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1
Introduction
In last RAN4 meeting, at the LTE UE demodulation Ad-Hoc, it was agreed to provide performance simulation results for the low UE categories based on [1]. In this contribution we analyzed the additional performance tests of TDD for low UE categories and some of the problems in [3].  Then simulation results and recommendations were presented.
2
Analysis
2.1 Additional RMCs for TDD performance test cases

In order to cover low UE categories, the additional low rate RMCs was proposed in [2]. However there are two of the four DRS test cases can only be applied to UE category 2-5, and it is suggested to set-up two more corresponding Cat1 test cases for them. The table below gives our proposal for the addition low rate RMCs of DRS test cases (highlight in green). 
Table 1 RMCs for DRS test cases
	Reference channel
	Bandwidth
	Allocation
	Modulation & Coding rate
	UE Category

	PDSCH: UE specific reference symbols



	R.25
	10
	full
	QPSK 1/3
	1-5

	R.26
	10
	full
	16QAM 1/2
	2-5

	R.26-1
	10
	16 PRBs + OCNG
	16QAM 1/2
	1

	R.27
	10
	full
	64QAM 3/4
	2-5

	R.27-1
	10
	16 PRBs + OCNG
	64QAM 3/4
	1

	R.28
	10
	1 PRB
	16QAM 1/2
	1-5


The FRCs for the additional low rate RMCs of TDD was given in the Annex. Some parameters are different from the values proposed in [3]. The Information Bit Payload size of DwPTS for TDD reference channels seems incorrect. According to TS36.213 section 7.1.7, for transport block transmitted in DwPTS the NPRB is different from others.
2.2 Simulation results analysis

Based on the proposed additional RMCs, there are TDD additional performance test cases for low UE categories as shown in table below. In the annex we provide both alignment and impairment results for the additional TDD test cases based on the proposals above. In table 3 below, we compare the results to the current test cases.

Table 2 TDD additional performance test cases for Low UE categories

	Test number
	Bandwidth 
	Reference Channel

with 
OP.1 TDD
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	[1.5-1]
	5 MHz
	[R.3-1 TDD]
	EVA5
	1x2 Low
	70
	TBD
	1

	[1.6-1]
	5 MHz
	[R.3-1 TDD]
	ETU70
	1x2 Low
	30
	TBD
	1

	[1.7-1]
	5 MHz
	[R.3-1 TDD]
	ETU300
	1x2 High
	70
	TBD
	1

	[2.3-1]
	5 MHz
	[R.6-1 TDD]
	EVA5
	1x2 Low
	70
	TBD
	1

	[1.8-1]
	10 MHz
	[R.7-1 TDD]
	EVA5
	1x2 Low
	70
	TBD
	1

	[1.9-1]
	10 MHz
	[R.7-1 TDD]
	ETU70
	1x2 Low
	70
	TBD
	1

	[1.10-1]
	10 MHz
	[R.7-1 TDD]
	EVA5
	1x2 High
	70
	TBD
	1

	[2.4-1]
	15 MHz
	[R.8-1 TDD]
	EVA5
	1x2 Low
	70
	TBD
	1

	[2.5-1]
	20 MHz
	[R.9-1 TDD]
	EVA5
	1x2 Low
	70
	TBD
	1

	[2.5-2]
	20 MHz
	[R.9-2 TDD]
	EVA5
	1x2 Low
	70
	TBD
	2

	[7.1-1]
	5 MHz 16QAM 1/2
	[R.11-1 TDD]
	EVA5
	2x2 Medium
	70
	TBD
	1

	[11.2-1]
	10MHz 16QAM 1/2
	[R.26-1TDD]
	EPA5
	1x2 Low
	70
	TBD
	1

	[11.3-1]
	10MHz 64QAM 3/4
	[R.27-1 TDD]
	EPA5
	1x2 Low
	70
	TBD
	1


Table 3 Results compare
	TDD test case
	SNR offset [dB]

	T1.5/T1.5-1
	0.08

	T1.6/T1.6-1
	-0.15

	T1.7/T1.7-1
	0.11

	T2.3/T2.3-1
	0.01

	T1.8/T1.8-1
	-0.25

	T1.9/T1.9-1
	0.08

	T1.10/T1.10-1
	0.20

	T2.4/T2.4-1
	0.40

	T2.5/T2.5-1
	0.34

	T2.5/T2.5-2
	0.17

	T7.1/T7.1-1
	-0.25

	T11.2/T11.2-1
	0.20

	T11.3/T11.3-1
	-0.04


Based on the results comparison above, we can see the SNR offsets in all the test cases are smaller than 0.5dB. So the option that keeps the current performance requirements for the additional test cases is acceptable.
3 Conclusion
In this contribution we analyzed the additional performance test cases of TDD for low UE categories and two additional DRS test cases for low UE categories were suggested. The parameters for the additional RMC-s of TDD were also given. Based on the simulation results, we propose to reuse the current performance requirements for the additional test cases.
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Annex 
Reference measurement channels for PDSCH performance requirements (TDD)
table A.3.4.1-2: Fixed Reference Channel 16QAM R=1/2
	Parameter
	Unit
	Value

	Reference channel
	
	
	
	[R.3-1 TDD]
	[R.3 TDD]
	
	

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	25
	50
	
	

	Uplink-Downlink Configuration (Note 3)
	
	
	
	1
	1
	
	

	Allocated subframes per Radio Frame (D+S)
	
	
	
	4+2
	4+2
	
	

	Modulation
	
	
	
	16QAM
	16QAM
	
	

	Target Coding Rate
	
	
	
	1/2
	1/2
	
	

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	
	
	6456
	14112
	
	

	  For Sub-Frames 1,6
	Bits
	
	
	5544
	11448
	
	

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

	  For Sub-Frame 0
	Bits
	
	
	5736
	12960
	
	

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

	  For Sub-Frames 4,9
	
	
	
	2
	3
	
	

	  For Sub-Frames 1,6
	
	
	
	1
	2
	
	

	  For Sub-Frame 5
	
	
	
	n/a
	n/a
	
	

	  For Sub-Frame 0
	
	
	
	1
	3
	
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	
	
	12600
	27600
	
	

	  For Sub-Frames 1,6
	Bits
	
	
	11112
	22512
	
	

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

	  For Sub-Frame 0
	Bits
	
	
	11208
	26208
	
	

	Max. Throughput averaged over 1 frame
	Mbps
	
	
	2.9736
	6.408
	
	

	UE Category
	
	
	
	1-5
	2-5
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.

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)




Table A.3.4.1-3: Fixed Reference Channel 64QAM R=3/4

	Parameter
	Unit
	Value

	Reference channel
	
	
	[R.5 TDD]
	[R.6 TDD]
	[R.7 TDD]
	[R.8 TDD]
	[R.9 TDD]

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	15
	25
	50
	75
	100

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

	Allocated subframes per Radio Frame (D+S)
	
	
	4+2
	4+2
	4+2
	4+2
	4+2

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	
	3/4
	3/4
	3/4
	3/4
	3/4

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	
	8504
	14112
	30576
	46888
	61664

	  For Sub-Frames 1,6
	Bits
	
	6968
	11448
	23688
	35160
	46888

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

	  For Sub-Frame 0
	Bits
	
	6968
	12576
	30576
	45352
	61664

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

	  For Sub-Frames 4,9
	
	
	2
	3
	5
	8
	11

	  For Sub-Frames 1,6
	
	
	2
	2
	4
	6
	8

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

	  For Sub-Frame 0
	
	
	2
	3
	5
	8
	11

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	
	11340
	18900
	41400
	62100
	82800

	  For Sub-Frames 1,6
	Bits
	
	9828
	16668
	33768
	50868
	67968

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

	  For Sub-Frame 0
	Bits
	
	9252
	16812
	39312
	60012
	80712

	Max. Throughput averaged over 1 frame
	Mbps
	
	3.791
	6.370
	13.910
	20.945
	27.877

	UE Category
	
	
	1-5
	2-5
	2-5
	2-5
	3-5

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4]
Note 3:
as per Table 4.2-2 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)




Table A.3.4.1-3-1: Fixed Reference Channel 64QAM R=3/4

	Parameter
	Unit
	Value

	Reference channel
	
	
	[R.6-1 TDD]
	[R.7-1 TDD]
	[R.8-1 TDD]
	[R.9-1 TDD]
	[R.9-2 TDD]

	Channel bandwidth
	MHz
	1.4
	5
	10
	15
	20
	20

	Allocated resource blocks
	
	
	16
	16
	16
	16
	80

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

	Allocated subframes per Radio Frame (D+S)
	
	
	4+2
	4+2
	4+2
	4+2
	4+2

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	
	3/4
	3/4
	3/4
	3/4
	3/4

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	
	9144
	9912
	9912
	9912
	48936

	  For Sub-Frames 1,6
	Bits
	
	7480
	8760
	8760
	8760
	37888

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

	  For Sub-Frame 0
	Bits
	
	7480
	9912
	9912
	9912
	48936

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

	  For Sub-Frames 4,9
	
	
	2
	2
	2
	2
	8

	  For Sub-Frames 1,6
	
	
	2
	2
	2
	2
	7

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

	  For Sub-Frame 0
	
	
	2
	2
	2
	2
	8

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	
	12096
	13248
	13248
	13248
	66240

	  For Sub-Frames 1,6
	Bits
	
	10512
	10944
	10944
	10944
	54288

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

	  For Sub-Frame 0
	Bits
	
	10008
	13248
	13248
	13248
	64152

	Max. Throughput averaged over 1 frame
	Mbps
	
	4.0728
	4.7256
	4.7256
	4.7256
	22.2584

	UE Category
	
	
	1-5
	1-5
	1-5
	1-5
	2-5

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4]
Note 3:
As per Table 4.2-2 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)




Table A.3.4.2.1-1: Fixed Reference Channel two antenna ports
	Parameter
	Unit
	Value

	Reference channel
	
	
	[R.10 TDD]
	[R.11 TDD]
	[R.11-1 TDD]
	
	

	Channel bandwidth
	MHz
	
	10
	10
	5
	
	

	Allocated resource blocks
	
	
	50
	50
	25
	
	

	Uplink-Downlink Configuration (Note 3)
	
	
	1
	1
	1
	
	

	Allocated subframes per Radio Frame (D+S)
	
	
	4+2
	4+2
	4+2
	
	

	Modulation
	
	
	QPSK
	16QAM
	16QAM
	
	

	Target Coding Rate
	
	
	1/3
	1/2
	1/2
	
	

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	
	4392
	12960
	5736
	
	

	  For Sub-Frames 1,6
	
	
	3240
	9528
	5160
	
	

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

	  For Sub-Frame 0
	Bits
	
	4392
	12960
	4968
	
	

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

	  For Sub-Frames 4,9 
	
	
	1
	3
	1
	
	

	  For Sub-Frames 1,6
	
	
	1
	2
	1
	
	

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

	  For Sub-Frame 0
	
	
	1
	3
	1
	
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	
	13200
	26400
	12000
	
	

	  For Sub-Frames 1,6
	
	
	10656
	21312
	10512
	
	

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

	  For Sub-Frame 0
	Bits
	
	12528
	25056
	10656
	
	

	Max. Throughput averaged over 1 frame
	Mbps
	
	1.966
	5.794
	2.676
	
	

	UE Category
	
	
	1-5
	2-5
	1-5
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.
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)




Table A.3.4.3-1: Fixed Reference Channel for UE-specific reference symbols

	Parameter
	Unit
	Value

	Reference channel
	
	[R.25 TDD]
	[R.26 TDD]
	[R.26-1 TDD]
	[R.27 TDD]
	[R.27-1

TDD]
	[R.28 
TDD]

	Channel bandwidth
	MHz
	10
	10
	10
	10
	10
	10

	Allocated resource blocks
	
	50 4
	50 4
	16 
	50 4
	16 6
	1

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

	Allocated subframes per Radio Frame (D+S)
	
	4+2
	4+2
	4+2
	4+2
	4+2
	4+2

	Modulation
	
	QPSK
	16QAM
	16QAM
	64QAM
	64QAM
	16QAM

	Target Coding Rate
	
	1/3
	1/2
	1/2
	3/4
	3/4
	1/2

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	4392
	12960
	4136
	28336
	9144
	224

	  For Sub-Frames 1,6
	Bits
	3240
	9528
	3496
	22920
	7480
	176

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

	  For Sub-Frame 0
	Bits
	2984
	9528
	4136
	22152
	9144
	224

	Number of Code Blocks per Sub-Frame
(Note 5)
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	
	1
	3
	1
	5
	2
	1

	  For Sub-Frames 1,6
	
	1
	2
	1
	4
	2
	1

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

	  For Sub-Frame 0
	
	1
	2
	1
	4
	2
	1

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	12600
	25200
	8064
	37800
	12096
	504

	  For Sub-Frames 1,6
	Bits
	10356
	20712
	6720
	31068
	10080
	420

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

	  For Sub-Frame 0
	Bits
	10332
	20664
	8064
	30996
	12096
	504

	Max. Throughput averaged over 1 frame
	Mbps
	1.825
	5.450
	1.940
	12.466
	4.2392
	0.102

	UE Category
	
	1-5
	2-5
	1
	2-5
	1
	1-5

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.
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:     For R.25, R.26 and R.27, 50 resource blocks are allocated in sub-frames 1–9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0.  

Note 5:      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)
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