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1 Introduction
In the Rel-8/9, UE’s EVM requirements for QPSK and 16QAM are defined, but the 64QAM EVM requirement was neglected considering the cost, complexity, power consumption. But in order to improve the peak data rate and spectrum efficiency, many new features have been introduced in Rel10 uplink wireless network, e.g., CA, UL-MIMO. Combined with these techniques, the 64QAM should be widely adopted for some UE categories to meet the increased requirements. Therefore, 64QAM EVM should be considered accordingly.
In this contribution, the necessity to adopt the 64QAM is analyzed, from the aspects of the spectrum efficiency requirement and the probability of the selection 64QAM under Rel-10 UL-MIMO configuration. Then, we propose the 64QAM EVM requirements should be considered especially for median and high level UE categories in Rel-10.
2 Issue
In Rel-8/9, 64QAM performance requirements have been defined in 36.104 for PUSCH as shown Table 1and Table 2 below, which implies that all the E-NodeB should support 64QAM and corresponding performance test.
Table 1 Minimum requirements for PUSCH, 1.4 MHz Channel Bandwidth

	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	Normal
	EPA 5Hz
	A3-2
	30%
	-4.1

	
	
	
	
	70%
	0.1 

	
	
	
	A4-3
	70%
	10.6 

	
	
	
	A5-2
	70%
	17.7


Table 2 FRC parameters for performance requirements (64QAM 5/6)
	Reference channel
	A5-1
	A5-2
	A5-3
	A5-4
	A5-5
	A5-6
	A5-7

	Allocated resource blocks
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12
	12

	Modulation
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM


LTE Rel-8/9 UEs are classed into five categories for uplink as shown in Table 3 [1]. It can be seen that only UE category 5 should support 64QAM.  However, in TS 36.101, only EVM for QPSK and 16QAM is defined, but 64QAM is neglected as shown in Table 4. The reason for removing 64QAM in Rel-8/9 is that there are no corresponding definitions for MPR, A-MPR, IP2 and etc [2]. However, many basilica RF requirements might be revalued because of new technologies are introduced to Rel-10 [2] [3]. Therefore, 64QAM EVM requirement should be taken into consideration in current stage.
Table 3 – UE Categories in Rel8/9
	UE Category
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	No

	Category 2
	25456
	No

	Category 3
	51024
	No

	Category 4
	51024
	No

	Category 5
	75376
	Yes



Table 4 – Minimum requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK  or BPSK
	%
	17.5
	[17.5]

	16QAM 
	%
	12.5
	[12.5]


The LTE-A system target is to support uplink peak spectrum efficiency up to 15bps/Hz [4]. In order to calculate the required bit rate in bit per symbol (b/sym), we can formulate the UL peak spectrum efficiency as below [5]:
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Where 
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is the number of the sub-carriers, 
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is the transmitted bits per modulated symbol, 
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is the coded rate, which is set to one in this conditions,
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 is the number of OFDM symbols per sub-frame,
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is the number of sub-frames transmitted per second. The BLER is set to zero in peak spectrum efficiency calculation, 
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is the defined as effective bandwidth, 
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 is 0.14 [6].
Here we take 20M bandwidth for an example (other bandwidth configurations have little impact on this parameter):
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The bit rate is 5.18 bits per symbol, which implies that the UE UL-MIMO should support 64QAM in LTE-A system to obtain the required larger peak efficiency.
How to define the UE category in Rel-10 is hot spot discussed in RAN1/RAN4. It is proposed in [7], [8], [9] that

· A new UE category should be introduced for Rel-10 in order to support the maximum throughput of 300 Mbps in DL and the maximum throughput of 100 Mbps (150 Mbps if 64QAM is supported) in UL.
· Rel-8/9 UE categories should be extended to support Rel-10 inter-band non-contiguous CA.
· A new category should be introduced for Rel-10 in order to support the maximum throughput of 1.2 Gbps in DL and the maximum throughput of 600 Mbps (64QAM is supported) in UL.
We do not see that significant obstacles for UE uplink base-band supports for 64QAM. Considering significant cost and power consumption burden, 64QAM may be widely adopted in median and high UE categories. 
The EVM requirement for 64QAM may be taken into consideration in current stage with the RAN1/RAN4 standardization progress.
3 Discussion

Simulation results are shown in Figure 1-4 corresponding system simulation assumptions shown in Annex A. As shown in Figure 1, UEs with about 30% probability achieve more than 11dB SNR, which implies that these UEs can be scheduled 64QAM regardless of the 2T4R and 4T4R antenna configuration. The rank distribution is shown in Figure 2. It can be seen that rank1 and 2 percentile is largest. Above half of the UEs in antenna configuration 2*4 will be scheduled 64QAM when these UEs are scheduled rank 1 as shown in Figure 2, the same results can be seen in Figure 4 with 4*4 antenna configurations. 
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Figure 1: all UEs SINR distribution
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Figure2: Rank distribution
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Figure 3: all UEs SINR distribution
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Figure 4: all UEs SINR distribution (the number of UE with rank 4 is very 























small)
E-Node B has the stringent performance requirements for highest level MCS-64QAM 5/6 coded rate, but UEs haven’t defined the 64QAM EVM requirements. Therefore there are some incompletion in the specifications because of UE performance in high level MCS is sensitive to the EVM.

From our viewpoint in Rel-8/9, category 5 UEs supporting the 64QAM may degrade the system spectrum efficiency because E-Node B suffers from the large EVM values though these UEs are in good channel quality. In the other words, the UEs with good channel quality in the inner network are scheduled high MCS, the UEs transmit EVM to the E-Node B that has no restriction in current stage, the BLER may be large, When OLLA is open,  the scheduled UEs will be scheduled to relative lower MCS. All factors have large impact on the system performance.

Many UEs have the ability to be scheduled 64QAM in Rel-10. In order avoid the performance loss, a more stringent EVM requirements should be defined in LTE-A based on the simulation results above.   

4 Conclusions
64QAM may be selected in the network according to the channel quality, but if we don’t defined the UE EVM requirement, the system performance sharp degradation suffers from the large EVM span. We propose that the EVM for 64QAM should be discussed in Rel-10.
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Annex A

System simulation parameters

	Parameter
	Value

	Simulation Cases
	ITU-EVM

	Carrier Frequency
	2.0 GHz

	Multi-Access
	SC-FDMA

	Power control
	Close loop

	Maximum UE power
	23dBm

	Noise Figure
	5dB

	Maximum C/I
	30dB

	Bandwidth
	10MHz(50RB)

	Traffic Model
	Full Buffer

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	10

	Rank Adaptation
	Yes

	Precoding
	Codebook based

	Channel Model
	UMi

	Polarization
	Yes

	Vertical Antenna Gain
	Yes

	Fading Speed
	3km/h

	Antenna configuration
	4x4/2x4

	NodeB Element Distance
	4.0λ

	UE Element Distance
	0.5 λ;

	Channel Estimation
	Ideal

	Harq Max Process Num
	4

	HARQ Combining
	Chase Combining

	Max number of HARQ process
	8

	Scheduler
	FR

	Number of RBs for User Scheduling
	4

	Receiver Algorithm
	MMSE

	SRS processing Delay
	4 TTI

	DL Signaling Delay
	4 TTI

	Interference coordination
	No inter-cell coordination

	Target block error rate
	10%

	Power Control Parameter
	P0= -80   ¦Α=0.8 for Case1；
P0= -86   ¦Α=0.8 for Case3；
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