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1   Introduction
In the RAN4 #78bis meeting, the applicability rules for 4Rx SDR tests are still not decided. In this contribution, we will further analyze these issues.
2   Discussion

With different UE categories and CA bandwidth combinations, there are multiple ways to reach the peak data rate especially for higher order UE categories. In [1], the combinations of transmission schemes like MIMO and 256QAM to achieve the peak data rate are provided.
The combinations of transmission schemes like MIMO and 256QAM to achieve the peak data rate are provided in the last columns in Table 1 and Table 2. The combinations highlighted by yellow have already been covered by the existing SDR tests, which are based on 2-layer transmission. In Table 3, the remaining untested combinations are listed for further analyses, especially for 4-layer transmission.  However, 4-layer transmission can only work for some CA bands. According to [2], 4Rx bands are 1, 2, 3, 7, 20, 39, 41, and 42. We should list CA band combinations which satisfy the CC number and layer.
In Table 4, possible CA combinations which can get the peak data rate are listed. For each way to achieve the peak data rate of the UE category, there are a lot of CA combinations satisfying the requirement. It is impossible and unnecessary to test all of these combinations, so the SDR test applicability rule should be defined.
One approach is to consider two test points for the UE which can support 4-layer transmission: one is to test with the largest bandwidth combinations and the other one is to verify the combinations which can provide the largest MAC data rate or the largest number of CC-s working on the 4-layer mode. Both should be selected from all the supported CA configurations and all the supported combinations of transmission schemes.
It is worth noting that if each 4-layer CC is converted to two 2-layer CCs, actually the applicability rule is the largest MAC data rate, which corresponding to our test 2. 
Proposal 1: Consider the applicability rule in which two SDR tests will be applied to 4-layer capable UE: one is with the largest bandwidth combinations; the other is with the largest DL-SCH transport rate.
The other issue is the CA SDR test metric, which is the TB success rate at PDCP layer. CA UE only has one PDCP layer. The building block approach, i.e., per-CC performance approach used in CA demodulation test, fails. But in order to make the specification work easier, the most important thing is to design the FRC to make all the test points at 85% TB success rate no matter what kind of combinations scheme used per CC. Otherwise, the SDR test cannot be extended in the future. So it is important to specify the test point.
Proposal 2: Specify the test point for the 4-layer 64QAM and 256QAM single carrier SDR test as 85% TB success rate.
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

	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

	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).


Table 3: Untested combinations
	UE Category
	How can a UE achieve the peak data rate

	Category 6
	1CC 4-layer 64QAM

	Category 7
	1CC 4-layer 64QAM

	Category 9
	1CC 4-layer + 1CC 2-layer 64QAM

	Category 10
	1CC 4-layer + 1CC 2-layer 64QAM

	Category 11
	1CC 4-layer 256QAM + 1CC 2-layer 256QAM 
or 1CC 4-layer 256QAM + 2CC 2-layer 64QAM 
or 2CC 4-layer 64QAM

	Category 12
	1CC 4-layer 256QAM + 1CC 2-layer 256QAM 
or 1CC 4-layer 256QAM + 2CC 2-layer 64QAM 
or 2CC 4-layer 64QAM


Table 4: Possible CA combinations to get the peak data rate
	How can a UE achieve the peak data rate
	UE Category
	CA combination

	1CC 4-layer 64QAM
	Category 6, 7
	CA_1 (20), 

CA_2 (20), 

CA_3 (20), 

CA_7 (20), 

CA_39 (20), 

CA_41 (20), 

CA_42 (20)

	1CC 4-layer + 1CC 2-layer 64QAM
	Category 9, 10
	CA_1A-5A (BCS0 10+10, BCS1 20+10), 

CA_1A-8A (BCS0 20+10, BCS1 10+10, BCS2 20+10), 

CA_1A-11A (20+10),

CA_1A-18A (BCS0 20+15, BCS1 10+10)

CA_1A-19A (20+10)

CA_1A-21A (20+15)

CA_1A-26A (BCS0 20+15, BCS1 10+10)

CA_1A-28A (BCS0 20+20, BCS1 10+10)

CA_1A-40A (20+20)

CA_1A-46A (20+20)

CA_2A-4A (BCS0 20+20, BCS1 10+10, BCS2 20+20)

CA_2A-5A (BCS0 20+10, BCS1 10+10)

CA_2A-12A (BCS0 20+10, BCS1 20+10, BCS2 10+10)

CA_2A-13A (BCS0 20+10, BCS1 10+10)

CA_2A-17A (10+10)

CA_2A-28A (20+20)

CA_2A-29A (BCS0 10+10, BCS1 10+10, BCS2 10+20)

CA_2A-30A (20+10)

CA_2A-46A (20+20)

CA_3A-5A (BCS0 20+10, BCS1 10+10, BCS2 20+10, BCS3 20+10)

CA_3A-8A (BCS0 20+10, BCS1 10+10, BCS2 20+10, BCS3 20+10)

CA_3A-19A (20+15)

CA_3A-26A (20+15)

CA_3A-27A (20+10)

CA_3A-28A (20+20)

CA_3A-31A (20+5)

CA_3A-38A (20+20)

CA_3A-40A (20+20)

CA_3A-46A (20+20)

CA_4A-7A (BCS0 10+20, BCS1 20+20)

CA_5A-7A (BCS0 10+20, BCS1 10+20)

CA_7A-8A (BCS0 20+10, BCS1 20+10)

CA_7A-12A (20+10)

CA_7A-22A (20+20)

CA_7A-28A (BCS0 20+15, BCS1 20+20)

CA_7A-40A (20+20)

CA_7A-46A (20+20)

CA_8A-20A (BCS0 10+10, BCS1 10+10)

CA_8A-41A (10+20)

CA_20A-31A (20+5)

CA_20A-32A (10+20)

CA_20A-38A (20+20)
CA_20A-40A (20+20)
CA_20A-67A (20+20)

CA_21A-42A  (15+20)

CA_25A-41A (20+20)

CA_26A-41A  (15+20)

CA_28A-41A (10+20)

CA_28A-42A (20+20)

CA_41A-46A (20+20)

CA_42A-46A (20+20)

	1CC 4-layer 256QAM + 1CC 2-layer 256QAM
	Category 11, 12
	CA_1A-5A (BCS0 10+10, BCS1 20+10), 

CA_1A-8A (BCS0 20+10, BCS1 10+10, BCS2 20+10), 

CA_1A-11A (20+10),

CA_1A-18A (BCS0 20+15, BCS1 10+10)

CA_1A-19A (20+10)

CA_1A-21A (20+15)

CA_1A-26A (BCS0 20+15, BCS1 10+10)

CA_1A-28A (BCS0 20+20, BCS1 10+10)

CA_1A-40A (20+20)

CA_1A-46A (20+20)

CA_2A-4A (BCS0 20+20, BCS1 10+10, BCS2 20+20)

CA_2A-5A (BCS0 20+10, BCS1 10+10)

CA_2A-12A (BCS0 20+10, BCS1 20+10, BCS2 10+10)

CA_2A-13A (BCS0 20+10, BCS1 10+10)

CA_2A-17A (10+10)

CA_2A-28A (20+20)

CA_2A-29A (BCS0 10+10, BCS1 10+10, BCS2 10+20)

CA_2A-30A (20+10)

CA_2A-46A (20+20)

CA_3A-5A (BCS0 20+10, BCS1 10+10, BCS2 20+10, BCS3 20+10)

CA_3A-8A (BCS0 20+10, BCS1 10+10, BCS2 20+10, BCS3 20+10)

CA_3A-19A (20+15)

CA_3A-26A (20+15)

CA_3A-27A (20+10)

CA_3A-28A (20+20)

CA_3A-31A (20+5)

CA_3A-38A (20+20)

CA_3A-40A (20+20)

CA_3A-46A (20+20)

CA_4A-7A (BCS0 10+20, BCS1 20+20)

CA_5A-7A (BCS0 10+20, BCS1 10+20)

CA_7A-8A (BCS0 20+10, BCS1 20+10)

CA_7A-12A (20+10)

CA_7A-22A (20+20)

CA_7A-28A (BCS0 20+15, BCS1 20+20)

CA_7A-40A (20+20)

CA_7A-46A (20+20)

CA_8A-20A (BCS0 10+10, BCS1 10+10)

CA_8A-41A (10+20)

CA_20A-31A (20+5)

CA_20A-32A (10+20)

CA_20A-38A (20+20)
CA_20A-40A (20+20)
CA_20A-67A (20+20)

CA_21A-42A  (15+20)

CA_25A-41A (20+20)

CA_26A-41A  (15+20)

CA_28A-41A (10+20)

CA_28A-42A (20+20)

CA_41A-46A (20+20)

CA_42A-46A (20+20)

	1CC 4-layer 256QAM + 2CC 2-layer 64QAM
	Category 11, 12
	CA_1A-3C (20+20+20)

CA_1A-7C (20+20+20)

CA_1A-41C (20+20+20)

CA_1A-42C (20+20+20)

CA_2A-2A-4A (20+20+20)

CA_2A-4A-4A (20+20+20)

CA_2A-2A-5A (20+20+10)

CA_2C-5A (20+20+10)

CA_2A-2A-12A (20+20+10)

CA_2A-2A-12B (20+20+15)

CA_2C-12A (20+20+10)

CA_2A-2A-13A (20+20+10)

CA_2C-29A (20+20+10)

CA_2C-30A (20+20+10)

CA_3C-5A (20+20+10)

CA_3A-7B (20+15+5)

CA_3A-7C (BCS0 20+20+20, BCS1 20+20+20)

CA_3C-7A (20+20+20)

CA_3A-3A-8A (BCS0 20+20+10, BCS1 20+10+20)

CA_3A-40C (20+20+20)

CA_3A-41C (20+20+20)

CA_3A-42C (20+20+20)

CA_4A-4A-7A  (BCS0 10+10+20, BCS1 20+20+20)

CA_7B-28A (15+5+20)
CA_7C-28A (20+20+20)

CA_7A-40C (20+20+20)

CA_7A-42A-42A (20+20+20)

CA_8A-41C (10+20+20)

CA_8A-42C (10+20+20)

CA_19A-42C (15+20+20)

CA_21A-42C (15+20+20)

CA_25A-41C (20+20+20)

CA_26A-41C (15+20+20)

CA_28A-41C (10+20+20)

CA_28A-42C (20+20+20)

CA_39A-41C (20+20+20)

CA_39C-41A (20+15+20)

CA_41A-42C (20+20+20)

CA_41C-42A (20+20+20)

CA_1A-3A-5A (BCS0 20+20+10, BCS1 10+20+10)

CA_1A-3A-7A (20+20+20)

CA_1A-3A-8A  (BCS0 20+20+10, BCS1 10+20+10, BCS2 15+15+10, BCS3 20+20+10)
CA_1A-3A-19A (20+20+15)

CA_1A-3A-26A (20+20+15)

CA_1A-3A-20A (20+20+20)

CA_1A-3A-28A (20+20+20)

CA_1A-3A-40A (20+20+20)

CA_1A-3A-42A (20+20+20)

CA_1A-5A-40A (20+10+20)

CA_1A-5A-7A (BCS0 10+10+20, BCS1 20+10+20)

CA_1A-7A-8A (20+20+10)

CA_1A-7A-20A (20+20+10)

CA_1A-7A-28A (BCS0 20+20+15, BCS1 20+20+20)

CA_1A-8A-11A (10+10+20)

CA_1A-8A-40A (20+10+20)

CA_1A-11A-18A (BCS0 20+10+15, BCS1 20+10+10)

CA_1A-18A-28A (BCS0 20+15+10, BCS1 20+10+10)

CA_1A-19A-21A (20+15+15)

CA_1A-19A-28A (20+15+10)

CA_1A-19A-42A (20+15+20)

CA_1A-21A-42A (20+15+20)

CA_2A-4A-7A (20+10+20)

CA_2A-4A-12A (20+20+10)

CA_2A-4A-13A (20+20+10)

CA_2A-4A-29A (20+20+10)

CA_2A-4A-30A (20+20+10)

CA_2A-5A-12A (20+10+10)

CA_2A-5A-13A (20+10+10)

CA_2A-5A-29A (20+10+10)

CA_2A-5A-30A (20+10+10)

CA_2A-7A-12A (20+20+10)

CA_2A-12A-30A (20+10+10)

CA_2A-29A-30A (20+10+10)
CA_3A-5A-40A (20+10+20)

CA_3A-7A-8A (BCS0 15+15+10, BCS1 20+20+10)

CA_3A-7A-20A (20+20+20)

CA_3A-7A-28A (20+20+20)

CA_3A-7A-38A (20+20+20)

CA_3A-8A-40A (20+10+20)

CA_3A-19A-42A (20+15+20)

CA_3A-28A-40A (20+20+20)

CA_3A-41A-42A (20+20+20)

CA_4A-7A-12A (BCS0 10+20+10, BCS1 20+20+10)

CA_7A-8A-20A (20+10+10)

CA_7A-20A-38A (20+20+20)

	2CC 4-layer 64QAM
	Category 11, 12
	CA_1C (20+20), 

CA_2C (20+20), 

CA_3C (20+20), 

CA_7C (20+20), 

CA_39C (20+15), 

CA_41C (20+20), 

CA_42C (20+20), 

CA_1A-3A (20+20), 

CA_1A-7A (20+20), 

CA_1A-20A (20+20),  
CA_1A-41A (20+20), 

CA_1A-42A (20+20), 

CA_2A-7A (20+20), 

CA_3A-7A (20+20), 

CA_3A-20A (20+20), 

CA_3A-41A (20+20), 

CA_3A-42A (20+20), 

CA_7A-20A (20+20), 

CA_7A-42A (20+20), 

CA_20A-42A (20+20), 

CA_39A-41A (20+20), 

CA_41A-42A (20+20),


3   Conclusion

In summary, regarding the 4Rx SDR test, we propose that:
Proposal 1: Consider the applicability rule in which two SDR tests will be applied to 4-layer capable UE: one is with the largest bandwidth combinations; the other is with the largest DL-SCH transport rate.
Proposal 2: Specify the test point for the 4-layer 64QAM and 256QAM single carrier SDR test as 85% TB success rate.
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