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In the last RAN4#104bis-e meeting, based on the link level simulation results of various companies there was an active discussion on the UL256QAM EVM requirements in FR2-1 band. Through the discussion, one way forward regarding EVM requirement was agreed as follows [1].

	Sub-topic #2-1: EVM evaluation by link level simulation
· Issue 2-1-1: EVM requirement for 29GHz
Agreement:
· 3.5% EVM for 29GHz, FFS for operating SNR.
· The target power class is PC1, PC2, and PC5.

· Issue 2-1-2: EVM requirement for 39GHz
Agreement:
· 3.5% EVM for 39GHz and using average value FFS for operating SNR with limited MCS.
· The limited MCS is the subset of MCS with 256QAM
· FFS on the list of MCS
· Decide the operating SNR based on list of MCS
· The target power class is PC1, PC2, and PC5.




[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this discussion, the operating SNR is analyzed based on the agreed way forward. 
Discussion
2.1 Necessity of Limited MCS in FR2-1 256QAM operation
In the last RAN4#104bis-e meeting, the EVM of 29GHz and 39GHz was agreed at 3.5%, but more discussion was needed on the operating SNR. As a result of analysis based on the link level simulation results, it was confirmed that the operating SNR of FR2-1 256QAM was greatly affected by the MCS index number. In particular, in the case of  MCS23, many cases show no gain of 256QAM operation in the 39GHz band, and it was confirmed that the operation SNR value was too high at 29GHz, although there was a throughput gain. Applying Limited MCS, more practical operating SNR can be obtained for both 39GHz and 29GHz, so Limited MCS should be applied in not only 39GHz band but also 29GHz band. The specific operating SNR value is proposed based on the link level simulation results in Section 2.2.

Observation 1: By applying Limited MCS, more practical operating SNR can be obtained.
Proposal 1: Consider limited MCS not only in the 39GHz band but also in the 29GHz band.

2.2 Link level simulation results about FR2-1 UL 256QAM
Table 1 Link level simulation assumption for FR2-1 UL 256QAM and 64QAM
	Parameter
	Value

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

	CBW
	100MHz (66 RB)

	SCS
	120 kHz

	Allocated RBs
	Full allocation

	Propagation
	TDL-A  30ns delay spread, 35Hz Doppler frequency
TDL-D 30ns delay spread, 35Hz Doppler frequency

	MCS
	64QAM:
CP-OFDM: MCS 23, 24 in TS 38.214 Table 5.1.3.1-1, other MCSs are not precluded.
256QAM:
CP-OFDM: MCS 20, 21, 22, 23 in TS 38.214 Table 5.1.3.1-2, other MCSs are not precluded.
Baseline: fixed MCSs

	Symbol type
	CP-OFDM

	HARQ
	None

	Antenna configuration
	2x2 Rank1

	Channel estimation
	Practical

	Receiver type
	MMSE

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

	DMRS configuration
	Type 1, Single symbol

	PTRS configuration
	CP-OFDM: {K,L} = {2,1}, {4,1}

	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 b): example2 (UE) + example2(BS)

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



Table 2 Cross throughput point (29 GHz and 39 GHz, CBW:100 MHz, EVM:Tx=Rx)
Referebce: MCS24(64QAM, PUSCH Table 1, OFDM)
	Propagation
Mode
	29 GHz
	39 GHz

	
	MCS
20
	MCS
21
	MCS
22
	MCS
23
	MCS
20
	MCS
21
	MCS
22
	MCS
23

	TDL-A
(256 QAM, PDSCH Table 2, OFDM)
(dB)
	25.5
	30
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	TDL-D
(256 QAM, PDSCH Table 2, OFDM)
(dB)
	18.5
	21
	23
	27
	21
	24
	30
	N/A



29 GHz (n257)
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	Fig1. Throughput performance between 256QAM and 64QAM in TDL-A
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	Fig2. Throughput performance between 256QAM and 64QAM in TDL-D




39 GHz (n260)
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	Fig3. Throughput performance between 256QAM and 64QAM in TDL-A

	[image: ]

	Fig4. Throughput performance between 256QAM and 64QAM in TDL-D




Observation 2: In 29GHz TDL-A, the throughput gain of 256QAM is shown in MCS index 20 and 21, and operating SNR can vary from 25.5dB to 30dB depending on the MCS index number.
Observation 3: In 29GHz TDL-D, the throughput gain of 256QAM is shown in MCS index 20~23, and operating SNR can vary from 18.5dB to 27dB depending on the MCS index number.
Observation 4: In 39GHz TDL-A, no throughput gain of 256QAM  is shown in MCS index 20~23.
Observation 5: In 39GHz TDL-D, the throughput gain of 256QAM is shown in MCS index 20 ~22, and operating SNR can vary from 21dB to 30dB depending on the MCS index number.
Observation 6: If the operating SNR is considered based on TDL-A, SNR of 25.5 dB or more need to be set for operation at 29GHz, however it is not practical. And N/A is shown at 39GHz, so it is also not practical.
Observation 7: If the operating SNR is considered based on TDL-D with limited MCS, an operating SNR value of 18.5dB to 27dB at 29GHz may be considered, and an operating SNR value of 21dB to 30dB at 39GHz may be considered.
Proposal 2: Consider operating SNR as [18.5~23]dB with limited MCS of 20~22 at 29GHz.
Proposal 3: Consider operating SNR as [21~24]dB with limited MCS of 20~21 at 39GHz.

Conclusion
Observation 1: By applying Limited MCS, more practical operating SNR can be obtained.
Observation 2: In 29GHz TDL-A, the throughput gain of 256QAM is shown in MCS index 20 and 21, and operating SNR can vary from 25.5dB to 30dB depending on the MCS index number.
[bookmark: _GoBack]Observation 3: In 29GHz TDL-D, the throughput gain of 256QAM is shown in MCS index 20~23, and operating SNR can vary from 18.5dB to 27dB depending on the MCS index number.
Observation 4: In 39GHz TDL-A, no throughput gain of 256QAM  is shown in MCS index 20~23.
Observation 5: In 39GHz TDL-D, the throughput gain of 256QAM is shown in MCS index 20 ~22, and operating SNR can vary from 21dB to 30dB depending on the MCS index number.
Observation 6: If the operating SNR is considered based on TDL-A, SNR of 25.5 dB or more need to be set for operation at 29GHz, however it is not practical. And N/A is shown at 39GHz, so it is also not practical.
Observation 7: If the operating SNR is considered based on TDL-D with limited MCS, an operating SNR value of 18.5dB to 27dB at 29GHz may be considered, and an operating SNR value of 21dB to 30dB at 39GHz may be considered.
Proposal 1: Consider limited MCS not only in the 39GHz band but also in the 29GHz band.
Proposal 2: Consider operating SNR as [18.5~23]dB with limited MCS of 20~22 at 29GHz.
Proposal 3: Consider operating SNR as [21~24]dB with limited MCS of 20~21 at 39GHz.

References
[1] R4-2217729, “WF on UL 256QAM”, Xiaomi 
image3.emf
10 15 20 25 30 35

SNR, dB

0

50

100

150

200

250

300

350

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CP-OFDM, 2x2 rank1, SCS 120 kHz, TDLA30-35, BW 100MHz

256-QAM (MCS20,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS21,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS22,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS23,PDSCHt2), PTRS K=2, CPE

64-QAM (MCS23,PDSCHt1), PTRS K=2, CPE

64-QAM (MCS24,PDSCHt1), PTRS K=2, CPE


image4.emf
10 15 20 25 30 35

SNR, dB

0

50

100

150

200

250

300

350

400

450

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CP-OFDM, 2x2 rank1, SCS 120 kHz, TDLD30-35, BW 100MHz

256-QAM (MCS20,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS21,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS22,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS23,PDSCHt2), PTRS K=2, CPE

64-QAM (MCS23,PDSCHt1), PTRS K=2, CPE

64-QAM (MCS24,PDSCHt1), PTRS K=2, CPE


image1.emf
10 15 20 25 30 35

SNR, dB

0

50

100

150

200

250

300

350

400

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CP-OFDM, 2x2 rank1, SCS 120 kHz, TDLA30-35, BW 100MHz

256-QAM (MCS20,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS21,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS22,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS23,PDSCHt2), PTRS K=2, CPE

64-QAM (MCS23,PUSCHt1), PTRS Ng x Ns=4x4Linear

64-QAM (MCS24,PDSCHt1), PTRS K=2, CPE


image2.emf
10 15 20 25 30 35

SNR, dB

0

50

100

150

200

250

300

350

400

450

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CP-OFDM, 2x2 rank1, SCS 120 kHz, TDLD30-35, BW 100MHz

256-QAM (MCS20,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS21,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS22,PDSCHt2), PTRS K=2, CPE

256-QAM (MCS23,PDSCHt2), PTRS K=2, CPE

64-QAM (MCS23,PUSCHt1), PTRS Ng x Ns=4x4Linear

64-QAM (MCS24,PDSCHt1), PTRS K=2, CPE


