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1 Introduction
Uplink 64QAM for LTE-A was discussed in last meeting. This paper presents additional results covering the following aspects: 

· Impact of 64QAM on UE categories.
· Throughputs improvements 
· Power consumption issue.
It is expected that the results presented in this paper to be considered when developing the 64QAM performance for LTE-A uplink 
2 Discussion
2.1 UE categories
In RAN1, the definition of UE categories was discussed. In [2], UE category was defined as follows:
Table 1 UE category definition in [2] 
	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL
	Maximum number of supported layers for spatial multiplexing in UL

	Category 1
	5160
	5160
	No
	1

	Category 2
	25456
	25456
	No
	1

	Category 3
	51024
	51024
	No
	1

	Category 4
	51024
	51024
	No
	1

	Category 5
	75376
	75376
	Yes
	1

	Category 6
	[149776]
	[75376]
	[Yes]
	[1]

	Category 7
	[149776]
	[75376]
	[Yes]
	[2]

	Category 8
	[299552]
	[75376]
	[Yes]
	[2]

	Category 9
	[600000]
	[149776]
	[Yes]
	[4]


The references [4] and [5] proposed the following UE category definition as given in Table 2.
Table 2 UE category definition in [4] and [5]

	Rel-10 UE categories
	DL Max. data rate
	DL CA/MIMO configurations (#CCs, #layers)
	UL Max. data rate
	UL CA/MIMO configurations (#CCs, #layers)

	Category 1
	300 Mbps
	(2, 2)
	100 Mbps 
(no 64 QAM)
	(2, 1); (1, 2)

	Category 2
	600 Mbps
	(2, 4);
(4, 2) and etc
	200/300 Mbps
(optional 64 QAM)
	(2, 2);
(4, 1) and etc

	Category 3
	1.2 Gbps
	(2, 8);
(4, 4) and etc
	600 Mbps
(support 64 QAM)
	(2, 4);
(4, 2) and etc


Furthermore, the operator proposed to define at least one additional UE category to support the maximum of 2 layers UL SU-MIMO with 64 QAM on both the layers in maximum of 20 MHz of bandwidth, which is given in Table 3.
Table 3 UE category definition in [3]
	Category
	DL/ULdata rates (top uplink modulation)
	Multiple Antenna eNBTX x UE RX
	Multiple Antenna UE TX x eNB RX

	Cat 1
	10/5 Mbps (16QAM)
	1 x 2
	1 x 1

	Cat 2
	50/25 Mbps (16QAM)
	2 x 2
	1 x 1

	Cat 3
	100/50 Mbps (16QAM)
	2 x 2
	1 x 1

	Cat 4
	150/50 Mbps (16QAM)
	2 x2
	1 x 1

	Cat 5
	300/75 Mbps (64QAM)
	4 x 4
	1 x 1

	Cat x
	300/150 Mbps (64QAM)
	4 x 4
	2 x 2


As shown above and according to the vendor’s and operator’s view, 64QAM will be supported especially for median and high level categories UEs in the future. In order to ensure good performance of 64QAM, it would benefit to define 64QAM EVM requirement.
2.2 Performance evaluation
From Figure 1 through Figure 6, we study the effect of restricting MCS, i.e. not supporting 64QAM, on the system performance. 
As given in [1], when the effective SNR for a given layer is above 11dB SNR [1], UE can use the MCS of 64QAM for that layer regardless of the 2T4R and 4T4R antenna configuration. If we restrict the MCS, some UE which selects 64QAM and rank1 originally will use 16QAM/QPSK with RI=2. But as shown in Figure 1, only below 5%  and below 18% UEs would select rank2 when MCS is restricted compared to the cases where 64QAM can be used for 2T4R and 4T4R respectively, as shown by the rank 1 curve in Figure 2 and Figure 3, the effective SINRs of about 70% of users are larger than 11dB, in other word, only a few UE can be rescheduled to rank2, most UE that can be scheduled to 64QAM only can be directly scheduled to one lay lower MCS. Because the MCS is restricted, those with effective SINR above 11dB could not support 64QAM, which implies great performance loss. The same story happens for rank 2 and more rank cases. 
Therefore, when the MCS is restricted, although multiple layer transmission will be supported more frequently, there still exists potential performance loss. So supporting 64QAM will increase the performance.
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Figure1: Rank distribution
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Figure 2: 4T4R UE RX SINR Distribution                    

Figure 3: 2T4R UE RX SINR Distribution
To further evaluate the performance, UE throughput distributions are shown in Figure 4. There is a great impact on the system performance regardless of the antenna configurations. Cell average throughput is 22.4Mbps for 2T4R without MCS restriction; 2.4Mbps throughput degradation can be achieved with MCS restriction. Cell edge throughput is 0. 86Mbps for 2T4R without MCS restriction, 30% throughput gain is achieved compared to the throughput with MCS restriction. Cell average throughput is 25.1Mbps for 4T4R without MCS restriction; 2.8Mbps throughput degradation can be achieved with MCS restriction. Cell edge throughput is 0. 95Mbps for 2T4R without MCS restriction, 45% throughput gain is achieved compared to the throughput with MCS restriction as shown in Figure 5 and 6.

So the performance when the MCS is restricted would be significantly degraded. For the median and high level UE categories, this will limit the performance.
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Figure 4: 4/2T4R UE Throughput Distribution
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Figure 5: Cell Average Throughput 





  Figure 6: Cell Edge Throughput 
3 Power consumption issues

UE TX power distribution have shown in Figure 7 and 8, it can be found that almost all the UE transmission power is low than 15dBm.
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Figure 7: 4T4R UE TX power distribution

Figure 8 2T4R UE TX power distribution
In the larger cell coverage scenarios, heterogeneous network deployment or other cell partitions may be widely used in Rel-10. UEs transmission power results are shown in Figure 9 corresponding system simulation assumptions shown in Annex A (UMa each cell have four pico-eNB). Regarding the UE TX power, we find that UE in cell edge transmits using lower power comparing to no heterogeneous scenarios as shown in Figure 10. So the number of UE with large power transmission may be small as advance network deployments are introduced in Rel-10.
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Figure 9 UE TX power in heterogeneous network deployment scenarios 
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Figure 10 UE TX power without heterogeneous network deployment scenarios 
UE TX power transmission is still much smaller than maximum UE allowable TX power, so the issue of power consumption for UEs scheduled to 64QAM could be within an acceptable range.
4 Conclusions
64QAM with 5/6 coded rate has been supported in eNB. Due to implementation limitation, supporting of 64QAM for UE has not been fully implemented. Base on the results above, we can make some observations:
· 64QAM may be required for certain UE category in rel-10 to improve spectrum efficiency.
· 64QAM could be an attractive feature for laptops or etc where power supply is not a big issue.
· Furthermore, UE design innovations could offset the degradation of power consumption performance. 
· To guarantee the baseband performance, the necessity of defining EVM requirements for 64QAM for Rel-10 UEs might need to be studied in RAN4. Corresponding discussion could be initialized accordingly.
It is expected to consider high order modulation for LTE-A UL taking the results presented in the paper into account. 
5 References
[1] R4-102596 “Some consideration on the uplink EVM in LTE-A” Huawei
[2] R1-104131 “LTE Rel-10 UE categories” Nokia
[3] R1-104193 “UE categories for Rel-10 evolution of LTE” Vodafone Group, Orange
[4] R1-103459 “Proposal for UE Categories and Capabilities” Huawei
[5] R1-103610 “UE Categories in LTE-A” HTC

[6] R1-102301 “Summary of E-mail Discussion for 8 Tx Codebook Design“ Rapporteur (NTT DOCOMO)
[7] R1-103340 “Simulation Assumption on Rel.10 feedback for 4Tx” Huawei, Orange, Samsung, Ericsson, Ericsson ST, Marvell, Toshiba, Fujitsu, Intel, ALU, ALU Shanghai Bell, HTC, ZTE, Philips, Motorola

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/UMa

	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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