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[bookmark: _Toc116995841]Introduction
At RAN#98 meeting, the WI was approved to study the feasibility to support UL256 QAM [1] with the following objectives of the performance part. 
	UL 256QAM
· Specify the BS demodulation performance



In this paper, we present Nokia’s simulation results for 256QAM UL demodulation.
[bookmark: _Toc116995842]Discussion
Background
This paper presents the simulation results to support our corresponding discussion paper for RAN4#108 regarding UL256QAM [5]. The simulation results are shown broken down according to TxEVM and Phase Noise to represent the open issues identified at RAN4#108.
All simulations are with Rank 1 and measured at 70% of maximum Througput
Phase noise models used in these simulations are either from TS 38.808 [3] (Set 1).
No TxEVM and No Phase Noise
Table 1 : 256QAM UL, No Tx EVM, No Phase Noise
	 
	SNR

	PT-RS Enabled
	60kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.4

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	17.4

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	16.5

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	16.6

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	17.9

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	18.3

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.0

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	17.4

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	18.9

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	19.3

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	18.0

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	18.4

	
	120kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.3

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	17.6

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	16.5

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	16.9

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.0

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	18.1

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.1

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	17.3

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	19.1

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	19.5

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	18.2

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	18.8

	
	120kHz, 100MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.8

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	17.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	16.6

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	16.8

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.3

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	18.6

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.1

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	17.6

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	19.3

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	19.6

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	18.1

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	18.6

	
	120kHz, 200MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.7

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	17.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	16.6

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	16.7

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.3

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	18.8

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.1

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	17.6

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	19.3

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	19.7

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	18.1

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	18.6

	PT-RS Disabled
	60kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	16.6

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	16.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	15.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	15.9

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	17.1

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	17.5

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	16.2

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	16.7

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	18.1

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	18.4

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	17.1

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	17.6

	
	120kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	16.5

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	16.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	15.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	16.0

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	17.2

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	17.2

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	16.3

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	16.5

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	18.1

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	18.5

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	17.2

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	17.8

	
	120kHz, 100MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.0

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	16.9

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	15.8

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	16.0

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	17.5

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	17.8

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	16.3

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	16.9

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	18.4

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	18.7

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	17.2

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	17.7

	
	120kHz, 200MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.0

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	16.9

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	15.8

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	16.0

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	17.5

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	18.0

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	16.3

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	16.9

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	18.5

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	18.8

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	17.2

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	17.7



No TxEVM, including Phase Noise
	 
	SNR

	PT-RS Enabled
	60kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	18.2

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.3

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.3

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.4

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.8

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.4

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.9

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	18.4

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	20.2

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	20.6

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	19.2

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	19.6

	
	120kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	18.1

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.4

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.3

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.7

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.9

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.0

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	18.0

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	18.2

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	20.3

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	20.9

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	19.4

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	20.1

	
	120kHz, 100MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	18.6

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.6

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.4

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.6

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	19.2

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.7

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	18.0

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	18.6

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	20.6

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	21.0

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	19.3

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	19.9

	
	120kHz, 200MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	18.7

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.4

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.6

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	19.3

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.9

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	18.0

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	18.7

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	20.7

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	21.2

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	19.4

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	20.0

	PT-RS Disabled
	60kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.5

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.0

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	16.6

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.2

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.1

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.3

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.2

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	18.4

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	19.4

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	20.6

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	18.4

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	19.7

	
	120kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.3

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	17.8

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	16.4

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.1

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.1

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	18.5

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.2

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	17.7

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	19.3

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	20.4

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	18.4

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	19.5

	
	120kHz, 100MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.9

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.2

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	16.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.1

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.5

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.4

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.2

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	18.3

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	19.8

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	20.7

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	18.6

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	19.6

	
	120kHz, 200MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	18.0

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.6

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	16.8

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.4

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.7

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.9

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.4

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	18.6

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	20.1

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	21.3

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	18.8

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	20.0


[bookmark: _Toc116995848]Tx EVM, no Phase Noise
	 
	SNR

	PT-RS Enabled
	120kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+0
	18.6

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.2

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	21.1

	
	120kHz, 100MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	18.7

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.9

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	19.4

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.9

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	18.3

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	19.0

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	20.7

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	21.2

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	19.7

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	20.4

	PT-RS Disabled
	120kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.2

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.0

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	19.2

	
	120kHz, 100MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.8

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	17.8

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	16.7

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	16.9

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.4

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	18.8

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.2

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	18.0

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	19.6

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	19.9

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	18.5

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	19.1



Tx EVM, including Phase Noise
	 
	SNR

	PT-RS Enabled
	120kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+0
	19.7

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	20.4

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	23.2

	
	120kHz, 100MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	20.9

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	20.9

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	19.8

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	20.0

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	21.9

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	22.9

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	20.9

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	22.2

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	24.8

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	25.9

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	24.1

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	25.7

	PT-RS Disabled
	120kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	18.1

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	19.1

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	20.8

	
	120kHz, 100MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	20.0

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	20.9

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	18.9

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	19.9

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	21.1

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	23.4

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	20.0

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	22.4

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	23.7

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	27.0

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	22.8

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	26.3



Conclusion
Within this contribution we present simulation results for UL 256 QAM. 
[bookmark: _Toc116995849]In the paper, no observations were made.
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