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1. Introduction
In RAN4 #106 meeting, the NCR type 1-C, 1-H, 1-O and 2-O [1] were agreed to be specified. Some issues concerning RF conformance testing for them need further discussion.
In this contribution, we provide our views on RF conformance testing for NCR.
2. Discussion
In this section, we discuss the issues related to the conducted RF conformance testing and the radiated RF conformance testing.
2.1 Conducted RF conformance testing
2.1.1 Acceptable uncertainty of Test System
Since the NCR type 1-H was agreed to be specified. Similar to BS type 1-H, the general test uncertainty principle for BS type 1-H can be reused for NCR type 1-H. For NCR type 1-H when a requirement is applied per TAB connector then the test uncertainty is applied to the measured value. When a requirement is applied for a group of TAB connectors then the test uncertainty is applied to sum of the measured power on each TAB connector in the group.
Proposal 1: For NCR type 1-H when a requirement is applied per TAB connector then the test uncertainty is applied to the measured value. When a requirement is applied for a group of TAB connectors then the test uncertainty is applied to sum of the measured power on each TAB connector in the group.

For NCR type 1-C and 1-H Fwd conducted requirements, since the existing conducted characteristics for repeater 1-C in TS 38.106 are needed to be specified for NCR 1-C and 1-H Fwd, and the NCR type 1-C and 1-H are also in FR1 frequency range. So the existing MU for repeater 1-C in TS 38.115-1 can be reused for NCR type 1-C and 1-H Fwd.
Proposal 2: For NCR type 1-C and 1-H Fwd conducted requirements, existing MU for repeater 1-C in TS 38.115-1 can be reused.

For NCR type 1-C and 1-H MT conducted requirements, because the Out of band gain, Input intermodulation, and Adjacent Channel Rejection Ratio (ACRR) are not applicable for NCR-MT, so it is not need to define MU for them for NCR type 1-C and 1-H MT. Because the RF requirement for IAB-MT type 1-H can be reused for NCR type 1-H MT, meanwhile, the basic limits for unwanted emissions for IAB-MT type 1-H can be as limits for each antenna connector of NCR type 1-C MT, and other RF requirements for each TAB connector of IAB-MT type 1-H can be reused for each antenna connector of NCR type 1-C MT. So MU for IAB-MT type 1-H in TS 38.176-1 can be reused for NCR type 1-C and 1-H MT. But the frequency range 6 GHz < f ≤ 7.125 GHz was supported by existing repeater spec, and this frequency range was not supported by IAB spec. So the MU for 6 GHz < f ≤ 7.125 GHz for FR1 in TS 38.141-1 can be reused for NCR type 1-C and 1-H MT.
Proposal 3: For NCR type 1-C and 1-H MT conducted requirements, MU for IAB-MT type 1-H in TS 38.176-1 can be reused, and MU for 6 GHz < f ≤ 7.125 GHz for FR1 in TS 38.141-1 can be reused.


2.1.2 Manufacturer declarations
For NCR type 1-C Fwd conducted requirements，the  conducted requirement for repeater type 1-C specified in sub-clause 6 of TS 38.106 can be reused,so existing manufacturer declarations for repeater type 1-C conducted requirements in Table 4.6-1 of TS 38.115-1 can be reused. 
For NCR type 1-H Fwd conducted requirements, the manufacturer declarations for BS type 1-H conducted requirements in Table 4.6-1 of TS 38.141-1 can be reused or as reference. Meanwhile, it is necessary to merge declarations for NCR type 1-H Fwd to that for NCR type 1-C Fwd.
Proposal 4: For NCR type 1-C Fwd conducted requirements, existing manufacturer declarations for repeater type 1-C conducted requirements in Table 4.6-1 of  TS 38.115-1 can be reused.
Observation 1: For NCR type 1-H Fwd conducted requirements, the manufacturer declarations for BS type 1-H conducted requirements in TS 38.141-1 can be reused or as reference. It is necessary to merge declarations for NCR type 1-H Fwd to that for NCR type 1-C Fwd.

Generally, the RF requirement for IAB-MT type 1-H can be reused for NCR type 1-H MT, meanwhile, the basic limits for unwanted emissions for IAB-MT type 1-H can be as limits for each antenna connector of NCR type 1-C MT, and other RF requirements for each TAB connector of IAB-MT type 1-H can be reused for each antenna connector of NCR type 1-C MT.
For NCR type 1-H MT conducted requirements, manufacturer declarations for IAB-MT type 1-H conducted requirements in TS 38.176-1 can be reused.
For NCR type 1-C MT conducted requirements, the manufacturer declarations for BS type 1-C conducted requirements in TS 38.141-1 can be reused. Meanwhile, it is necessary to merge declarations for NCR type 1-C MT to that for NCR type 1-H MT.
Proposal 5: For NCR type 1-H MT conducted requirements, manufacturer declarations for IAB-MT type 1-H conducted requirements in TS 38.176-1 can be reused.
Observation 2: For NCR type 1-C MT conducted requirements, the manufacturer declarations for BS type 1-C conducted requirements in TS 38.141-1 can be reused. It is necessary to merge declarations for NCR type 1-C MT to that for NCR type 1-H MT.

2.1.3 Test configurations
[bookmark: _Ref516750404]The existing signal to be used to build NR repeater TCs in Table 4.7.2-1 of TS 38.115-1 as below can be reused for FR1 NCR Fwd and NCR MT.
Table 4.7.2-1: Signal to be used to build NR repeater TCs
	Operating Band characteristics
	FDL_high – FDL_low or FUL_high – FUL_low <100 MHz (Note 2)
	FDL_high – FDL_low or FUL_high – FUL_low ≥ 100 MHz (Note 2)

	TC signal 
	BWchannel
	5 MHz (Note 1)
	20 MHz (Note 1)

	characteristics
	Subcarrier spacing
	Smallest supported subcarrier spacing of the operating band

	NOTE 1:	If this channel bandwidth is not supported for the operating band, the narrowest supported channel bandwidth shall be used.
NOTE 2:   Either the DL operating band characteristics or the UL operating band characteristics should be considered (if different) depending on the tested transmission direction.



Proposal 6: The existing signal to be used to build NR repeater TCs in Table 4.7.2-1 of TS 38.115-1 can be reused for FR1 NCR Fwd and NCR MT.
For NCR type 1-C and 1-H Fwd conducted requirements, the test configurations (RTC1, RTC2, RTC3 and RTC4) for repeater 1-C in sub-clause 4.7 of TS 38.115-1 can be reused.
For NCR type 1-C and 1-H MT conducted requirements, since the control link between gNB and NCR-MT need to be demodulated, so it is reasonable to define NCR-MT RF requirements based on carrier/BS channel bandwidth instead of passband/nominal channel bandwidth. Meanwhile, the spectrum for NCR type 1-C and 1-H MT may be different from spectrum for NCR type 1-C and 1-H Fwd, for example, the one or more carrier(s) for NCR type 1-C and 1-H MT is allocated in passband for NCR type 1-C and 1-H Fwd. Maybe, test configurations for NCR MT can be different from that for NCR Fwd.
Proposal 7: For the NCR type 1-C and 1-H Fwd conducted requirement, the test configurations for repeater 1-C in sub-clause 4.7 of TS 38.115-1 can be reused.
Observation 3: Test configurations for NCR MT can be different from that for NCR Fwd.

2.1.4 RF channels
For RF channels in sub-clause 4.9.1 of TS 38.115-1, BRFBW, MRFBW and TRFBW for single band operation were defined based on maximum repeater RF Bandwidth, BBW Channel CA, MBW Channel CA and TBW Channel CA for contiguous spectrum operation in each supported operating band were defined based on aggregated repeater channel bandwidth, and BRFBW_T'RFBW and B'RFBW_TRFBW for multi-band operation were defined based on repeater RF Bandwidths. But the terms “maximum repeater RF Bandwidth”, “aggregated repeater channel bandwidth”, and “repeater RF Bandwidth”  for existing RF channels for repeater 1-C were not defined in TS 38.115-1 or TS 38.106, which make the existing RF channels for repeater 1-C unclear. When the FR1 NCR MT conducted requirements are specified, the RF channels will become more confusing.
Meanwhile, for example, the “maximum passband Bandwidth” was used in Test configuration (RTC1 generation) for contiguous spectrum operation, while the “maximum repeater RF Bandwidth” was used in RF channels (BRFBW, MRFBW and TRFBW) for single band operation. Since the RTC1 in RF channels (BRFBW, MRFBW and TRFBW) are configured for testing, they should be same referring to TS 38.141-1. But they are different, which make RF channels more confusing. 
It is proposed to discuss the RF channels for NCR Fwd and MT conducted requirements after clarifying three terms “maximum repeater RF Bandwidth”, “aggregated repeater channel bandwidth”, and “repeater RF Bandwidth” for existing RF channels for repeater 1-C in sub-clause 4.9.1 of TS 38.115-1.
Observation 4: Discuss the RF channels for NCR Fwd and MT after clarifying three terms “maximum repeater RF Bandwidth”, “aggregated repeater channel bandwidth”, and “repeater RF Bandwidth” for existing RF channels for repeater 1-C in sub-clause 4.9.1 of TS 38.115-1.

2.1.5 FR1 test models for NCR type 1-C and 1-H 
FR1 test models for repeater type 1-C for DL in sub-clause 4.9.2.2 of TS 38.115-1 can be reused for NCR type 1-C and 1-H Fwd for DL.
FR1 test models for repeater type 1-C for UL in sub-clause 4.9.2.3 of TS 38.115-1 can be reused for NCR type 1-C and 1-H Fwd for UL.
Specific physical channel parameters for FR1 test models for repeater type 1-C for UL in sub-clause 4.9.2.3 of TS 38.115-1 are same as that for FR1 test models for IAB-MT in sub-clause 4.9.2.3 of TS 38.176-1.  Although the Specific physical channel parameters for FR1 test models in TS 38.115-1 and TS 38.176-1 are same, the requirements tested by the same model are different. Generally, the RF requirement for IAB-MT type 1-H can be reused for NCR type 1-H MT, so the FR1 test models for IAB-MT in sub-clause 4.9.2.3 of TS 38.176-1 can be reused for NCR type 1-C and 1-H MT.
Proposal 8: FR1 test models for repeater type 1-C for DL in sub-clause 4.9.2.2 of TS 38.115-1 can be reused for NCR type 1-C and 1-H Fwd for DL.
Proposal 9: FR1 test models for repeater type 1-C for UL in sub-clause 4.9.2.2 of TS 38.115-1 can be reused for NCR type 1-C and 1-H Fwd for UL.
Proposal 10: FR1 test models for IAB-MT in sub-clause 4.9.2.3 of TS 38.176-1 can be reused for NCR type 1-C and 1-H MT.


2.2 Radiated RF conformance testing
2.2.1 Acceptable uncertainty of Test System
Generally, for NCR type 1-H and 1-O Fwd radiated requirements, the MU for BS type 1-H and 1-O in TS 38.141-2 can be reused or as reference.
For NCR type 2-O Fwd radiated requirements, the MU for repeater 2-O in TS 38.115-2 can be reused.
For NCR type 1-H and 1-O MT radiated requirements, the MU for IAB-MT type 1-H and 1-O in TS 38.176-2 can be reused, and MU for 6 GHz < f ≤ 7.125 GHz for FR1 in TS 38.141-2 can be reused.
For NCR type 2-O MT radiated requirements, the MU for IAB-MT type 2-O in TS 38.176-2 can be reused.

2.2.2 Manufacturer declarations
Generally,for NCR type 1-H and 1-O Fwd radiated requirements, the existing manufacturer declarations for repeater type 2-O in TS 38.115-2 can be reused.
For NCR type 2-O Fwd radiated requirements, the existing manufacturer declarations for repeater type 2-O in TS 38.115-2 can be reused.
For NCR type 1-H and 1-O MT radiated requirements, the existing manufacturer declarations for IAB-MT type 1-H and 1-O in TS 38.176-2 can be reused.
For NCR type 2-O MT radiated requirements, the existing manufacturer declarations for IAB-MT type 2-O in TS 38.176-2 can be reused.

2.2.3 Test configurations
Generally, for NCR type 1-H and 1-O Fwd and MT radiated requirements, the existing signal to be used to build NR repeater TCs in Table 4.7.2-1 of TS 38.115-1 can be reused, and it is necessary to add them to TS 38.115-2.
For NCR type 2-O Fwd and MT radiated requirements, the existing signal to be used to build NR repeater TCs in Table 4.7.2-1 of TS 38.115-2 can be reused.
Proposal 11: For NCR type 1-H and 1-O Fwd and MT radiated requirements, the existing signal to be used to build NR repeater TCs in Table 4.7.2-1 of TS 38.115-1 can be reused, and it is necessary to add them to TS 38.115-2.
Proposal 12: For NCR type 2-O Fwd and MT radiated requirements, the existing signal to be used to build NR repeater TCs in Table 4.7.2-1 of TS 38.115-2 can be reused.
For NCR type 1-H and 1-O Fwd radiated requirements, the test configurations (RTC1, RTC2, RTC3 and RTC4) for repeater 1-C in sub-clause 4.7 of TS 38.115-1 can be reused. It is need to add RTC3 and RTC4 sub-clause 4.7 of TS 38.115-1 to TS 38.115-2.
For NCR type 12-O Fwd radiated requirements, the test configurations (RTC1, RTC2) for repeater 2-O in sub-clause 4.7 of TS 38.115-2 can be reused.
Same as discussion for test configuration for conducted requirements in above clause 2.1, test configurations for NCR MT can be different from that for NCR Fwd.

2.2.4 RF channels 
Same as discussion for RF channels for conducted RF conformance testing in above clause 2.1.  It is better to discuss the RF channels for NCR Fwd and MT radiated requirements after clarifying three terms “maximum repeater RF Bandwidth”, “aggregated repeater channel bandwidth”, and “repeater RF Bandwidth” for existing RF channels for repeater 2-O in sub-clause 4.9.1 of TS 38.115-2.

2.2.5 FR2 test models
The FR1 test models for NCR type 1-C and 1-H for conducted RF conformance testing can be reused for NCR type 1-O.
FR2 test models for repeater type 2-O for DL in sub-clause 4.9.2.2 of TS 38.115-2 can be reused for NCR type 2-O Fwd for DL.
FR2 test models for repeater type 2-O for UL in sub-clause 4.9.2.3 of TS 38.115-1 can be reused for NCR type 2-O Fwd for UL.
Specific physical channel parameters for FR2 test models for repeater type 2-O for UL in sub-clause 4.9.2.3 of TS 38.115-3 are same as that for FR2 test models for IAB-MT in sub-clause 4.9.2.3 of TS 38.176-2.  Although the Specific physical channel parameters for FR2 test models in TS 38.115-2 and TS 38.176-2 are same, the requirements tested by the same model are different. Generally, the RF requirement for IAB-MT type 2-O can be reused for NCR type 2-O MT, so the FR2 test models for IAB-MT in sub-clause 4.9.2.3 of TS 38.176-2 can be reused for NCR type 2-O MT.
Proposal 13: FR2 test models for repeater type 2-O for DL in sub-clause 4.9.2.2 of TS 38.115-2 can be reused for NCR type 2-O Fwd for DL.
Proposal 14: FR2 test models for repeater type 2-O for UL in sub-clause 4.9.2.3 of TS 38.115-1 can be reused for NCR type 2-O Fwd for UL.
Proposal 15: FR2 test models for IAB-MT in sub-clause 4.9.2.3 of TS 38.176-2 can be reused for NCR type 2-O MT.

3. Conclusion
This contribution provides our consideration on RF conformance testing for NCR. The following proposals are provided as follows:
Proposal 1: For NCR type 1-H when a requirement is applied per TAB connector then the test uncertainty is applied to the measured value. When a requirement is applied for a group of TAB connectors then the test uncertainty is applied to sum of the measured power on each TAB connector in the group.
Proposal 2: For NCR type 1-C and 1-H Fwd conducted requirements, existing MU for repeater 1-C in TS 38.115-1 can be reused.
Proposal 3: For NCR type 1-C and 1-H MT conducted requirements, MU for IAB-MT type 1-H in TS 38.176-1 can be reused, and MU for 6 GHz < f ≤ 7.125 GHz for FR1 in TS 38.141-1 can be reused.
Proposal 4: For NCR type 1-C Fwd conducted requirements, existing manufacturer declarations for repeater type 1-C conducted requirements in Table 4.6-1 of  TS 38.115-1 can be reused.
Observation 1: For NCR type 1-H Fwd conducted requirements, the manufacturer declarations for BS type 1-H conducted requirements in TS 38.141-1 can be reused or as reference. It is necessary to merge declarations for NCR type 1-H Fwd to that for NCR type 1-C Fwd.
Proposal 5: For NCR type 1-H MT conducted requirements, manufacturer declarations for IAB-MT type 1-H conducted requirements in TS 38.176-1 can be reused.
Observation 2: For NCR type 1-C MT conducted requirements, the manufacturer declarations for BS type 1-C conducted requirements in TS 38.141-1 can be reused. It is necessary to merge declarations for NCR type 1-C MT to that for NCR type 1-H MT.
Proposal 6: The existing signal to be used to build NR repeater TCs in Table 4.7.2-1 of TS 38.115-1 can be reused for FR1 NCR Fwd and NCR MT.
Proposal 7: For the NCR type 1-C and 1-H Fwd conducted requirement, the test configurations for repeater 1-C in sub-clause 4.7 of TS 38.115-1 can be reused.
Observation 3: Test configurations for NCR MT can be different from that for NCR Fwd.
Observation 4: Discuss the RF channels for NCR Fwd and MT after clarifying three terms “maximum repeater RF Bandwidth”, “aggregated repeater channel bandwidth”, and “repeater RF Bandwidth” for existing RF channels for repeater 1-C in sub-clause 4.9.1 of TS 38.115-1.
Proposal 8: FR1 test models for repeater type 1-C for DL in sub-clause 4.9.2.2 of TS 38.115-1 can be reused for NCR type 1-C and 1-H Fwd for DL.
Proposal 9: FR1 test models for repeater type 1-C for UL in sub-clause 4.9.2.2 of TS 38.115-1 can be reused for NCR type 1-C and 1-H Fwd for UL.
Proposal 10: FR1 test models for IAB-MT in sub-clause 4.9.2.3 of TS 38.176-1 can be reused for NCR type 1-C and 1-H MT.
Proposal 11: For NCR type 1-H and 1-O Fwd and MT radiated requirements, the existing signal to be used to build NR repeater TCs in Table 4.7.2-1 of TS 38.115-1 can be reused, and it is necessary to add them to TS 38.115-2.
Proposal 12: For NCR type 2-O Fwd and MT radiated requirements, the existing signal to be used to build NR repeater TCs in Table 4.7.2-1 of TS 38.115-2 can be reused.
Proposal 13: FR2 test models for repeater type 2-O for DL in sub-clause 4.9.2.2 of TS 38.115-2 can be reused for NCR type 2-O Fwd for DL.
Proposal 14: FR2 test models for repeater type 2-O for UL in sub-clause 4.9.2.3 of TS 38.115-1 can be reused for NCR type 2-O Fwd for UL.
Proposal 15: FR2 test models for IAB-MT in sub-clause 4.9.2.3 of TS 38.176-2 can be reused for NCR type 2-O MT.
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