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1. Introduction
[bookmark: _GoBack]In RAN 96 meeting, a new WID [1] for NR RF requirements enhancement for frequency range 2 (FR2), Phase 3 was approved, where for FR2 UL 256QAM, the objections are:
UL 256QAM
· Investigate and enable UL 256QAM for FR2-1 [RAN4]
· Study the gain, operating SNR, phase noise model and implementation aspects
· Specify the UE RF requirements
· First priority: Targeted power classes are PC1, PC2 and PC5 
· Second priority: Targeted power class is PC3 
[bookmark: OLE_LINK5]In last RAN4 meeting, some initial link level simulation results were provided by companies. However, the simulation assumption used by companies were different. During the discussion in last meeting, companies achieved the agreements on the simulation assumptions including 29GHz, 39GHz and 48GHz for both CP-OFDM and DFT-s-OFDM.
[bookmark: OLE_LINK4]In this contribution, we provide some more link level simulation results for CP-OFDM waveform to study the gain, operating SNR for 256QAM.
2. Simulation assumptions and results
To study the gain and operating SNR, link level simulation approach was adopted to compare 256QAM with 64QAM. The simulation assumptions are from [2] as listed in Annex A1, and the parameters used in this simulation are marked in red. The throughput curves for CP-OFDM Rank1 transmission are listed in figure A.1~ figure A.9 in Annex for reference.
The target SNR values are summarized in table 1, where “-” means that 256QAM can not provide better performance in the given SNR range compared to 64QAM.
Table 1. Target SNR for CP-OFDM, Rank 1 transmission
	index
	frequency
	Channel
	Test setup (64QAM/256QAM)

	Target SNR

	
	
	
	
	EVM 3.0+3.0
	EVM 3.5+3.5
	EVM 4.0+4.0

	[bookmark: OLE_LINK3]1
	29GHz
	AWGN
	MCS23/21  
	21.31
	21.71
	22.19

	2
	
	
	MCS24/23
	25.92
	27.66
	31.06

	3
	
	TDL-D
	MCS23/21
	23.42
	23.73
	24.16

	4
	
	
	MCS24/23
	28.44
	30.10
	34.28

	5
	
	TDL-A
	MCS23/21
	25.90
	26.45
	27.23

	6
	
	
	MCS24/23
	31.49
	34.31
	-

	7
	39GHz
	AWGN
	MCS23/21  
	21.28
	21.64
	21.95

	8
	
	
	MCS24/23
	25.86
	27.64
	30.62

	9
	
	TDL-D
	MCS23/21
	26.36
	27.50
	29.23

	10
	
	
	MCS24/23
	-
	-
	-

	11
	
	TDL-A
	MCS23/21
	30.48
	32.35
	36.62

	12
	
	
	MCS24/23
	-
	-
	-

	13
	48GHz
	AWGN
	MCS23/21  
	-
	-
	-

	14
	
	
	MCS24/23
	-
	-
	-

	15
	
	TDL-D
	MCS23/21
	-
	-
	-

	16
	
	
	MCS24/23
	-
	-
	-

	17
	
	TDL-A
	MCS23/21
	-
	-
	-

	18
	
	
	MCS24/23
	-
	-
	-


Based on the simulation results, the following observations are given:

[bookmark: OLE_LINK11]Observation 1: For 29GHz:
[bookmark: OLE_LINK9]256QAM performance gain can be expected in the following cases:
· AWGN and TDL-D channel, 
· TDL-A channel when MCS21(256QAM)/MCS23(64QAM) are selected, 
· TDL-A channel when MCS23(256QAM)/MCS24(64QAM) and EVM3.0+3.0 or EVM3.5+3.5 are selected
[bookmark: OLE_LINK14]However, 256QAM performance gain can not be expected in the following cases:
· TDL-A channel when MCS23(256QAM)/MCS24(64QAM) and EVM4.0+4.0 are selected. 
 
[bookmark: OLE_LINK16]Observation 2: For 39GHz:
256QAM performance gain can be expected in the following cases:
· AWGN
· TDL-D and TDL-A channel when MCS21(256QAM)/MCS23(64QAM) are selected
However, 256QAM performance gain can not be expected in the following cases:
· TDL-D and TDL-A channel when MCS23(256QAM)/MCS24(64QAM) are selected.
 
For 48GHz, using the same phase noise model, the phase noise becomes larger as frequency increases.
Observation 3: For 48GHz:
256QAM performance gain can not be expected for AWGN, TDL-D and TDL-A channel for all the MCS.
3. Conclusion
Based on the simulation results, the following observations are given:
Observation 1: For 29GHz:
256QAM performance gain can be expected in the following cases:
· AWGN and TDL-D channel, 
· TDL-A channel when MCS21(256QAM)/MCS23(64QAM) are selected, 
· TDL-A channel when MCS23(256QAM)/MCS24(64QAM) and EVM3.0+3.0 or EVM3.5+3.5 are selected
However, 256QAM performance gain can not be expected in the following cases:
· TDL-A channel when MCS23(256QAM)/MCS24(64QAM) and EVM4.0+4.0 are selected. 
 
Observation 2: For 39GHz:
256QAM performance gain can be expected in the following cases:
· AWGN
· TDL-D and TDL-A channel when MCS21(256QAM)/MCS23(64QAM) are selected
However, 256QAM performance gain can not be expected in the following cases:
· TDL-D and TDL-A channel when MCS23(256QAM)/MCS24(64QAM) are selected.
Observation 3: For 48GHz:
256QAM performance gain can not be expected for AWGN, TDL-D and TDL-A channel for all the MCS.

4. Reference
[bookmark: OLE_LINK1]RP-221862 revised WID NR RF requirements enhancement for frequency range 2 (FR2), Phase 3.docx
R4-2214453 WF on UL 256QAM

5. Annex
Table A.1 simulation assumption for FR2 UL 256QAM
	Parameter
	Value 

	Carrier frequency
	29 GHz (n257), 39 GHz (n260) and 48GHz (n262)

	CBW
	50 MHz, 100MHz

	SCS
	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: 
CP-OFDM: MCS 23, 24 in TS 38.214 Table 5.1.3.1-1, other MCSs are not precluded.
DFT-s-OFDM: MCS 22, 23 in TS 38.214 Table 6.1.4.1-1, other MCSs are not precluded.
256QAM: 
CP-OFDM/DFT-s-OFDM: MCS 21, 23 in TS 38.214 Table 5.1.3.1-2, other MCSs are not precluded.
Baseline: fixed MCSs

	Symbol type 
	CP-OFDM; DFT-s-OFDM

	HARQ 
	8, None 

	Antenna configuration
	Fading channel: 2x2 for Rank1 and Rank2, Low correlation
Static channel: 1x2 for Rank1, 2x2 for Rank2 (using the diagonal matrix)

	Channel estimation 
	Practical 

	Receiver type
	MMSE

	PUSCH configuration
	Type A mapping, Start symbol 0, Duration 14 

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

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


DFT-s-OFDM: (,)=(4, 4), 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 (UE)  + example1(BS)
Option b): example2 (UE) + example2(BS)
Option d): example1 (UE) + example2(BS)

	txEVM + rxEVM excluding phase noise for 256QAM
	txEVM: 3%, 3.5%, 4%, rxEVM: 3%, 3.5%, 4%
Option 1: txEVM >= rxEVM; 

	Other parameters
	follow assumptions in TS38.104 Section 11.2.2 .



[image: ]
Figure A.1: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @29GHz AWGN channel
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Figure A.2: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @29GHz TDLD channel
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Figure A.3: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @29GHz TDLA channel
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Figure A.4: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @39GHz AWGN channel
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Figure A.5: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @39GHz TDLD channel
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Figure A.6: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @39GHz TDLA channel
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Figure A.7: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @48GHz AWGN channel
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Figure A.8: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @48GHz TDLD channel
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Figure A.9: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @48GHz TDLA channel
1
image4.png
Throughput

108 CP-OFDM TDLD @29GHz
45

—c— 64gam MCS23 EVM3
—#— 64gam MCS24 EVM3
—c— 256qam MCS21 EVM3
—#— 256qam MCS23 EVM3
—+— 649am MCS23 EVM3 5
—%— 64gam MCS24 EVM3 5
—+— 256qam MCS21 EVM3 5
—%— 256qam MCS23 EVM3 5
—&— 64gam MCS23 EVIA
—7— 64gam MCS24 EVIMA
|—&— 256qam MCS21 EVI4
|—7— 256qam MCS23 EVIM4

18 20 2 24 2% 28 30
SNR

32 34 36




image5.png
x10% CP-OFDM TDLA @29GHz

45

Throughput

—&— 64gam MCS23 EVM3
—#— 64gam MCS24 EVM3
—&— 256qam MCS21 EVM3
|—#— 256qam MCS23 EVM3
—+— 649am MCS23 EVM3 5
—— 64gam MCS24 EVM3 5
—+— 256qam MCS21 EVM3 5
—— 256qam MCS23 EVM3 5
—&— 64gam MCS23 EVIMA
—5— 64gam MCS24 EVIMA
—&— 256qam MCS21 EVIM4
|—%— 256qam MCS23 EVIM4

24 % 28 30
SNR

32

34 36 38 40




image6.png
Throughput

%108

CP-OFDM AWGN @39GHz

5
45
4
35
* -
3
—&— 64qam MCS23 EVM3
25 —#— 64qam MCS24 EVM3
—&— 256qam MCS21 EVM3
2 —#— 256qam MCS23 EVM3
—+— 64qam MCS23 EVM35
a5 —— 64qam MCS24 EVM35
—+— 256qam MCS21 EVM35
g —>— 256qam MCS23 EVM3.5
—&— 64qam MCS23 EVMA
05 —7— 64qam MCS24 EVMA
—&— 256qam MCS21 EVM4
. s |—— 256qam MCS23 EVMA
8 20 2 % 2 30 B 3%

SNR




image7.png
Throughput

x10% CP-OFDM TDLD @39GHz

»

—S— 64qam NCS23 VIS
—#— 64qam MCS24 EVIZ
—S— 256qam NCS21 EVM3
—#— 256qam NCS23 EVM3
—+— 64qam MCS23 VIS
—— 64qam MCS24 EVI3S
—+— 256qam MCS21 EVM3.5
1 ||+ 286qam NCS23 EVM3 5
—&— 64qam MCS23 EVIM
0.5 [|—7— 644am MCS24 EVIIA
—&— 256qam CS21 EVM4
—5— 256qam NCS23 EVMY
o = >
8 2 2 24 26 28 % 2 % %
SNR

~





image8.png
Throughput

108 CP-OFDM TDLA @39GHz

»

—S— 64gam MCS23 EVM3
—+— 64gam MCS24 EVM3
—&— 256qam MCS21 EVM3
|—#— 256qam MCS23 EVM3
—+— 64qam MCS23 EVM3 5
—— 64gam MCS24 EVM3 5
1 H|—+—2560am mcs21 EVM3 5
|—<— 256qam MCS23 EVM3 5
—&— 64gam MCS23 EVIMA

0.57| —— 64gam MCS24 EVM4
—&— 256qam MCS21 EVMA
|—%— 256qam MCS23 EVI4

22 24 26 28 30 32 34 3% 38 40
SNR

~





image9.png
108 CP-OFDM AWGN @48GHz

35
S S S A S S A
3
25
2 2| [—&—e4ammcs23EVME
=) —#— 64qam MCS24 EVM3
G —o— 256qam MCS21 EVAS
£ 1.5 |—#—256qam MCS23 EVM3
——64qam MCS23 EVM3.5
—— 6dqam MCS24 EVM3.5
[ [—+—256qam MCS21 EVM35
|—— 256qam MCS23 EVM3.5
—2— 64qam MCS23 EVIM4
0.5 | —7—64qam MCS24 EVM4
—&— 2560am MCS21 EVMA
|—5— 2560am MCS23 EVM4
o R | * * > * *
2 24 26 28 3 %2 3 3% 3B 4




image10.png
Throughput

35

25

05

0%
2

4108 CP-OFDM TDLD @48GHz

—S— 64gam MCS23 EVM3
—+— 64gam MCS24 EVM3
—&— 256qam MCS21 EVM3
|—#— 256qam MCS23 EVM3
—+— 64qam MCS23 EVM3 5
—— 64gam MCS24 EVM3 5
—+— 256qam MCS21 EVM3 5
|—<— 256qam MCS23 EVM3 5
—&— 64gam MCS23 EVIMA
—5— 64gam MCS24 EVIMA
—&— 256qam MCS21 EVIMA

|—%— 256qam MCS23 EVIM4

—%—%—%—%

24 2 2

30 32 34 3 38 40
SNR




image11.png
<108 CP-OFDM TDLA @48GHz

35

25

—S— 64gam MCS23 EVM3

—#— 64qam MCS24 EVM3
—&— 256qam MCS21 EVM3

18 [ —#—256qam MCs23 EVM3
|—+— 64qam MCS23 EVM3.5
|—— 64qam MCS24 EVM3.5
1 |——2560am MCs21 EVM3 5

Throughput

|—<— 256qam MCS23 EVM3 5
—&— 64gam MCS23 EVIMA
—5— 64gam MCS24 EVIMA
—&— 256qam MCS21 EVIMA
o7 256qam Mos23 VI

-
22 24 26 28 30 32 34 36 38 40

05





oleObject1.bin

image1.wmf
PT-RS

group

N


oleObject2.bin

image2.wmf
group

samp

N


image3.png
%108

=

CP-OFDM AWGN @29GHz

Throughput
9
v 5w

05

*

—S— 64gam MCS23 EVM3
—#— 64gam MCS24 EVM3
—c— 256qam MCS21 EVM3
—#— 256qam MCS23 EVM3
—+— 649am MCS23 EVM3 5
—%— 64gam MCS24 EVM3 5
—+— 256qam MCS21 EVM3 5
—%— 256qam MCS23 EVM3 5
—&— 64gam MCS23 EVIA
—7— 64gam MCS24 EVIMA
|—&— 256qam MCS21 EVI4
|—7— 256qam MCS23 EVIM4

18

24

2%

SNR

28

30

32 34





