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1. Background
In RAN4 #84bis, NR UE EVM measurement is discussed in [1]. There are several issues covered:
· Tx LO leakage
· Common phase error (CPE) compensation for EVM measurement
· EVM window size
In this paper, we share our views on these issues. 


2. Tx LO leakage
In LTE, Tx LO leakage is removed in RF compensation block before FFT. The measured EVM value excludes Tx LO leakage impact. The measured LO leakage value will be used in IBE test. On the other hand, if Tx LO leakage is included in measured EVM value, the amount of LO leakage does not change very much with UE output power. Thus, for low output power, UE is challenging to meet the EVM requirement, if LO leakage is included. Therefore, we have the following proposal

Proposal 1: For NR, LO leakage needs to be removed before measuring EVM value, and measured LO leakage is included for IBE measurement.

There are two possible ways to remove LO leakage: Option 1: in RF compensation block before FFT (similar to LTE); Option 2: exclude a dedicated subcarrier after FFT, e.g., DC subcarrier. To compare between these two options, we need to look at LO position for NR. In 2017 Jan RAN1 AdHoc meeting, the following agreements have been reached in RAN1[2].

· Handling of transmitter DC subcarrier at the transmitter
· DL
· UE may assume transmit DC subcarrier at the transmitter (gNB) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· UL
· Transmit DC subcarrier at the transmitter (UE) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· The transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible
· The specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs
· This should be considered in the RS design for NR
· Specify means for the receiver to determine DC subcarrier location
· This involves semi-static signalling from UE and also standard specified DC subcarrier location
· FFS how to determine and how to indicate DC subcarrier location in the case of bandwidth adaptation
· Note that above DC subcarrier can be interpreted as DC subcarrier candidate



We could see that for UL, RAN1 encourages receiver to demodulate DC subcarrier, and receiver shall assume that transmitter modulates symbol on DC subcarrier. In that sense, excluding DC subcarrier from EVM measurement does not follow RAN1 conclusion.

So far, there is no explicit LO position defined in NR. For LTE refarming band with UL sharing, LO position may overlap with LTE LO position in the middle of subcarrier grid. In addition, another related issue is RB grid alignment among multiple numerologies. No conclusion has been reached for RB grid alignment [3]. To illustrate the issue,  Proposal 1 from [4] is copied as follow in Table 1. We could see that there is a frequency offset for higher numerology compared to the lowest numerology. And the offset could be none multiples of subcarriers of corresponding numerology. If we place UE Tx LO at the center of transmission BW of the lowest numerology, it is likely LO position is not at the integer multiple subcarriers for higher numerology. For aforementioned cases, it is impossible to remove LO leakage after FFT by notching a dedicated subcarrier.

Observation 1: Removing LO leakage by notching a dedicated subcarrier after FFT does not follow RAN1 agreement and depends on RB grid alignment discussion.

Table 1. Offset of the center frequency of the transmission bandwidth configuration for worst case guard band (100 kHz channel raster) [4]
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On the other hand, removing LO leakage before FFT in RF compensation block can be based on hypothesis of LO positions and values. It could potentially hurt data if LO position is overlapping with a subcarrier. The degradation can be relaxed by using longer observation window e.g., multiple slots, to measure LO leakage.

It is our understanding that how to remove LO leakage in EVM measurement is implementation specific to test box vendors.

3. CPE compensation
In FR2, phase noise could be a large contributor to EVM for higher than 64QAM modulation. RAN1 introduces PTRS to remove CPE part of phase noise. CPE is compensated for each OFDM symbol. We did a simulation comparison on EVM impact by using PTRS compensation. The settings are summarized as follows
· -24dBc PN profile [5].
· 64QAM, 200MHz CHBW full allocation.
· The same PTRS density between OFDM and DFT-s-OFDM. A total of 16 PTRS per symbol. For DFT-s-OFDM, 16PTRS are evenly distributed in four chunks in time-domain (RAN1 agreed that PTRS is pre-DFT inserted for DFT-s-OFDM). For OFDM, 16PTRS are assigned as 1PTRS to each RB and distributed evenly in edge RBs.
· Results based on 1000 random waveform generations.

Table 2. EVM performance with and without CPE compensation using PTRS

	EVM [dB]
	no CPE comp
	with per-symbol CPE comp
	Gain [dB]

	OFDM
	 25.1(0.9)
	 26.3(0.7)
	1.2

	DFT-s-OFDM
	 25.2(1.1)
	 25.9(1.1)
	0.7



We could see without PTRS CPE compensation, EVM is around 25dB. Channel estimation (CE) is able to capture part of CPE, but since CE is per-slot based, gain is limited. CPE compensation based on PTRS for each symbol can further improve EVM for 1dB. Note that 64QAM EVM requirement is around 22dB, it is very critical to adopt per-symbol wise CPE compensation using PTRS to improve measured EVM.
Proposal 2: For NR FR2, Per-symbol CPE compensation is applied for EVM measurement, if PTRS is present 


There are several ways to perform per-symbol CPE compensation. CPE compensation can be done in RF compensation block before FFT based on hypothesis. We provide one example of CPE compensation after FFT as shown in Figure 1. Since PTRS is inserted pre-DFT for DFT-s-OFDM, it is natural to do the compensation after IDFT.

[image: ]

Figure 1. CPE compensation using PTRS for DFT-s-OFDM. New CPE compensation blocks are highlighted in red.

The frequency domain equalization function EC(f) can still be based on average of symbols in one slot since CPE is  removed by .


where  and  denote measured symbol and nominal symbol, respectively, on Frequency f and Symbol t.  denotes estimated CPE for symbol t.




4. Conclusions
Proposal 1: For NR, LO leakage value needs to be excluded from measured EVM value, and included for IBE measurement.
Observation 1: Removing LO leakage by notching a dedicated subcarrier after FFT does not follow RAN1 agreement and depends on RB grid alignment discussion.
Proposal 2: For NR FR2, Per-symbol CPE compensation is applied for EVM measurement, if PTRS is present 


5. References
[1]	R4-1711395, “On UE EVM for NR”, Qualcomm Incorporated
[2]	R1-1701553, ”Final Report of 3GPP TSG RAN WG1 #AH1_NR v1.0.0”
[3]	R4-1711736, “WF on NR spectrum utilization”, ZTE
[4]	R4-1708606, “NR transmission bandwidth configuration for MPR evaluation”, Qualcomm Incorporated
[5]	R4-1703528, “Phase noise model for above 6 GHz”, Huawei, Hisilicon

image2.emf
RF 

CORRECTI

ON

FFT@CP/2

From 

UE

IBE

Equalization 

from DMRS only

LS estimator

MS(f,t)

MS(f,t)

MS(f,t)

IDFT

CPE correction 

for PUSCH

Slicer

DFT NS(f,t)exp(j

Φ(t))

FFT@CP/

2-W/2

FFT@CP/

2+W/2

Φ(t)

Equalizer

Equalizer

EC(f)

EC(f)

IDFT

IDFT

CPE correction 

for PUSCH

CPE correction 

for PUSCH

EVM(LOW)@CP/

2-W/2

EVM(HIGH)@CP

/2+W/2

Reverse CPE 

correction


image1.emf
CBW (MHz) SCS (kHz) NRB

Offset to center 

frequency of TBC 

(kHz) Lower Guard (kHz)Upper Guard (kHz) Min Guard (kHz) Min Guard (%)

15 25 0 250 250 250 5

30 11 82.5 602.5 437.5 437.5 8.75

15 52 0 320 320 320 3.2

30 24 -7.5 672.5 687.5 672.5 6.725

60 12 -22.5 657.5 702.5 657.5 6.575

15 79 0 390 390 390 2.6

30 38 82.5 742.5 577.5 577.5 3.85

60 18 67.5 1087.5 952.5 952.5 6.35

15 106 0 460 460 460 2.3

30 52 -7.5 632.5 647.5 632.5 3.1625

60 24 157.5 1517.5 1202.5 1202.5 6.0125

15 135 0 350 350 350 1.4

30 65 -97.5 702.5 897.5 702.5 2.81

60 32 67.5 1047.5 912.5 912.5 3.65

15 216 0 560 560 560 1.4

30 106 -7.5 912.5 927.5 912.5 2.28125

60 52 -22.5 1257.5 1302.5 1257.5 3.14375

15 270 0 700 700 700 1.4

30 133 -7.5 1052.5 1067.5 1052.5 2.105

60 65 157.5 1757.5 1442.5 1442.5 2.885

30 162 0 840 840 840 1.4

60 79 -15 1545 1575 1545 2.575

30 217 0 940 940 940 1.175

60 107 165 1645 1315 1315 1.64375

30 273 0 860 860 860 0.86

60 135 165 1565 1235 1235 1.235
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