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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 Tables 6.1-2 and 6.1-3. The evaluations are performed according to the assumptions shown in Annex A.3. All UEs in the simulation are assumed to be 256QAM-capable.  Rx EVM and impairment modelling including Rx IQ imbalance are used to model Rx impairments, unless described otherwise. In both tables, the entries without explicitly mentioning Rx impairment modelling refer to the cases that no Rx impairments is modelled. Different Rx EVM modelling may be used in the simulations.
In tables 6.1-2 and 6.1-3, the entries without mentioning CRS interference refer to the cases that CRS interference is not modelled.
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
	3% Tx EVM
	4% Tx EVM
	6% Tx EVM

	Source 1(HW)
	>27dB (rank adaptation, 0% or 4% Tx EVM)
	33%
	
	30%(0% Rx EVM) 15%(2% Rx EVM)
	

	Source 2(CATT)
	>23dB (rank4, 3~4% Tx EVM, DMRS based transmission)

>25dB  (rank2, 0% or 4% Tx EVM, DMRS based transmission)
>20dB  (rank2, 3% or 4% Tx EVM, CRS based transmission)
>17.5dB  (rank1, 3% or 4% Tx EVM, CRS based transmission)

	33%(rank2, DMRS based transmission)
	10~17%(1.5%~4% Rx EVM, rank4, DMRS based transmission);
8% (3%Rx EVM, rank2, DMRS based transmission);
8~17%(1.5%~4% Rx EVM, rank2, CRS based transmission);
29-33%(1.5%~4% Rx EVM, rank1, CRS based transmission)


	8%-17%(1.5%~4% Rx EVM, rank4, DMRS based transmission);
15%(rank2, DMRS based transmission);
5~14%(1.5%~4% Rx EVM, rank2, CRS based transmission);
25~33%(1.5%~4% Rx EVM, rank1, CRS based transmission);

	2%(rank2, DMRS based transmission)

	Source 3(Samsung)
	>30dB(rank2)

>20dB(rank1)
	33% (rank2)

33% (rank1)
	
	17%(rank2) 
25%(rank1)
	

	Source 4(ALU)
	>30dB(rank2, TM3)

>36dB(rank2, TM3, 4% Tx EVM)

	30%(TM3, @38dB) *
	
	hTM3, @38dB) *
No gain (rank adaptation, TM3, 4% Rx EVM @37dB )
	-30% (TM3)

	Source 5(Ericsson)
	>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(Renesas)
	>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)(Nokia,NSN)
	>30dB(0% Tx EVM, rank 2)

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

-13% (rank2, RX IQ imbalance with -25dB IMRR)
	
	-9% (rank2, RX IQ imbalance with -25dB IMRR)
	-30% (rank2)

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

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

>30dB(rank adaptation, 4% Tx EVM)
	23.1%(@40dB)*
	0%(4%Rx EVM)
	9.4%(@40dB)* 0%(4% Rx EVM)
	

	Source 9(Qualcomm)
	

>26dB (rank 2, 4% Tx EVM and 2% Rx EVM, 4Rx)
>21dB (rank 2, 3% Tx EVM and 1.5% Rx EVM, 4Rx)
>20dB (rank 1, 4% Tx EVM and 2% Rx EVM, 2Rx)
>19dB (rank 1, 3% Tx EVM and 1.5T Rx EVM, 2Rx)

	20%(rank2, @32dB) *

30% (rank1, @32dB) *
	<2%(2Rx, rank2, 1.5% Rx EVM)

>15%(4Rx, rank2, 1.5% Rx EVM)

25%(2Rx, rank1,1.5%Rx EVM,)
37%(4Rx, rank1,1.5%Rx EVM,)


	
0%(2Rx, rank2 ,2% Rx EVM)
10%(4Rx, rank2 ,2% Rx EVM),
20%(4Rx, rank1 ,2% Rx EVM)

	0%

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

	Source 12(ZTE)
	>25dB(rank adaptation, 3%~4% Tx EVM)
	
	22% (1.5%Rx EVM)
13% (3%Rx EVM)
7% (4%Rx EVM)
	16% (1.5%Rx EVM)
10% (3%Rx EVM)
5.4% (4%Rx EVM)
	

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




	

	


	














	


	






	

	




	
	


	

	








	
	

	

	


	

	


	




	

	
	


	

	


	
	


Table 6.1-2 Observed cell average UPT gain of 256QAM in scenario 2a
	source
	Tx EVM(%)
	Rx EVM(%)
	CRS interference
	Observed cell average UPT gain

	Source1 (HW)
	4
	0
	
	14%(30dBm)

	
	4
	0
	y
	4%(30dBm)

	
	4
	2
	
	10%(30dBm)

	
	4
	2
	y
	4%(30dBm)

	Source 5 (Erisson)
	4
	4
	y
	0%(24dBm)

	Source 6 (Renesas)
	4
	0
	
	6% ~ 20% (RU: 26% ~ 8%)



	
	4
	0
	y
	~ 5% ( RU: 13% ~33%,

	Source 7 (NNSN)
	4
	1.5
	
	14%~16%(RU:8%~19%, 30dBm)

	
	4
	4
	
	9%( RU:8%~19%, 30dBm)

	
	3
	1.5
	
	17%~20% (RU: 8%~19%,30dBm);


	
	3
	4
	
	10~12% (RU: 8%~20%,30dBm)

	Source 8 (intel)
	4
	0
	
	All UEs: 
8~10%( RU : 37% ~ 9%, 30dBm)

Small cell UEs: 
10% ~13% (RU : 24% ~5%, 30dBm)

	
	4
	4
	
	All UEs:

4.4% ~ 7.5%  (RU: 40% ~ 11%, 30dBm)
Small cell UEs: 
8 %~ 6% (RU : 27% ~ 6%, 30dBm)

	
	0
	0
	y
	All UEs: 

4.1%~5% (30dBm)
Small cell UEs:

5.3%~6.5% (30dBm)


Table 6.1-3 Observed cell average UPT gain of 256QAM in scenario 2b

	source
	Tx EVM(%)
	Rx EVM(%)
	CRS interference
	Observed cell average UPT gain

	Source1 (HW)
	4
	0
	
	22%(sparse)

	
	4
	0
	y
	12%(sparse)

	
	4
	2
	
	15%(sparse)

	
	4
	2
	y
	9%(sparse)

	Source 3 50% UPT performance (samsung)
	4
	0
	
	16% (RU=10%, sparse)

13%(RU=30%, sparse)

12%(RU=10%, dense)

9%(RU=30%, dense)

	Source 5 (Ericsson)
	4
	4
	y
	5%~6%(sparse)

	Source 6(Renesas)
	4
	0
	
	9% ~ 22% (RU: 77% ~ 18%,dense)



	
	4
	0
	y
	~6%(RU:23~80%,dense)

	Source 12 (zte)
	4
	4
	y
	6.5%( RU:~22.5~25%, sparse)

	
	3
	1.5
	y
	13%(RU: 22.5~25%, sparse)


Table 6.1-4 Observed cell average UPT gain of 256QAM in scenario 3

	source
	Tx EVM(%)
	Rx EVM(%)
	CRS interference
	Observed cell average UPT gain

	Source 1(HW)
	4
	0
	
	27%

	
	4
	0
	y
	13%

	
	4
	2
	
	19%

	
	4
	2
	y
	8%

	Source 3(Samsung)
	4
	4
	
	7.4%(RU=25%)

4.9%(RU=60%)

	Source 8 (intel)
	4
	4
	y
	6.97%~13.48%

	Source 11 (CATR)
	4
	0
	
	24%

	Source 12 (ZTE)
	4
	4
	
	11%(RU=17.5%)

	
	3
	3
	
	22.5%(RU=17.5%)

	
	3
	1.5
	y
	28%( RU:~15%)

	
	3
	4
	y
	14%(RU:~15%)

	Source 13(Hitachi)
	4
	4
	y
	14%(RU:~20%)

	
	3
	1.5
	y
	30%(RU:~20%)


The evaluation results show 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 as following:
· 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 20dB~30dB. 
· For transmission with rank 2 or with rank adaptation, with 4% Tx EVM, eight 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, the observed maximum spectrum efficiency gain as following:
· when Tx EVM and Rx impairments are not modelled, 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.
· The observed maximum spectrum efficiency gain is 0~17% with 1.5~4% Rx EVM.
· When Tx EVM is assumed to be 3%, 
· the observed maximum spectrum efficiency gain is 0%~22% with 1.5%~4% Rx EVM.
· The different evaluations between the sources result from different assumptions, such as Tx/Rx EVM, transmission rank and transmission schemes.
· According to the sources with Rx impairment modelled as Rx EVM, the observed maximum spectrum efficiency gain degrades when Rx impairment is modelled. According to the one source with modelling of Rx IQ imbalance with -25dB IMRR, no gains from 256QAM were observed.
· In the system level simulations without applying transmit power back-off, 
· 
· 
· 
· 
· Considering realistic scenarios of CRS interference modelling, 3% and 4% Tx EVM and 1.5%~4% Rx EVM assumed,
· 0%~5% gain on cell average UPT is observed for the scenarios of S2a.

· 5%~13% gain on cell average UPT is observed for the scenarios of S2b.
· 7%~30% gain on cell average UPT is observed for scenario S3.

· Considering unrealistic scenarios of not modeling the CRS interference, 4% Tx EVM and 1.5%~4% Rx EVM assumed, simulations results indicate the theoretical upper bounds of 4.4%~16% gain on cell average UPT is observed for the scenario S2a, 4.9%~19% gain on cell average UPT is observed for scenarios of S3 sparse. 
RAN4(R1-134041) has the following observations concluded from relevant discussions and investigations:

· For Tx EVM
· Transmitter EVM for 256QAM can be modelled as an AWGN component. 
· Based on RAN4 discussion, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size. But RAN4 has not yet evaluated guaranteed minimum performance of Tx EVM.

· For Rx EVM,
· Applicable Rx impairments can be modelled by an equivalent AWGN component at the receiver.
· UE's may achieve Rx EVM in the range of 1.5~4% as typical performance depending on operating band frequency and implementation. But RAN4 has not yet evaluated guaranteed minimum performance of Rx EVM. 

Based on the RAN4 LS feedback in R1-134041/R4-134571, further evaluations are performed based on the feedback as noted above with slightly different assumpitons on nominal transmission powers. RX and TX EVM had been taken as listed in the Table 6.1-5 according to the RAN4 feedback. 
Table 6.1-5 Impact of RAN4 feedback including transmit power back-off on Mean UPT (5% UPT)

	Cell average gain on UPT for Scenario 2a

	Source 1 (HW)

	· Reference case: 30dBm, 3%/4% Tx EVM, 1.5%/4% Rx EVM, 256QAM enabled

· 2dB Power back-off case: 28dBm, 3%/4% Tx EVM, 1.5%/4% Rx EVM,  256QAM enabled

· -1.88~-1.24%(-8.3~-1.62%, -1.62~-0.53% if proper CRE bias is selected)

	Source 5 (Ericsson)
	· Reference case: 24dBm, 4% Tx EVM, 4% Rx EVM, 256QAM enabled

· 3dB Power back-off case: 21dBm, 4% Tx EVM, 4% Rx EVM,  256QAM enabled
· -3%~-7%
· 6dB Power back-off case: 18dBm, 4% Tx EVM, 4% Rx EVM,  256QAM enabled
· -8%

	Source 7 (Nokia, NSN)

	· Reference case: 30dBm, 8% Tx EVM, 64QAM enabled

· Lower power case: 24dBm, 8% Tx EVM, 64QAM enabled

· -12~-13% (-47-~-54%)

· Lower power case – 1dB back-off: 23dBm, 3%/4% Tx EVM, 256QAM enabled

· -9%~-10% (-55%~-57%)

· Lower power case – 2dB back-off: 22dBm, 3%/4% Tx EVM, 256QAM enabled

· -12~-13%  (-61%~-64%)

· Lower power case – 3dB back-off: 21dBm, 3%/4% Tx EVM, 256QAM enabled

· -17%~-18% (-68%~-69%)

	Source 8 (Intel)
	· Low power case: 24dBm, 4% TX EVM, 64QAM enabled

· Lower power case: 24dBm, 4% TX EVM, 256QAM enabled

· 0~1.7%

	Cell average gain on UPT for Scenario 2b

	Source 1
(HW)
	· Reference case: 24dBm, 3%/4% Tx EVM, 1.5%/4% Rx EVM,  256QAM enabled

· 2dB Power back-off case: 22dBm, 3%/4% Tx EVM, 1.5%/4% Rx EVM , 256QAM enabled

· -0.36~-0.04%(-3.08~-2.51%)

	Source 5 (Ericsson)
	· Reference case: 24dBm, 4% Tx EVM, 4% Rx EVM, 256QAM enabled

· 3dB Power back-off case: 21dBm, 4% Tx EVM, 4% Rx EVM,  256QAM enabled
· -1~0%
· 6dB Power back-off case: 18dBm, 4% Tx EVM, 4% Rx EVM,  256QAM enabled
· -1~0%

	Source 7 (Nokia, NSN)
	· Reference case: 24dBm, 8% Tx EVM, 64QAM enabled

· 2dB Power back-off case: 22dBm, 3%/4% Tx EVM, 256QAM enabled

· 12%~14% (0%)

	Source 12
(ZTE)
	· Reference case: 24dBm, 3%~4% Tx EVM, 1.5%~4% Rx EVM, 256QAM enabled

· 2dB Power back-off case: 22dBm, 3%~4% Tx EVM, 1.5%~4% Rx EVM, 256QAM enabled

· -2.22~-1.79%(-0.27~0%)

	Cell average gain on UPT for Scenario 3

	Source 1 (HW)
	· Reference case: 24dBm, 3%/4% Tx EVM, 1.5%/4% Rx EVM, 256QAM enabled

· 2dB Power back-off case: 22dBm, 3%/4% TX EVM, 256QAM enabled

· -1.09~0.1%(-3.41~-0.76%)

	Source 12 (ZTE)
	· Reference case: 24dBm, 3%~4% Tx EVM, 1.5%~4% Rx EVM, 256QAM enabled

· 2dB Power back-off case: 22dBm, 3%~4% Tx EVM, 1.5%~4% Rx EVM, 256QAM enabled

· -1.06~0.49%(-1.41~0.52%)

	Source 13 (Hitachi)
	· Reference case: 24dBm, 3%/4% Tx EVM, 1.5%/4% Rx EVM, 256QAM enabled

· 2dB Power back-off case: 22dBm, 3%/4% Tx EVM, 1.5%/4% Rx EVM, 256QAM enabled

· -0.3~0.2%(-1.6~-0.5%)


In this section, it is observed from the system level evaluations that:

· In scenario 2a sparse, the cell average UPT gain with 256QAM without applying transmit power back-off is 0~5% with CRS interference modeling
· If 256QAM is operated without an additional implementation specific solution, e.g., adjusting cell association bias, the gain for eNB with transmission power of 30dBm decreases and even show loss due to shrinkage of small cell coverage with transmit power back-off from 30dBm to 23,22,21dBm
· Cell mean UPT reduction is less than 2% with transmit power back-off from 30dBm to 28dBm
· Cell mean UPT reduction is less than 7% with transmit power back-off from 24dBm to 21dBm
· Note that RAN4 did not provide EVM values for eNB transmission power of 30 dBm 
· In scenario 2b sparse, the cell average UPT gain with 256QAM is 5~13% with CRS interference modeling
· In scenario 3 sparse, the cell average UPT gain with 256QAM is 7~30% with CRS interference modeling
· For scenarios 2b sparse and scenario 3 with no more than 3 dB power back-off, the impact of power back-off  on the system performance is limited
Note: the different evaluations between the sources for each scenario result from different assumptions, such as Tx/Rx EVM and RU value. All the evaluations have Tx/Rx EVM impairment as indicated by RAN4 , i.e, 3~4% Tx EVM, 1.5~4% Rx EVM.
