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1. Introduction

At RAN5#2-5G-NR Adhoc and RAN5#80, test point analyses for frequency error for FR1 have been endorsed [1, 2, 3]. This document is a merge of the three aforementioned documents.
The discussion on the default baseline for test point selection was endorsed in [4] and [5] at RAN5#1-NR adhoc meeting. Based on the above endorsement, the discussions for some test cases were presented and related CRs were agreed in RAN5 #78 meeting. 

2. Discussion
Firstly, the definition of Frequency Error for FR1 in the core spec [6] is as follows. 

6.4.1
Frequency error

The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of [TBD] compared to the carrier frequency received from the NR Node B.

In 36.521-1, relevant LTE test points are defined as follows. 

Table 6.5.1.4.1-1: Test Configuration Table
	Initial Conditions

	Test Environment as specified in

TS 36.508[7] subclause 4.1
	NC, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in

TS36.508 [7] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in

TS 36.508 [7] subclause 4.3.1
	Lowest, 5MHz, Highest

	Test Parameters for Channel Bandwidths

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	Mod'n
	RB allocation
	Mod'n
	RB allocation

	
	
	FDD
	TDD
	
	FDD
	TDD

	1.4MHz
	QPSK
	6
	6
	QPSK
	6
	6

	3MHz
	QPSK
	15
	15
	QPSK
	15
	15

	5MHz
	QPSK
	25
	25
	QPSK
	25
	25

	5MHz
	QPSK
	25
	N/A
	QPSK
	20
	N/A

	5MHz
	QPSK
	25
	N/A
	QPSK
	15
	N/A

	5MHz
	QPSK
	25
	N/A
	QPSK
	53
	N/A

	10MHz
	QPSK
	50
	50
	QPSK
	50
	50

	10MHz
	QPSK
	50
	N/A
	QPSK
	25
	N/A

	10MHz
	QPSK
	50
	N/A
	QPSK
	20
	N/A

	10MHz
	QPSK
	50
	N/A
	QPSK
	15
	N/A

	15MHz
	QPSK
	75
	75
	QPSK
	75
	75

	15MHz
	QPSK
	75
	N/A
	QPSK
	50
	N/A

	15MHz
	QPSK
	75
	N/A
	QPSK
	25
	N/A

	15MHz
	QPSK
	75
	N/A
	QPSK
	20
	N/A

	20MHz
	QPSK
	100
	100
	QPSK
	100
	100

	20MHz
	QPSK
	100
	N/A
	QPSK
	75
	N/A

	20MHz
	QPSK
	100
	N/A
	QPSK
	50
	N/A

	20MHz
	QPSK
	100
	N/A
	QPSK
	25
	N/A

	20MHz
	QPSK
	100
	N/A
	QPSK
	20
	N/A

	Note 1:
Test Channel Bandwidths are checked separately for each E-UTRA band, which applicable channel bandwidths are specified in Table 5.4.2.1-1.

Note 2:
Depending on E-UTRA band, only the appropriate Uplink RB allocation value according to table 7.3.3-2 is tested per Test Channel Bandwidth.

Note 3:
Applicable only to E-UTRA FDD Band 31. The UL resource blocks shall be located at RBstart 10 (according to Table 7.3.3-2).


In the following subclauses, we introduce the study for test environment, frequencies, bandwidth and subcarrier spacing and DL and UL allocation.

Test Environment

Based on the baseline agreed in [4], the same test environment as LTE can be reused for FR1. In LTE test case for Frequency Error, NC, TL/VL, TL/VH, TH/VL and TH/VH are defined. 

Proposal 1: Define Test Environment as NC, TL/VL, TL/VH, TH/VL and TH/VH for Frequency Error in FR1.

Test Frequencies

The main factor of Carrier Frequency Error is the frequency difference of the oscillating circuit or PLL in the transmitter. The frequency conversion to make the RF frequency from the reference frequency has small impact to the Carrier Frequency Error. 

From the above, testing only 1 test frequency seems to be good to balance the test accuracy and time. From the perspective of test frequency, the most critical situation cannot be defined because the performance of the oscillating circuit has small impact to the conversion of RF frequency. So, it is preferable to test for Mid frequency range. 

Proposal 2: Select Mid range as test frequency for NR Frequency Error for FR1.

Test Channel Bandwidth

From the perspective of carrier frequency error, the test channel bandwidth seems to be no impact to it. The channel bandwidth is for the modulated signal, so it does not impact to the RF carrier frequency. 

The above analysis indicates that testing only 1 test channel bandwidth seems to be enough. Considering the most critical situation, the highest channel bandwidth might be impact to Carrier Frequency Error because it treats the widest frequency range when the lowest subcarrier spacing is selected and full RBs are allocated. So, testing by the highest channel bandwidth is preferable. 

Proposal 3: Select the highest channel bandwidth to measure Frequency Error.

Test Subcarrier Spacing

The situation of the test subcarrier spacing is the same of that of the test channel bandwidth. From the perspective of Carrier Frequency Error, the test subcarrier spacing also seems to be no impact to it and then testing only 1 test subcarrier spacing seems to be enough. Considering the most critical situation, the lowest subcarrier spacing might be impact to Carrier Frequency Error because it treats the widest frequency range when the highest channel bandwidth is selected and the full RBs are allocated. So, testing by the highest subcarrier spacing is preferable. 

Proposal 4: Select the lowest Subcarrier Spacing to test. 

DL and UL configuration

The frequency error shall be tested with the DL at REFSENS level [6]. In order to avoid tighter test requirements as in the reference sensitivity test case the same UL and DL RB allocation and waveform shall be applied. TS 38.101-1 requires that REFSENS is tested with DFT-s-OFDM as UL waveform.

Proposal 5: Apply DFT-s-OFDM as UL waveform for Frequency Error in FR1. 

Proposal 6: Follow the UL and DL RB allocation of REFSENS TC for Frequency Error in FR1. 
For the downlink full allocation is proposed as the UE’s ability to synchronize its frequency to the downlink is indirectly tested in the REFSENS test case.

Proposal 7: Apply full allocation for the downlink configuration. 

Exceptions for Frequency Error UL-MIMO test
The requirements of Frequency Error for UL-MIMO are in a quite similar way of single antenna Frequency Error test case 6.4.1, therefor the test point selection in proposal 1~4, 6 and 7 can be reused without any change.

However according to [4], CP-OFDM is mandatory in case UL-MIMO transmission with two layer data, the waveform DFT-s-OFDM selected by proposal 5 shall be replaced by CP-OFDM.

Proposal 8: For frequency error for UL MIMO, test points selected in proposal 1~4, 6 and 7 can be reused. Waveform in proposal 5 is replaced by CP-OFDM.
Number of test points for Frequency Error

	Environmental

conditions
	Maximum Number of Frequencies 
	Maximum Number of ChBW
	Number SCS
	Number of steps (mod and RB)
	Maximum Number of Test Steps

	5
	1
	1
	1
	1
	5


3. Conclusion
To sum up, the following updates for the selection of test points is proposed for frequency error in FR1:
Proposal 1: Define Test Environment as NC, TL/VL, TL/VH, TH/VL and TH/VH for Frequency Error in FR1.

Proposal 2: Select Mid range as test frequency for NR Frequency Error for FR1.

Proposal 3: Select the highest channel bandwidth to measure Frequency Error.

Proposal 4: Select the lowest Subcarrier Spacing to test. 

Proposal 5: Apply DFT-s-OFDM as UL waveform for Frequency Error in FR1. 

Proposal 6: Follow the UL and DL RB allocation of REFSENS TC for Frequency Error in FR1. 
Proposal 7: Apply full allocation for the downlink configuration. 
Proposal 8: For frequency error for UL MIMO, test points selected in proposal 1~4, 6 and 7 can be reused. Waveform in proposal 5 is replaced by CP-OFDM.
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