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1   Background
During RAN4#79AH, LAA discussion made great progress, although some issues still left. In this contribution, we would like to give some investigation about the applicable UE category for different LAA demodulation requirements.
2   Discussion

TS 36.306 defined the following UE category as in Table 1 and Table 2:
Table 1 (Table 4.1-1 of 36.306): Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL
	How can a UE achieve the peak data rate

	Category 1
	10296
	10296
	250368
	1
	1CC 64QAM

	Category 2
	51024
	51024
	1237248
	2
	1CC 2-layer 64QAM

	Category 3
	102048
	75376
	1237248
	2
	1CC 2-layer 64QAM

	Category 4
	150752
	75376
	1827072
	2
	1CC 2-layer 64QAM

	Category 5
	299552
	149776
	3667200
	4
	1CC 4-layer 64QAM; or 2CC 2-layer 64QAM

	Category 6
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	1CC 4-layer 64QAM; or 2CC 2-layer 64QAM

	Category 7
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	1CC 4-layer 64QAM; or 2CC 2-layer 64QAM

	Category 8
	2998560
	299856
	35982720
	8
	5CC 8-layer 64QAM

	Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	1CC 4-layer + 1CC 2-layer 64QAM or

3CC 2-layer 64QAM

	Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	1CC 4-layer + 1CC 2-layer 64QAM or

3CC 2-layer 64QAM

	Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	1CC 4-layer 256QAM + 1CC 2-layer 256QAM or 1CC 4-layer 256QAM + 2CC 2-layer 64QAM or 3CC 2-layer 256QAM or 2CC 4-layer 64QAM or 4CC 2-layer 64QAM

	Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	1CC 4-layer 256QAM + 1CC 2-layer 256QAM or 1CC 4-layer 256QAM + 2CC 2-layer 64QAM or 3CC 2-layer 256QAM or 2CC 4-layer 64QAM or 4CC 2-layer 64QAM

	NOTE 1:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


Table 2 (Table 4.1A-1 of 36.306): Downlink physical layer parameter values set by the field ue-CategoryDL

	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL
	How can a UE achieve the peak data rate

	DL Category 0 (Note 2)
	1000
	1000
	25344
	1
	1CC 1-layer

	DL Category 6
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	1CC 4-layer 64QAM; or 2CC 2-layer 64QAM

	DL Category 7
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	1CC 4-layer 64QAM; or 2CC 2-layer 64QAM

	DL Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	1CC 4-layer + 1CC 2-layer 64QAM or

3CC 2-layer 64QAM

	DL Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	1CC 4-layer + 1CC 2-layer 64QAM or

3CC 2-layer 64QAM

	DL Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	1CC 4-layer 256QAM + 1CC 2-layer 256QAM or 1CC 4-layer 256QAM + 2CC 2-layer 64QAM or 3CC 2-layer 256QAM or 2CC 4-layer 64QAM or 4CC 2-layer 64QAM

	DL Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	1CC 4-layer 256QAM + 1CC 2-layer 256QAM or 1CC 4-layer 256QAM + 2CC 2-layer 64QAM or 3CC 2-layer 256QAM or 2CC 4-layer 64QAM or 4CC 2-layer 64QAM

	DL Category 13
	391632
	195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4
	1CC 4-layer 256QAM or 2CC 2-layer 256QAM

	DL Category 14
	3916560
	391656 (8 layers, 256QAM)
	47431680
	8
	5CC 8-layer 256QAM

	DL Category 15
	749856-798800 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	9744384
	2 or 4
	2CC 4-layer 256QAM or 4CC 2-layer 256QAM or 1CC 4-layer 256QAM + 2CC 2-layer 256QAM or 1CC 2-layer 256QAM + 4CC 2-layer 64QAM or  1CC 4-layer 64QAM +3CC 2-layer 64QAM or 2CC 4-layer 64QAM + 1CC 2-layer 64QAM or 5CC 2-layer 64QAM

	DL Category 16
	978960 -1051360 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	12789504
	2 or 4
	2CC 4-layer 256QAM + 1CC 2-layer 256QAM or 1CC 4-layer 256QAM + 3CC 2-layer 256QAM or 5CC 2-layer 256QAM or 3CC 4-layer 64QAM + 1CC 2-layer 64QAM or 2CC 4-layer 64QAM + 3CC 2-layer 64QAM

	DL Category 17
	25065984
	391656 (8 layers, 256QAM)
	303562752
	8
	8-layer …

	NOTE 1:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.
NOTE 2:
Within one TTI, a UE indicating category 0 shall be able to receive up to 1000 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI and up to 2216 bits for another transport block associated with P-RNTI/SI-RNTI/RA-RNTI.

NOTE 3: 
The UE indicating category x shall reach the value within the defined range indicated by “Maximum number of DL-SCH transport block bits received within a TTI” of category x. The UE shall determine the required value within the defined range indicated by “Maximum number of DL-SCH transport block bits received within a TTI” of the corresponding category, based on its capabilities (i.e. CA band combination, MIMO, Modulation scheme).


By checking the FRC definition in [1] and the tests defined in [2] for LAA, for different LAA tests, we can get the max number of DL-SCH transport block bits received within a TTI for LAA UE.
2.1   TM4 test
For TM4 test of 8.2.4.1.1 FDD PCell (FDD single carrier) and 8.2.4.1.2 TDD PCell (TDD single carrier):
Table 3 (Table 8.2.4.1.1-4 of [2]): Single carrier performance for PCell for multiple CA configurations

	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1.4MHz
	R.14-4 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	10.4

	3MHz
	R.14-5 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	9.5

	5MHz
	R.14-6 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	9.5

	10MHz
	R.14 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	10.1

	15MHz
	R.14-7 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	10.1

	20MHz
	R.14-3 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	10.3


Table 4 (Table 8.2.4.1.2-4 of [2]): Single carrier performance for PCell for multiple CA configurations

	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1.4MHz
	R.43-1 TDD
	OP.1 TDD 
	EVA5
	4x2 Low
	70
	11.0

	3MHz
	R.43-2 TDD
	OP.1 TDD 
	EVA5
	4x2 Low
	70
	9.8

	5MHz
	R.43-3 TDD
	OP.1 TDD 
	EVA5
	4x2 Low
	70
	10.0

	10MHz
	R.43-4 TDD
	OP.1 TDD 
	EVA5
	4x2 Low
	70
	10.5

	15MHz
	R.43-5 TDD
	OP.1 TDD 
	EVA5
	4x2 Low
	70
	10.6

	20MHz
	R.43 TDD
	OP.1 TDD 
	EVA5
	4x2 Low
	70
	10.7


As per R.14-3 FDD 16QAM 1/2 for FDD PCell and R.43 TDD 16QAM 1/2 for TDD PCell, the maximum number of DL-SCH transport block bits is 25456*2bits within a TTI; 
For LAA SCell, if we choose 16QAM 1/2, the maximum number of DL-SCH transport block bits received within a TTI is 25456*2 bits, then the maximum number of DL-SCH transport block bits for LAA UE is 25456*2*2 = 101824bits, and as per the UE category defined in TS 36.306, then UE category 3 and above is applicable.
For LAA SCell, if we choose 64QAM 0.6, then the maximum number of DL-SCH transport block bits received within a TTI is 46888bits, then the maximum number of DL-SCH transport block bits for LAA UE is 25456*2 + 46888*2 = 144688bits, and as per the UE category defined in TS 36.306, then UE category 4 and above is applicable.

2.2   TM9 test
For TM9 test of 8.3.3.1.1 FDD PCell (FDD single carrier) and 8.3.3.1.2 TDD PCell (TDD single carrier):
Table 5 (Table 8.3.3.1.1-3 of [2]): Single carrier performance Large Delay CDD (FRC) for PCell for multiple CA configurations

	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of Norminal maximum throughput (%)
	SNR (dB)

	1.4MHz
	R.11-5 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.6

	3MHz
	R.11-6 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	12.3

	5MHz
	R.11-2 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	12.3

	10MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	12.9

	15MHz
	R.11-7 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	12.8

	20MHz
	R.30 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	12.9


Table 6 (Table 8.3.3.1.2-3 of [2]): Single carrier performance Large Delay CDD (FRC) for PCell for multiple CA configurations

	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1.4MHz
	R.11-5 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	13.2

	3MHz
	R.11-6 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	12.8

	5MHz
	R.11-7 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	12.6

	10MHz
	R.11-8 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	12.8

	15MHz
	R.11-9 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	12.9

	20MHz
	R.30-1 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	13.0


As per R.30 FDD 16QAM 1/2 for FDD PCell and R.30-1 TDD 16QAM 1/2 for TDD PCell, the maximum number of DL-SCH transport block bits is 25456*2bits within a TTI; 

For LAA SCell, if we choose 16QAM 1/2, the maximum number of DL-SCH transport block bits received within a TTI is 22920*2 bits, then the maximum number of DL-SCH transport block bits for LAA UE is 25456*2 + 22920*2 = 96752bits, and as per the UE category defined in TS 36.306, then UE category 3 and above is applicable.

For LAA SCell, if we choose 64QAM 0.6, then the maximum number of DL-SCH transport block bits received within a TTI is 43816bits, then the maximum number of DL-SCH transport block bits for LAA UE is 25456*2 + 43816*2 = 138544bits, and as per the UE category defined in TS 36.306, then UE category 4 and above is applicable.

As per the above calculation, we can know that the applicable UE category for LAA TM4 and TM9 test are UE category 3 and 4 for 16QAM 1/2 and 64QAM 0.6 respectively. At the same time, if we check the existing normal CA test with 2DL CC for 20+20MHz bandwidth combination as below Table 7, we can know the UE category for CA bandwidth combination 20+20MHz is UE category 5 and above.
Table 7: The existing normal CA test with 2DL CC for 20+20MHz bandwidth combination

	Table
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	

	8.2.1.1.1-4
	2
	2x20 MHz
	R.42 FDD
	OP.1 FDD (NOTE 1)
	EVA5
	1x2 Low
	70
	-1.3
	≥5

	8.2.1.3.1-4
	2
	2x20 MHz
	R.30 FDD
	OP.1 FDD (NOTE 1)
	EVA70
	2x2 Low
	70
	13.2
	≥5

	8.2.2.1.1-4
	1
	2x20MHz
	R.42 TDD
	OP.1 TDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.2
	≥5

	8.2.2.3.1-4
	1
	2x20 MHz
	R.30-1 TDD
	OP.1 TDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	1


So we propose the applicable UE category for LAA 20+20MHz BW demodulation test:

Proposal 1: Choose UE category 3 and 4 and above as the applicable UE category for LAA test for 16QAM 1/2 and 64QAM 0.6 respectively;
Or

Proposal 1a: Choose UE category 5 and above as the applicable UE category for LAA demodulation test by following the applicable UE category 5 for the existing CA normal test for 20+20MHz BW combination. 
3   Proposals
By using the defined LAA demodulation test and related FRC, we calculated the corresponding maximum number of DL-SCH transport block bits received within a TTI for LAA UE, and compared them with the defined maximum number of DL-SCH transport block bits received within a TTI for different UE category, we give our proposal for applicable UE category for LAA 20+20MHz BW test:

Proposal 1: Choose UE category 3 and 4 and above as the applicable UE category for LAA test for 16QAM 1/2 and 64QAM 0.6 respectively;

Or

Proposal 1a: Choose UE category 5 and above as the applicable UE category for LAA demodulation test by following the applicable UE category 5 for the existing CA normal test for 20+20MHz BW combination. 
4   Reference

[1] R4-165346 CR for reference channel for LAA demodulation performance
[2] R4-165344 CR for introducing LAA PDSCH demodulation performance requirements















































































































































































































































































































