3GPP TSG RAN WG1 Meeting #85
                                       R1-164978
Nanjing, China 23rd – 27th May 2016
Agenda Item: 6.2.4.1
Source: MediaTek Inc.
Title: Discussion on EVM requirement for MUST
Document for: Discussion and Decision
1. Introduction
MUST WID [1] was agreed in RAN71. The following objective was defined in the WID:
· (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify downlink multiuser superposition transmission scheme(s) for MUST category 2 with multiple transmission power ratios or MUST category 2 with single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination.
· Down-selection should be further discussed in RAN1.
The definitions of Case 1 and Case 2 are as follows:
Case 1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector

Case 2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.
This contribution discusses the impact of error vector magnitude (EVM) requirement of transmitter-side on near-user’s performance in Case 1 and 2. And evaluation results are provided based on the agreed power ratio range in RAN1 84bis meeting.
2. EVM Requirement for MUST
In RAN1 84bis meeting, the range of power ratio is agreed to be [0.6, 0.95], but the exact values of power ratios are still under discussion and not determined yet. The specific set of (MODN, MODF, α) decides the minimum distance of any two points in the formed superposed constellation. In this paper, MODN and MODF are the modulation orders of near- and far-users, respectively. And α indicates the power ratio. In basic principle, the lower noise level can be tolerated in decoding process if the distance of any two points in constellation is closer. When Case 1 or Case 2 in MUST is applied, except the power ratio with legacy constellation, other power ratios with non-uniform superposed constellation have shorter minimum distance than the distance in legacy constellation. Therefore, the ML receiver equipped by near-user is more sensitive to noise level especially when near-user has larger modulation order, e.g., 64QAM. EVM is the difference between the real and ideal modulated symbols. It may lead to significant performance degradation in large superposed constellation points if the EVM value is too loose.
In following subsections, the impact of EVM is evaluated. The capacity performances of near-user are shown with different EVM requirements. Case-1 with MUST Category-2 is considered. And both near- and far-users have rank1. In each figure, the horizontal axis is the TX-SNR at transmitter side. That is, the TX-SNR is calculated based on total transmitted power without scaled by the power ratios. In other words, the TX-SNR is the same as the SNR for SU-MIMO with rank1. The vertical axis is the near-user’s capacity. The modulation order of far-user is fixed to QPSK in all curves. The modulation orders for near-user are QPSK, 16QAM and 64QAM in red, blue, and green curves, respectively. The markers of curves represent different simulated power ratios. The selected power ratios are listed in Table 1. They are in the range of [0.6, 0.95] and are also the power ratio candidates in [3].
Table 1. Power ratios for different modulation order combinations (MODN, MODF)
	(QPSK, QPSK)
	0.6000
	0.6500
	0.6680
	0.7000
	0.7500
	0.8000
	0.8500
	0.9000
	0.9500

	(16QAM, QPSK)
	0.6000
	0.6500
	0.7000
	0.7500
	0.7619
	0.8000
	0.8500
	0.9000
	0.9500

	(64QAM, QPSK)
	0.6000
	0.6500
	0.6680
	0.7529
	0.7500
	0.8000
	0.8500
	0.9000
	0.9500


8 % TX EVM requirement

Figure 1 represents the capacity performance based on EVM 8%. From the result, it can be found that EVM 8% introduces significant performance degradation especially when near-user has 64QAM. It is not possible to achieve maximum capacity 6 bits/Hz/sec when power ratio is in the range of [0.6, 0.95]. In addition, the result shows that the capacities for “MODN=64QAM” with power ratios 0.9 and 0.95 never outperform the capacities for “MODN=16QAM” although the TX-SNR is large, e.g., 45dB. The performance also indicates that the capacity for “MODN=64QAM” with power ratio 0.95 is pretty low and only 2.82 bits/Hz/sec can be achieved.
Observation 1: EVM 8% introduces significant performance degradation especially when near-user has 64 QAM, e.g., EVM 8% may make the achievable rates of “MODN=64QAM” even worse than those achieved by “MODN=16QAM”.
Proposal 1: EVM 8% needs to be tightened at least for “(MODN, MODF)=(64QAM, QPSK)”.
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Figure 1. Near-user’s capacity performance for EVM 8%
3.5 % TX EVM requirement
In figure 1, the result shows that EVM 8% degrades near-user’s performance a lot and it’s not feasible when near-user has 64QAM and far-user has QPSK. Because the superposed constellation is 256 points in this modulation order combination, the EVM value is more reasonable to be the same as current EVM requirement of 256QAM, e.g., 3.5%. Figure 2 shows the near-user’s capacity performance based on EVM 3.5%. From the result, the maximum capacity 6 bits/Hz/sec is achievable for 64QAM. Furthermore, the capacities for “MODN=64QAM” with power ratios in the range of [0.6, 0.95] can be larger than the capacities for “MODN=16QAM” with the same range of power ratios when the TX-SNR is large enough. Consequently, EVM 3.5% is feasible when near-user has 64QAM and far-user has QPSK.

Observation 2: With 3.5% TX EVM, the capacity degradation is acceptable.
Proposal 2: Study on TX EVM tightening for “(MODN, MODF)=(64QAM, QPSK), e.g., 3.5%.
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Figure 2. Near-user’s capacity performance for EVM 3.5%
3. Conclusion

The impact of EVM requirements on near-user’s performance is discussed in this paper. Capacity performances of near-user are provided for EVM 8% and 3.5%. According to evaluation results, we have following observations and proposals:

Observation 1: EVM 8% introduces significant performance degradation especially when near-user has 64 QAM, e.g., EVM 8% may make the achievable rates of “MODN=64QAM” even worse than those achieved by “MODN=16QAM”.

Observation 2: With 3.5% TX EVM, the capacity degradation is acceptable.
Proposal 1: EVM 8% needs to be tightened at least for “(MODN, MODF)=(64QAM, QPSK)”.

Proposal 2: Study on TX EVM tightening for “(MODN, MODF)=(64QAM, QPSK), e.g., 3.5%.
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