Page 452
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG5 Meeting #2-5G-NR Adhoc
R5-181910
Taoyuan, Taiwan, 9th - 13th April 2018
Agenda item:
4.1.16
Source: 
Keysight Technologies
Title: 
Discussion on test point selection for NR ACS in FR2
Document for:
Discussion and endorsement
1. Introduction
At RAN5#78, it was stated that each test case would require specific analysis to conform its test configuration table for Tx/Rx test cases in both FR1 and FR2 based on the study for Frequency, Channel BW, SCS, RB allocation (including modulations). This analysis will be captured in TR 38.905
No test proposal has been defined yet in [2] for NR Adjacent Channel Selectivity so all aspects related to this test case keep opened to be studied.
The purpose of this contribution is to provide the complete analysis for each parameter included in the Test Configuration Table and propose test points selection for NR Adjacent Channel Selectivity test case in FR2.
2. Discussion

Adjacent Channel Selectivity for FR2 will be defined in [2] where it is explained the scope of the Adjacent Channel Selectivity as follows:
Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive a NR signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).

Based on the Minimum conformance requirements for NR Adjacent Channel Selectivity for non-CA in [1]:

7.5
Adjacent channel selectivity
The UE shall fulfil the minimum requirement specified in Table 7.5-1 for all values of an adjacent channel interferer up to –25 dBm. However it is not possible to directly measure the ACS, instead the lower and upper range of test parameters are chosen in Table 7.5-2 and Table 7.5-3 where the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.X.X, A.X.X and A.X.X (with QPSK, R=X/X and one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.X.X.X). For operating bands with an unpaired DL part (as noted in Table 5.5-1), the requirements only apply for carriers assigned in the paired part.
Table 7.5-1: Adjacent channel selectivity
	
	
	Channel bandwidth

	Rx Parameter
	Units
	50
MHz 
	100
MHz
	200
MHz
	400
MHz

	ACS for band n257, n258
	dB
	23
	23
	23
	23

	ACS for band n260
	dB
	22
	22
	22
	22


Table 7.5-2: Test parameters for Adjacent channel selectivity, Case 1
	Rx Parameter
	Units
	Channel bandwidth

	
	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer for band n257, n258
	dBm
	REFSENS 
+ 35.5 dB
	REFSENS +35.5dB
	REFSENS 
+35.5dB
	REFSENS 
+35.5dB

	PInterferer for band n260
	dBm
	REFSENS 
+ 34.5 dB
	REFSENS +34.5dB
	REFSENS 
+34.5dB
	REFSENS 
+34.5dB

	BWInterferer
	MHz
	50
	100
	200
	400

	FInterferer (offset)
	MHz
	50

/

-50

NOTE 3
	100

/

-100

NOTE 3
	200

/

-200

NOTE 3
	400

/

-400

NOTE 3

	NOTE 1:
The interferer consists of the Reference measurement channel specified in Annex A.X.X with one sided dynamic OCNG Pattern as described in Annex A.X.X.X and set-up according to Annex C.3.1.

NOTE 2:
The REFSENS power level is specified in Table [XXXXXX].

NOTE 3:
The absolute value of the interferer offset FInterferer (offset) shall be further adjusted to [image: image2.png]([ Finserfererl /SCS] + 0.5)5CS



 MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.


Table 7.5-3: Test parameters for Adjacent channel selectivity, Case 2

	Rx Parameter
	Units
	Channel bandwidth

	
	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration for band n257, n258
	dBm
	-46.5
	-46.5
	-46.5
	-46.5

	Power in Transmission Bandwidth Configuration for band n260
	dBm
	-45.5
	-45.5
	-45.5
	-45.5

	PInterferer
	dBm
	-25

	BWInterferer
	MHz
	50
	100
	200
	400

	FInterferer (offset)
	MHz
	50

/

-50

NOTE 2
	100

/

-100

NOTE 2
	200

/

-200

NOTE 2
	400

/

-400

NOTE 2

	NOTE 1:
The interferer consists of the Reference measurement channel specified in Annex X.X with one sided dynamic OCNG Pattern TDD as described in Annex A.X.X.X and set-up according to Annex C.X.X.

NOTE 2:
The absolute value of the interferer offset FInterferer (offset) shall be further adjusted to [image: image4.png]([ Finserfererl /SCS] + 0.5)5CS



 MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.


Following subclauses introduce study for test environment, test frequencies, test bandwidth, test subcarrier spacing, uplink and downlink configurations.

2.1. Test Environment

In LTE, environment condition for Adjacent Channel Selectivity (ACS) test case is specified for Normal Conditions (NC). Due to NR Adjacent Channel Selectivity test for FR1 has been proposed to be defined in similar way than LTE, it is reasonable to use the same criteria than LTE and FR1. 

Proposal 1: Define Test Environment as Normal Conditions (NC) for Adjacent Channel Selectivity measurement in FR2.

2.2. Test Subcarrier Spacing

The goal of this section is to expose technical reasons to select the SCS to be tested in NR Adjacent Channel Selectivity FR2. This study is focused to detect the most critical use cases, based on SCS selection, when the nominal operation mode of the UE is compromised in this test.
This test case measure receiver's ability to receive an NR signal at its assigned channel frequency in the presence of an adjacent channel signal. 
Since in [1] is specified that both downlink wanted and interferer signals will have to use the same SCS configuration and both wanted an interferer will be allocated close each other, then it seems to be the most critical situation when the limit for the transmission bandwidth is close to limit defined by the bandwidth configuration. 

The maximum transmission bandwidth configuration NRB for each channel bandwidth and subcarrier spacing is specified in Table 2.2-1 (obtained from Table 5.3.2-1 in [1]).

Table 2.2-1 Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N/A

	120
	32
	66
	132
	264


The maximum transmission bandwidth (in MHz) per each channel bandwidth and SCS is calculated using the values of the maximum number of Resource block and subcarrier spacing information (assuming 12 subcarriers per resource block), these values are shown in Table 2.2-2.


Table 2.2-2 Maximum transmission bandwidth configuration in MHz
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	60
	47.52
	95.04
	190.08
	N/A

	120
	46.08
	95.04
	190.08
	380.16


Observation 1: Maximum transmission bandwidth for each channel bandwidth is not always achieved with lowest SCS and it keeps similar for different SCS.

Besides Table 2.2-3 (taken from Table 5.3.3-1 in [1]) depicts the minimum guardband for a UE channel bandwidth in each subcarrier spacing. This guardband is the frequency separation between the channel edge and the transmission bandwidth edge.
Table 2.2-3 Minimum Guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	60
	1210
	2450
	4930
	N/A

	120
	1900
	2420
	4900
	9860


Observation 2: Lower guardbands are achieved with lower SCS for 50 MHz channel bandwidth. For 100 MHz and 200 MHz channel bandwidth, similar guardband values are achieved.

In [1], maximum transmission bandwidth and minimum guardband were important to select the SCS to test in FR1. However, for FR2, these parameters are not decisive for selecting the SCS for all channel bandwidths, as several SCS have similar values for the same channel bandwidth.

Observation 3: Selected SCS for this test case is attending exclusively technical criteria. However, this test case would not test the new SCS defined by NR, so it would be interesting to state to execute the NR Sensitivity test case with all SCS to verify the UE behaviour related to SCS configuration.

Phase Noise Impact

In FR2, whose bands operates in high frequencies, one of main problems is related to Phase Noise affecting to local oscillators. OFDM subcarrier generation is a non-ideal process involving local oscillators to generate the subcarriers. Local oscillators are affected by phase noise, which increases with carrier frequency. The effect of the phase noise in the frequency domain is a non-ideal, wider pulse for each subcarrier. This situation might affect even demodulation precision.
To achieve efficient communications in high frequency by protect it from this phase noise is why SCS highest are defined since it is known that SCS highest are more robust against phase noise. So, lower SCS might be more affected by this problem and each subcarrier can be wider and the transmission bandwidth might be lightly wider.

Observation 4: Based on comments about phase noise, the worst situation is test in conditions at high frequency and lowest SCS, which seems not to be so robust with this issue.
Proposal 2: Select the Lowest SCS supported for UE for Adjacent Channel Selectivity measurement in FR2.

2.3. Test Frequencies

In LTE, Adjacent Channel Selectivity measurement is tested for Mid frequency. This criteria is reasonable to verify behaviour of the UE related to the frequency selectivity eliminating other unwanted reception behaviours which can change with the frequency. For this reason, it is reasonable to keep the same criteria for NR Adjacent Channel Selectivity for FR2, furthermore this same assumption has been exposed for FR1.
Proposal 3: Test Mid Frequency for Adjacent Channel Selectivity measurement in FR2.
2.4. Test Channel Bandwidth

In LTE, Adjacent Channel Selectivity is tested for Lowest, 5 MHz and Highest channel bandwidths. This assumption seems to be reasonable to test different behaviours of the UE receiver related to different frequency selectivities with different channel bandwidth. 
Based on it, NR Adjacent Channel Selectivity for FR2 might be tested for Lowest, Mid and Highest channel bandwidths.

Observation 5: Test the Lowest, Mid and Highest would cover all situations defined in LTE.
The lowest channel bandwidth makes UE to conform its filter with narrow band-pass and with a very high slope, which it is difficult to obtain without increasing losses in the bandpass of the filter and keeping this band-pass flat. This is why the narrowest filters operating in high frequency are design usually with a not really abrupt ramp-up/ramp-down to avoid adding extra losses. Based on this, it would make reasonable to test the Lowest channel bandwidths.
However, the channel bandwidth with Higher band pass are especially sensible to obtain ramp-down with high slope with filters whose size is small, so it is interesting to test this option as well.
Observation 6: Test the Lowest and Highest seems to cover the most critical situations.
Although the most critical scenarios are covered by Lowest and Highest channel bandwidths, the LTE approach can be reasonable by adding one additional Mid bandwidth to cover more non-linearity cases with channel bandwidths. Based on it, NR Adjacent Channel Selectivity might be tested for Lower, Mid and Highest.
Proposal 4: Test the Lowest, Mid and Highest Channel Bandwidth for Adjacent Channel Selectivity measurement in FR2.
2.5. Downlink Configuration
In LTE, Adjacent Channel Selectivity and Reference Sensitivity Level test cases use the same values for the downlink configuration table related to modulations and resource allocations. In LTE these test cases use the QPSK modulation and full allocation for downlink.
It is reasonable to follow LTE philosophy for NR Adjacent Channel Selectivity FR2. Furthermore, the minimum conformance requirements for this test case in [1] specifies the downlink power for the wanted signal as an offset from sensitivity value (for some steps). So, it makes sense to use the same downlink configuration used for sensitivity test, in section 7.3 in [2], for NR Adjacent Channel Selectivity test.
Due to this test case will be configured to work close sensitivity power levels and the goal is that UE eliminates the unwanted signal received, it seems to be logical to eliminate any influence from modulations issues by selecting the modulation more robust, QPSK, due to it has lower PAPR than the others (although the CP-OFDM waveform does not present strong variations with the modulation).
Proposal 5: Select CP-OFDM QPSK modulation for downlink configuration for Adjacent Channel Selectivity measurement in FR2.

Several criteria can be evaluated to decide the downlink allocation. The worst case related to the frequency selectivity is when both signals wanted and interferer are close. This situation can be achieved when the RB allocation for downlink is outer position (full or partial). Considering the second aspect which is the power levels then power per subcarrier is lower when downlink configuration is full allocation.
Observation 7: Considering both the maximum number of subcarrier in channel and the lower density power in sensibility levels criteria, it is decided that the most convenient downlink configuration is full allocation.
Proposal 6: Select maximum transmission bandwidth configuration, in terms of NRB, for downlink configuration for Adjacent Channel Selectivity measurement in FR2.
Observation 8: Both NR Adjacent Channel Selectivity and NR Reference Sensitivity should use the same modulations and RB allocations configurations. Since NR Reference Sensitivity for FR2 is FFS and it does not include any configuration parameter, the NR Adjacent Channel Selectivity test case will include references to 7.3 for FR2 test case.
Proposal 7: Apply the same downlink configuration for NR Reference Sensitivity for FR2 used for Adjacent Channel Selectivity measurement in FR2.
2.6. Uplink Configuration
This section pretends to evaluate the uplink configuration to test in test case NR Adjacent Channel Selectivity for FR2 in terms of waveform, modulation and number of allocated resource blocks.
For uplink data transmissions two different waveforms are specified, DFT-s-OFDM and CP-OFDM. The modulations for these types of waveforms are presented in Table 2.6-1.

Table 2.6-1 Uplink Modulations in [3]

	UL Modulations

	

	DFT-s-OFDM PI/2 BPSK

	DFT-s-OFDM QPSK

	DFT-s-OFDM 16 QAM

	DFT-s-OFDM 64 QAM

	DFT-s-OFDM 256 QAM

	CP-OFDM QPSK

	CP-OFDM 16 QAM

	CP-OFDM 64 QAM

	CP-OFDM 256 QAM


Considering NR Adjacent Channel Selectivity evaluates the receptor characteristics does not seem so critical the selection of the uplink modulations. However, this receiver characteristic is measured by measuring downlink Throughput, due to the HARQ feedback is sent in PUSCH configuration is important to select the right modulation to avoid any issue with uplink (which is near the maximum power). 

Observation 9: It is reasonable to use DFT-s-OFDM waveform which presents lower PAPR compared to CP-OFDM to avoid any uplink issues. Besides this kind of waveform is recommended in case of high power level due to it is more power efficient.
Proposal 8: Select DFT-s-OFDM waveform for uplink configuration for Adjacent Channel Selectivity measurement in FR2.

As commented in downlink section, LTE Adjacent Channel Selectivity and Reference Sensitivity Level test cases use the same values for the uplink configuration table related to modulations and resource allocations. In LTE these test cases use the QPSK modulation and outer allocations (full and partial) in all cases except band 20 where the inner configuration is specified.

Observation 10: To select the uplink modulation it is logical to apply the same criteria used for the waveform selection. These criteria are based on the lowest PAPR (linearity). For these reasons the most appropriated modulation to use is QPSK.
Proposal 9: Select QPSK modulation for uplink configuration for Adjacent Channel Selectivity measurement in FR2.
Applying for the resource allocation selection the same criteria than previously, the uplink configuration for NR Adjacent Channel Selectivity should use the same values as specified in the uplink configuration table defined in minimum conformance requirements for NR Sensitivity Reference test case in [2]. However, currently the NR Sensitivity Reference test case for FR2 is FFS, not including any uplink configuration table. However, it is supposed it will use outer allocations (full or partial) in most NR bands although it can include some inner test points as well.
Proposal 10: NR Adjacent Channel Selectivity measurement in FR2 will use the same uplink resource allocation as NR Sensitivity Level test in FR2, which is currently FFS.
3. Conclusion
It is proposed that RAN5 discusses and agrees the following proposals for open areas described in section 2 of this document to progress on SA FR2 Adjacent Channel Selectivity test case definition:

Proposal 1: Define Test Environment as Normal Conditions (NC) for Adjacent Channel Selectivity measurement in FR2.

Proposal 2: Select the Lowest SCS supported for UE for Adjacent Channel Selectivity measurement in FR2.

Proposal 3: Test Mid Frequency for Adjacent Channel Selectivity measurement in FR2.

Proposal 4: Test the Lowest, Mid and Highest Channel Bandwidth for Adjacent Channel Selectivity measurement in FR2.

Proposal 5: Select CP-OFDM QPSK modulation for downlink configuration for Adjacent Channel Selectivity measurement in FR2.

Proposal 6: Select maximum transmission bandwidth configuration, in terms of NRB, for downlink configuration for Adjacent Channel Selectivity measurement in FR2.
Proposal 7: Apply the same downlink configuration for NR Reference Sensitivity for FR2 used for Adjacent Channel Selectivity measurement in FR2.
Proposal 8: Select DFT-s-OFDM waveform for uplink configuration for Adjacent Channel Selectivity measurement in FR2.

Proposal 9: Select QPSK modulation for uplink configuration for Adjacent Channel Selectivity measurement in FR2.

Proposal 10: NR Adjacent Channel Selectivity measurement in FR2 will use the same uplink resource allocation as NR Sensitivity Level test in FR2, which is currently FFS.
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