3GPP TSG RAN WG1 Meeting #73

R1-132058
Fukuoka, Japan, 20th – 24th May 2013
Title: 
Consideration of implementation issues for 256 QAM
Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent

Agenda Item:
6.2.5.1
Document for: 
Discussion/Decision
1. Introduction

In [1], the physical layer aspects of enhancements for improved spectral efficiency for SCE are as follows:

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 
One proposal for increasing the peak data rates in small cells is to introduce a higher order modulation scheme (e.g. 256 QAM). However, higher order modulation schemes are more sensitive to multipath propagation effects, inter-cell interference and thermal noise as well as the degradations imposed by practical manufacturing constraints [2].

In this contribution, we provide some further analysis of 256 QAM in small cell scenarios.
2. CQI table for 256QAM
To evaluate the performance of 256 QAM with different code rates, it is necessary to assume new entries in the CQI table. In [3], one example of the modified CQI table with 256QAM was presented, which is shown in table 1. 

To evaluate the BLER and throughput performance of 256 QAM with different code rates, as well as to find out the impact of EVM, we assume table 1 as the CQI table in the link level simulations.
The throughput and BLER performance is shown in fig. 1 and fig. 2. The link level simulation results are based on SISO and AWGN channel. From fig. 1 and fig. 2, we can see that in AWGN channel with EVM=0, the switching point is larger than 22dB. Then, we propose:

Proposal 1: To calibrate the link level performance of 256 QAM, link level simulation results based on SISO and AWGN channel should be provided.
Table 1:: CQI table with 256QAM
	CQI index
	modulation
	code rate x 1024
	efficiency
	CQI index
	modulation
	code rate x 1024
	efficiency

	1
	QPSK
	308
	0.6016
	9
	64QAM
	666
	3.9023

	2
	QPSK
	449
	0.8770
	10
	64QAM
	772
	4.5234

	3
	QPSK
	602
	1.1758
	11
	64QAM
	873
	5.1152

	4
	16QAM
	378
	1.4766
	12
	64QAM
	948
	5.5547

	5
	16QAM
	490
	1.9141
	13
	256QAM
	803
	6.2734

	6
	16QAM
	616
	2.4063
	14
	256QAM
	889
	6.9453

	7
	64QAM
	466
	2.7305
	15
	256QAM
	952
	7.4375

	8
	64QAM
	567
	3.3223
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Figure 1: BLER performance of different MCS with AWGN, SISO.
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Figure 2: Throughput performance of different MCS  with AWGN, SISO..
3. Link level simulation with EVM
3.1. EVM model

 To evaluate the impact of EVM on 256 QAM, the EVM model should be considered. As in [4], the noise variance of the modelled EVM will be defined relative to the power on each antenna according to:
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[image: image4.wmf]1

iotx

s

 is the AWGN noise variance which is added at the transmitter, and  
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 is the total transmit power spectral density (integrated in a bandwidth corresponding to the transmission bandwidth configuration) of the downlink signal, as measured at the eNodeB antenna connector.
Bearing in mind that the current EVM requirement for 64QAM is 8%, we consider here an EVM of 6% on the assumption that this is practically achievable. 

3.2. Link level simulation results
In link level simulations, the simulation assumptions are as shown in Table 2. 
Table 2: DL link level simulation parameters
	Parameters
	Assumption

	MIMO configuration
	2x2 with low correlation
-       refer to 36.101 B.2.3.2

	EVM
	6%

	Channel model and Doppler frequency
	EPA5 
- The delay profiles refer to 36.101 Table B.2.1-2
- Maximum Doppler frequency: 10Hz

	Transmission mode 
	TM3 (OLSM)

	Bandwidth
	1.4MHz

	Carrier frequency
	3.5GHz

	Cyclic prefix
	normal

	HARQ
	on

	UE receiver
	MMSE-IRC

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	UE speed
	3km/h

	Metric
	Spectrum efficiency [bps/Hz]
BLER


The throughput and BLER performance are shown in fig. 3 to fig. 8.
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Figure 3: Throughput of different MCS with EVM=0.
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Figure 4: BLER of different MCS with EVM=0.
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Figure 5: Throughput of different MCS with EVM=4%.
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Figure 6: BLER of different MCS with EVM=4%.
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Figure 7: Throughput comparisons of different MCS with EVM={0,4,5,6}%.
[image: image11.emf]0 5 10 15 20 25 30 35 40

10

-3

10

-2

10

-1

10

0

BLER, PedA,Comparisson of different evm 

BLER

SNR [dB]

 

 

evm=0,CQI12,64QAM,efficiency=5.5547

evm=0,CQI13,256QAM,efficiency=6.2734

evm=4%,CQI12,64QAM,efficiency=5.5547

evm=4%,CQI13,256QAM,efficiency=6.2734

evm=5%,CQI12,64QAM,efficiency=5.5547

evm=5%,CQI13,256QAM,efficiency=6.2734

evm=6%,CQI12,64QAM,efficiency=5.5547

evm=6%,CQI13,256QAM,efficiency=6.2734


Figure 8: BLER comparisons of different MCS with EVM={0,4,5,6}%
From fig. 3 to fig. 8, we can see that 256 QAM is very sensitive to EVM. With 6% EVM, 256 QAM shows no performance gain compared to 64QAM. 
From fig. 5 and fig. 6, we can see that even if EVM=4%, CQI=14 and CQI=15 (refer to table 2) can hardly out-perform 64QAM. Therefore, it seems unnecessary to define CQI=14, and CQI=15 in the CQI table. From fig. 5, the switching point between 64QAM and 256QAM is 36dB SNR.  It seems that significantly improved performance can be observed only with SNR higher than 40dB, which is not a realistic scenario.
Observation1:  256 QAM is very sensitive to EVM. With a realistic practical EVM of 6%, no performance gain is seen for 256QAM compared to 64QAM. 
Observation2:  The MCSs using 256 QAM with high code rate can hardly ever be used. With EVM=4%, the switching point is higher than 36dB, and performance gain can be observed only with SNR is higher than 40dB.
4. Other issues to be considered for 256 QAM
UE receiver impairments also affect the demodulation performance and therefore also need to be evaluated when considering 256QAM. Relevant UE receiver impairments include the receiver non-linearity, IQ imbalance, frequency offset and phase error. 256 QAM may be more sensitive to these aspects than lower order modulation schemes. Then, we propose:

Proposal 2: Besides EVM, the UE receiver non-linearity, IQ imbalance, frequency offset and phase error need to be studied when considering whether to introduce 256QAM.
5. Conclusions

In this contribution, we have evaluated the impact of EVM on 256QAM performance. We make the following proposals and observations: 
Proposal 1: To calibrate the link level performance of 256 QAM, link level simulation results based on SISO and AWGN channel should be provided.
Proposal 2: Besides EVM, the UE receiver non-linearity, IQ imbalance, frequency offset and phase error need to be studied when considering whether to introduce 256QAM.

Observation1:  256 QAM is very sensitive to EVM. With a realistic practical EVM of 6%, no performance gain is seen for 256QAM compared to 64QAM. 
Observation2:  The MCSs using 256 QAM with high code rate can hardly ever be used. With EVM=4%, the switching point is higher than 36dB, and performance gain can be observed only with SNR is higher than 40dB.
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