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1	Introduction
In the beginning of LTE standardization, uplink 64QAM is tied to specific UE categories. Based on RAN2 #82 meeting discussion [1], people agreed that it is feasible to decouple 64QAM from the categories 5 and 8 and introduce a separate capability. In this paper, we discuss the motivations for entry-level UE to support UL 64QAM.
2	Motivation and Discussions
The benefits for UL 64QAM are to improve UE throughput as well as system capacity. A feasibility study and throughput performance evaluation are given in Appendix A. Current UE category does not allow DL cat-4 UE to support UL 64QAM. From the mobile handset market viewpoints, there are different device segments and limit UL 64QAM support only on high end UE prevents operators’ network achieving higher system capacity promised by UL 64QAM. Therefore, we propose to allow DL cat-4 UE to support UL 64QAM.
To facilitate this, we propose to add a combination of DL cat-4/UL cat-5 in UE category. And, we further suggest adding this category combination from Rel-12 where the relevant signalling was introduced.
3	Conclusion
In this paper, we discuss the benefits of more UEs to support UL 64QAM. The corresponding CRs have been technically endorsed [2-7] in RAN2#98. We propose:
Proposal 1: RAN Plenary meeting approves the CRs to enable UL64QAM in Cat-4 devices.
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Appendix A

· UL 64QAM feasibility
Figure 1 show the UL QAM distributions for outdoor and hotspot scenarios. It can be seen that more UL 64QAM possibility can be found in the low-loading condition and hotspot scenario. Take mid-loading as an example, ~40% UE can enjoy UL 64QAM.


(a) Scenario: outdoor (ISD=500m)
[image: UL.png]
(b) Scenario: hotspot (ISD=150m)
Figure 1: QAM distribution 

· System-level Tput evaluation
We evaluate the Tput performance by system level simulator. The small cell configuration is referred to TR36.814. From Figure 2, it can be observed that 40% Tput enhancement is achieved for 30% system load.

Figure 2: Tput performance evaluation @ small cell scenario 

64QAM	2Rx eNB	4Rx eNB	2Rx eNB	4Rx eNB	2Rx eNB	4Rx eNB	0.58060000000000034	0.65460000000000773	0.36660000000000031	0.42770000000000002	0.2998000000000029	0.2998000000000029	16QAM	2Rx eNB	4Rx eNB	2Rx eNB	4Rx eNB	2Rx eNB	4Rx eNB	0.22330000000000008	0.16330000000000008	0.33940000000000387	0.21160000000000001	0.36060000000000031	0.34500000000000036	QPSK	2Rx eNB	4Rx eNB	2Rx eNB	4Rx eNB	2Rx eNB	4Rx eNB	0.19610000000000008	0.18210000000000001	0.29400000000000032	0.36070000000000002	0.3396000000000029	0.35520000000000002	

Tput Gain of UL 64QAM vs. UL 16QAM
Gain	3.2500000000000015E-2	6.210000000000003E-2	9.470000000000009E-2	0.1303	0.17590000000000044	0.21250000000000024	0.25130000000000002	0.30670000000000008	0.37050000000000038	0.42490000000000094	0.51239999999999997	0.5908118848805155	0.59868285904174956	0.58421847389558235	0.54741881791757363	0.51061916193956358	0.49465557084667638	0.47869197975378808	0.4195132551064753	0.34758948417260843	0.30375797331402493	0.24539455429419371	System loading

Gain (%)



image1.png
Probability

1.2

0.8

0.6

0.4

0.2

Low-load

Mid-load

High-load

mQPSK
H160AM
H640AM




