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1   Background
In RAN4#88, the way forward on 1024QAM demodulation and CSI requirements was approved [1].The agreements for 1024QAM SDR test are as following:
Test parameters: 

· Transmission mode: TM3
· Bandwidth: 10MHz
· Antenna configuration: 2 x 2 for 2-layer transmission per CC, and 4 x 4 for 4-layer transmission per CC
· MCS 24 for 2 x 2 2-layer transmission per CC, and MCS 24 for 4 x 4 4-layer transmission per CC
· CFI = 1
· Tx EVM: 2% 
In this contribution, we will provide the simulation results and discuss how to specify the SDR test for 1024QAM.
2   Simulation results
Figure 2-1 and 2-2 provide the simulation results for SDR test for 10MHz, 15MHz and 20MHz according to the agreed test parameters. Table 2-1 summarizes the SNR point for 85% relative throughput.
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Figure 2-1: 2x2 SDR test with MCS#24
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Figure 2-2: 4x4 SDR test with MCS#24

Table 2-1: Summary of SNR test point at 75% relative throughput

	SDR test cases
	85% Max Throughput SNR 

	2x2 10MHz
	27.4dB

	2x2 15MHz
	27.4dB

	2x2 20MHz
	27.4dB

	4x4 10MHz
	28.6dB

	4x4 15MHz
	29.0dB

	4x4 20MHz
	29.4dB


Considering the tentatively acceptable maximum SNR value, i.e., 30dB, we can confirm that the test cases with the agreed parameters are feasible.
· Observation: The SDR tests with 1024QAM and with MCS 24 for 2 x 2 2-layer transmission per CC, and MCS 24 for 4 x 4 4-layer transmission per CC are feasible.

3   1024QAM SDR test
When defining 256QAM SDR test, we did not consider the test cases with the mixed modulation order, i.e., 64QAM + 256QAM SDR test. So for 1024QAM SDR test, we follow the same approach.
· Proposal 1: Define 1024QAM SDR test with1024QAM modulated symbols transmitted on each CC.
In 36.306 the DL category 20 is updated and the new DL category 22, 23, 24, 25 and 26 are introduced to support 1024QAM with or without support of CA. So the new SDR tests for those DL category should be introduced.
Below we summarize the example ways to reach the peak data rate by using 1024QAM:

· DL Category 20:

· 2CC with 8-layer per CC
· 4CC with 4-layer per CC
· Up to 8CC with 2-layer per CC
· DL Category 22:

· 2CC with 8-layer per CC + 1 CC with 4-layer 

· 5CC with 4-layer per CC

· 10CC with 2-layer per CC

· DL Category 23:

· 2CC with 8-layer per CC + 1CC with 4-layer + 1 CC with 2-layer
· 5CC with 4-layer per CC + 1 CC with 2-layer
· 11CC with 2-layer per CC

· DL Category 24:

· 3CC with 8-layer per CC

· 6CC with 4-layer per CC

· 12 CC with 2-layer per CC
· DL Category 25:

· 3CC with 8-layer per CC + 1CC with 2-layer

· 6CC with 4-layer per CC + 1 CC with 2-layer
· 13 CC with 2-layer per CC
· DL Category 26:

· 3CC with 8-layer per CC + 1 CC with 4-layer

· 7CC with 4-layer per CC

· 14 CC with 2-layer per CC.

Table 4.1A-1: 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

	DL Category M1
	1000
	1000
	25344
	1

	DL Category M2
	4008
	4008
	73152
	1

	DL Category 0 (Note 2)
	1000
	1000
	25344
	1

	DL Category 1bis
	10296
	10296
	250368
	1

	DL Category 4
	150752
	75376
	1827072
	2

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

75376 (2 layers, 64QAM)
	3654144
	2 or 4

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

75376 (2 layers, 64QAM)
	3654144
	2 or 4

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

75376 (2 layers, 64QAM)
	5481216
	2 or 4

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

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	DL Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	DL Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

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

	DL Category 14
	3916560
	391656 (8 layers, 256QAM)
	47431680
	8

	DL Category 15
	749856-807744 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	9744384
	2 or 4

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

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	12789504
	2 or 4

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

	DL Category 18
	1174752-1211616 (Note 3)
	[299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)]

149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	14616576
	2 or 4 [or 8]

	DL Category 19
	1566336 -1658272 (Note 3)
	[299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)]

149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	19488768
	2 or 4 [or 8]

	DL Category 20
	1948064 - 2019360 (Note 3)
	[299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM), 

502624 (8 layers, 1024QAM)]

149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM)
	24360960
	2 or 4 [or 8]

	DL Category 21
	1348960 - 1413120 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	17052672
	2 or 4

	DL Category 22
	2349504 – 2562784
	[299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)
502624 (8 layers, 1024QAM)]
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM)
	29233152
	2 or 4 [or 8]

	DL Category 23
	2695968 – 2869920
	[299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)
502624 (8 layers, 1024QAM)]
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM)
	34105344
	2 or 4 [or 8]

	DL Category 24
	2936880 – 3028608
	[299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)
502624 (8 layers, 1024QAM)]
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM)
	36541440
	2 or 4 [or 8]

	DL Category 25
	3132672 – 3316544
	[299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)
502624 (8 layers, 1024QAM)]
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM)
	38977536
	2 or 4 [or 8]

	DL Category 26
	3422400– 3531888
	[299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)
502624 (8 layers, 1024QAM)]
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM)
	42631680
	2 or 4 [or 8]

	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). If the UE capability of CA band combination, MIMO and modulation scheme supported can exceed the upper limit of the defined range, the UE shall support the maximum value of the defined range indicated by "Maximum number of DL-SCH transport block bits received within a TTI" of the corresponding category.


8-layer SDR test is under discussion in RAN4 8Rx WI. The required SNR to support 8-layer plus 1024QAM would be very high and needs more discussion. We would like to suggest to postpone the discussion of 8-layer + 1024QAM SDR test after finalizing both 1024QAM WI and 8Rx WI to keep the specification work simple and stable.

·  Proposal 2: Postpone the discussion on 8-layer + 1024QAM SDR test after finalize the 1024QAM WI and 8Rx WI.

In the existing RAN4 specification, the maximum number of aggregated carriers is 7. Thus there would be no CA configuration so far which can support UE to reach the peak data rate with supporting one 2-layer for 1024QAM capable UE categories. According to the above analysis, the 1024QAM SDR test would require UE to support 4Rx. To make the SDR tests with 1024QAM future proof and more flexible, we would like to follow the frame structure for defining 4Rx SDR test for 1024QAM SDR test.
· Proposal 3: Follow the approach to define 4Rx SDR test to specify the 1024QAM SDR tests.

The key of that approach is to specify the reference channel for SDR test and specify the single carrier SDR performance. Then following 4Rx SDR test frame structure, it would be easy for us to specify 1024QAM SDR tests. We provide the accompany CR for them.
For 256QAM TDD SDR test, the special subframe is not used for test to avoid the higher coding rate at special subframes. To simplify the simulation efforts, we would like to follow the same way.

· Proposal 4: Do not schedule subframe #1 and #6 for TDD 1024QAM SDR test.
4   Conclusion

In this contribution, we provide the simulation results for 1024QAM SDR test with different channel bandwidths, and we also propose the approach to specify the 1024QAM SDR test. We have the following observations and proposals:
· Observation: The SDR tests with 1024QAM and with MCS 24 for 2 x 2 2-layer transmission per CC, and MCS 24 for 4 x 4 4-layer transmission per CC are feasible.

· Proposal 1: Define 1024QAM SDR test with1024QAM modulated symbols transmitted on each CC.

· Proposal 2: Postpone the discussion on 8-layer + 1024QAM SDR test after finalize the 1024QAM WI and 8Rx WI.

· Proposal 3: Follow the approach to define 4Rx SDR test to specify the 1024QAM SDR tests.
· Proposal 4: Do not schedule subframe #1 and #6 for TDD 1024QAM SDR test.
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