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Background

During the last RAN4 meeting, the way forward on test configurations for MSR was agreed in [1]. This document proposes details how test configurations should be defined for CS16 and CS17.
Discussion
In RAN4#88, the following initial proposal has been agreed for CS16/17 test configurations:

Table 1: RAN4#88 agreements

	 
	Lower edge
	Upper edge

	CS16
	Typical NR signal
	E-UTRA 10MHz with NB-IoT in guard band 

E-UTRA 5MHz with NB-IoT in-band (Note 1)

E-UTRA 5 MHz (Note 2)

	CS17
	E-UTRA 10 MHz with NB-IoT in guard band

E-UTRA 5MHz with NB-IoT in-band (Note 1)

Typical NR signal (Note 2)
	NB-IoT standalone

	Note 1: if NB-IoT in guard band is not supported

Note 2: if NB-IoT in-band and NB-IoT in guard band is not supported

Note 3: Typical NR signal is 5MHz CBW and 15kHz SCS. In case 5/10MHz CBW is not supported, the smallest supported CBW is selected.


Before going to details on new test configurations for CS16 and CS17, it would make sense to analyse existing capability sets (and applicable test configurations) similar to CS16/17. In our opinion, CS3 and CS14 could be used as a starting point for defining CS16 and CS17 test configurations, respectively. Table 2 provides the summary of capability sets mentioned above:
Table 2: Summary of CS3, CS16, CS14 and CS17

	Capability Set supported by the BS
	CS3
	CS16
	CS14
	CS17

	Supported RATs
	UTRA, 
E-UTRA, NB-IoT in-band3,
NB-IoT guard band4
	NR, E-UTRA, NB-IoT in-band3, NB-IoT guard band4
	UTRA, E-UTRA,
NB-IoT standalone
	NR, E-UTRA, NB-IoT in-band3, NB-IoT guard band4, NB-IoT standalone


The following test configurations (on top of references to single-RAT specifications) are used for CS3 and CS14:
CS3 (including non-contiguous and multi-band operation): TC2, TC3a, TC3b, TC6b, NTC2, NTC3a, TC16, TC19, TC7a, TC7b


CS14: TC14

While for CS14 there is only one test configuration used, this is not the case for CS3. However, due to similarities of few test configurations used in CS3, there is a possibility to create one test configuration for contiguous operation (on the basis of TC2, TC3a, TC3b), one for non-contiguous operation (on the basis of NTC2 and NTC3a), one for NB-IoT in-band (on the basis of TC16), one for NB-IoT guard-band (on the basis of TC19). Multi-band operation can be allowed by updating existing TC7a/b test configurations.
Proposal 1: For CS16, introduce one test configuration for contiguous operation (on the basis of TC2, TC3a, TC3b, TC16, TC19 including in-band/guard-band operation agreed in [1]), one for non-contiguous operation (on the basis of NTC2 and NTC3a). Multi-band operation can be allowed by updating existing TC7a/b test configurations.

Proposal 2: For CS17, introduce one test configuration (on the basis of TC14).

Above mentioned test configurations can be defined as shown below:
CS16, contiguous operation:

TCz is constructed using the following method:
-
The Base Station RF Bandwidth shall be the declared maximum Base Station RF Bandwidth.

-
Place 5MHz/15kHz SCS NR carrier at the lower Base Station RF Bandwidth edge and a 10 MHz E-UTRA carrier adjacent to the upper Base Station RF Bandwidth edge. Place the power boosted NB-IoT PRB at the outermost guard-band position eligible for NB-IoT PRB (according to sub-clause 4.5.3) at the upper Base Station RF Bandwidth edge and adjacent to the E-UTRA PRB edge as close as possible (i.e., away from the upper Base Station RF Bandwidth edge). The specified FOffset-RAT shall apply.
- If NB-IoT guard-band operation is not supported, place a 5 MHz E-UTRA carrier adjacent to the upper Base Station RF Bandwidth edge. Place the power boosted NB-IoT PRB at the outermost in-band position eligible for NB-IoT PRB (according to sub-clause 4.5.3) at the upper Base Station RF Bandwidth edge. The specified FOffset-RAT shall apply.
- If both NB-IoT guard-band and NB-IoT in-band operation is not supported, place a 5 MHz E-UTRA carrier adjacent to the upper Base Station RF Bandwidth edge. The specified FOffset-RAT shall apply.

-
For transmitter tests, alternately add NR carriers at the low end and 5 MHz E-UTRA carriers at the high end adjacent to the already placed carriers until the Base Station RF Bandwidth is filled or the total number of supported carriers is reached. The nominal carrier spacing defined in subclause 4.5.1 shall apply.

-
If 5/10 MHz channel bandwidth is not supported, the smallest supported channel bandwidth shall be selected. If 15kHz SCS is not supported for NR, the smallest supported SCS shall be selected.
CS16, non-contiguous operation:

NTCz is constructed using the following method: 
-
The Base Station RF Bandwidth shall be the declared maximum Base Station RF Bandwidth for non-contiguous operation. The Base Station RF Bandwidth consists of one sub-block gap and two sub-blocks located at the edges of the declared maximum Base Station RF Bandwidth.

-
For transmitter tests, place 5MHz/15kHz SCS NR carrier at the lower RF Bandwidth edge and a 10 MHz E-UTRA carrier adjacent to the upper Base Station RF Bandwidth edge. Place the power boosted NB-IoT PRB at the outermost guard-band position eligible for NB-IoT PRB (according to sub-clause 4.5.3) at the upper Base Station RF Bandwidth edge and adjacent to the E-UTRA PRB edge as close as possible (i.e., away from the upper Base Station RF Bandwidth edge). The specified FOffset-RAT shall apply.
- If NB-IoT guard-band operation is not supported, place a 5 MHz E-UTRA carrier adjacent to the upper Base Station RF Bandwidth edge. Place the power boosted NB-IoT PRB at the outermost in-band position eligible for NB-IoT PRB (according to sub-clause 4.5.3) at the upper Base Station RF Bandwidth edge. The specified FOffset-RAT shall apply.

- If both NB-IoT guard-band and NB-IoT in-band operation is not supported, place a 5 MHz E-UTRA carrier adjacent to the upper Base Station RF Bandwidth edge. The specified FOffset-RAT shall apply.

-
For receiver tests, place a 5MHz/15kHz SCS NR carrier at the lower RF Bandwidth edge and a 5 MHz E-UTRA carrier at the upper Base Station RF Bandwidth edge. The specified FOffset-RAT shall apply. 

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

-
If 5/10MHz channel bandwidth is not supported, the smallest supported channel bandwidth shall be selected. If 15kHz SCS is not supported for NR, the smallest supported SCS shall be selected.
CS16, multi-band operation (changes to TC7a/b are shown by track changes, lack of multi-band operation for NB-IoT is clarified by NOTE 1):

4.8.7.1
TC7a: MB-MSR test configuration for full carrier allocation
The purpose of TC7a is to test multi-band operation aspects considering maximum supported number of carriers.
4.8.7.1.1
TC7a generation

TC7a is based on re-using the existing test configurations applicable per band involved in multi-band operation. TC7a 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 in multi-band operation.

-
The number of carriers of each supported operating band shall be the declared maximum number of supported carriers in multi-band operation. Carriers shall first be placed at the outermost edges of the declared Maximum Radio Bandwidth for outermost bands and the Base Station RF Bandwidths edges for middle band(s) if any. Additional carriers shall next be placed at the Base Station RF Bandwidth 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 the test configuration referenced in Table 4.8.7.1.1-1, 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 BS.
-
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 of transmitter and receiver for the declared band combinations of the 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 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 in multi-band operation is larger than the declared total number of supported carriers for the declared band combinations of the 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 be exceeded and vice versa.

Table 4.8.7.1.1-1: The applicability of test configuration for carrier placement in each band

	BC
	CS 1
	CS 2
	CS 3
	CS 4
	CS 5
	CS 6
	CS 7
	CS16 (NOTE 1)

	BC1
	TC1a
	TC2
	TC3a
	N/A
	N/A
	N/A
	N/A
	TCz

	BC2
	TC1a
	TC2
	TC3a
	TC4a
	TC4b
	TC4c
	TC4a and TC4b
	TCz

	BC3
	TC1b
	TC2
	TC3b
	N/A
	N/A
	N/A
	N/A
	TCz

	NOTE 1: Configuration of E-UTRA with NB-IoT shall be used in one band only. For remaining bands, E-UTRA carrier without NB-IoT shall be used.


4.8.7.2.1
TC7b generation

TC7b is based on re-using the existing test configurations applicable per band involved in multi-band operation. TC7b 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 in multi-band operation.
-
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 for a BC2 band is limited to three per band for transmitter tests when the BS supports CS4, CS5, CS6 or CS7.For other transmitter tests and for all receiver tests, the maximum number of carriers is limited to two per band.  Carriers shall first be placed at the outermost edges of the declared Maximum Base Station Radio Bandwidth, for outermost bands and the Base Station RF Bandwidths edges for middle band(s) if any. Additional carriers shall next be placed at the Base Station RF Bandwidth edges.
-
For BS supporting CS1, CS2, CS3 or CS16 in the band, each concerned band shall be considered as an independent band and thecarrier placement in each band shall be according to the test configuration referenced in Table 4.8.7.2.1-1, where the declared parameters for multi-band operation shall apply. Narrowest supported E-UTRA channel bandwidth shall be used in the test configuration. 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 BS.
-
If the maximum supported number of carriers is two for a BC2 band when the BS supports CS4, CS5, CS6 or CS7, place the UTRA/E-UTRA carrier at the Base Station RF Bandwidth edge adjacent to the Inter RF Bandwidth gap and place the GSM/EDGE carrier at the edge of the declared Maximum Base Station Radio Bandwidth. Narrowest supported E-UTRA channel bandwidth shall be used in the test configuration.
-
If the maximum supported number of carriers is three or more for a BC2 band when the BS supports CS4, CS5, CS6 or CS7, place one GSM/EDGE carrier at the Base Station RF Bandwidth edge adjacent to the Inter RF Bandwidth gap, place the second GSM/EDGE carrier at the edge of the declared Maximum Base Station Radio Bandwidth and place the UTRA/E-UTRA carrier adjacent to the GSM/EDGE carrier at the inter RF bandwidth gap. Narrowest supported E-UTRA channel bandwidth shall be used in the test configuration. The adjacent UTRA/E-UTRA carrier shall be placed with its channel BW edge aligned with the channel BW edge of the GSM/EDGE carrie by applying Foffset,RAT in clause 4.4.2.
-
If the sum of the maximum Base Station RF Bandwidth of each supported operating bands is larger than the declared Total RF Bandwidth of transmitter and receiver for the declared band combinations of the 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 of transmitter and receiver is not exceeded and vice versa.

Table 4.8.7.2.1-1: The applicability of test configuration for carrier placement in each band
	BC
	CS 1
	CS 2
	CS 3
	CS16 (NOTE 1)

	BC1
	NTC1a
	NTC2
	NTC3a
	NTCz

	BC2
	NTC1a
	NTC2
	NTC3a
	NTCz

	BC3
	TC1b 
	NTC2
	NTC3a
	NTCz

	NOTE 1: Configuration of E-UTRA with NB-IoT shall be used in one band only. For remaining bands, E-UTRA carrier without NB-IoT shall be used.


CS17, contiguous operation:

TCy is constructed using the following method:
-
The Base Station RF Bandwidth shall be the declared maximum Base Station RF Bandwidth.
-
For receiver tests, place a 10 MHz E-UTRA carrier adjacent to the lower Base Station RF Bandwidth edge. Place the NB-IoT PRB at the outermost guard-band position eligible for NB-IoT PRB (according to sub-clause 4.5.3) at the lower Base Station RF Bandwidth edge and adjacent to the E-UTRA PRB edge as close as possible (i.e., away from the upper Base Station RF Bandwidth edge). Place NB-IoT carrier at the upper Base Station RF Bandwidth edge. The specified FOffset-RAT shall apply. Place a 5MHz / 15kHz SCS NR carrier in the middle of the Base Station RF Bandwidth. 

- If NB-IoT guard-band operation is not supported, place a 5 MHz E-UTRA carrier adjacent to the lower Base Station RF Bandwidth edge. Place the NB-IoT PRB at the outermost in-band position eligible for NB-IoT PRB (according to sub-clause 4.5.3) at the lower Base Station RF Bandwidth edge. The specified FOffset-RAT shall apply.

- If both NB-IoT guard-band and NB-IoT in-band operation is not supported, place a 5 MHz E-UTRA carrier adjacent to the upper Base Station RF Bandwidth edge. The specified FOffset-RAT shall apply.

-
For transmitter tests, place a NB-IoT carrier at the upper edge and a 10MHz E-UTRA carrier at the lower Base Station RF Bandwidth edge. Place the power boosted NB-IoT PRB at the outermost guard-band position eligible for NB-IoT PRB (according to sub-clause 4.5.3) at the lower Base Station RF Bandwidth edge and adjacent to the E-UTRA PRB edge as close as possible (i.e., away from the upper Base Station RF Bandwidth edge). The specified FOffset-RAT shall apply. Place a 5MHz / 15kHz SCS NR carrier in the middle of the Base Station RF Bandwidth. Add additional NR and E-UTRA carriers in the middle if possible. The same bandwidth as the already allocated carriers shall be used.

- If NB-IoT guard-band operation is not supported, place a 5 MHz E-UTRA carrier adjacent to the lower Base Station RF Bandwidth edge. Place the power boosted NB-IoT PRB at the outermost in-band position eligible for NB-IoT PRB (according to sub-clause 4.5.3) at the lower Base Station RF Bandwidth edge. The specified FOffset-RAT shall apply.

- If both NB-IoT guard-band and NB-IoT in-band operation is not supported, place a 5 MHz E-UTRA carrier adjacent to the upper Base Station RF Bandwidth edge. The specified FOffset-RAT shall apply.

-
If 5/10MHz channel bandwidth is not supported, the smallest supported channel bandwidth shall be selected. If 15kHz SCS is not supported for NR, the smallest supported SCS shall be selected.
Conclusion
It is proposed to agree on the following proposals:
Proposal 1: For CS16, introduce one test configuration for contiguous operation (on the basis of TC2, TC3a, TC3b, TC16, TC19 including in-band/guard-band operation agreed in [1]), one for non-contiguous operation (on the basis of NTC2 and NTC3a). Multi-band operation can be allowed by updating existing TC7a/b test configurations.

Proposal 2: For CS17, introduce one test configuration (on the basis of TC14).

Furthermore, we propose to consider the generation of test configurations as shown above.
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