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1
Introduction

In the #86bis meeting,  the WF [1] for NR BS test configuration was agreed, where the following five NRTCs were agreed:

NRTC1: NR contiguous spectrum operation

NRTC2: Contiguous CA occupied bandwidth

NRTC3: NR non-contiguous spectrum operation

NRTC4: NR multi-band test configuration for full carrier allocation

NRTC5: NR multi-band test configuration with high PSD per carrier

In addition, for the TC generation, it was agreed as:

Test configuration generation for E-UTRA can be a starting point for NR conformance testing.

Declared maximum Base Station RF Bandwidth should be used.

In the last meeting, several contributions[2~7] have discussed the issues on the BS test configuration. In the end,  some additional agreements were achieved in the WF[8], shown below,
For the NRTCx(i.e. NRTC 1~5) generation, the test signal used to build the test configuration should be: 

A typical channel BW with the smallest supported SCS. 

If this typical channel BW is not supported by the BS, the narrowest supported channel BW shall be selected instead.

Typical channel BW is FFS.  Some initial proposals are:

For FR1 operating bands:

5 MHz for bands less than 100MHz.

20 MHz for bands larger than or equal to 100MHz. 

For FR2 operating bands:

50 MHz and/or 100 MHz.

Other test signal for test configuration should not be precluded. 

In this contribution, we consider further on the NR BS test configurations based on the above agreements.

2
Discussion

According to the WF, the key point for the NR BS test configuration is how to choose the typical channel bandwidth.  In general, the typical channel bandwidth will be selected from the parameter of the supported channel bandwidths  declared by the manufacturer.

2.1

Typical Channel Bandwidth Selection
In TS36.141, the 5MHz E-UTRA carriers are priority selected for the RF requirements testing when 5MHz carriers are supported by the BS no matter whether the 5MHz E-UTRA carriers are the narrowest or not. If 5MHz carriers are not supported, then the narrowest carriers shall be selected. We take two following examples:

Ex-1: The channel bandwidths declared by manufacturer to be supported by the LTE BS are {1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, 20MHz};

Ex-2: The channel bandwidths declared by manufacturer to be supported by the LTE BS are {10MHz, 15MHz, 20MHz};

For Ex-1,  5MHz E-UTRA carriers selected for the RF requirements testing although the narrowest E-UTRA carrier is 1.4MHz and for Ex-2, 10MHz E-UTRA carriers shall be selected instead of 5MHz for the RF requirements testing since 5MHz carriers are not supported.

The above principle can be adopted for NR, as mentioned in the WF, therefore the typical channel bandwidth should be defined for NR. For all of the BS type 1-C and BS type 1-H NR requirements, some of the RF requirements such as  Tx operating band unwanted emissions requirements and the Rx out-of-band blocking requirements are related to the operating band, and some of the RF requirements such as CACLR requirements are related to the channel bandwidth, for example the CACLR requirements are divided into two parts, one is for 5MHz~20MHz bandwidth  and the other one is 25MHz~100MHz bandwidth, and some of the Rx RF requirements such as ACS are defined with two types of interfering signal of 5MHz and 20MHz . Considering the ultra wide frequent range supported in NR, it is reasonable that the BS conformance tests are also related to the operating bands.

For the LTE refarming bands (typically<100MHz), 5MHz is the typical carrier since the spectrum chunks of the operators are typical as multiple of 5MHz. Therefore  it is reasonable to select the 5MHz as the typical channel bandwidth for testing, which is the same with  LTE. If 5MHz is not supported by the BS, the narrowest supported channel BW shall be selected instead. 
For FR1operating band with ultra wide frequent range (typically ≥100MHz), as discussed in [4], 5MHz is not likely a typical case, instead of 20MHz, which is also aligned with the contribution [9]. For this case,  more information feedback from operators may be needed, since the typical deployment is dependent on the particular spectrum planning of the operators. In general, larger channel bandwidth (such as 20MHz) is more attractive than 5MHz, because the spectrum utilization of 20MHz is higher than the total spectrum utilization of 4*5MHz.

Proposal 1. For FR1 operating bands, the typical channel BWs are selected as:

5 MHz for bands less than 100MHz.

20 MHz for bands larger than or equal to 100MHz. 

For FR2 operating band, the RF requirements have no relationship with operating band. In general, the frequency range for FR2 bands are usually about thousands MHz. For example, the smallest frequency range for current FR2 bands defined in TS38.104 are 850MHz (i.e. band n261) . In the real deployment, larger channel bandwidth is more attractive than small channel bandwidth. Thus it is propose that100 MHz is the typical channel BW for NR BS testing, if  100MHz is not supported by the BS, the narrowest supported channel BW shall be selected instead.
Proposal 2.  For FR2 operating band, it is proposed that 100MHz is the typical channel BW for NR BS testing

Both for the above two proposals, if the  typical channel BW is not supported by the BS, the narrowest supported channel BW shall be selected instead. 

We also take some similar examples to illustrate how to select carries for BS testing:

Ex-3: FR1 band X(<100MHz): the channel bandwidths declared by manufacturer to be supported by the NR BS are

 Ex-3.1: {5MHz, 10MHz, 15MHz, 20MHz, 25MHz, ...};

 Ex-3.2:  {10MHz, 15MHz, 20MHz, 25MHz, ...};

Ex-4: FR1 band Y(≥100MHz): the channel bandwidths declared by manufacturer to be supported by the NR BS are 

Ex-4.1: {15MHz, 20MHz, 25MHz, 30MHz, 40MHz, ...};

Ex-4.2: { 25MHz, 30MHz, 40MHz, ...};

Ex-5: FR2 bands, the channel bandwidths declared by manufacturer to be supported by the NR BS are 

Ex-5.1: {50MHz, 100MHz, 200MHz, 400MHz};

Ex-5.2: {200MHz, 400MHz};

For Ex-3,  5MHz NR carriers selected for the RF requirements testing for the case of Ex-3.1, and for the case of Ex-3.2, 10MHz NR carriers shall be selected instead for the RF requirements testing since 5MHz NR carriers are not supported.

For Ex-4,  20MHz NR carriers selected for the RF requirements testing for the case of Ex-4.1 although the narrowest NR carrier is 15MHz, and for the case of Ex-4.2, 25MHz NR carriers shall be selected instead for the RF requirements testing since 20MHz NR carriers are not supported.
Similarly, for Ex-5,  100MHz NR carriers selected for the RF requirements testing for the case of Ex-5.1 although the narrowest NR carrier is 50MHz, and for the case of Ex-5.2, 200MHz NR carriers shall be selected instead for the RF requirements testing since 100MHz NR carriers are not supported.

2.2

Test signal configurations

As discussion in section 2.1, typical bandwidths are used for the NR BS RF requirements testing. For the 5 NRTCs, similarly with E-UTRA BS, NRTC1/2 and NRTC3 are used for single-band RF requirements testing, and NRTC4 and NRTC5 are used for multi-band RF requirements testing, where the multi-band test configurations (i.e. NRTC4/5) are based on the single-band test configurations (i.e. NRTC 1/2/3) for each operating band.

For NRTC1 and NRTC3, the typical bandwidths with narrowest SCS are selected and located at the lower/upper edges, but for NRTC2, which is for contiguous CA OBW requirement test and based on the carriers supported in the combinations, which is further discussed in [10].

Based on the proposal 1, we can generate the NR TCs as follow by using test configuration generation for E-UTRA as the starting point. The values of typical bandwidth for the test signal configurations are defined in table 2.2-1 for the NR operating bands.

Table 2.2-1: Typical bandwidth values 
	BS type
	Operating band characteristics
	Typical bandwidth [MHz]

	BS type 1-C, BS type 1-H and BS type 1-O
	FDL_high – FDL_low < 100 MHz  
	5

	
	 FDL_high – FDL_low ≥100 MHz
	20

	BS type 2-O
	All FR2 band
	100


With the above typical bandwidth values, we list the detail procedures for the test configurations generated for BS type 1-C and BS type 1-H as follow.
2.2.1

NRTC1: NR Contiguous spectrum operation

The purpose of test configuration NRTC1 is to test all BS requirements excluding CA occupied bandwidth.

For NRTC1 used in receiver tests only the two outermost carriers within each supported operating band need to be generated by the test equipment.

2.2.1.1

NRTC1 generation

NRTC1 shall be constructed on a per band basis using the following method:

-
Declared maximum Base Station RF Bandwidth supported for contiguous spectrum operation of the single-band connector shall be used;

-
Select the narrowest supported carrier with the smallest supported SCS and place it adjacent to the lower Base Station RF Bandwidth edge. Place a typical bandwidth carrier with the smallest supported SCS adjacent to the upper Base Station RF Bandwidth edge.
-
For transmitter tests, select as many typical bandwidths with the smallest supported SCS that the BS supports within a band, and fit in the rest of the declared maximum Base Station RF Bandwidth. Place the carriers adjacent to each other starting from the upper Base Station RF Bandwidth edge. The nominal carrier spacing shall apply;

-
If the typical bandwidth carriers are not supported by the BS the narrowest supported channel BW shall be selected instead.

The test configuration should be constructed on a per band basis for all component carriers of the inter-band CA bands declared to be supported by the single-band connector  and are transmitted using the same antenna port. All configured component carriers are transmitted simultaneously in the tests where the transmitter should be on.

2.2.1.2

NRTC1 power allocation

For a BS declared to support MC operation,

Set the power of each carrier to the same level so that the sum of the carrier powers equals the rated total output power Prated,t according to the manufacturer’s declaration.
For a single-band connector declared to support only CA operation,

Set the power spectral density of each carrier to the same level so that the sum of the carrier powers equals the rated total output power Prated,t according to the manufacturer’s declaration.
2.2.2


NRTC2: Contiguous CA occupied bandwidth

NRTC2 is further discussed in [10]. 
2.2.3


NRTC3: NR Non-contiguous spectrum operation

The purpose of NRTC3 is to test all BS requirements excluding CA occupied bandwidth.

For NRTC3 used in receiver tests, outermost carriers for each sub-block need to be generated by the test equipment.

2.2.3.1

NRTC3 generation

NRTC3 is constructed on a per band basis using the following method:

-
The Base Station RF Bandwidth shall be the maximum Base Station RF Bandwidth supported for non-contiguous spectrum operation of the single-band connector. The Base Station RF Bandwidth consists of one sub-block gap and two sub-blocks located at the edges of the declared maximum supported Base Station RF Bandwidth.

-
For transmitter tests, place a typical bandwidth carrier with the smallest supported SCS  adjacent to the upper Base Station RF Bandwidth edge and a typical bandwidth carrier with the smallest supported SCS adjacent to the lower Base Station RF Bandwidth edge. If the typical bandwidth carriers are not supported by the BS, the narrowest supported channel BW shall be selected instead.

-
For receiver tests, place a typical bandwidth carrier with the smallest supported SCS adjacent to the upper Base Station RF Bandwidth edge and a typical bandwidth carrier with the smallest supported SCS  adjacent to the lower Base Station RF Bandwidth edge.  If the typical bandwidth carriers are not supported by the BS, the narrowest supported channel BW shall be selected instead.

-
For single-band operation receiver tests, if the remaining gap is at least 15 MHz plus two times the BS channel bandwidth or 60MHz plus two times the BS channel bandwidth used in the previous step and the single-band connector supports at least 4 carriers, place a carrier of this BS channel bandwidth with the lowest supported SCS adjacent to each already placed carrier for each sub-block. The nominal carrier spacing shall apply.

-
The sub-block edges adjacent to the sub-block gap shall be determined using the specified FOffset for the carrier adjacent to the sub-block gap.

2.2.3.2

NRTC3 power allocation

Set the power of each carrier to the same level so that the sum of the carrier powers equals the rated total output power Prated,t according to the manufacturer’s declaration.

2.2.4


NRTC4: NR multi-band test configuration for full carrier allocation

The purpose of NRTC4 is to test multi-band operation aspects considering maximum supported number of carriers.

2.2.4.1

NRTC4 generation

NRTC4 is based on re-using the existing test configuration applicable per band on multi-band connector. It is constructed using the following method:

-
The Base Station RF Bandwidth of each supported operating band shall be the declared maximum Base Station RF Bandwidth of the multi-band connector.

-
The number of carriers of each supported operating band shall be the declared maximum number of supported carriers of the multi-band connector. Carriers shall first be placed at the outermost edges of the declared Maximum Radio Bandwidth for outermost bands and at the Base Station RF Bandwidths edges for middle band(s) if any. Additional carriers shall next be placed at the Base Station RF Bandwidths edges, if possible.

-
The allocated Base Station RF Bandwidth of the outermost bands shall be located at the outermost edges of the declared Maximum Radio Bandwidth.

-
Each concerned band shall be considered as an independent band and the carrier placement in each band shall be according to NRTC1, where the declared parameters for multi-band operation shall apply. The mirror image of the single-band test configuration shall be used in each alternate band(s) and in the highest band being tested for the multi-band connector to ensure a narrowband carrier being placed at both edges of the Maximum Radio Bandwidth.

-
If only one carrier can be placed for the concerned band(s), the carrier(s) shall be placed at the outermost edges of the declared maximum radio bandwidth for outermost band(s) and at one of the outermost edges of the supported frequency range within the Base Station RF Bandwidths for middle band(s) if any.

-
If the sum of the maximum Base Station RF Bandwidths of each supported operating bands is larger than the declared Total RF Bandwidth of transmitter and receiver for the declared band combinations of the multi-band connector, repeat the steps above for test configurations where the Base Station RF Bandwidth of one of the operating band shall be reduced so that the Total RF Bandwidth BWtot of transmitter and receiver is not exceeded and vice versa.

-
If the sum of the maximum number of supported carrier of each supported operating bands of the multi-band connector  is larger than the declared total number of supported carriers for the declared band combinations of the NR BS, repeat the steps above for test configurations where in each test configuration the number of carriers of one of the operating band shall be reduced so that the total number of supported carriers is not exceeded and vice versa.

2.2.4.2

NRTC4 power allocation

Unless otherwise stated, set the power of each carrier in all supported operating bands to the same power so that the sum of the carrier powers equals the total output power according to the manufacturer’s declaration.

If the allocated power of a supported operating band(s) exceeds the declared rated total output power Prated,t of the operating band(s) in multi-band operation, the exceeded part shall, if possible, be reallocated into the other band(s). If the power allocated for a carrier exceeds the rated output power declared for that carrier, the exceeded power shall, if possible, be reallocated into the other carriers.

2.2.5


NRTC5: NR multi-band test configuration with high PSD per carrier

The purpose of NRTC5 is to test multi-band operation aspects considering higher PSD cases with reduced number of carriers and non-contiguous operation (if supported) in multi-band mode.

2.2.5.1

NRTC5 generation

NRTC5 is based on re-using the existing test configuration applicable per band on multi-band connector operation. It is constructed using the following method:

-
The Base Station RF Bandwidth of each supported operating band shall be the declared maximum Base Station RF Bandwidth of the multi-band connector.

-
The allocated Base Station RF Bandwidth of the outermost bands shall be located at the outermost edges of the declared Maximum Radio Bandwidth.

-
The maximum number of carriers is limited to two per band.  Carriers shall first be placed at the outermost edges of the declared Maximum Radio Bandwidth for outermost bands and at the Base Station RF Bandwidths edges for middle band(s) if any. Additional carriers shall next be placed at the Base Station RF Bandwidths edges, if possible.

-
Each concerned band shall be considered as an independent band and the carrier placement in each band shall be according to NRTC3, where the declared parameters for multi-band operation shall apply. Narrowest supported NR BS channel bandwidth shall be used in the test configuration.

-
If only one carrier can be placed for the concerned band(s), the carrier(s) shall be placed at the outermost edges of the declared maximum radio bandwidth for outermost band(s) and at one of the outermost edges of the supported frequency range within the Base Station RF Bandwidths for middle band(s) if any.

-
If the sum of the maximum Base Station RF Bandwidth of each supported operating bands is larger than the declared Total RF Bandwidth BWtot of transmitter and receiver for the declared band combinations of the NR BS, repeat the steps above for test configurations where the Base Station RF Bandwidth of one of the operating band shall be reduced so that the Total RF Bandwidth BWtot of transmitter and receiver is not exceeded and vice versa.

2.2.5.2

NRTC5 power allocation

Unless otherwise stated, set the power of each carrier in all supported operating bands to the same power so that the sum of the carrier powers equals the total output power according to the manufacturer’s declaration.

If the allocated power of a supported operating band(s) exceeds the declared rated total output power Prated,t of the operating band(s) in multi-band operation, the exceeded part shall, if possible, be reallocated into the other band(s). If the power allocated for a carrier exceeds the rated output power declared for that carrier, the exceeded power shall, if possible, be reallocated into the other carriers.

Comparing the OTA test configuration generated procedures between TS36.141 and TS37.145-2, it can be found the procedures for OTA requirement test configurations and conduct requirement test configurations are very similar, the mainly different is the power allocation, where for OTA requirement test configurations, the number of carriers to the total number of supported carriers is set for the declared multi-band dependencies and each beam to maximum EIRP is set for the tested beam direction pair.
3
Conclusion

This contribution provides some further consideration on the NR BS test configurations based on the agreements in WF. For the carrier selected with typical bandwidth for the testing, the proposal is:
Proposal 1: For FR1 operating bands, the typical channel BWs are selected as:

5 MHz for bands less than 100MHz.

20 MHz for bands larger than or equal to 100MHz. 

Proposal 2:  For FR2 operating band, it is proposed that 100MHz is the typical channel BW for NR BS testing

Based on the above, four NRTCs (i.e.NRTC1/3/4/5) are provided by using test configuration generation for E-UTRA as the starting point. We also propose to capture these 4 NRTCs into TS38.141-1[11] and TS38.141-2[12] .
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