3GPP TSG RAN WG1 Meeting #75,
R1-135657
San Francisco, USA, 11th – 15th November 2013

Source:
Ericsson

Title:
Text Proposal for 256QAM in TR 36.872
Agenda Item:
6.2.6.1

Document for:
Discussion and Decision

1. Introduction

Studies on 256QAM have been performed in RAN1 and preliminary performance evaluations were discussed and the simulation results were summarized in the TR 36.872 [1]. However, the current text and tables in the TR for 256QAM are not easily read due to that results with different scenarios and TX/RX EVM values are mixed together. It would be more readable if the current tables are split up in the different evaluated scenarios and EVM values, which will facilitate making observations and conclusions later on. 

In this contribution, we provide text proposal for capturing 256QAM evaluation results in a better way in the TR 36.872.
2. Discussion
Herein we propose a rearrangement of the system level simulation results for 256QAM in the TR 36.872 [1]. We copy Section 6.1 of the TR here, which summarizes all the results and observations for 256QAM. The proposal is mainly to sort simulation results in Table 6.1-2 according to evaluation scenarios and TX/RX EVM, which makes it more readable. 
It is further noticed that the observations in the TR for both link level and system level simulations are based on preliminary EVM values assumed by each company, which don’t take into account RAN4 LS feedback. Therefore, these observations should be considered as invalid and need to be replaced with new observations taking full consideration of RAN4 feedback. Considering that RAN1 is still evaluating the performance of 256QAM according to practically achievable EVM values suggested by RAN4 taking into account the power back-off and/relaxed clipping, it is desired to summarize the results considering RAN4 feedback and thus make observations based only on these results at RAN1 #75 meeting. Any results with simulation assumptions out of the scope of RAN4 LS feedback should be considered as redundant, and hence should not contribute to the observations and conclusions of 256QAM in the TR. Therefore, we propose an update on current observations in the TR to remove irrelevant information. In addition, we propose that the observation and conclusion of the 256QAM in the TR should be only based on results with simulation assumptions taking full consideration of RAN4 LS feedback. RAN1 should define new observations and conclusions for 256QAM at RAN1#75 meeting.
Proposals:
· Sort simulation results in TR 36.872 according to evaluation scenarios and TX/RX EVM to make it more readable.

· The observation and conclusion on the performance of 256QAM in the TR 36.872 should be only based on the results with simulation assumptions which take full consideration of RAN4 LS feedback.
· RAN1 should define new observations and conclusions for 256QAM at RAN1#75 meeting.

Our text proposal for the TR are marked as changes and shown below.
<Copy of Section 6.1 from TR 36.872 v1.0.1>
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 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 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)
	

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



Table 6.1-2 Observed cell average UPT gain of 256QAM
	Cell average gain on UPT, Scenario 3, sparse

	Source 1

(Huawei)
	Tx EVM = 4%, RX EVM = 0%
	27% (RU=30%)

13% (RU=30%, with CRS interference)

	
	TX EVM = 4%, RX EVM = 2%
	19% (RU=30%)

8% (RU=30%, with CRS interference)

	Source 11

(CATR)
	Tx EVM = 4%, RX EVM = 0%
	24% (RU not provided)

	Source 12

(ZTE)
	Tx EVM = 4%, RX EVM = 4%
	11% (RU=17.5%)

	
	Tx EVM = 3%, RX EVM = 3%
	22.5% (RU=17.5%)

	Source 13

(Hitachi)
	Tx EVM = 0%, RX EVM = 4%
	15% (RU=~25%, with CRS interference)

	
	Tx EVM = 0%, RX EVM = 6%
	6% (RU=~25%, with CRS interference)

	NOTE:      Unless stated otherwise, CRS interference is not modelled.


	Cell average gain on UPT, Scenario 2a, sparse

	Source 1

(Huawei)
	Tx EVM = 4%, RX EVM = 0%
	14% (RU=30%)

4% (RU=30%, with CRS interference)

	
	TX EVM = 4%, RX EVM = 2%
	10% (RU=30%)

4% (RU=30%, with CRS interference)

	Source 6

(Renesas)
	Tx EVM = 4%, RX EVM = 0%
	6%~20% (RU=26%~8%)

~5% (RU=13%~33%, with CRS interference)

	Source 8

(Intel)
	Tx EVM = 4%, RX EVM = 0%
	10%~13% (RU=24%~5%)

	
	Tx EVM = 4%, RX EVM = 4%
	6%~8% (RU=27%~6%)

	NOTE:      Unless stated otherwise, CRS interference is not modelled and the eNB TX power is 30dBm.


	Cell average gain on UPT, Scenario 2a, dense

	Source 6

(Renesas)
	Tx EVM = 4%, RX EVM = 0%
	6%~20% (RU=26%~8%)

~5% (RU=13%~33%, with CRS interference)

	NOTE:      Unless stated otherwise, CRS interference is not modelled and the eNB TX power is 30dBm.


	Cell average gain on UPT, Scenario 2b, sparse

	Source 1

(Huawei)
	Tx EVM = 4%, RX EVM = 0%
	22% (RU=30%)

12% (RU=30%, with CRS interference)

	
	TX EVM = 4%, RX EVM = 2%
	15% (RU=30%)

9% (RU=30%, with CRS interference)

	Source 3

(Sumsang)

50% UPT performance
	Tx EVM = 4%, RX EVM = 0%
	16% (RU=10%)

13% (RU=30%)

	NOTE:      Unless stated otherwise, CRS interference is not modelled.


	Cell average gain on UPT, Scenario 2b, dense

	Source 3

(Sumsang)

50% UPT performance
	Tx EVM = 4%, RX EVM = 0%
	12% (RU=10%)

9% (RU=30%)

	Source 6

(Renesas)
	Tx EVM = 4%, RX EVM = 0%
	9%~22% (RU=77%~18%)

~6% (RU=23%~80%, with CRS interference)

	NOTE:      Unless stated otherwise, CRS interference is not modelled.


	

	


	














	


	




	

	




	

	






	
	

	

	


	

	


	



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 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 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. 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.
· 
· System level evaluations in Table 6.1-2 were conducted before RAN4 feedback and consequently they are considered as irrelevant. With consideration of RAN4 feedback, the following observations on cell average UPT gain with 256QAM can be made:
· Scenario 2a, sparse: x%
· Scenario 2a, dense: x%
· Scenario 2b, sparse: x%
· Scenario 2b, dense: x%
· Scenario 3, sparse: x%
· It is expected that the practically achievable gains will be worse or in the lower range of the gains highlighted above, as the Tx power back-off values need to be considered and EVM values assumed for the minimum performance requirements will be worse than what has been assumed.
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.
<Copy ends>
3. Conclusions

In this contribution, we provided text proposal for 256QAM in TR 36.872 and made below proposals: 
Proposals:
· Sort simulation results in TR 36.872 according to evaluation scenarios and TX/RX EVM to make it more readable.

· The observation and conclusion on the performance of 256QAM in the TR 36.872 should be only based on the results with simulation assumptions which take full consideration of RAN4 LS feedback.
· RAN1 should define new observations and conclusions for 256QAM at RAN1#75 meeting.
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