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1. Introduction
In RAN4 #86bis meeting, the simulation assumptions for 1024QAM performance study is agreed for 1024QAM study item [1]. 
In this paper, we present the simulation result based on the agreed simulation assumption for the FDD PDSCH demodulation with 1024QAM.
2. Simulation Result
2.1. PDSCH FDD Performance under Fading Conditions

Table 1 shows the simulation assumptions for rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #86bis meeting.

Table 1. Simulation assumption for PDSCH with rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel [1]

	Test number
	Transmission mode
	Bandwidth and Modulation
	TB

size
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM4
	10 MHz

1024QAM
	57336
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	2
	TM4
	10 MHz

1024QAM
	57336
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	1.5%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 1 shows the throughput performance of rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding 4x2 with EPA5 channel with test case 1 and test case 2.
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Figure 1. Throughput comparison with rank-1 closed loop spatial multiplexing with wideband PMI feedback with 4x2 EPA5 channel
Observation 1. For PDSCH with rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel with TB size of 57336, the maximum of the configured throughput is achieved at 36dB, and 70% max configured throughput can be achieved at SNR of 25.39dB and 25.1dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
Table 2 shows the simulation assumptions for rank-1 closed loop spatial multiplexing with random PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #86bis meeting.

Table 2. Simulation assumption for PDSCH with rank-1 closed loop spatial multiplexing with wideband random feedback for precoding with 4x2 EPA5 channel [1]

	Test number
	Transmission mode
	Bandwidth and Modulation
	TB

size
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM4
	10 MHz

1024QAM
	52752
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	2
	TM4
	10 MHz

1024QAM
	52752
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	1.5%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 2 shows the throughput performance of rank-1 closed loop spatial multiplexing with random PMI feedback for precoding 4x2 with EPA5 channel with test case 1 and test case 2.
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Figure 2. Throughput comparison with rank-1 closed loop spatial multiplexing with random PMI feedback with 4x2 EPA5 channel
Observation 2. For PDSCH with rank-1 closed loop spatial multiplexing with random PMI feedback for precoding with 4x2 EPA5 channel with TB size of 52752, the maximum of the configured throughput is achieved at 39dB, and 70% max configured throughput can be achieved at SNR of 26.55dB and 26.24dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
Table 3 shows the simulation assumptions for rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #86bis meeting.

Table 3. Simulation assumption for PDSCH with rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel [1]

	Test number
	Transmission mode
	Bandwidth and Modulation
	TB

size
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM4
	10 MHz

1024QAM
	52752
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	2
	TM4
	10 MHz

1024QAM
	52752
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	1.5%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 3 shows the throughput performance of rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding 4x2 with EPA5 channel with test case 1 and test case 2.
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Figure 3. Throughput comparison with rank-2 closed loop spatial multiplexing with wideband PMI feedback with 4x2 EPA5 channel
Observation 3. For PDSCH with rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel with TB size of 52752, the max configured throughput can be achieved at SNR above 45dB, and 70% max configured throughput can be achieved at SNR of 30.77dB and 30.25dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
Table 4 shows the simulation assumptions for rank-1 demodulation with transmission scheme 9 with wideband PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #86bis meeting.

Table 4. Simulation assumption for PDSCH with rank-1 transmission scheme 9 with wideband PMI feedback for precoding with 4x2 EPA5 channel [1]

	Test number
	Transmission mode
	Bandwidth and Modulation
	TB

size
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM9
	10 MHz

1024QAM
	55056
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	2
	TM9
	10 MHz

1024QAM
	55056
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	1.5%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 4 shows the throughput performance of rank-1 transmission scheme 9 with wideband PMI feedback for precoding 4x2 with EPA5 channel with test case 1 and test case 2.
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Figure 4. Throughput comparison with rank-1 transmission scheme 9 with wideband PMI feedback with 4x2 EPA5 channel
Observation 4. For PDSCH with rank-1 transmission scheme 9 with wideband PMI feedback for precoding with 4x2 EPA5 channel with TB size of 55056, the maximum of the configured throughput is achieved at 39dB, and 70% max configured throughput can be achieved at SNR of 25.01dB and 24.64dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
Table 5 shows the simulation assumptions for rank-1 demodulation with transmission scheme 9 with random PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #86bis meeting.

Table 5. Simulation assumption for PDSCH with rank-1 transmission scheme 9 with wideband random feedback for precoding with 4x2 EPA5 channel [1]

	Test number
	Transmission mode
	Bandwidth and Modulation
	TB

size
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM9
	10 MHz

1024QAM
	52752
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	2
	TM9
	10 MHz

1024QAM
	52752
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	1.5%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 5 shows the throughput performance of rank-1 transmission scheme 9 with random PMI feedback for precoding 4x2 with EPA5 channel with test case 1 and test case 2.
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Figure 5. Throughput comparison with rank-1 transmission scheme 9 with random PMI feedback with 4x2 EPA5 channel
Observation 5. For PDSCH with rank-1 transmission scheme 9 with random PMI feedback for precoding with 4x2 EPA5 channel with TB size of 52752, the maximum of the configured throughput is achieved at 43dB, and 70% max configured throughput can be achieved at SNR of 28.14dB and 27.58dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
Since RAN1 has not yet mandated supporting 4 layers in DL for the UE DL categories with 1024QAM support, we think the baseline 1024QAM RAN4 test cases should be defined with 2 Rx.  As a reference, the simulation results for 4Rx capable UEs are presented below.
Proposal 1. Consider rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel with TB size of 57336 for 1024QAM demodulation test under fading condition.

Proposal 2. Consider rank-1 transmission scheme 9 with wideband PMI feedback for precoding with 4x2 EPA5 channel with TB size of 55056 for 1024QAM demodulation test under fading condition.

2.2. PDSCH FDD sustained downlink data rate Performance

In this section, we present the summary of simulation for sustained downlink data rate performance with 1024QAM bandwidth 10Mhz based on the agreement in RAN4 #86bis meeting [1] as presented with more detail in [2].

For PDSCH sustained downlink data rate with rank-2 open-loop spatial multiplexing with bandwidth 10Mhz, 85% max throughput can be achieved with SNR (in dB) listed in Table 6.

Table 6. SNR of 85% max throughput PDSCH with rank-2 open-loop spatial multiplexing with bandwidth 10Mhz
	Test number
	SNR of 85% max throughput for TB size 52752
	SNR of 85% max throughput for TB size 55056
	SNR of 85% max throughput for TB size 57336
	SNR of 85% max throughput for TB size 59256
	SNR of 85% max throughput for TB size 61664

	1 (Tx EVM 2%)
	26.71
	27.70
	30.44
	29.73
	31.59

	2 (Tx EVM 1.5%)
	26.68
	27.60
	29.68
	29.42
	30.68


Observation 6. For PDSCH sustained downlink data rate with rank-2 open-loop spatial multiplexing with bandwidth 10Mhz with TB size of 55056, 85% max throughput can be achieved at SNR of 27.70dB and 27.60dB with Tx EVM 2% and Tx EVM 1.5%, respectively.

For PDSCH sustained downlink data rate with rank-4 open-loop spatial multiplexing with bandwidth 10Mhz, 85% max throughput can be achieved with SNR (in dB) listed in Table 7. 

 Table 7. SNR of 85% max throughput PDSCH with rank-4 open-loop spatial multiplexing with bandwidth 10Mhz
	Test number
	SNR of 85% max throughput for TB size 105528
	SNR of 85% max throughput for TB size 110136
	SNR of 85% max throughput for TB size 115040
	SNR of 85% max throughput for TB size 119816
	SNR of 85% max throughput for TB size 124464

	1 (Tx EVM 2%)
	28.65
	29.71
	31.63
	33.56
	36.62

	2 (Tx EVM 1.5%)
	27.72
	28.79
	30.69
	31.88
	33.98


Observation 7. For PDSCH sustained downlink data rate with rank-4 open-loop spatial multiplexing with bandwidth 10Mhz with TB size of 105528, 85% max throughput can be achieved at SNR of 28.65dB and 27.72dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
We have chosen target SNR range to be below 30dB since the 1024QAM demodulation test cases under fading condition proposed in Section 2.1 can achieve 70% max throughput at the SNR below 30dB, and in this SNR region the PDSCH throughput performance is not significantly different between Tx EVM 1.5% and Tx EVM 2%.
Proposal 3. We propose the target SNR range to be below 30dB and in this target SNR range we can consider Tx EVM 2% for 1024QAM PDSCH demodulation.
Proposal 4. Consider TB size of 55056 for sustained downlink data rate performance evaluation with rank-2 open-loop spatial multiplexing with 1024QAM PDSCH demodulation. 

Proposal 5. Consider TB size of 105528 for sustained downlink data rate performance evaluation with rank-4 open-loop spatial multiplexing with 1024QAM PDSCH demodulation. 
2.3. CQI test
In RAN4 #86 meeting, two options for 1024QAM CQI test is agreed as shown below [3]:

· Option 1: Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbols): CRS based TM single codeword with TM1 under static channel in Annex B.1
· Option 2: Minimum requirement PUCCH 1-1 (Cell-Specific Reference Symbols): CRS based TM dual codeword with TM4 under static channel in Annex B.1
For both options FDD with bandwidth 10MHZ and TDD with bandwidth 20Mhz are considered.

Based on the simulation results presented in Section 2.2, with dual codeword, we think option 1 is a better candidate for CQI test to make sure we can have all 1024QAM MCSs in the reasonable SNR range of below 30dB. 

Proposal 6. Consider PUCCH 1-0 with CRS based TM single codeword with TM1 under static channel in Annex B.1 for FDD with bandwidth 10MHz and TDD with bandwidth 20Mhz for 1024QAM CQI test.

Since 1024QAM can be mainly deployed in fixed wireless application with static channel with strong line of sight component and considering the results presented in Section 2.1 with transmission scheme 9, we propose to not have any CQI test defined with transmission scheme 9 with frequency selective channel.
Proposal 7. No 1024QAM CQI test to be defined with transmission scheme 9 with frequency selective channel.
3. Conclusions

In this paper, we presented the simulation result for 1024QAM PDSCH demodulation based on the simulation assumption agreed in the RAN4 #86bis meeting. 
Observations made in this paper are summarized as follows:

Observation 1. For PDSCH with rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel with TB size of 57336, the maximum of the configured throughput is achieved at 36dB, and 70% max configured throughput can be achieved at SNR of 25.39dB and 25.1dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
Observation 2. For PDSCH with rank-1 closed loop spatial multiplexing with random PMI feedback for precoding with 4x2 EPA5 channel with TB size of 52752, the maximum of the configured throughput is achieved at 39dB, and 70% max configured throughput can be achieved at SNR of 26.59dB and 26.24dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
Observation 3. For PDSCH with rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel with TB size of 52752, the max configured throughput can be achieved at SNR above 45dB, and 70% max configured throughput can be achieved at SNR of 30.77dB and 30.25dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
Observation 4. For PDSCH with rank-1 transmission scheme 9 with wideband PMI feedback for precoding with 4x2 EPA5 channel with TB size of 55056, the maximum of the configured throughput is achieved at 39dB, and 70% max configured throughput can be achieved at SNR of 25.01dB and 24.64dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
Observation 5. For PDSCH with rank-1 transmission scheme 9 with random PMI feedback for precoding with 4x2 EPA5 channel with TB size of 52752, the maximum of the configured throughput is achieved at 43dB, and 70% max configured throughput can be achieved at SNR of 28.14dB and 27.58dB with Tx EVM 2% and Tx EVM 1.5%, respectively.
Observation 6. For PDSCH sustained downlink data rate with rank-2 open-loop spatial multiplexing with bandwidth 10Mhz with TB size of 55056, 85% max throughput can be achieved at SNR of 27.70dB and 27.60dB with Tx EVM 2% and Tx EVM 1.5%, respectively.

Observation 7. For PDSCH sustained downlink data rate with rank-4 open-loop spatial multiplexing with bandwidth 10Mhz with TB size of 105528, 85% max throughput can be achieved at SNR of 28.65dB and 27.72dB with Tx EVM 2% and Tx EVM 1.5%, respectively.

Proposal 1. Consider rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel with TB size of 57336 for 1024QAM demodulation test under fading condition.

Proposal 2. Consider rank-1 transmission scheme 9 with wideband PMI feedback for precoding with 4x2 EPA5 channel with TB size of 55056 for 1024QAM demodulation test under fading condition.

Proposal 3. We propose the target SNR range to be below 30dB and in this target SNR range we can consider Tx EVM 2% for 1024QAM PDSCH demodulation.

Proposal 4. Consider TB size of 55056 for sustained downlink data rate performance evaluation with rank-2 open-loop spatial multiplexing with 1024QAM PDSCH demodulation. 

Proposal 5. Consider TB size of 105528 for sustained downlink data rate performance evaluation with rank-4 open-loop spatial multiplexing with 1024QAM PDSCH demodulation. 

Proposal 6. Consider PUCCH 1-0 with CRS based TM single codeword with TM1 under static channel in Annex B.1 for FDD with bandwidth 10MHz and TDD with bandwidth 20Mhz for 1024QAM CQI test.

Proposal 7. No 1024QAM CQI test to be defined with transmission scheme 9 with frequency selective channel.
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