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1 Introduction

This contribution provides a text proposal of high order modulation, which is a potential technique to improve spectrum efficiency in small cell enhancements study. The text proposal includes

· Evaluation results summary and observations
· Standard impacts
-------------------------------------------Start text proposal----------------------------------------------------------
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6.1
Introduction of a higher order modulation scheme for the downlink


The high geometry experienced by UEs in some small cell deployments provides the possibility for introducing higher order modulation scheme (i.e. 256 QAM) for the downlink transmission. In this section, the potential gain of introducing 256QAM is summarized from both link level and system level perspectives. 

The link level evaluation results are summarized in Table 6.1-1. The system level evaluation results are summarized in Table 6.1-2. The evaluations are performed according to the assumptions shown in Annex A.3. Rx EVM and modeling including RX IQ imbalance are used to model Rx impairments, unless described otherwise. In both tables, the entries without explicitly mentioning Rx impairment modeling refer to the cases that no Rx impairments is modeled. Different Rx EVM modeling may be used in the simulations.
In table 6.1-2, the entries without mentioning CRS interference refer to the cases that CRS interference is not modeled.

Table 6.1-1 Link level evaluation results of 256QAM 
	
	SINR range in which a gain is observed
	Observed maximum spectrum efficiency gain


	
	
	0% Tx EVM
	4% Tx EVM
	6% Tx EVM

	Source 1
	>27dB (rank adaptation, 0% or 4% Tx EVM)
	33% 
	30%(0% Rx EVM)

15%(2% Rx EVM)
	

	Source 2
	>25dB  (rank2, 0% or 4% Tx EVM)
	33% 
	15% 
	2%

	Source 3
	>30dB(rank2)

>20dB(rank1)
	33% (rank2)

33% (rank1)
	17%(rank2)

25%(rank1)
	

	Source 4
	>30dB(rank2, TM3)

>36dB(rank2, TM3, 4% Tx EVM)
	30%(TM3, @38dB) *
	3%(TM3, @38dB) *
	-30% (TM3)

	Source 5
	>25 dB(rank adaptation, 0% or 4% Tx EVM)
	25%(@40dB)* 
	10%(@40dB)*
8% (2% Rx EVM, @40dB) *
3%(4% Rx EVM)
	1%

	Source 6
	>25 dB(rank2, 0% or 4% Tx EVM)

>18 dB(rank1, 0%, 4% or 6% Tx EVM)
	15%*(rank2, @30dB) *
33% (rank1)
	10% (rank2, @30dB) *
29%(rank1)
	-4%(rank2)

25%(rank1)

	Source 7

(fixed coding rate of 5/6)
	>30dB(0% Tx EVM, rank 2)

>38dB(4% Tx EVM, rank2)
	25% (rank 2)

-13% (rank2, RX IQ imbalance with -25dB IMRR)
	10% (rank2)

-9% (rank2, RX IQ imbalance with -25dB IMRR)
	-30% (rank2)

-3% (rank2, RX IQ imbalance with -25dB IMRR)

	Source 8
	>27dB(rank adaptation, 0% Tx EVM)

>30dB(rank adaptation, 4% Tx EVM)
	23.1%(@40dB)* 
	9.4%(@40dB)* 

0%(4% Rx EVM)
	

	Source 9
	>28dB (rank2)

>24dB (rank1)
	20%(rank2, @32dB) *
30% (rank1, @32dB) *
	15%(@32dB)*
	0%

	Source 10
	>22dB dB (rank1)
	28% (rank1,  @32dB) *
	15% (rank1)
	


* The throughput curves are not saturate yet within the evaluated SNR region 

Table 6.1-2 Observed cell average UPT gain of 256QAM with 4% Tx EVM

	Cell average gain on UPT

	Source 1

RU = 30%


	Rx EVM = 0% : 

27%( in S3 sparse) :

13%( in S3 sparse, with CRS interference)

14% (in S2a)

4% (in S2a, with CRS interference)

22% (in S2b sparse )

12% (in S2b sparse, with CRS interference)

Rx EVM = 2%: 

19%( in S3 sparse) 

8%( in S3 sparse, with CRS interference)

10% (in S2a)

4% (in S2a,  with CRS interference)

15% (in S2b sparse)

9% (in S2b sparse  with CRS interference)

	Source 3

50% UPT performance


	16%( in S2b sparse, RU=10%)

13%( in S2b sparse, RU=30%)

12%(in S2b dense, RU=10%)

9%( in S2b dense, RU=30%)

	Source 6 


	9% ~ 22% (in S2b dense, RU: 77% ~ 18%)

6% ~ 20% (in S2a, RU: 26% ~ 8%)

~ 6% (in S2b dense,  RU: 23% ~ 80%, with CRS interference )

~ 5% (in S2a,  RU: 13% ~33%, with CRS interference)

	Source 8


	All UEs:

8 ~ 10% (in S2a, 0% Rx EVM, RU : 37% ~ 9%)
4.4% ~ 7.5%  (in S2a, 4% Rx EVM, RU: 40% ~ 11%)
Small cell UEs:

        10% ~13% (in S2a, 0% Rx EVM, RU : 24% ~5%)
        8 %~ 6% (in S2a, 4% Rx EVM, RU : 27% ~ 6%)

	Source 11 
	24%(in S3 sparse, RU : not provided)

	Source 12 


	11%( in S3 sparse, 4% Rx EVM, RU : 17.5%)
22.5 %( in S3 sparse, 3% Tx EVM, 3% Rx EVM, RU : 17.5%)

	Source 13*


	15%(in S3 sparse, 4% Rx EVM, RU : ~25%, with CRS interference) 

6%( in S3 sparse, 6% Rx EVM, RU : ~25%, with CRS interference)


* The Tx EVM is not modeled. 

It is observed from the evaluation results that

· The potential gains of 256 QAM are dependent on Tx EVM being around 4% or less, and are more sensitive to practical Rx impairments, especially IQ imbalance, than to Tx EVM. 

· In the link level simulations, the minimum SINR for which a gain is observed is around 18dB~24dB with rank1 transmission. For transmission with rank 2 or with rank adaptation, with 0% Tx EVM, the minimum SINR for which a gain is observed is around 25dB~30dB. For transmission with rank 2 or with rank adaptation, with 4% Tx EVM, seven sources show the minimum SINR for which a gain is observed is around 25dB~30dB, two companies show the minimum SINR is around 36dB~38dB. 
· In the link level simulations, when Tx EVM and Rx impairments are not modeled, the observed maximum spectrum efficiency gain is 15%~33%. When Tx EVM is assumed to be 4%, the observed maximum spectrum efficiency gain is 10%~30% without considering Rx impairments. One source shows 3% maximum spectrum efficiency gain without considering Rx impairments. According to the sources with Rx impairment modeled as Rx EVM, the observed maximum spectrum efficiency gain degrades when Rx impairment is modeled. According to the one source with modeling of Rx IQ imbalance with -25dB IMRR, no gains from 256QAM were observed.
· In the system level simulations, most of the simulations were performed with 4% Tx EVM assumed. 6%~27% gain on cell average UPT is observed for scenarios of S3 sparse and S2b sparse; 4%~22% gain on cell average UPT is observed for the scenarios of S2a and S2b dense. Simulation results with CRS interference modeled are worse than the results without CRS interference modeled.
Supporting 256QAM has standards impacts on: 
· eNB Tx EVM and UE impairment in RAN4
· CQI/MCS/TBS tables 

· Mechanism for the eNB to select and inform the UE whether the new CQI/MCS/TBS tables are used
· PUCCH and PDCCH/EPDCCH design if larger UCI/DCI payload size is used.

















































































































































































