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1. Introduction
In RAN#75 a new work item [1] “Enhancements for high capacity stationary wireless link and introduction of 1024 QAM” was approved. One of the objectives of the work item is to evaluate and, if benefits are shown, define 1024 QAM modulation for 1024 QAM. In this contribution we show our views on 1024 QAM for LTE, including modulation definition, MCS/TBS table, and initial link level results.

2. 1024 QAM modulation and MCS/TBS table
1024QAM gray coding is an extension of the current 256QAM, for which the octuplet of bits  is mapped to:



Table, shows the gray coding of 1024QAM for either I or Q dimension.












Table 1 Gray coding of 1024QAM in one dimension
	Gray code 
	Lattice point (ignoring the scaling factor of 1)

	Gray code 
	Lattice point (ignoring the scaling factor of 1)


	01111
	31
	11111
	-31

	01110
	29
	11110
	-29

	01100
	27
	11100
	-27

	01101
	25
	11101
	-25

	01001
	23
	11001
	23

	01000
	21
	11000
	-21

	01010
	19
	11010
	-19

	01011
	17
	11011
	-17

	00011
	15
	10011
	-15

	00010
	13
	10010
	-13

	00000
	11
	10000
	-11

	00001
	9
	10001
	-9

	00101
	7
	10101
	-7

	00100
	5
	10100
	-5

	00110
	3
	10110
	-3

	00111
	1
	10111
	-1



[image: ]A plot of the constellation points for 1024QAM s shown in Figure 1.Figure 1 Constellation for 1024 QAM

2.1. CQI table for 1024QAM
The CQI table for 1024QAM mode of operation is obtained by modifying the current CQI table. Two entries of the new CQI table are added for 1024QAM modulation and 2 legacy QPSK entries are removed. The CQI indices are ordered according to their spectral efficiencies. Table 2 indicates the CQI table applied for 1024QAM.	

Table 2 Proposed 1024QAM CQI table
	CQI index
	Modulation
	Code rate × 1024
	Efficiency
	MCS

	0
	Out of range
	0

	1
	QPSK
	449
	0.8770
	2

	2
	16QAM
	378
	1.4766
	4

	3
	16QAM
	490
	1.9141
	6

	4
	16QAM
	616
	2.4063
	8

	5
	64QAM
	466
	2.7305
	11

	6
	64QAM
	567
	3.3223
	13

	7
	64QAM
	666
	3.9023
	15

	8
	64QAM
	772
	4.5234
	18

	9
	64QAM
	873
	5.1152
	20

	10
	256QAM
	711
	5.5547
	21

	11
	256QAM
	797
	6.2266
	22

	12
	256QAM
	885
	6.9141
	23

	13
	256QAM
	948
	7.4063
	24

	14
	1024QAM
	817
	7.9837
	25

	15
	1024QAM
	928
	9.0646
	26



2.2. MCS/TBS table for 1024QAM
The proposed MCS table, shown in Table 3, has two explicit entries for 1024QAM. One implicit entry is also added to correspond to 1024QAM retransmissions. Three entries corresponding to QPSK have been removed.

Table 3 Placeholder 1024QAM MCS table
	MCS
	Modulation
(Rel-14)
	TBS for 100 RBs
(Rel-14)
	New Modulation
(proposed)
	TBS for 100 RBs
(proposed)

	0
	QPSK
	2792
	QPSK
	10296

	1
	QPSK
	4584
	QPSK
	14112

	2
	QPSK
	7224
	16QAM
	17568 

	3
	QPSK
	10296
	16QAM
	19848

	4
	QPSK
	14112
	16QAM
	22920

	5
	16QAM
	17568 
	16QAM
	25456

	6
	16QAM
	19848
	16QAM
	28336

	7
	16QAM
	22920
	16QAM
	30576

	8
	16QAM
	25456
	64QAM
	32856

	9
	16QAM
	28336
	64QAM
	36696

	10
	16QAM
	30576
	64QAM
	39232

	11
	64QAM
	32856
	64QAM
	43816

	12
	64QAM
	36696
	64QAM
	46888

	13
	64QAM
	39232
	64QAM
	51024

	14
	64QAM
	43816
	64QAM
	55056

	15
	64QAM
	46888
	64QAM
	57336

	16
	64QAM
	51024
	64QAM
	61664

	17
	64QAM
	55056
	64QAM
	63776

	18
	64QAM
	57336
	256QAM
	66592

	19
	64QAM
	61664
	256QAM
	71112

	20
	64QAM
	63776
	256QAM
	73712

	21
	256QAM
	66592
	256QAM
	78704

	22
	256QAM
	71112
	256QAM
	81176

	23
	256QAM
	73712
	256QAM
	84760

	24
	256QAM
	78704
	256QAM
	97896

	25
	256QAM
	81176
	1024QAM
	105528

	26
	256QAM
	84760
	1024QAM
	119816

	27
	256QAM
	97896
	QPSK
	n/a (HARQ repeat)

	28
	QPSK
	n/a (HARQ repeat)
	16QAM
	n/a (HARQ repeat)

	29
	16QAM
	n/a (HARQ repeat)
	64QAM
	n/a (HARQ repeat)

	30
	64QAM
	n/a (HARQ repeat)
	256QAM
	n/a (HARQ repeat)

	31
	256QAM
	n/a (HARQ repeat)
	1024QAM
	n/a (HARQ repeat)



3. Simulation results
In this section we show throughput results for the MCS, CQI and constellation described in Section 2. The objective of this section is to identify the scenarios in which 1024 QAM offers gain with respect to the baseline 1024 QAM, and also have an initial assessment on the required Tx and Rx EVM to realize these gains.
Evaluation results are shown for the following scenarios:
1) Fixed MCS, AWGN channel: The objective of these results is to show that, for an instantaneous SNR, 1024 QAM offers gains with respect to 256QAM.
2) Outer loop link adaptation: The objective of these results is to translate the instantaneous gain to a throughput gain in time-varying channels, i.e., whether the link adaptation algorithm is able to track the channel and correctly select a higher order modulation when needed.

3.1. Fixed MCS-AWGN

In Figures 2-4 we show results for fixed MCS in AWGN with different levels of Rx and Tx EVM (Rx EVM between 0 and 1%, Tx EVM between 0 and 2%). The simulation assumptions are as follows:
· Transmission mode 3
· 20MHz, 100PRB (no transmission in subframes 0 and 5)
· CFI = 1
1024 QAM offers gain after 27-28dB CINR (depending on the EVM assumption), and peak data rate gain of ~22% for SNR values above 30dB. Table 4 shows a comparison between 256QAM and 1024QAM in terms of throughput at 30 and 35dB SNR, and also the crossover point between both modulation schemes.

[image: ]
Figure 2 Fixed MCS AWGN with RxEVM=0%, TxEVM = {0,1,2}%
[image: ]
Figure 3 Fixed MCS AWGN with RxEVM=0.5%, TxEVM = {0,1,2}%
[image: ]
Figure 3 Fixed MCS AWGN with RxEVM=1%, TxEVM = {0,1,2}%


Table 4 Comparison between 256QAM and 1024QAM for fixed MCS, AWGN.
	Rx EVM (TX EVM=0)
	Crossover point with 256QAM
	Throughput @30dB 1024QAM – 256QAM
	Throughput @35dB

	0%
	27dB
	191.5 – 156.63
	168.84 – 156.63

	0.5%
	27.5dB
	168.84– 156.63
	168.84 – 156.63

	1%
	28.5dB
	168.84– 156.63
	168.84 – 156.63



3.2. Outer loop link adaptation
Figures 4-7 show the evaluation results with outer loop link adaptation with a target BLER of 10% for TDL-A, TDL-B, TDL-E and TDL-D. The simulation parameters are shown in Table 5.
Table 5 Simulation parameters for outer loop link adaptation
	Doppler
	5Hz

	Tx EVM
	0

	Rx EVM
	{0,1,2}%

	Transmission mode 
	4

	Number of {Tx, Rx} antennas
	{2,2}

	Target BLER
	10%




[image: ]
Figure 4 TDL-A very short delay spread

Table 6 Comparison between 256QAM and 1024QAM for TDL-A, link adaptation
	Rx EVM (TX EVM=0)
	Crossover point with 256QAM
	Throughput @30dB 1024QAM – 256QAM
	Throughput @35dB

	0%
	33
	128 - 126
	150 - 146



[image: ]
Figure 5 TDL-B nominal delay spread

Table 7 Comparison between 256QAM and 1024QAM for TDL-B, link adaptation
	Rx EVM (TX EVM=0)
	Crossover point with 256QAM
	Throughput @30dB 1024QAM – 256QAM
	Throughput @35dB

	0%
	35.5
	130-129
	152-153



[image: ]
Figure 6 TDL-E short delay spread

Table 8 Comparison between 256QAM and 1024QAM for TDL-E, link adaptation.
	Rx EVM (TX EVM=0)
	Crossover point with 256QAM
	Throughput @30dB 1024QAM – 256QAM
	Throughput @35dB

	0%
	28.65
	95.2 – 92.2
	113 - 101

	1%
	29
	93.5 – 91.5
	110 – 98.6

	2%
	30.2
	89.4 – 89.6
	101.5 – 94.8




[image: ]
Figure 7 TDL-D very short delay spread

Table 9 Comparison between 256QAM and 1024QAM for TDL-D, link adaptation.
	Rx EVM (TX EVM=0)
	Crossover point with 256QAM
	Throughput @30dB 1024QAM – 256QAM
	Throughput @35dB

	0%
	28.2
	108 - 104
	130 - 121

	1%
	28.5
	106.5 – 104.5
	125.2 – 117.4

	2%
	29.5
	101.5 – 100.8
	114.6 - 110.2



Observation 1: 1024 QAM shows gains starting at around ~28dB SNR for channels with LOS component (TDL-D/TDL-E). 
Observation 2: 1% Rx EVM increases the crossover point between 1024QAM and 256QAM in a fraction of dB (<0.5dB)
Observation 3:  2% Rx EVM increases the crossover point between 1024QAM and 256QAM in more than 1dB.

In view of the evaluations above, the feasibility and benefits of 1024QAM have a strong dependence on the assumed Rx EVM. Since the feasibility of a given Rx EVM lies outside the expertise of RAN1, we propose to send an LS to RAN4 (draft in [2]).
Proposal: Send an LS to RAN4 on the Rx/Tx EVM values that are feasible for 1024 QAM.


4. Summary of results

Table 10 Summary of results
	
	Rx EVM (TX EVM=0)
	Crossover point with 256QAM (in dB)
	Throughput @30dB SNR 1024QAM – 256QAM (Mbps)
	Throuhgput at @35dB SNR 1024QAM – 256QAM (Mbps)

	AWGN fixed MCS
	0%
	27
	191.5 – 156.63
	168.84 – 156.63

	
	0.5%
	27.5
	168.84– 156.63
	168.84 – 156.63

	
	1%
	28.5
	168.84– 156.63
	168.84 – 156.63

	TDL-A
	0%
	33
	128 - 126
	150 - 146

	TDL-B
	0%
	35.5
	130-129
	152-153

	TDL-E
	0%
	28.65
	95.2 – 92.2
	113 - 101

	
	1%
	29
	93.5 – 91.5
	110 – 98.6

	
	2%
	30.2
	89.4 – 89.6
	101.5 – 94.8

	TDL-D
	0%
	28.2
	108 - 104
	130 - 121

	
	1%
	28.5
	106.5 – 104.5
	125.2 – 117.4

	
	2%
	29.5
	101.5 – 100.8
	114.6 - 110.2






5. Conclusion
In this contribution we presented the constellation, TBS/MCS and CQI tables for 1024 QAM, together with some initial evaluation results. The following observations and proposals were made:
Observation 1: 1024 QAM shows gains starting at around ~28dB SNR for channels with LOS component (TDL-D/TDL-E). 
Observation 2: 1% Rx EVM increases the crossover point between 1024QAM and 256QAM in a fraction of dB (<0.5dB)
Observation 3:  2% Rx EVM increases the crossover point between 1024QAM and 256QAM in more than 1dB.
Proposal: Send an LS to RAN4 on the Rx/Tx EVM values that are feasible for 1024 QAM.
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