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Introduction
In RAN4#81 meeting, the group agreed to have SDR test for multiple LAA Scell(s). The agreements were captured in [3]. There are many open issues related to SDR test. In this contribution, we share our view on these open issues. 
Discussion on general open issues
About 64QAM and 256QAM
In legacy SDR test, both 64 QAM and 256 QAM are tested. Further, if only one modulation is defined, some category UE may not be testable. Thus, we prefer to define SDR test for both 64QAM and 256QAM. 
[bookmark: _Toc472867405][bookmark: _Toc472950262][bookmark: _Toc472950414][bookmark: _Toc472951245][bookmark: _Toc473904995]SDR test is defined for both 64QAM and 256QAM 

About maximum burst length
In practical network, the maximum burst length is subjected to the regulation requirements. In 3GPP, the maximum burst length may be 4 ms, 8ms or 10 ms. In SDR test, the general principle is to select the configuration with the maximum peak data rate, thus UE can use the same platform to handle different regulation requirements. Due to the gap between burst, obviously, longer burst length have higher peak data rate. For example, for UE who don’t support ending partial subframe and don’t support initial subframe, one subframe per burst is needed for the gap. Roughly, the peak throughout of 10 ms is 2% more than that of 8 ms, and 20% more than that of 4 ms. Thus, 10 ms is set as the maximum burst length is more proper for SDR test. 
[bookmark: _Toc472867406][bookmark: _Toc472950263][bookmark: _Toc472950415][bookmark: _Toc472951246][bookmark: _Toc473904996]10 ms is set as the maximum burst length for SDR test

Test metric
In legacy test, the sustained downlink data rate shall be verified in terms of the success rate of delivered PDCP SDU(s) by Layer 2. In most cases, 85% of the success rate is used as the test metric. In LAA Scell, the legacy metric can be reused. 

Two layers vs four layers
In legacy test, there are different tests for two layers and four layers, and mixture of two layers and four layers. In the LAA SDR test, we can select the configuration which achieve the maximum throughput from all the combination of {CA combination, MIMO layer}.  
Discussion on the signal model
Per the agreements in [3], The transmission burst is always on with minimum gap:
· How to handle the setup for different UE which has different capability for handling initial subframes, ending partial subframe is FFS. The following options may be considered:
· Option 1:  A unified model is used for all UEs which have different capability
· The maximum throughput for different capability UE may be different
· Option 2:  Different model is used for different capability UE
Other options are not precluded. 
· How to achieve maximum throughput for FS3 is FFS. 

For different capability UE, the burst pattern to achieve the maximum throughput can be illustrated in Figure 1~Figure 3.
For UE supporting ending partial subframe and supporting initial partial subframe (Category type 1)
For UE supporting ending partial subframe and NOT supporting initial partial subframe (Category type 2)
[image: ]
[bookmark: _Ref472927703]Figure 1: Pattern to achieve the maximum throughout for Category type 1&2
The burst pattern for these two category UEs can be shown in Figure 1. In Figure 1, one out of every 10 ms is ending partial subframe. 12 OFDM symbols are configured for the ending partial subframe. Thus, 2 OFDM is set as the gap. 
For UE NOT supporting ending partial subframe and supporting initial partial subframe (Category type 3)
[image: ]
[bookmark: _Ref472928007]Figure 2: Pattern to achieve the maximum throughout for category Type 3
The burst pattern for the category type 3 is shown in Figure 2. In Figure 2, one out of every 10 ms is initial partial subframe. Thus, the gap between the burst is 7 OFDM symbols. Notably, it is better not use subframe 0&5 as the initial subframe, since according to the RAN1 specification:
· the primary synchronization signal shall be transmitted only if the corresponding subframe is non-empty and at least 12 OFDM symbols are transmitted
if subframe 0&5 is used as initial subframe, the available PSS/SSS may be reduced and thus may impact on the UE demodulate performance. For simplification, subframe 4 can be considered as the initial subframe in the setup.
For UE NOT supporting ending partial subframe and NOT supporting initial partial subframe (Category type 4)
[image: ]
[bookmark: _Ref472927711]Figure 3: Pattern to achieve the maximum throughout for category Type 4
For this category UE (Category type 4), the burst pattern can be shown in Figure 3. For these UE, one out of every 10 ms is blanked. Thus, the gap between the burst is 1 subframe. 
From the above analysis, it may be a bit challenge to have a unified model for all capability UEs. Thus, Option 2 may be more applicable. 
[bookmark: _Toc472950264][bookmark: _Toc472950416][bookmark: _Toc472951247][bookmark: _Toc473904997]Considering the pattern shown in Figure 1~Figure 3 as the SDR burst transmission pattern for different capability UE
FRC proposal
For the FRC, there are two parts, one part is for the Licensed carrier and the second part is for LAA Scells. For the licensed carrier, the legacy FRC can be reused. It is shown in Table 1 and Table 2.
[bookmark: _Ref472929793]Table 1: Per-CC FRC for SDR test (64QAM) 
	MIMO layer
	Bandwidth (MHz)
	FDD

	2 layer
	5
	R.31-6 FDD

	
	10
	R.31-3A FDD

	
	15
	R.31-5 FDD

	
	20
	R.31-4 FDD

	4 layer
	5
	R.31-10 FDD (need update according the latest agreement of 4RX WI)

	
	10
	R.31-7 FDD

	
	15
	R.31-8 FDD

	
	20
	R.31-9 FDD




[bookmark: _Ref472929861] Table 2: Per-CC FRC for SDR test (256QAM) 
	MIMO layer
	Bandwidth (MHz)
	FDD

	2 layer
	5
	R.68-3 FDD

	
	10
	R.68-2 FDD

	
	15
	R.68-1 FDD

	
	20
	R.68 FDD

	4 layer
	5
	R.68-7 FDD (need update according the latest agreement of 4RX WI)

	
	10
	R.68-4 FDD

	
	15
	R.68-5 FDD

	
	20
	R.68-6 FDD



For unlicensed carrier, the target coding rate of licensed carrier can be reused and the FRC for initial subfame and ending partial subframe can be updated accordingly. The details are shown in Table 3 and Table 4. 

[bookmark: _Ref472930791]Table 3: Fixed Reference Channel for sustained data-rate test (FS3 64QAM)
	Parameter
	Unit
	Value

	Reference channel
	
	R.x1 FS3
	R.x2 FS3
	R.x3
	R.x43 FS3
	R.x54 FS3
	R.x6 FS3

	Channel bandwidth
	MHz
	20
	20
	20
	20
	20
	20

	Allocated resource blocks
	
	100
	100
	100
	100
	100
	100

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

	Coding Rate
	
	
	
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9
	
	0.88
	0.88
	0.87
	0.79
	0.79
	0.79

	  For Sub-Frame 0,5
	
	0.89
	0.89
	0.89
	0.80
	0.80
	0.80

	  For Sub-Frame 1,2,3,4,6,7,8,9 (12 OFDM symbol)
	
	N/A
	0.77
	N/A
	N/A
	0.70
0.82
	N/A

	  For Sub-Frame 0,5 (12 OFDM symbol)
	
	N/A
	0.78
	N/A

	N/A
	0.71
0.83
	N/A

	  For Sub-Frame 1,2,3,4,6,7,8,9 (7 OFDM symbol)
	
	N/A
	N/A
	0.90
	N/A
	N/A
	0.80

	Information Bit Payload (Note 6)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	75376
	75376
	75376
	128496
	128496
	128496

	  For Sub-Frame 0,5
	Bits
	75376
	75376
	75376
	128496
	128496
	128496

	  For Sub-Frame 1,2,3,4,6,7,8,9 (12 OFDM symbol)
	Bits
	N/A
	55056
	N/A
	N/A
	110136
	N/A

	  For Sub-Frame 0,5 (12 OFDM symbol)
	
	N/A
	55056
	N/A
	N/A
	110136
	N/A

	  For Sub-Frame 1,2,3,4,6,7,8,9 (7 OFDM symbol)
	
	N/A

	N/A

	36696
	N/A
	N/A
	61664

	Number of Code Blocks
(Notes 3 and 6)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	13
	13
	13
	21
	21
	21

	  For Sub-Frame 0,5
	Bits
	13
	13
	13
	21
	21
	21

	  For Sub-Frame 1,2,3,4,6,7,8,9 (12 OFDM symbol)
	Bits
	N/A
	9
	N/A
	N/A
	18
	N/A

	  For Sub-Frame 0,5 (12 OFDM symbol)
	
	N/A
	9
	N/A
	N/A
	18
	N/A

	  For Sub-Frame 1,2,3,4,6,7,8,9 (7 OFDM symbol)
	
	N/A

	N/A

	6
	N/A

	N/A

	11

	Binary Channel Bits (Note 6)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	86400
	86400
	86400
	163200
	163200
	163200

	  For Sub-Frame 5
	Bits
	85536
	85536
	85536
	161472
	161472
	161472

	  For Sub-Frame 1,2,3,4,6,7,8,9 (12 OFDM symbol)
	Bits
	N/A
	72000
	N/A
	N/A
	134400
	N/A

	  For Sub-Frame 0,5 (12 OFDM symbol)
	
	N/A
	71136
	N/A
	N/A
	132672
	N/A

	  For Sub-Frame 1,2,3,4,6,7,8,9 (7 OFDM symbol)
	
	N/A
	N/A
	40800
	N/A
	N/A
	76800

	Number of layers
	
	2
	2
	2
	4
	4
	4

	Max. Throughput averaged over 1 frame (Note 6)
	Mbps
	67.00065.954
	72.836
	71.508
	114.219112.434
	126.201
	121.8128

	UE Categories
	
	≥ 6
	≥ 6
	≥ 6
	≥ 6
	≥ 6
	≥ 6

	Note 1:	1 symbol allocated to PDCCH for all tests.
Note 2:	Reference signal and synchronization signals are allocated as per TS 36.211 [4]. PBCH and SIBs are not allocated in FS3 cell.
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:	For R.x1 FS3 and R.x3 FS3, burst consists of 8 full subframes. Between two consecutive bursts, there is one subframe gap. 
Note 5:	For R.x2 FS3 and R.x4 FS3, burst consists of 7 full subframes and 1 ending partial subframe that has 12 OFDM symbols. Between two consecutive bursts, there is 2 OFDM symbol gap. 
Note 6: 	Given per component carrier per codeword.




[bookmark: _Ref472930799]Table 4: Fixed Reference Channel for sustained data-rate test (FS3 256QAM)
	Parameter
	Unit
	Value

	Reference channel
	
	R.y1 FS3
	R.y2 FS3
	R.y3 FS3
	R.y43 FS3
	R.y45 FS3
	R.y6 FS3

	Channel bandwidth
	MHz
	20
	20
	20
	20
	20
	20

	Allocated resource blocks
	
	100
	100
	100
	100
	100
	100

	Modulation
	
	256QAM
	256QAM
	256QAM
	256QAM
	256QAM
	256QAM

	Coding Rate
	
	
	
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9
	
	0.85
	0.85
	0.85
	0.78
	0.78
	0.78

	  For Sub-Frame 0,5
	
	0.86
	0.86
	0.86
	0.79
	0.79
	0.79

	  For Sub-Frame 1,2,3,4,6,7,8,9 (12 OFDM symbol)
	
	N/A
	0.79
	N/A
	N/A
	0.742
	N/A

	  For Sub-Frame 0,5 (12 OFDM symbol)
	
	N/A
	0.80
	N/A
	N/A
	0.753
	N/A

	For Sub-Frame 1,2,3,4,6,7,8,9 (7 OFDM symbol)
	
	N/A
	N/A
	0.86
	N/A
	N/A
	0.77

	Information Bit Payload (Note 6)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	97896
	97896
	97896
	169544
	169544
	169544

	  For Sub-Frame 0,5
	Bits
	97896
	97896
	97896
	169544
	169544
	169544

	  For Sub-Frame 1,2,3,4,6,7,8,9 (12 OFDM symbol)
	Bits
	N/A
	75376
	N/A
	N/A
	128496
133208
	N/A

	  For Sub-Frame 0,5 (12 OFDM symbol)
	
	N/A
	75376
	N/A
	N/A
	128496
133208
	N/A

	  For Sub-Frame 1,2,3,4,6,7,8,9 (7 OFDM symbol)
	
	N/A
	N/A
	46888
	N/A
	N/A
	78704

	Number of Code Blocks
(Notes 3 and 6)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	16
	16
	16
	28
	28
	28

	  For Sub-Frame 0,5
	Bits
	16
	16
	16
	28
	28
	28

	  For Sub-Frame 1,2,3,4,6,7,8,9 (12 OFDM symbol)
	Bits
	N/A
	13
	N/A
	N/A
	21
22
	N/A

	  For Sub-Frame 0,5 (12 OFDM symbol)
	
	N/A
	13
	N/A
	N/A
	21
22
	N/A

	Binary Channel Bits (Note 6)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	115200
	115200
	115200
	217600
	217600
	217600

	  For Sub-Frame 5,0
	Bits
	114048
	114048
	114048
	215296
	215296
	215296

	  For Sub-Frame 1,2,3,4,6,7,8,9 (12 OFDM symbol)
	Bits
	N/A
	96000
	N/A
	N/A
	179200
	N/A

	For Sub-Frame 1,2,3,4,6,7,8,9 (7 OFDM symbol)
	
	N/A
	N/A
	54400
	N/A
	N/A
	102400

	  For Sub-Frame 0,5 (12 OFDM symbol)
	
	N/A
	94848
	N/A
	N/A
	176896
	N/A

	Number of layers
	
	2
	2
	2
	4
	4
	4

	Max. Throughput averaged over 1 frame (Note 6)
	Mbps
	67.000
85.659
	72.836
95.081
	92.7952
	114.219
148.351
	126.201
165.002
	160.460

	UE Categories
	
	≥ 6
	≥ 6
	≥ 6
	≥ 6
	≥ 6
	≥ 6

	Note 1:	1 symbol allocated to PDCCH for all tests.
Note 2:	Reference signal and synchronization signals are allocated as per TS 36.211 [4]. PBCH and SIBs are not allocated in FS3 cell.
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:	For R.y1 FS3 and R.y3 FS3, burst consists of 8 full subframes. Between two consecutive bursts, there is one subframe gap. 
Note 5:	For R.y2 FS3 and R.y4 FS3, burst consists of 7 full subframes and 1 ending partial subframe that has 12 OFDM symbols. Between two consecutive bursts, there is 2 OFDM symbol gap. 
Note 6: 	Given per component carrier per codeword.



[bookmark: _Toc472950417][bookmark: _Toc472951248][bookmark: _Toc473904998]Considering the FRC defined in Table 3 and Table 4 as FRC for LAA Scell(s)
Applicability rule discussion
In the last meeting, the general principle for the applicability rule is endorsed. The general principle is:
CA configuration, bandwidth combination and MIMO layer on each CC is determined by following procedure. 
· Select one CA bandwidth combination among all supported CA configurations with bandwidth combination and MIMO layer on each CC following the equation that leads to largest equivalent aggregated bandwidth among all CA bandwidth combinations supported by UE. Equivalent aggregated bandwidth is defined as 






where  is number of CCs,  and is MIMO layer and bandwidth of CC .
· When there are multiple sets of {CA configuration, bandwidth combination, MIMO layer} with same largest aggregated bandwidth, select one among sets with largest number of 4 layer CCs. 
In general, the above principle works. But there are some clarifications needed to be addressed. For example, when a category 6&7 UE indicate it can support 3x20MHz and 4 layers can be supported for each CC, how to apply this equation? If it is directly applied, , , and . In this case, it exceeds the maximum number of DL-SCH transport block bits received within a TTI for category 6&7. Based on the limitation of the maximum number of DL-SCH transport block bits received within a TTI for category 6&7, it can support the following configuration with maximum throughput. 
, , and , or
, , and .
To make remedy for this problem, we can add the upper limitation for the selection of largest equivalent aggregated bandwidth (Remedy#1). 
Further, in the RAN4#81 meeting, RAN4 have the following agreements:
Test Applicability rule is defined as: 
•       If the largest aggregated bandwidth is achieved by both CA configuration(s) with or without LAA CC(s), select CA configuration without LAA CC(s) for the test
•       If the largest aggregated bandwidth is achieved by CA configuration(s) with LAA CC(s), select CA configuration with LAA CC(s) for the test
This rule is a general rule and it can be generalized in all CA test cases. It shall be reflected in the applicability rule and can be fixed with remedy#2. Combined Remedy#1 and Remedy#2, we can have the following text:
CA configuration, bandwidth combination and MIMO layer on each CC is determined by following procedure. 
· Select one CA bandwidth combination among all supported CA configurations with bandwidth combination and MIMO layer on each CC following the equation that leads to largest equivalent aggregated bandwidth among all CA bandwidth combinations supported by UE and the number of DL-SCH transport block bits received within a TTI is less than the maximum number of DL-SCH transport block bits received within a TTI defined for each UE category. Equivalent aggregated bandwidth is defined as 






where  is number of CCs,  and is MIMO layer and bandwidth of CC . When , the ith carrier are not used for the test. 
· When there are multiple sets of {CA configuration, bandwidth combination, MIMO layer} with same largest aggregated bandwidth, select one among sets with largest number of 4 layer CCs. 
· When there are multiple sets of {CA configuration, bandwidth combination, MIMO layer} with same largest aggregated bandwidth and largest number of 4 layer CCs, select one among sets with largest number of FS1 or FS2. 

[bookmark: _Toc472950265][bookmark: _Toc472950418][bookmark: _Toc472951249][bookmark: _Toc473904999]Modify the endorsed applicability rule for SDR test

Conclusion
In this contribution, we provide some analysis on SDR test for LAA scenario. We have the following proposals: 
[bookmark: _GoBack]Proposal 1	SDR test is defined for both 64QAM and 256QAM
Proposal 2	10 ms is set as the maximum burst length for SDR test
Proposal 3	Considering the pattern shown in Figure 1~Figure 3 as the SDR burst transmission pattern for different capability UE
Proposal 4	Considering the FRC defined in Table 3 and Table 4 as FRC for LAA Scell(s)
Proposal 5	Modify the endorsed applicability rule for SDR test
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