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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document captures the finding of the study of performance benefits and feasibility of 1024QAM for LTE downlink channels, as defined in Work Item “Enhancements for high capacity stationary wireless link and introduction of 1024 QAM for LTE” [2].
This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
This document is intended to gather all information and draw a conclusion on way forward.
This document is a ‘living’ document, i.e. it is permanently updated and presented to TSG-RAN meetings.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
RP-170838, “New WI proposal: Enhancements for high capacity stationary wireless link and introduction of 1024 QAM for LTE”

[3]
R1-1707186, “Performance evaluation of 1024QAM”, ZTE
[4]
R1-1707312, “1024QAM link level evaluation results”, Intel Corporation

[5]
R1-1709196, “Evaluation results for 1024QAM”, Qualcomm Incorporated

[6]
R1-1708196, “Evaluation on DL 1024 QAM”, Huawei, HiSilicon
[7]
R1-1712495, “Performance of 1024QAM”, Intel Corporation

[8] 
R1-1713357, “Evaluation on DL 1024 QAM”, Huawei, HiSilicon

[9] 
R1-1713226, “Evaluation results for 1024QAM”, ZTE
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

CPE
Customer Premises Equipment
4
Introduction
Editor’s note: Objective in WID [2]
At the 3GPP TSG RAN#75 meeting, the Work Item Description on “Enhancements for high capacity stationary wireless link and introduction of 1024 QAM for LTE” [2] was agreed for Release 15. The work item aims to define enhancements for high capacity wireless connections in stationary links. The work item comprises the following study part:
-
Study the feasibility and performance benefit, and if justified, specify support for 1024QAM for DL channels [RAN1, RAN4]
5
Evaluation of 1024QAM

Editor’s note: This clause collects the evaluation results, specification impact, and summary of feasibility and performance benefit of introducing 1024QAM.
5.1
Evaluation results

Editor’s note: This sub-clause collects the evaluation results of 1024QAM. Simulation assumptions are captured in Annex A.
The following clauses contain a summary of the results obtained in [3-9].

5.1.1
Crossover point

The evaluation results of crossover SNR are summarized in Table 5.1.1-1 and 5.1.1-2 for AWGN channel and TDL channels, respectively.
Table 5.1.1-1 Crossover point for AWGN channel

	Source
	Scenario
	EVM

	
	
	0% TX

0% RX
	1% TX

1% RX
	1.5% TX

1% RX
	2% Tx 1% Rx
	2% Tx 1.5% Rx
	2% TX

2% Rx
	2% TX

2.5% Rx
	2.5% TX

1% RX
	2.5% TX
2.5% RX
	3% TX

2% RX
	3% TX

3% RX

	Source 1
	TM3 2T2R, Fixed MCS, TBS=105528 (256QAM 0% TX and  0% RX EVM)
	25.8dB
	
	
	
	
	
	
	
	
	
	

	
	TM3 2T2R, Fixed MCS, TBS=119816 (256QAM 0% TX and 0% RX EVM)
	28.6dB
	
	
	
	
	
	
	
	
	
	

	
	TM3 2T2R, Fixed MCS, TBS=105528 (256QAM 3% TX and 0% RX EVM)
	-
	
	23.8dB
	26.3dB
	
	26.4dB
	
	27dB
	
	27.8dB
	27.8dB

	
	TM3 2T2R, Fixed MCS, TBS=119816 (256QAM 3% TX and 0% RX EVM)
	28.6
	
	29.2dB
	29.7dB
	
	30.7dB
	
	30.9
	
	32.8
	33.6

	
	TM3 2T2R, Fixed MCS, TBS=110136 (256QAM 0% TX and 0% RX EVM)
	26.8dB
	
	
	
	27.8dB
	28.8dB
	29.6dB
	
	30.4dB
	
	

	
	TM3 2T4R, Fixed MCS, TBS=110136 (256QAM 0% TX and 0% RX EVM)
	23.8dB
	
	
	
	
	
	
	
	
	
	

	
	TM3 2T8R, Fixed MCS, TBS=110136 (256QAM 0% TX and 0% RX EVM)
	20.8dB
	
	
	
	
	
	
	
	
	
	

	Source 3
	TM4 2T2R, Fixed MCS
	29.2dB
	29.4dB
	
	
	
	30.4dB
	
	
	
	
	33.0dB

	
	TM4 2T48, Fixed MCS
	23.2dB
	23.4dB
	
	
	
	24.0dB
	
	
	
	
	25.5dB

	Source 4
	TM3, 2T2R, Fixed MCS
	27dB
	28.5dB
	
	28.6dB
	
	
	
	
	
	
	


Table 5.1.1-2 Crossover point for TDL Channels

	Source
	Scenario
	
	EVM

	
	
	0% TX

0% RX
	1% TX

1% RX
	1.5% TX

1% RX
	2% TX

1.5% Rx
	2% TX

2% Rx
	2% TX

2.5% Rx
	2% TX

3% Rx
	2% TX

4% Rx
	2.5% TX

1.5% Rx
	2.5% TX

2% Rx
	2.5% TX

2.5% Rx
	2.5% TX

3% Rx
	2.5% TX

4% Rx
	3% Tx
0% Rx
	3% Tx
1.5% Rx
	3% Tx
2% Rx
	3% Tx
3% Rx
	3% Tx
4% Rx

	Source 1
	TDL-D, 10ns, 2T8R, TM9, 1layer, Fixed MCS, TBS=119816 (256QAM 3% TX and 0% RX EVM)
	28dB
	
	29.7dB
	31dB
	
	
	
	
	
	35.8dB
	
	
	
	38.2dB
	39dB
	
	
	

	
	TM4, 2 layers, TDL-A 10ns, 2T2R
	35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 2 layers, TDL-A 10ns, 2T4R
	28.3dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 2 layers, TDL-A 10ns, 2T8R
	23.3dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 1 layers, TDL-C 10ns, 2T2R
	24.4dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 1 layers, TDL-C 10ns, 2T4R
	21.2dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 1 layers, TDL-C 10ns, 2T8R
	17.7dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM9, 1 layer, TDL-C 100ns,Open-loop, 2T2R
	29.0dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM9, 1 layer, TDL-C 100ns,Open-loop, 2T4R
	25.2dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM9, 1 layer, TDL-C 100ns,Open-loop, 2T8R
	21.2dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 1 layers, 2T4R, TDL-A 10ns,
	21.2dB
	
	
	21.8dB
	21.9dB
	22dB
	
	
	21.9dB
	22.1dB
	22.6dB
	
	
	
	
	
	
	

	
	TM9, 1 layer, 2x4, TDL-C 100ns,

Open-loop
	25.2dB
	
	
	26.1dB
	26.2dB
	26.8dB
	
	
	27.1dB
	27.2dB
	27.7dB
	
	
	
	
	
	
	

	Source 2
	TDL-A 10ns, TM9 2T2R, Fixed MCS
	35dB
	
	
	
	
	
	
	
	
	
	
	
	
	42dB
	Not observed
	
	Not observed
	

	
	TDL-A 10ns, TM3 2T2R, OLLA
	
	
	
	42dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-A 100ns, TM3 2T2R, OLLA
	
	
	
	32dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-B 10ns, TM3 2T2R, OLLA
	
	
	
	34dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-B 100ns, TM3 2T2R, OLLA
	
	
	
	34dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-A 10ns, TM9 2T2R, OLLA
	
	
	
	Not observed
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-A 100ns, TM9 2T2R, OLLA
	
	
	
	Not observed
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-B 10ns, TM9 2T2R, OLLA
	
	
	
	Not observed
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-B 100ns, TM9 2T2R, OLLA
	
	
	
	Not observed
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-A 10ns, TM3 2T4R, OLLA
	
	
	
	34dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-A 100ns, TM3 2T4R, OLLA
	
	
	
	36dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-B 10ns, TM3 2T4R, OLLA
	
	
	
	34dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-B 100ns, TM3 2T4R, OLLA
	
	
	
	36dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-A 10ns, TM9 2T4R, OLLA
	
	
	
	34dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-A 100ns, TM9 2T4R, OLLA
	
	
	
	36dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-B 10ns, TM9 2T4R, OLLA
	
	
	
	34dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	
	TDL-B 100ns, TM9 2T4R, OLLA
	
	
	
	36dB
	
	
	
	
	
	
	
	
	
	
	
	Not observed
	
	

	Source 3 
	TDL-B 10ns, 2T2R TM4,, Fixed MCS
	
	32.5dB
	
	
	35dB
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-B 10ns, TM4 2T8R, Fixed MCS
	
	23.3dB
	
	
	24dB
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-D, 100ns, TM4 2T2R,, Fixed MCS
	
	34dB
	
	
	36dB
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-D, 100ns, TM4 2T8R, Fixed MCS
	
	24dB
	
	
	25dB
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-A 10ns, 2T4R TM4,, Fixed MCS
	
	
	
	~35dB
	~37dB
	
	
	
	~39dB
	
	
	
	
	
	
	
	
	

	
	TDL-A 10ns, 2T8R TM4,, Fixed MCS
	
	
	
	~28dB
	~29dB
	
	~30dB
	~32dB
	~30dB
	~31dB
	
	~33dB
	
	
	~39dB
	
	
	

	
	TDL-D 10ns, 2T4R TM4,, Fixed MCS
	
	
	
	~31dB
	~31.7dB
	
	~34dB
	
	~31.5dB
	~32dB
	
	~36dB
	
	
	~34dB
	~35dB
	
	

	
	TDL-D 10ns, 2T8R TM4,, Fixed MCS
	
	
	
	~25.2dB
	~25.5dB
	
	~26dB
	~27dB
	~26dB
	~26.6dB
	
	~27.1dB
	~28.2dB
	
	~27.6dB
	~28dB
	~29dB
	~30.7dB

	Source 4
	TDL-A 100ns, 2T2R, TM2, OLLA
	35.25dB
	37.43dB
	
	Not Observed
	Not Observed
	
	
	
	
	
	
	
	
	Not Observed
	Not Observed
	
	
	

	
	TDL-A 100ns, 2T4R, TM2, OLLA
	27.75dB
	29.53dB
	
	30.11dB
	30.97dB
	
	
	
	
	
	
	
	
	31.67dB
	33.43dB
	
	
	

	
	TDL-A 10ns, 2T2R, TM2, OLLA
	32.0dB
	32.75dB
	
	34.75dB
	38.16dB
	
	
	
	
	
	
	
	
	34.0dB
	37.62dB
	
	
	

	
	TDL-A 10ns, 2T4R, TM2, OLLA
	27.67dB
	27.93dB
	
	29.46dB
	30.2dB
	
	
	
	
	
	
	
	
	31.0dB
	32.45dB
	
	
	

	
	TDL-B 100ns, 2T2R, TM2, OLLA
	35.5dB
	38.21dB
	
	Not Observed
	Not Observed
	
	
	
	
	
	
	
	
	Not Observed
	Not Observed
	
	
	

	
	TDL-B 100ns, 2T4R, TM2, OLLA
	27.8dB
	28.5dB
	
	29.86dB
	30.66dB
	
	
	
	
	
	
	
	
	32.0dB
	33.92dB
	
	
	

	
	TDL-B 10ns, 2T2R, TM2, OLLA
	34.5dB
	35.95dB
	
	39.01dB
	Not Observed
	
	
	
	
	
	
	
	
	36.0dB
	Not Observed
	
	
	

	
	TDL-B 10ns, 2T4R, TM2, OLLA
	27.4dB
	27.93dB
	
	29.86dB
	30.66dB
	
	
	
	
	
	
	
	
	31.25dB
	32.81dB
	
	
	

	
	TDL-D 100ns, 2T2R, TM2, OLLA
	28.64dB
	29.36dB
	
	30.63dB
	31.62dB
	
	
	
	
	
	
	
	
	32.0dB
	33.92dB
	
	
	

	
	TDL-D 100ns, 2T4R, TM2, OLLA
	22.58dB
	23.09dB
	
	23.73dB
	23.91dB
	
	
	
	
	
	
	
	
	24.5dB
	24.79dB
	
	
	

	
	TDL-D 10ns, 2T2R, TM2, OLLA
	29.0dB
	29.73dB
	
	31.11dB
	32.22dB
	
	
	
	
	
	
	
	
	32.0dB
	33.92dB
	
	
	

	
	TDL-D 10ns, 2T4R, TM2, OLLA
	23.0dB
	23.09dB
	
	23.2dB
	23.36dB
	
	
	
	
	
	
	
	
	24.5dB
	24.79dB
	
	
	

	
	TDL-E 100ns, 2T2R, TM2, OLLA
	28.03dB
	28.48dB
	
	29.99dB
	30.82dB
	
	
	
	
	
	
	
	
	31.47dB
	33.14dB
	
	
	

	
	TDL-E 100ns, 2T4R, TM2, OLLA
	22.09dB
	22.32dB
	
	22.94dB
	23.09dB
	
	
	
	
	
	
	
	
	23.77dB
	24.01dB
	
	
	

	
	TDL-E 10ns, 2T2R, TM2, OLLA
	28.5dB
	29.16dB
	
	30.72dB
	31.73dB
	
	
	
	
	
	
	
	
	32.0dB
	33.92dB
	
	
	

	
	TDL-E 10ns, 2T4R, TM2, OLLA
	22.11dB
	22.35dB
	
	22.96dB
	23.11dB
	
	
	
	
	
	
	
	
	23.76dB
	24.0dB
	
	
	

	
	TDL-D Orth. LOS 100ns, 2T2R, TM2, OLLA
	28.43dB
	29.14dB
	
	31.24dB
	32.4dB
	
	
	
	
	
	
	
	
	33.12dB
	35.84dB
	
	
	

	
	TDL-D Orth. LOS 100ns, 2T4R, TM2, OLLA
	21.75dB
	25.35dB
	
	26.96dB
	27.36dB
	
	
	
	
	
	
	
	
	29.29dB
	30.21dB
	
	
	

	
	TDL-D Orth. LOS 10ns, 2T2R, TM2, OLLA
	28.43dB
	29.14dB
	
	31.26dB
	32.42dB
	
	
	
	
	
	
	
	
	33.14dB
	35.88dB
	
	
	

	
	TDL-D Orth. LOS 10ns, 2T4R, TM2, OLLA
	21.6dB
	25.14dB
	
	26.96dB
	27.36dB
	
	
	
	
	
	
	
	
	29.29dB
	30.21dB
	
	
	

	
	TDL-E Orth. LOS 100ns, 2T2R, TM2, OLLA
	28.75dB
	29.45dB
	
	31.27dB
	32.44dB
	
	
	
	
	
	
	
	
	33.17dB
	35.93dB
	
	
	

	
	TDL-E Orth. LOS 100ns, 2T4R, TM2, OLLA
	27.06dB
	27.34dB
	
	27.08dB
	27.49dB
	
	
	
	
	
	
	
	
	29.22dB
	30.13dB
	
	
	

	
	TDL-E Orth. LOS 10ns, 2T2R, TM2, OLLA
	28.6dB
	29.44dB
	
	31.26dB
	32.42dB
	
	
	
	
	
	
	
	
	33.17dB
	35.93dB
	
	
	

	
	TDL-E Orth. LOS 10ns, 2T4R, TM2, OLLA
	27.03dB
	27.36dB
	
	27.08dB
	27.49dB
	
	
	
	
	
	
	
	
	29.22dB
	30.13dB
	
	
	


5.1.2
Throughput gain
The evaluation results of throughput gain for 1024QAM are summarized in Table 5.1.2-1 and 5.1.2-2 for AWGN channel and TDL channels, respectively.
Table 5.1.2-1 Throughput gain for AWGN channel

	Source
	Scenario
	EVM

	
	
	0% TX, 

0% RX
	1% TX, 

1% RX
	1.5% TX, 

1% RX
	2% TX, 

1.5% RX
	2% TX, 

2% RX
	2% TX, 

2.5% RX
	2.5% TX, 

2% RX
	2.5% TX, 
2.5% RX
	3% TX, 3%RX

	Source 1
	Fixed MCS, TM3, 2T2R, TBS=119816
	22.14% @30dB, 

22.4% @35dB
	21.39% @30dB,

 22.4% @35dB
	19.0% @30dB,

  22.4% @35dB
	12.5% @30dB,

  22% @35dB
	12.5% @30dB, 21.5% @35dB
	12.2% @30dB,

  20.4% @35dB
	
	-8.3% @30dB,

12.5% @35dB
	

	
	Fixed MCS, TM3, 2T2R, TBS=105528
	7.8% @30dB,

 7.8% @35dB
	7.8% @30dB, 

7.8% @35dB
	7.8% @30dB, 

7.8% @35dB
	
	7.8% @30dB, 

7.8% @35dB
	
	7.8%  @30dB, 7.8%  @35dB
	
	7.7%  @30dB, 7.8%  @35dB



	
	Fixed MCS, TM3, 2T4R, TBS=119816
	22.4% @30dB, 
22.4% @35dB
	
	
	
	
	
	
	
	

	
	Fixed MCS, TM3, 2T8R, TBS=119816
	22.4% @30dB, 
22.4% @35dB
	
	
	
	
	
	
	
	

	Source 3 (Note 1)
	 TM4, 2T2R, Fixed MCS
	4.2%@30dB
	4.2% @30dB
	
	
	4.2%@31dB
	
	
	
	4.2% @34dB

	
	TM4, 2T8R, Fixed MCS
	4.2% @24dB
	4.2%@24dB
	
	
	4.2%@25dB
	
	
	
	4.2%@28dB

	Source 4
	TM3, 2T2R, Fixed MCS
	7.8%@30dB

22.2%@35dB
	7.3%@30dB
21.6%@35dB
	
	
	6.2%@30dB
17.5%@30dB
	
	
	
	

	Note 1: The coding rate is 0.745 for 1024QAM, and 0.9 for 256QAM.


Table 5.1.2-2 Throughput gain for TDL channels

	Source
	Scenario
	EVM

	
	
	0% TX, 

0% RX
	1% TX, 

1% RX
	1.5% TX,

1% RX
	2% Tx, 1.5%Rx
	2% TX, 

2% RX
	2% TX, 

2.5% RX
	2% TX, 

3% RX
	2% TX, 

4% RX
	2.5% TX, 

1.5% RX
	2.5% TX, 

2% RX
	2.5% TX, 

2.5% RX
	2.5% TX, 

3% RX
	2.5% TX, 

4% RX
	3%TX, 0%RX
	3% TX,

1.5% RX
	3% TX,
2% RX
	3% TX, 3%RX
	3% TX, 4%RX

	Source 1
	TDL-D, 10ns, 2T8R, TM9, 1layer,Fixed MCS ( TBS=119816)
	13.7%@30dB, 22.4%@35dB
	0.2%@30dB, 20.4%@35dB 
	12.5%@35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-A, 10ns, 2T8R, TM4, Fixed MCS ( TBS=119816 )
	22.4%@30dB, 22.4%@35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-C, 100ns, 2T2R, 1layer,TM9, Fixed MCS (  TBS=105528 )
	7.7%@30dB 7.8%@35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-C, 100ns, 2T2R, 1layer,TM9, Fixed MCS ( TBS=119816)
	-25.1%@30dB 17.4%@35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-C, 100ns, 2T4R, 1layer,TM9, Fixed MCS ( TBS=105528)
	7.8%@30dB, 7.8%@35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-C, 100ns, 2T4R, 1layer,TM9, Fixed MCS ( TBS=119816 )
	22.1%@30dB, 22.4%@35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 2 layers, TDL-A 10ns, 2T2R
	-2% @30dB, 

0% @35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 2 layers, TDL-A 10ns, 2T4R
	6.6% @30dB, 

21% @35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 2 layers, TDL-A 10ns, 2T8R
	22.4% @30dB, 

22.4% @35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 1 layers, TDL-C 10ns, 2T2R
	20.1% @30dB, 

22.2% @35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 1 layers, TDL-C 10ns, 2T4R
	22.4% @30dB, 

22.4% @35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 1 layers, TDL-C 10ns, 2T8R
	22.4% @30dB, 

22.4% @35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM9, 1 layer, TDL-C 100ns,Open-loop, 2T2R
	6% @30dB, 

16.6% @35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM9, 1 layer, TDL-C 100ns,Open-loop, 2T4R
	22.1% @30dB, 

22.4% @35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM9, 1 layer, TDL-C 100ns,Open-loop, 2T8R
	22.4% @30dB, 

22.4% @35dB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TM4, 1 layers, 2T4R, TDL-A 10ns,
	22.4% @30dB, 

22.4% @35dB
	
	
	22.4% @30dB, 

22.4% @35dB
	22.4% @30dB, 

22.4% @35dB
	22.3% @30dB, 

22.4% @35dB
	
	
	22.3% @30dB, 

22.4% @35dB
	22.1% @30dB, 

22.4% @35dB
	22.1% @30dB, 

22.3% @35dB
	
	
	
	
	
	
	

	
	TM9, 1 layer, 2x4, TDL-C 100ns,

Open-loop
	22.1% @30dB, 

22.4% @35dB
	
	
	12.5% @30dB, 

21.9% @35dB
	12.5% @30dB, 

21% @35dB
	12.4% @30dB, 

17.9% @35dB
	
	
	12.5% @30dB, 

16.8% @35dB
	12.4% @30dB, 

12.5% @35dB
	11.7% @30dB, 

12.5% @35dB
	
	
	
	
	
	
	

	Source 2
	TDL-A 10ns, TM9 2T2R, Fixed MCS
	23%@45dB
	
	
	
	
	
	
	
	
	
	
	
	
	6%@50dB
	0%@50dB
	
	-8%@50dB
	

	
	TDL-A 10ns, TM3 2T2R, OLLA
	
	
	
	<2%@46dB
	
	
	
	
	
	
	
	
	
	
	
	-2%, 46dB
	
	

	
	TDL-A 100ns, TM3 2T2R, OLLA
	
	
	
	<2%@46dB
	
	
	
	
	
	
	
	
	
	
	
	0%, 46dB
	
	

	
	TDL-B 10ns, TM3 2T2R, OLLA
	
	
	
	<2%@46dB
	
	
	
	
	
	
	
	
	
	
	
	-2%, 46dB
	
	

	
	TDL-B 100ns, TM3 2T2R, OLLA
	
	
	
	<2%@46dB
	
	
	
	
	
	
	
	
	
	
	
	0%, 46dB
	
	

	
	TDL-A 10ns, TM9 2T2R, OLLA
	
	
	
	0%@46dB
	
	
	
	
	
	
	
	
	
	
	
	0%, 46dB
	
	

	
	TDL-A 100ns, TM9 2T2R, OLLA
	
	
	
	0%@46dB
	
	
	
	
	
	
	
	
	
	
	
	0%, 46dB
	
	

	
	TDL-B 10ns, TM9 2T2R, OLLA
	
	
	
	0%@46dB
	
	
	
	
	
	
	
	
	
	
	
	0%, 46dB
	
	

	
	TDL-B 100ns, TM9 2T2R, OLLA
	
	
	
	0%@46dB
	
	
	
	
	
	
	
	
	
	
	
	0%, 46dB
	
	

	
	TDL-A 10ns, TM3 2T4R, OLLA
	
	
	
	19%@46dB
	
	
	
	
	
	
	
	
	
	
	
	-2%, 46dB
	
	

	
	TDL-A 100ns, TM3 2T4R, OLLA
	
	
	
	10%@46dB
	
	
	
	
	
	
	
	
	
	
	
	-2%, 46dB
	
	

	
	TDL-B 10ns, TM3 2T4R, OLLA
	
	
	
	19%@46dB
	
	
	
	
	
	
	
	
	
	
	
	-2%, 46dB
	
	

	
	TDL-B 100ns, TM3 2T4R, OLLA
	
	
	
	10%@46dB
	
	
	
	
	
	
	
	
	
	
	
	-2%, 46dB
	
	

	
	TDL-A 10ns, TM9 2T4R, OLLA
	
	
	
	12%@46dB
	
	
	
	
	
	
	
	
	
	
	
	0%, 46dB
	
	

	
	TDL-A 100ns, TM9 2T4R, OLLA
	
	
	
	10%@46dB
	
	
	
	
	
	
	
	
	
	
	
	0%, 46dB
	
	

	
	TDL-B 10ns, TM9 2T4R, OLLA
	
	
	
	12%@46dB
	
	
	
	
	
	
	
	
	
	
	
	0%, 46dB
	
	

	
	TDL-B 100ns, TM9 2T4R, OLLA
	
	
	
	10%@46dB
	
	
	
	
	
	
	
	
	
	
	
	0%, 46dB
	
	

	Source 3 (Note 1)
	TDL-B, 10ns, 2T2R, TM4, Fixed MCS
	
	4.2%@44dB


	
	
	4.2% @46dB


	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-B, 10ns, 2T8R, TM4, Fixed MCS
	
	4.2%@25dB
	
	
	4.2%@26dB
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-D, 100ns, 2T2R, TM4, Fixed MCS
	
	4.2%@44dB


	
	
	4.2% @46dB


	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-D, 100ns, 2T8R, TM4, Fixed MCS
	
	4.2%@25dB
	
	
	4.2%@26dB
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	TDL-A 10ns, 2T4R TM4,, Fixed MCS
	
	
	
	5.86%@40dB
	4.04%@40dB
	
	
	
	0.23%@40dB
	
	
	
	
	
	
	
	
	

	
	TDL-A 10ns, 2T8R TM4,, Fixed MCS
	
	
	
	8.14%@40dB
	7.84%@40dB
	
	5.54%@40dB
	3.05%@40dB
	6.97%@40dB
	6.64%@40dB
	
	3.89%@40dB
	
	
	0.59%@40dB
	
	
	

	
	TDL-D 10ns, 2T4R TM4,, Fixed MCS
	
	
	
	11.7%@40dB
	10.7%@40dB
	
	4.35%@40dB
	
	11.3%@40dB
	9.6%@40dB
	
	1.2%@40dB
	
	
	6.2%@40dB
	1.8%@40dB
	
	

	
	TDL-D 10ns, 2T8R TM4,, Fixed MCS
	
	
	
	12.5%@40dB
	12.5%@40dB
	
	12.5%@40dB
	12.5%@40dB
	12.5%@40dB
	12.5%@40dB
	
	12.5%@40dB
	12.5%@40dB
	
	12.5%@40dB
	12.5%@40dB
	12.4%@40dB
	11.3%@40dB

	Source 4
	TDL-A 100ns, 2T2R, TM2, OLLA
	-2.0% @30dB
-1.0% @35dB
	-1.0% @30dB
-0.0% @35dB
	
	-1.0% @30dB
0.0% @35dB
	-1.0% @30dB
-0.0% @35dB
	
	
	
	
	
	
	
	
	-1.0% @30dB
-1.0% @35dB
	-1.0% @30dB
-0.0% @35dB
	
	
	

	
	TDL-A 100ns, 2T4R, TM2, OLLA
	9.0% @30dB
22.0% @35dB
	4.0% @30dB
21.0% @35dB
	
	-0.0% @30dB
12.0% @35dB
	-2.0% @30dB
7.0% @35dB
	
	
	
	
	
	
	
	
	-3.0% @30dB
7.0% @35dB
	-4.0% @30dB
2.0% @35dB
	
	
	

	
	TDL-A 10ns, 2T2R, TM2, OLLA
	-2.0% @30dB
1.0% @35dB
	-2.0% @30dB
2.0% @35dB
	
	-2.0% @30dB
0.0% @35dB
	-2.0% @30dB
-2.0% @35dB
	
	
	
	
	
	
	
	
	-2.0% @30dB
1.0% @35dB
	-2.0% @30dB
-1.0% @35dB
	
	
	

	
	TDL-A 10ns, 2T4R, TM2, OLLA
	8.0% @30dB
20.0% @35dB
	5.0% @30dB
17.0% @35dB
	
	1.0% @30dB
11.0% @35dB
	-0.0% @30dB
7.0% @35dB
	
	
	
	
	
	
	
	
	-1.0% @30dB
8.0% @35dB
	-2.0% @30dB
3.0% @35dB
	
	
	

	
	TDL-B 100ns, 2T2R, TM2, OLLA
	-2.0% @30dB
-1.0% @35dB
	-1.0% @30dB
-1.0% @35dB
	
	-1.0% @30dB
-1.0% @35dB
	-0.0% @30dB
-2.0% @35dB
	
	
	
	
	
	
	
	
	-1.0% @30dB
-1.0% @35dB
	-1.0% @30dB
-2.0% @35dB
	
	
	

	
	TDL-B 100ns, 2T4R, TM2, OLLA
	10.0% @30dB
22.0% @35dB
	6.0% @30dB
22.0% @35dB
	
	0.0% @30dB
15.0% @35dB
	-2.0% @30dB
8.0% @35dB
	
	
	
	
	
	
	
	
	-4.0% @30dB
8.0% @35dB
	-4.0% @30dB
1.0% @35dB
	
	
	

	
	TDL-B 10ns, 2T2R, TM2, OLLA
	-2.0% @30dB
1.0% @35dB
	-2.0% @30dB
-1.0% @35dB
	
	-2.0% @30dB
-2.0% @35dB
	-2.0% @30dB
-3.0% @35dB
	
	
	
	
	
	
	
	
	-2.0% @30dB
-1.0% @35dB
	-2.0% @30dB
-2.0% @35dB
	
	
	

	
	TDL-B 10ns, 2T4R, TM2, OLLA
	8.0% @30dB
22.0% @35dB
	6.0% @30dB
20.0% @35dB
	
	0.0% @30dB
11.0% @35dB
	-0.0% @30dB
7.0% @35dB
	
	
	
	
	
	
	
	
	-1.0% @30dB
8.0% @35dB
	-2.0% @30dB
3.0% @35dB
	
	
	

	
	TDL-D 100ns, 2T2R, TM2, OLLA
	3.0% @30dB
9.0% @35dB
	1.0% @30dB
8.0% @35dB
	
	-1.0% @30dB
5.0% @35dB
	-2.0% @30dB
3.0% @35dB
	
	
	
	
	
	
	
	
	-2.0% @30dB
4.0% @35dB
	-2.0% @30dB
1.0% @35dB
	
	
	

	
	TDL-D 100ns, 2T4R, TM2, OLLA
	13.0% @30dB
11.0% @35dB
	13.0% @30dB
12.0% @35dB
	
	12.0% @30dB
13.0% @35dB
	11.0% @30dB
13.0% @35dB
	
	
	
	
	
	
	
	
	8.0% @30dB
12.0% @35dB
	7.0% @30dB
12.0% @35dB
	
	
	

	
	TDL-D 10ns, 2T2R, TM2, OLLA
	2.0% @30dB
8.0% @35dB
	1.0% @30dB
7.0% @35dB
	
	-0.0% @30dB
5.0% @35dB
	-1.0% @30dB
3.0% @35dB
	
	
	
	
	
	
	
	
	-1.0% @30dB
4.0% @35dB
	-2.0% @30dB
1.0% @35dB
	
	
	

	
	TDL-D 10ns, 2T4R, TM2, OLLA
	13.0% @30dB
11.0% @35dB
	13.0% @30dB
12.0% @35dB
	
	12.0% @30dB
13.0% @35dB
	11.0% @30dB
13.0% @35dB
	
	
	
	
	
	
	
	
	8.0% @30dB
12.0% @35dB
	6.0% @30dB
12.0% @35dB
	
	
	

	
	TDL-E 100ns, 2T2R, TM2, OLLA
	6.0% @30dB
14.0% @35dB
	4.0% @30dB
11.0% @35dB
	
	0.0% @30dB
8.0% @35dB
	-2.0% @30dB
6.0% @35dB
	
	
	
	
	
	
	
	
	-3.0% @30dB
8.0% @35dB
	-4.0% @30dB
3.0% @35dB
	
	
	

	
	TDL-E 100ns, 2T4R, TM2, OLLA
	17.0% @30dB
16.0% @35dB
	16.0% @30dB
17.0% @35dB
	
	15.0% @30dB
15.0% @35dB
	15.0% @30dB
15.0% @35dB
	
	
	
	
	
	
	
	
	12.0% @30dB
16.0% @35dB
	8.0% @30dB
15.0% @35dB
	
	
	

	
	TDL-E 10ns, 2T2R, TM2, OLLA
	3.0% @30dB
13.0% @35dB
	2.0% @30dB
9.0% @35dB
	
	-2.0% @30dB
6.0% @35dB
	-6.0% @30dB
4.0% @35dB
	
	
	
	
	
	
	
	
	-7.0% @30dB
7.0% @35dB
	-12.0% @30dB
2.0% @35dB
	
	
	

	
	TDL-E 10ns, 2T4R, TM2, OLLA
	17.0% @30dB
16.0% @35dB
	16.0% @30dB
16.0% @35dB
	
	16.0% @30dB
16.0% @35dB
	15.0% @30dB
16.0% @35dB
	
	
	
	
	
	
	
	
	13.0% @30dB
15.0% @35dB
	9.0% @30dB
14.0% @35dB
	
	
	

	
	TDL-D Orth. LOS 100ns, 2T2R, TM2, OLLA
	10.0% @30dB
22.0% @35dB
	4.0% @30dB
22.0% @35dB
	
	-2.0% @30dB
17.0% @35dB
	-3.0% @30dB
8.0% @35dB
	
	
	
	
	
	
	
	
	-3.0% @30dB
11.0% @35dB
	-4.0% @30dB
-1.0% @35dB
	
	
	

	
	TDL-D Orth. LOS 100ns, 2T4R, TM2, OLLA
	22.0% @30dB
22.0% @35dB
	21.0% @30dB
22.0% @35dB
	
	8.0% @30dB
22.0% @35dB
	6.0% @30dB
21.0% @35dB
	
	
	
	
	
	
	
	
	3.0% @30dB
20.0% @35dB
	-1.0% @30dB
7.0% @35dB
	
	
	

	
	TDL-D Orth. LOS 10ns, 2T2R, TM2, OLLA
	9.0% @30dB
22.0% @35dB
	4.0% @30dB
22.0% @35dB
	
	-2.0% @30dB
17.0% @35dB
	-3.0% @30dB
8.0% @35dB
	
	
	
	
	
	
	
	
	-3.0% @30dB
10.0% @35dB
	-4.0% @30dB
-1.0% @35dB
	
	
	

	
	TDL-D Orth. LOS 10ns, 2T4R, TM2, OLLA
	22.0% @30dB
22.0% @35dB
	21.0% @30dB
22.0% @35dB
	
	8.0% @30dB
22.0% @35dB
	6.0% @30dB
21.0% @35dB
	
	
	
	
	
	
	
	
	3.0% @30dB
20.0% @35dB
	-1.0% @30dB
7.0% @35dB
	
	
	

	
	TDL-E Orth. LOS 100ns, 2T2R, TM2, OLLA
	19.0% @30dB
22.0% @35dB
	8.0% @30dB
22.0% @35dB
	
	-2.0% @30dB
21.0% @35dB
	-2.0% @30dB
14.0% @35dB
	
	
	
	
	
	
	
	
	-2.0% @30dB
19.0% @35dB
	-2.0% @30dB
-1.0% @35dB
	
	
	

	
	TDL-E Orth. LOS 100ns, 2T4R, TM2, OLLA
	22.0% @30dB
22.0% @35dB
	21.0% @30dB
22.0% @35dB
	
	7.0% @30dB
22.0% @35dB
	5.0% @30dB
22.0% @35dB
	
	
	
	
	
	
	
	
	4.0% @30dB
20.0% @35dB
	-1.0% @30dB
6.0% @35dB
	
	
	

	
	TDL-E Orth. LOS 10ns, 2T2R, TM2, OLLA
	19.0% @30dB
22.0% @35dB
	8.0% @30dB
22.0% @35dB
	
	-2.0% @30dB
21.0% @35dB
	-2.0% @30dB
15.0% @35dB
	
	
	
	
	
	
	
	
	-2.0% @30dB
19.0% @35dB
	-2.0% @30dB
-1.0% @35dB
	
	
	

	
	TDL-E Orth. LOS 10ns, 2T4R, TM2, OLLA
	22.0% @30dB
22.0% @35dB
	21.0% @30dB
22.0% @35dB
	
	7.0% @30dB
22.0% @35dB
	5.0% @30dB
21.0% @35dB
	
	
	
	
	
	
	
	
	4.0% @30dB
20.0% @35dB
	-1.0% @30dB
6.0% @35dB
	
	
	

	Note 1:
The coding rate is 0.745 for 1024QAM, and 0.9 for 256QAM.


5.2
Summary of findings
Editor’s note: This sub-clause summarizes the feasibility and performance benefit of 1024QAM for DL channels.

The following observations regarding performance of 1024QAM are drawn:

-
With increased number of receiving antennas, the crossover SNR is decreased.
-
With increased TX/RX EVM, the crossover SNR is increased.

-
The gains provided by 1024QAM are higher in scenarios with LOS component.

-
The crossover SNR is lower for scenarios with LOS component.

-
For 2T2R under TDL-A/B channel, 1024QAM provides performance gain of 3%~10% at 40dB for TX EVM less than or equal to 2%.

-
For 2T4R under TDL-A/B channel, 1024QAM provides performance gain of 10%~22% at 35dB for TX                     EVM less than or equal to 2%.

-
For 2T8R under TDL-B/D channel, 1024QAM starts to provide performance gain at 24~28dB for TX EVM less than or equal to 2%.

-
For 2T2R under TDL-D/E channel with correlated LOS, 1024QAM provides performance gain of 0-11% at 30dB SNR for TX EVM less than or equal to 2%.
-
For 2T4R under TDL-D/E channel with correlated LOS, 1024QAM provides performance gains of 11-16% at 30dB SNR for TX EVM less than or equal to 2%.
-
For 2T2R under TDL-D/E channel with uncorrelated LOS, 1024QAM provides performance gain of 0-19% at 30dB SNR for Tx EVM less than or equal to 2%.
-
For 2T4R under TDL-D/E channel with uncorrelated LOS, 1024QAM provides performance gain of 8-22% at 30dB SNR  for Tx EVM less than or equal to 2%.
-
For 2T2R and 2T4R TDL-D/E channel with uncorrelated LOS, 1024QAM provides performance gains of 16-22% gain at 35dB SNR.
-
For 2T8R TDL-D channel, 1024QAM provides performance gains of 12.8%~21% at 35dB SNR for TX EVM less than or equal to 2%.
-
For 2T2R TDL-A, 1024QAM doesn’t provide performance gains over 256QAM when 2 MIMO layer for Tx/Rx EVMs of {3,1.5}%.
-
For 2T2R TDL-A, 1024QAM doesn’t provide performance gains over 256QAM when 2 MIMO layer for Tx/Rx EVMs of {3,3}%.
-
For 2T2R TDL-A, 1024QAM, the peak spectral efficiency of 1024QAM has not been observed for {3,1.5}% Tx/Rx.
The findings above were obtained based on the results submitted in [3-6] without considering some aspects such as power back-off.
The following conclusions were drawn in terms of feasible Rx EVM values (for evaluation purposes):

1)
2%-4% for typical UEs 

2)
1.5% to 2% for high end UEs
Support of such Rx EVM values may result in the increased UE power consumption, chip size and cost. The related enhancements could be potentially applicable to at least very high capability devices listed examples in [2].
The following conclusions were drawn in terms of feasible Tx EVM values (for evaluation pursposes):

1)
2.0%-2.5% could be assumed in the evaluation for below 3GHz
2)
2.0%-3.0% could be assumed in the evaluation for 3GHz-6GHz

Support of such Tx EVM values could result in some power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size.

6
Conclusions

Editor’s note: This clause will capture the RAN1 conclusions. 
RAN1 has observed different degrees of performance improvement due to support of 1024QAM in some scenarios based on link level evaluations. RAN1 has not conducted system level simulation and thus did not confirm the benefits of 1024QAM on system level. RAN1 has concluded that 1024QAM is beneficial to achieve higher peak data rates than 256QAM and recommends to specify 1024QAM at least for some types of UEs (e.g. CPE).
Annex A: Simulation assumptions
Editor’s note: This annex will capture the simulation assumptions for 1024QAM.
Table A.1. Link level simulation assumptions for 1024QAM
	Parameters
	Value

	Channel model 
	AWGN, TDL with delay spread of {10, 100}ns

	Doppler 
	5Hz

	Bandwidth
	20 MHz

	Tx EVM 
	Between 0-3% 

	Rx EVM 
	Between 0-3% 

	Number of tx/rx antennas 
	2T2R, 2T4R, 2T8R, 8T8R (optional) 

	Transmission modes 
	TM3 for open loop

TM4 for closed loop 

TM9/10

	Format of reported results 
	1)
Crossover SNR between 256QAM and 1024QAM

2)
Throughput gain at 30dB and 35dB SNR 
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