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1 Background
This contribution provides a TP for the general part of the feasibility study of FR2 DL 256QAM.
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5.1
General
The feasibility study for FR2 DL 256QAM will be carried out based on two following parts:

· Simulation based feasibility study

· Implementation based feasibility study
5.2
Simulation based feasibility study
For the simulation study, the methods shall be same as the usual ways we have adopted in the earlier times for modulation orders feasibility evaluation in LTE or in NR
. Throughput performance is compared among different modulation orders with EVM variable to verify the benefit for higher order modulation and then define the minimum EVM requirement. However, for NR FR2 simulation study, the impact due to phase noise is no longer negligible comparing to FR1, for higher order modulations.  The phase noise impairment is frequency dependent as stated in 6.1.9.5 of [3] PN could increase by 6 dB every time when f0 doubles. Therefore, the phase noise impairment shall be considered and emphasized in the feasibility study for FR2 DL 256QAM.  As in [3] different PN models and impacts were studied as part of the overall system and not just as part of the effect at the transmitter.  

The impact of phase noise will induce two main effects which include

· Rotate the phases of constellation points in the transmitted/received signal by a common value as termed as common phase error (CPE)

· Break the orthogonal in the OFDM signal, each subcarrier is interfered by every other adjacent subcarrier as termed as inter-carrier interference (ICI)

The CPE impacts can be compensated based on the phase offset estimates obtained from the dedicated phase tracking reference signals (PTRS). Although the PTRS is mandatory with UE capability signalling [4], but it is necessary for transmitter/receiver to apply PTRS to remove the CPE, which will not only benefit for 256QAM but also for lower order modulation. On the other side, 256QAM is an optional feature for FR2, but it shall be more applicable with PTRS supporting.  
5.2.1
Link level simulation

Link level simulation is targeted as mainstream way to evaluate if FR2 256QAM can achieve benefit by comparing to 64QAM. The simulation results from companies are listed as below.

5.2.1.1
Simulation assumptions

The link level simulation assumptions are listed as in table 5.2.1.1-1, based on which, to evaluate the throughput difference between 64QAM and 256QAM. The study aims to identify conditions where DL 256QAM provides performance benefits.

Table 5.2.1.1-1 link level simulation assumptions
	Parameter 
	Value 

	Carrier frequency
	29 GHz (n257) and 39 GHz (n260)

	CBW
	50 MHz, 100MHz

	SCS
	60kHz, 120 kHz; 

	Allocated RBs
	Full allocation

	Propagation
	TDL-A  30ns delay spread, 35Hz Doppler frequency 
TDL-D 30ns delay spread, 35Hz Doppler frequency
Static (AWGN)

	MCS
	64QAM: MCS 23, 24, 26, 28 in TS 38.214 Table 5.1.3.1-1, and other MCSs are not precluded
256QAM: MCS 21, 23, 25, 27 in TS 38.214 Table 5.1.3.1-2, and other MCSs are not precluded
Baseline: fixed MCSs

	Precoding
	Precoding configuration defined in 38.101-4 Section 7.2 for fading channels and Section 7.5 for static channel; follow PMI

	Symbol type 
	CP-OFDM 

	HARQ 
	8, None 

	Antenna configuration
	Fading channel: 2x2 for Rank1 and Rank2, Low correlation
Static channel: 1x2 for Rank1, 2x2 for Rank2

	Channel estimation 
	Practical 

	Receiver type
	MMSE

	PDSCH configuration
	Type A mapping, Start symbol 1, Duration 13 (for D slots)

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

	PTRS configuration
	KPTRS : 2 (every 2 RBs), LPTRS : 1 (every 1 symbol)

	Phase noise compensation
	Practical based on PTRS

	Phase noise model
	TR 38.803 model (in section 6.1.10 and section 6.1.11)
modelled Phase noise for TX and RX
Option a): example1 (BS) + example1(UE)
Option b): example2 (BS) + example2(UE)
Option c): example2 (BS) + example2(BS)
Option d):example2 (BS) + PN model config1: example1(UE)
Option e): Other phase noise models, e.g. ones extracted from commercially available components or published results, are not excluded

	txEVM + rxEVM excluding phase noise for 256QAM
	txEVM: [1.0%-5.0%], rxEVM: [1.0%-5.0%]
Option 1: txEVM <= rxEVM; Option2: no restriction

	Other parameters
	follow assumptions in 38.101-4 Section 7.2 for fading channels (e.g., case 2-6) and Section 7.5 for static channels


The assumptions adopted by each company are shown as following table 5.2.1.1-2 which are down-selected based on the table 5.2.1.1-1.
Table 5.2.1.1-2 link level simulation assumptions down-selected by companies

	Parameter 
	CTC[5]
	Nokia[6]
	Docomo[7]
	Huawei[8]
	Ericsson[9]
	CATT[10]
	Intel[11]
	Qualcomm[12]

	Carrier frequency
	29 GHz
	29 GHz
	29 GHz
	29 GHz
	(
	29 GHz
	(
	(

	CBW
	50MHz
	100MHz
	100MHz
	50MHz
	(
	50MHz
	50MHz
	100MHz

	SCS
	120kHz
	60kHz
	120kHz
	120kHz
	(
	60kHz
	60kHz
	120kHz

	Allocated RBs
	(
	(
	(
	(
	(
	(
	(
	(

	Propagation
	TDL-A
	(
	
	
	
	(
	(
	(
	(

	
	TDL-D
	
	(
	
	(
	
	(
	(
	(

	
	Static
	
	
	(
	
	
	(
	(
	(

	MCS
	64QAM
	28
	26,28
	24,25,26,28
	23,24,26,28
	23,24,26,28
	23
	23,24,26,28
	26,27,28

	
	256QAM
	27
	21,23
	21,23,25,27
	21,23,25,27
	21,23,25,27
	21
	21,23,25,27
	20,21,22

	Precoding
	(
	　
	(
	(
	(
	(
	(
	(

	Symbol type 
	(
	(
	(
	(
	(
	(
	(
	(

	HARQ 
	None  
	None  
	8
	
	None  
	8
	8
	8

	Antenna configuration
	Fading
	2x2 for Rank1
	2x2 for Rank1
	
	(
	1x2 for Rank1
	2x2 for Rank1
	(
	2x2 for Rank2

	
	Static
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	1x2 for Rank1
	(
	2x2 for Rank2

	Channel estimation 
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	Receiver type
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	Phase noise compensation
	None  
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	Phase noise model
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	example1BS+example2UE

internal PN model

	txEVM + rxEVM excluding phase noise for 256QAM
	Tx+Rx: 3%, 4%
	txEVM: 3%, 
rxEVM: 3%
	txEVM: 0%, 3%, 
rxEVM: 0%, 3%
	txEVM: 1%-3%, 
rxEVM: 1%-3%
	(
	(
	txEVM: 1%-3%, 
rxEVM: 1%-3%
	Tx:3%
Rx:internal

	Other parameters
	(
	(
	(
	(
	(
	(
	(
	(

	Note: The symbol of ( means selecting the parameters corresponding to table 5.2.1.1-1.
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�Evaluation was done for both FR1 and FR2
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