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1
Introduction
In RAN4#55 meeting, downlink data rate tests for verifying the received packets corresponding to the maximum number of DL-SCH transport block bits within a TTI can be processed correctly in a sustained manner were introduced in [1]. This verification is to be performed by checking the success rate of delivered TB by Layer 1 to meet the sustained data rate requirement for each UE category.

In summary, the test cases, parameters and corresponding minimum requirements are currently defined as follows (FDD shown here).
Table 1: test parameters for sustained downlink data rate (FDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3,4
	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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at antenna port
	dBm/15kHz
	[-85]
	[-85]
	[-85]
	[-85]

	Symbols for unused PRBs
	
	[OCNG] 
	[OCNG]
	[OCNG]
	[OCNG]

	
	
	
	
	
	

	Note 1:
No external noise sources are applied


Table 2: Minimum requirement (FDD)

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

	
	
	
	
	TB success rate [%]

	1
	Category 1
	10296
	[R31-1 FDD]
	[95]

	2
	Category 2
	25456
	[R31-2 FDD]
	[95]

	3
	Category 3 (Note 1)
	51024
	[R31-3 FDD]
	[95]

	3A
	Category 3 (Note 2)
	36696
	[R31-3A FDD]
	TBD

	4
	Category 4
	75376
	[R31-4 FDD]
	[90]

	5
	Category 5
	FFS
	FFS
	FFS

	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.


To facilitate the progress of this work, we provide our simulation results without receiver impairments for the above UE category 3 tests and some discussion / recommendations on resolving remaining open issues. Please note that all results provided in this contribution are simulated with inclusion of Tx EVM of 6% and other common physical signals (PSS, SSS and PBCH) are enabled.
2
Simulation results for UE category 3
2.1
Test 3 (20MHz bandwidth)
Simulation results of both throughput and TB error rate for test 3 are shown in Figure 1 and 2 respectively. One control OFDM symbol is allocated for this test. In these figures, results with and without subframe 5 scheduling for PDSCH transmission are provided. It is shown in Figure 2 that the success rate of 95% for Layer 1 transport blocks can be achieved at SNR = 14.1 dB regardless of whether SF5 is scheduled or not. Therefore, based on these results and taking RF receiver imperfections into consideration, the current specified test settings and TB success rate requirement are concluded to be feasible.
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Figure 1: Throughput performance results for test case 3
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Figure 2: Transport block error rate performance results for test case 3
2.2
Test 3A (10MHz bandwidth)

Simulation results of both throughput and TB error rate for test 3A are shown in Figure 3 and 4, respectively. Two control OFDM symbols are allocated for this test. In these figures, results with and without subframe 5 scheduling are provided. In this case, due to a high coding rate of 0.93, 50% of TB success rate can only be achieved at SNR = 20 dB.
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Figure 3: Throughput results for test case 3A, coding rate = 0.93, two control symbols
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Figure 4: BLER results for test case 3A, coding rate = 0.93, two control symbols
To resolve this testability issue, two options can be considered as follows:
Option 1: Lower the transport block size 

In the current test setup, the transport block size (TBS = 36696) corresponds to the highest ITBS index for NPRB = 50 in Table 7.1.7.2.1-1 of 36.213. In Fig. 5 and 6, we show performance results from using TBS = 31704 (second highest TBS for 50 PRB) that corresponds to a coding rate of 0.8. It is observed,

· 95% of success rate is achieved @ SNR = 18.7 dB

· 90% of success rate is achieved @ SNR = 18.4 dB
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Figure 5: Throughput results for test case 3A, coding rate = 0.8, two control symbols
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Figure 6: BLER results for test case 3A, coding rate = 0.8, two control symbols
Option 2: Reduce the number of control symbols 

In the current test setup, two symbols are allocated for PDCCH transmission. As suggested in [2], this can be reduced to use just one control symbol and would still be sufficient for PDCCH format 2A with payload = 57 bits. Effectively, this reduces the coding rate to 0.85 with TBS still being 36696 (maximum possible payload size). In Fig. 7 and 8, we show performance results from using only one control symbol. It is observed,

· 95% of success rate is achieved @ SNR = 20.2 dB

· 90% of success rate is achieved @ SNR = 20.0 dB
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Figure 7: Throughput results for test case 3A, coding rate = 0.85, one control symbol
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Figure 8: BLER results for test case 3A, coding rate = 0.85, one control symbol
Based on the above observed results, both options for resolving the testability issue in test 3A seem feasible. However, since the required SNR range is around 20 dB to achieve a high TB success rate of 95% and this is without considering any RF receiver imperfections (further margins needs to be added), option 1 will seem more feasible.
Proposal 1: It is proposed to use a transport block size of 31704 with TB success rate requirement of 95% for the existing test 3A.
Furthermore, based on BLER results shown in this contribution, a minimal performance difference is observed for curves with and without SF5 scheduling.

Proposal 2: It is proposed to schedule PDSCH in all downlink subframes including SF5 for all sustained DL data rate tests.

3
Recommendation of changes
Table 1: test parameters for sustained downlink data rate (FDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3,4
	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
	
	[OCNG] 
	[OCNG]
	[OCNG]
	[OCNG]

	
	
	
	
	
	

	Note 1:
No external noise sources are applied


Table 2: Minimum requirement (FDD)

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

	
	
	
	
	TB success rate [%]

	1
	Category 1
	10296
	[R31-1 FDD]
	[95]

	2
	Category 2
	25456
	[R31-2 FDD]
	[95]

	3
	Category 3 (Note 1)
	51024
	[R31-3 FDD]
	[95]

	3A
	Category 3 (Note 2)
	31704
	[R31-3A FDD]
	[95]

	4
	Category 4
	75376
	[R31-4 FDD]
	[90]

	5
	Category 5
	FFS
	FFS
	FFS

	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.


A.3.9
Reference measurement channels for sustained downlink data rate provided by lower layers


A.3.9.1
FDD

Table A.3.9.1-1: Fixed Reference Channel for sustained data-rate test (FDD)

	Parameter
	Unit
	Value

	Reference channel
	
	[R.31-1 FDD]
	[R.31-2 FDD]
	[R.31-3 FDD]
	[R.31-3A FDD]
	[R.31-4 FDD]

	Channel bandwidth
	MHz
	10
	10
	20
	10
	20

	Allocated resource blocks
	
	[17]
	50
	100
	50
	100

	Allocated subframes per Radio Frame
	
	10
	10
	10
	10
	10

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	[3/4]
	[0.61]
	[0.6]
	[0.8]
	[7/8]

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,5,6,7,8,9
	Bits
	10296
	25456
	51024
	31704
	75376

	  For Sub-Frame 0
	Bits
	10296
	25456
	51024
	31704
	75376

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	
	
	
	
	

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

	  For Sub-Frame 0
	Bits
	TBD
	TBD
	TBD
	TBD
	TBD

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	

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

	  For Sub-Frame 0
	Bits
	TBD
	TBD
	TBD
	TBD
	TBD

	Number of layers
	
	1
	2
	2
	2
	2

	Max. Throughput averaged over 1 frame
	Mbps
	
	
	
	
	

	UE Category
	
	1
	2
	3
	3
	4

	Note 1:
2 symbols allocated to PDCCH for the 10 MHz bandwidth, 1 symbol for the 20 MHz bandwidth
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)


4
Conclusion
In this contribution, simulation results without UE receiver impairments are provided for test 3 and 3A in sustained DL data rate testing. It is found that the existing test settings and TB success rate requirement are feasible for test 3. However, it is also found difficult to define a sensible performance requirement for test 3A using the existing test settings. Two options for resolving this testability issue are investigated. In conclusion, we propose the follows:
Proposal 1: It is proposed to use a transport block size of 31704 with TB success rate requirement of 95% for the existing test 3A.
Proposal 2: It is proposed to schedule PDSCH in all downlink subframes including SF5 for all sustained DL data rate tests.
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