signalling epdcch-StartSymbol-r11.


The requirements are specified in Table 8.8.1-3, with the addition of the parameters in Table 8.8.1-2 and the downlink physical channel setup according to Annex C.3.2.
Table 8.8.1-2: Test parameters for PDSCH performance scheduled by EPDCCH (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

	Propagation condition
	
	Static propagation condition (Note 1)

	CodeBookSubsetRestriction bitmap
	
	N/A
	10
	10
	10

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

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

	Note 1:
No external noise sources are applied.


Table 8.8.1-3: 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.58 FDD
	95

	2
	Category 2
	-
	25456
	R.58-1 FDD
	95

	3
	Category 3 (Note 1)
	-
	51024
	R.59 FDD
	95

	3A
	Category 3 (Note 2)
	-
	36696 (Note 4)
	R.58-2 FDD
	85

	4
	Category 4
	-
	75376 (Note 5)
	R.59-1 FDD
	85

	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 not supporting 20 MHz channel bandwidth. 

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.


8.8.2
TDD

The parameters specified in Table 8.8.2-1 are valid for all TDD tests unless otherwise stated.

Table 8.8.2-1: Common Test Parameters (TDD)

	Parameter
	Unit
	Value 

	Number of EPDCCH Sets
	
	1

	Transmission Type of EPDCCH-PRB-set
	
	Localized

	Number of PRB pair per EPDCCH-PRB set and EPDCCH PRB pair allocation
	PRB
	4

(RB3, RB17, RB31, RB45)

	EPDCCH aggregation level
	
	2 ECCE

	EPDCCH starting position
	
	epdcch-StartSymbol-r11=2 (Note 1)

	EPDCCH DCI format
	
	DCI format 2A

	EPDCCH beamforming model
	
	Annex B.4.5

	Subframe pattern for monitored EPDCCH
	
	N/A

	Subframe configuration
	
	Non-MBSFN

	Timing advance
	μs
	100

	Special subframe configuration (Note 2)
	
	4

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Inter-TTI Distance
	
	1

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 64QAM

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

	Note 1:
The staring OFDM symbol for EPDCCH and PDSCH is determined from the higher layer signalling epdcch-StartSymbol-r11.

Note 2:
as specified in Table 4.2-1 in TS 36.211 [4].


The requirements are specified in Table 8.8.2-3, with the addition of the parameters in Table 8.8.2-2 and the downlink physical channel setup according to Annex C.3.2.
Table 8.8.2-2: Test parameters for PDSCH performance scheduled by EPDCCH (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 condition
	
	Static propagation condition (Note 1)

	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

	Note 1:
No external noise sources are applied.


Table 8.8.2-3: 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
	R31-1 TDD
	95

	2
	Category 2
	-
	25456/0
	R31-2 TDD
	95

	3
	Category 3 (Note 1)
	-
	51024/0
	R31-3 TDD
	95

	3A
	Category 3 (Note 2)
	-
	51024/0
	R31-3A TDD
	85

	4
	Category 4
	-
	75376/0 (Note 4)
	R31-4 TDD
	85

	6
	Category 6,7
	-
(Note 6)
	75376/0 (Note 4)
	R.31-4 TDD
	85

	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 not supporting 20 MHz channel bandwidth. 

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.


------------------------------------ Text of 36.101 ----------------------------------------------
------------------------------------ Text of FRC for 36.101----------------------------------------------
A.3.10
Reference measurement channels for the performance requirements of PDSCH scheduled by EPDCCH
A.3.10.1
FDD

Table A.3.10.1-1: Fixed Reference Channel for PDSCH scheduled by EPDCCH test (FDD)
	Parameter
	Unit
	Value

	Reference channel
	
	R.58 FDD
	R.58-1 FDD
	R.59 FDD
	R.58-2 FDD
	R.59-1 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
	0.60
	0.87
	0.89
	

	  For Sub-Frame 5
	
	0.41
	0.65
	0.63
	0.91
	0.88
	

	  For Sub-Frame 0
	
	0.41
	0.64
	0.61
	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 (Note 3 and Note 8)
	
	
	
	
	
	
	

	  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
	

	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 = 7..14,30..49 are allocated for the user data and nPRB = 6 for ePDCCH in all sub-frames.

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

Note 7:
Resource blocks 
nPRB = 5..99 are allocated for the user data and nPRB = 4 for ePDCCH in sub-frame 5; Resource blocks 
nPRB = 1..99 are allocated for the user data and nPRB = 0 for ePDCCH in sub-frame 0,1,2,3,4,6,7,8,9.
Note 8: 
Given per component carrier per codeword.


A.3.10.2
TDD

Table A.3.10.2-1: Fixed Reference Channel for PDSCH scheduled by EPDCCH test (TDD)
	Parameter
	Unit
	Value

	Reference channel
	
	R.58 TDD
	R.58-1 TDD
	R.59 TDD
	R.58-2 TDD
	R.59-1 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]
	[0.89]
	[0.89]

	  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 = 7..14,30..49 are allocated for the user data in all subframes.

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

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

Note 9:
Resource blocks 
nPRB = 5..71 are allocated for the user data in all sub-frames

Note10:
Given per component carrier per codeword.
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