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Introduction
In this contribution, we study link-level performance when the modulation order is changed for certain MCS and CQI entries while maintaining spectral efficiency (SE). 
For the CQI tables we only observed gains when one entry is changed from 64-QAM to 16-QAM. For the MCS table used in PUSCH with transform precoding, we observed consistent gains when three consecutive entries are changed from 64-QAM to 16-QAM, while adjusting the coding rate to maintain spectral efficiency.
[bookmark: _Ref378529477]MCS and CQI Tables for CP-OFDM
In our earlier contribution [2], we tested the performance of different modulation and code rate combinations and proposed a new MCS table for NR. In that contribution we reported simulation results showing that, over the EPA fading channel, better performance was generally obtained by lowering the code rate at which the modulation order is increased.
In this section, we show the performance of some CQI table entries [1] using TDL fading channels. These three CQI entries are those identified as candidates for change in [5] based on performance over the AWGN channel. A modified 64-QAM CQI table was proposed in [5], the modified entries from which are shown in Table 1.

[bookmark: _Ref506547273]Table 1 Entries in the 64-QAM CQI table as modified in [5]
	CQI index
	modulation
	code rate x 1024
	efficiency

	7
	16QAM
QPSK
	378
753
	1.4766

	10
	64QAM
16QAM
	466
699
	2.7305

	11
	64QAM
16QAM
	567
851
	3.3223


We compare the performance of the original and modified entries using the NR coding chain with the following simulation assumptions:
	Sub-carrier spacing
	30 KHz

	Allocation
	56 RBs

	Scheduled PUSCH symbols
	10

	Decoder
	Sum product with 50 flooding iterations

	MIMO
	 with 1 layer


Simulation results using ideal channel estimation are shown in Figure 1 for the TDL-A, TDL-B, and TDL-C channels with 30ns, 100ns, and 300ns delay spread, respectively. From these results, it can be observed that the changes to CQI entries 7 and 11 do not bring any performance benefits in the tested scenarios. The change to CQI index 10, improves performance by 0.5—0.8 dB at the target BLER of 10%. The performance improvement in CQI index 10 is reduced when practical channel estimation is used as shown in the appendix.
Observation 1: Switching CQI entry 7 from 16-QAM to QPSK with a higher code rate does not bring performance improvements over fading channels.
Observation 2: Switching CQI entry 11 from 64-QAM to 16-QAM with a higher code rate does not bring performance improvements over fading channels.
Observation 3: Switching CQI entry 10 from 64-QAM to 16-QAM with a higher code rate improve performance by 0.5—0.8 dB at the target BLER of 10% with ideal channel estimation.
Observation 4: The performance improvement achieved by switching CQI entry 10 from 64-QAM to 16-QAM with a higher code rate is reduced when practical channel estimation is used.
[image: ][image: ][image: ]
[bookmark: _Ref506547752]Figure 1 Performance (TB error rate) comparison of the CQI configurations from 38.214 and [5] over fading channels with ideal channel estimation.
MCS Table for PUSCH with Transform Precoding
In [4], it was noted that link performance can be improved by changing the modulation order from 64-QAM to 16-QAM, while increasing the code rate to maintain spectral efficiency, for entries 17, 18, and 19 in the MCS table for PUSCH with transform precoding. Those changes revert the three entries to the modulation used for PUSCH in LTE [6] as follows:

Table 2 Entries in the 64-QAM MCS table for PUSCH with transform precoding.
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate x 1024
R
	Spectral
efficiency

	17
	6
4
	466
699
	2.7305

	18
	6
4 
	517
775.5
	3.0293

	19
	6
4
	567
850.5
	3.3223



Simulation results using ideal channel estimation are shown in Figure 2 for the TDL-A, TDL-B, and TDL-C channels with 30ns, 100ns, and 300ns delay spread, respectively. The simulation assumptions are listed below:
	Sub-carrier spacing
	30 KHz

	Allocation
	56 RBs

	Scheduled PUSCH symbols
	10

	Decoder
	Sum product with 50 flooding iterations

	MIMO
	 with 1 layer



The results in Figure 2 show consistent 0.8--1 dB gains for all three updated entries compared the current entries in Figure 2 at the EMBB target BLER of 10%. The gains increase to 1.2--1.5 dB at BLER of 1%. Results for simulation using practical channel estimation show similar gains and are presented in the appendix.
Observation 5: Changing the modulation order from 64-QAM to 16-QAM while maintaining spectral efficiency in entries 17, 18, 19 in the MCS table for PUSCH with transform precoding improves performance by 0.8--1 dB at target BLER of 10%.
Since those modifications---already in place in LTE---significantly improve the performance in three consecutive MCS entries, we propose the following:
Proposal 1: Change the modulation order from 64-QAM to 16-QAM while maintaining spectral efficiency in entries 17, 18, and 19 in the MCS table for PUSCH with transform precoding.
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[bookmark: _Ref506557367]Figure 2 Performance comparison of the MCS configurations from 38.214 and [4] over fading channels with ideal channel estimation.






Conclusions
Observation 1: Switching CQI entry 7 from 16-QAM to QPSK with a higher code rate does not bring performance improvements over fading channels.
Observation 2: Switching CQI entry 11 from 64-QAM to 16-QAM with a higher code rate does not bring performance improvements over fading channels.
Observation 3: Switching CQI entry 10 from 64-QAM to 16-QAM with a higher code rate improve performance by 0.5—0.8 dB at the target BLER of 10% with ideal channel estimation.
Observation 4: The performance improvement achieved by switching CQI entry 10 from 64-QAM to 16-QAM with a higher code rate is reduced when practical channel estimation is used.
Observation 5: Changing the modulation order from 64-QAM to 16-QAM while maintaining spectral efficiency in entries 17, 18, 19 in the MCS table for PUSCH with transform precoding improves performance by 0.8--1 dB at target BLER of 10%.
Proposal 1: Change the modulation order from 64-QAM to 16-QAM while maintaining spectral efficiency in entries 17, 18, and 19 in the MCS table for PUSCH with transform precoding.
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Figure 3 Performance (TB error rate) comparison of the CQI configurations from 38.214 and [5] over fading channels with practical channel estimation.
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[bookmark: _GoBack]Figure 4 Performance comparison of the MCS configurations from 38.214 and [4] over fading channels with practical channel estimation.


6/7
image1.png
TBLER

10

TDL-# 30ns, Ideal Channel Est.

—e—CaI7 (-4, R - 3781024) (153621415.00] |y 'y
—B--CQI7 (@ =2, R - 753/1024) A .
——CaI10 @ 6, R - 4661024y r536.214v1500) | ¢

—¥-CQI10 (@ = 4, R - 699/1024)

—*—CQI1 (@ - B, R = 567/1024) [T536.214v15.0.]

—-cal11 (@ =4, R - 851/1024)

T S S S O S
4 0 1 2z 3 4 5 B 7 8 8 1 11 1z 13 14 15

CINR (B)




image2.png
TBLER

10

TDL-8 100ns, Ideal Channel Est

—€— CQI7 (3 = 4, R = 378/1024) [1538.214v15.0.]
—B--Cal7 (@ =2, R = 753/1024)

—*—COI0 (@ = 6, R = 466/1024) [T538.214v15.0.0] |}

—¥-CQI10 (@ = 4, R - 699/1024) \
—*—CQI1 (@ - B, R = 567/1024) [T536.214v15.0.] &
—-cal11 (@ =4, R - 851/1024)

R T T TR R
a4 0 1 2z 3 4 5 & 011 oz 13

CINR (B)




image3.png
TBLER

10

TDL-C 300ns, Ideal Channel Est.

—&—CaI7 (@ =4, R = 376/1024) [T536.214v15.0.0)
2,R = 753/1024)
—*—COI10 (@ = 6, R = 466/1024) [T538.214v15.0.0]

—B-cal7 @

—v-calt0(@=-4,R
—e—can@-6r
—*-calt1@=-4,R

99/1024)
67/1024) [1538.214v15.0.0]
51/1024)

CINR (B)

14




image4.png
TBLER

10

10

10

10

TDL-# 30ns, Ideal Channel Est.

—E—MC5 17 (Q = B, R = 466/1024) [T536.214v15.0.0]
—B ~MC5 17 (@ = 4, R = 633/1024)
—*—MCS 16 (Q = B, R = 517/1024) [T536.214v15.0.0]
% -MCS 18 (@ = 4, R = 775.5/1024)
—*MCS 19 (Q = B, R = 576/1024) [T536.214v15.0.0]
=& =MC5 13 (@ = 4, R = 650.5/1024)

14 15 16 17 18 13
CINR (B)




image5.png
TBLER

10

10

10

TDL-8 100ns, Ideal Channel Est

—E—MC5 17 (Q = B, R = 466/1024) [T536.214v15.0.0]
—B ~MC5 17 (@ = 4, R = 633/1024)
—*—MCS 16 (Q = B, R = 517/1024) [T536.214v15.0.0]
% -MCS 18 (@ = 4, R = 775.5/1024)
—*MCS 19 (Q = B, R = 576/1024) [T536.214v15.0.0]
=& =MC5 13 (@ = 4, R = 650.5/1024)

10

11

12

13

14 15 16 17
CINR (iB)




image6.png
TBLER

10

10

10

TDL-C 300ns, Ideal Channel Est.

—E—MC5 17 (Q = B, R = 466/1024) [T536.214v15.0.0]
—B ~MC5 17 (@ = 4, R = 633/1024)
—*—MCS 16 (Q = B, R = 517/1024) [T536.214v15.0.0]
% -MCS 18 (@ = 4, R = 775.5/1024)
—*MCS 19 (Q = B, R = 576/1024) [T536.214v15.0.0]
=& ~MC5 13 (@ = 4, R = 650.5/1024)

10

11

12

13 14 15 16
CINR (B)




image7.png
TBLER

10

TDL-4 30ns, Practical Channel Est

—e—Cal7 (@~ 4, R 3761020) (15382141500] v

~8-CQI7(Q=2,R - 7531024
—*—COI10 (@ = 6, R = 466/1024) [T538.214v15.0.0]
¥ -CQI10(Q - 4, R = 6991024)
—e—COI 1 (@ = 6, R = 567/1024) [T538.214v15.0.0]
—&-CQl11(Q-4,R - 651/1024)

CINR (B)




image8.png
TBLER

TDL-8 100ns, Practical Channel Est.

v
3

—€— CQI7 (3 = 4, R = 378/1024) [1538.214v15.0.]

—B--CQI7 (@ =2, R - 753/1024)
—— CQI10 (@ - 6, R = 486/1024) [T538.214v15.0.0] | X
—¥-CQI10 (@ = 4, R - 699/1024) s &
—*—CQI1 (@ - B, R = 567/1024) [T536.214v15.0.]

—-cal11 (@ =4, R - 851/1024)
Dot I T T O R T TR R
2 4 0 1 2z 3 4 5 & 7 &8 011 oz 13

CINR (B)




image9.png
10

10

TBLER

10

TDL-C 300ns, Practical Channel Est

—&—cal7 @

LR
~8-CQI7(Q=2,R - 7531024
—*—COI0(@ = 6, R = 466/1024)
¥~ Cal10(Q - 4, R = 6991024)
—o—CaI 1 (@ =6, R = 567/1024)

—-cal11 (@ =4, R - 851/1024)

10

78/1024) [1538.214v15.0.0]

[T538.214v15.0.0]

[T538.214v15.0.0]

X
L]
1

|

1
[
i
i
1
v
1
1
\
i
[§
i

CINR (B)

i
11

12 13 14 15 18




image10.png
TBLER

B TDL-4 30ns, Practical Channel Est
T T T T

—E—MC5 17 (Q = B, R = 466/1024) [T536.214v15.0.0]
—B ~MC5 17 (@ = 4, R = 633/1024)
—*—MCS 16 (Q = B, R = 517/1024) [T536.214v15.0.0]
% -MCS 18 (@ = 4, R = 775.5/1024)
—*MCS 19 (Q = B, R = 576/1024) [T536.214v15.0.0]
=& =MC5 13 (@ = 4, R = 650.5/1024)

i i i I i i i i I
10 11 12 13 14 15 16 17 18 13 20
CINR (B)





image11.png
TBLER

10

TDL-8 100ns, Practical Channel Est.

T T T T

—E—MC5 17 (Q = B, R = 466/1024) [T536.214v15.0.0] .
—B&-MC5 17 (@ 9911024)
—F—MCS16(Q = 1701024) [1536.214915.0.0]
—%-MCS 18 (@ 75.51024)
—e—MCs 19 (@ 7611024) [1536.214915.0.0]
S|~ -mcs 1@ 85051024 : : :
10 1" 12 13 14 15 16 17

CINR (iB)

18




image12.png
TBLER

10

10

10

10

TDL-C 300ns, Practical Channel Est

T T T T T T T
—E—MC5 17 (Q = B, R = 466/1024) [T536.214v15.0.0] M
—B&-MC5 17 (@ 9911024)

—F—MCS16(Q = 1701024) [1536.214915.0.0]

—%-MCS 18 (@ 75.51024)

—e—MCs 19 (@ 7611024) [1536.214915.0.0]
S|~ -mcs 1@ 85051024 : : :
10 1" 12 13 14 15 16 17

CINR (iB)

18




