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1 Introduction
NR intra-band non-contiguous carrier aggregation (NCCA) has started being introduced in Rel-16 technical specifications [1]. Following the footsteps of LTE UE RF requirements development for NCCA band combinations, it is much anticipated that most technical efforts would likely be spent on defining the FDD band REFSENS relaxations (RIBNC) for SCC under the circumstance that the duplex distance between the PCC UL and SCC DL is not sufficient to avoid the additional PCC UL induced noise into SCC DL. In this contribution, we share our view on the whether it is feasible to directly reuse the RIBNC requirements from LTE for the corresponding FDD re-farmed bands to minimize the specifications development efforts and time and propose to simplify the RIBNC requirements from LTE by only defining one test configuration for each FDD band combination.        

2 Discussion
In LTE DL NCCA UE RF requirements, substantial efforts and time had been spent on how to define the FDD band REFSENS relaxation requirements (RIBNC) for SCC when DL SCC relative to PCC is allocated closer to PCC UL as shown in Figure 2-1, where the duplex spacing between the PCC UL and SCC DL is shorter than the nominal FDD band duplex distance.  
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Figure 2-1 FDD band NCCA configuration where SCC could be subjected to desensitization
Owning to the close proximity of SCC DL to PCC UL, the SCC DL REFSENS could be impacted by the additional noise caused by PCC UL through the following mechanisms,

· PCC UL spectral regrowth
· PCC UL LO phase noise

· SCC DL LO phase noise reciprocal mixing with PCC UL

· IMDs from PCC UL and its image when not fully allocated 

Using CA_25A-25A as an example band combination, the SCC REFSENS relaxation requirements had been defined in TS 36.101 [2] as in the following partial table (with non-related notes omitted).

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_25A-25A
	25RB+25RB
	30.0 < Wgap ≤ 55.0
	101
	5.0
	FDD

	
	
	0.0 < Wgap ≤ 30.0
	251
	0.0
	

	
	25RB+50RB
	25.0 < Wgap ≤ 50.0
	101
	4.5
	

	
	
	0.0 < Wgap ≤ 25.0
	251
	0.0
	

	
	25RB+75RB
	20 < Wgap ≤ 45
	101
	4.3
	

	
	
	0 < Wgap ≤ 20
	251
	0
	

	
	25RB+100RB
	15 < Wgap ≤ 40
	101
	4.1
	

	
	
	0 < Wgap ≤ 15
	251
	0
	

	
	50RB+25RB
	15.0 < Wgap ≤ 50.0
	104
	5.5
	

	
	
	0.0 < Wgap ≤ 15.0
	321
	0.0
	

	
	50RB+50RB
	10.0 < Wgap ≤ 45.0
	104
	5.0
	

	
	
	0.0 < Wgap ≤ 10.0
	321
	0.0
	

	
	50RB+75RB
	5 < Wgap ≤ 40
	104
	4.5
	

	
	
	0 < Wgap ≤ 5
	321
	0
	

	
	50RB+100RB
	0 < Wgap ≤ 35
	104
	4.2
	

	
	75RB+25RB
	10 < Wgap ≤ 45
	1014
	7.6
	

	
	
	0 < Wgap ≤ 10
	321
	0
	

	
	75RB+50RB
	5 < Wgap ≤ 40
	1014
	6.7
	

	
	
	0 < Wgap ≤ 5
	321
	0
	

	
	75RB+75RB
	0 < Wgap ≤ 35
	1014
	5.6
	

	
	75RB+100RB
	0 < Wgap ≤ 30
	1014
	4.8
	

	
	100RB+25RB
	0 < Wgap ≤ 40
	1215
	8
	

	
	100RB+50RB
	0 < Wgap ≤ 35
	1215
	6.7
	

	
	100RB+75RB
	0 < Wgap ≤ 30
	1215
	6.1
	

	
	100RB+100RB
	0 < Wgap ≤ 25
	1215
	5.7
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.

NOTE 2:
Wgap is the sub-block gap between the two sub-blocks.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=33.

NOTE 14:
14 refers to the UL resource blocks shall be located at RBstart=44.
NOTE 15:
15 refers to the UL resource blocks shall be located at RBstart=62.


Table 2-1 CA_25A-25A SCC REFSENS relaxation requirements 
Summarized below are a few observations for this requirement,
· ALL PCC and SCC bandwidth combinations were considered.

· Two Wgap ranges were defined, one with non-zero RIBNC and one with zero RIBNC (no REFSENS relaxation, if applicable)

· Wgap range, RIBNC value, PCC UL allocation and RBstart are all inter-related. For example, by lowing PCC UL allocation, RIBNC may also be reduced.

As there was no specific rule about how to choose the PCC UL allocation and what RIBNC values or range were acceptable, substantial efforts and time had been spent on harmonizing the proposed numbers from different companies.

Since all NR FDD bands are re-farmed from LTE, it would be quite beneficial if the NCCA SCC REFSENS relaxation requirements developed for LTE can be directly reused for NR. Unfortunately, this would not simply the case as NR REFSENS requirements have been defined based on the DL transmission bandwidth with higher spectrum utilization rate than LTE under the same sub-carrier spacing except for 5MHz channel bandwidth. As a result, whether RIBNC values defined for LTE can directly be reused for NR or not needs to be further analysed. On the other hand, if requirements for SCS = 30 kHz and 60 kHz would also need to be defined for the sake of spec. completeness, the efforts for NR to derive the new requirements to fill up the spec. table as shown below would likely be more than doubled as compared to that of LTE.

	CA configuration
	SCS

kHz
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_n25(2A)
	15
	25RB+25RB
	30.0 < Wgap ≤ 55.0
	101
	5.0
	FDD

	
	
	
	0.0 < Wgap ≤ 30.0
	251
	0.0
	

	
	
	25RB+52RB
	25.0 < Wgap ≤ 50.0
	101
	[4.5]
	

	
	
	
	0.0 < Wgap ≤ 25.0
	251
	0.0
	

	
	
	25RB+79RB
	20 < Wgap ≤ 45
	101
	[4.3]
	

	
	
	
	0 < Wgap ≤ 20
	251
	0
	

	
	
	25RB+106RB
	15 < Wgap ≤ 40
	101
	[4.1]
	

	
	
	
	0 < Wgap ≤ 15
	251
	0
	

	
	
	52RB+25RB
	15.0 < Wgap ≤ 50.0
	104
	5.5
	

	
	
	
	0.0 < Wgap ≤ 15.0
	321
	0.0
	

	
	
	52RB+52RB
	10.0 < Wgap ≤ 45.0
	104
	[5.0]
	

	
	
	
	0.0 < Wgap ≤ 10.0
	321
	0.0
	

	
	
	52RB+79RB
	5 < Wgap ≤ 40
	104
	[4.5]
	

	
	
	
	0 < Wgap ≤ 5
	321
	0
	

	
	
	52RB+106RB
	0 < Wgap ≤ 35
	104
	[4.2]
	

	
	
	79RB+25RB
	10 < Wgap ≤ 45
	1014
	7.6
	

	
	
	
	0 < Wgap ≤ 10
	321
	0
	

	
	
	79RB+52RB
	5 < Wgap ≤ 40
	1014
	[6.7]
	

	
	
	
	0 < Wgap ≤ 5
	321
	0
	

	
	
	79RB+79RB
	0 < Wgap ≤ 35
	1014
	[5.6]
	

	
	
	79RB+106RB
	0 < Wgap ≤ 30
	1014
	[4.8]
	

	
	
	106RB+25RB
	0 < Wgap ≤ 40
	1215
	8
	

	
	
	106RB+52RB
	0 < Wgap ≤ 35
	1215
	[6.7]
	

	
	
	106RB+79RB
	0 < Wgap ≤ 30
	1215
	[6.1]
	

	
	
	106RB+106RB
	0 < Wgap ≤ 25
	1215
	[5.7]
	

	CA_n25(2A)
	30
	11RB+11RB
	30.0 < Wgap ≤ 55.0
	TBD
	TBD
	FDD

	
	
	
	0.0 < Wgap ≤ 30.0
	TBD
	0.0
	

	
	
	11RB+24RB
	25.0 < Wgap ≤ 50.0
	TBD
	TBD
	

	
	
	
	0.0 < Wgap ≤ 25.0
	TBD
	0.0
	

	
	
	11RB+38RB
	20 < Wgap ≤ 45
	TBD
	TBD
	

	
	
	
	0 < Wgap ≤ 20
	TBD
	0
	

	
	
	11RB+51RB
	15 < Wgap ≤ 40
	TBD
	TBD
	

	
	
	
	0 < Wgap ≤ 15
	TBD
	0
	

	
	
	24RB+11RB
	15.0 < Wgap ≤ 50.0
	TBD
	TBD
	

	
	
	
	0.0 < Wgap ≤ 15.0
	TBD
	0.0
	

	
	
	24RB+24RB
	10.0 < Wgap ≤ 45.0
	TBD
	TBD
	

	
	
	
	0.0 < Wgap ≤ 10.0
	TBD
	0.0
	

	
	
	24RB+38RB
	5 < Wgap ≤ 40
	TBD
	TBD
	

	
	
	
	0 < Wgap ≤ 5
	TBD
	0
	

	
	
	24RB+51RB
	0 < Wgap ≤ 35
	TBD
	TBD
	

	
	
	38RB+11RB
	10 < Wgap ≤ 45
	TBD
	TBD
	

	
	
	
	0 < Wgap ≤ 10
	TBD
	0
	

	
	
	38RB+24RB
	5 < Wgap ≤ 40
	TBD
	TBD
	

	
	
	
	0 < Wgap ≤ 5
	TBD
	0
	

	
	
	38RB+38RB
	0 < Wgap ≤ 35
	TBD
	TBD
	

	
	
	38RB+51RB
	0 < Wgap ≤ 30
	TBD
	TBD
	

	
	
	51RB+11RB
	0 < Wgap ≤ 40
	TBD
	TBD
	

	
	
	51RB+24RB
	0 < Wgap ≤ 35
	TBD
	TBD
	

	
	
	51RB+38RB
	0 < Wgap ≤ 30
	TBD
	TBD
	

	
	
	51RB+51RB
	0 < Wgap ≤ 25
	TBD
	TBD
	

	CA_n25(2A)
	60
	11RB+11RB
	10.0 < Wgap ≤ 45.0
	TBD
	TBD
	FDD

	
	
	
	0.0 < Wgap ≤ 10.0
	TBD
	0.0
	

	
	
	11RB+18RB
	5 < Wgap ≤ 40
	TBD
	TBD
	

	
	
	
	0 < Wgap ≤ 5
	TBD
	0
	

	
	
	11RB+24RB
	0 < Wgap ≤ 35
	TBD
	TBD
	

	
	
	18RB+11RB
	5 < Wgap ≤ 40
	TBD
	TBD
	

	
	
	
	0 < Wgap ≤ 5
	TBD
	0
	

	
	
	18RB+18RB
	0 < Wgap ≤ 35
	TBD
	TBD
	

	
	
	18RB+24RB
	0 < Wgap ≤ 30
	TBD
	TBD
	

	
	
	24RB+11RB
	0 < Wgap ≤ 35
	TBD
	TBD
	

	
	
	24RB+18RB
	0 < Wgap ≤ 30
	TBD
	TBD
	

	
	
	24RB+24RB
	0 < Wgap ≤ 25
	TBD
	TBD
	


In our view, the approach taken in LTE by listing all (PCC + SCC) channel bandwidth combinations for SCC REFSENS relaxation requirements does not necessarily provide better spec. coverage, but instead increase the spec. complexity and development efforts. It is also not sure whether the network would benefit from having these requirements for resource scheduling. On the other hand, though RIBNC can be applied within a Wgap range, the requirement has been derived based on the maximum Wgap (worst case). Therefore, from RF test point of view, it is more meaningful to verify RIBNC only under the maximum Wgap.

Furthermore, similar to the concept of MSD definition in 2UL inter-band CA and EN-DC, RIBNC requirement is essentially meant to verify the UE RF performance such as PA linearity, duplexer isolation, and Tx/Rx LO phase noise. In our view one test configuration (PCC + SCC bandwidth combination) would be sufficient to achieve the intended RF test coverage. Therefore, we propose to simplify the RIBNC requirements from LTE by only defining one test configuration for each FDD band combination. As 5MHz is the most common channel bandwidth in all NR FDD bands, it is quite logical to define the test configuration at (PCC + SCC) = (5MHz + 5MHz) = (25RB + 25RB) for all NR FDD bands. This configuration also provides the advantage that the requirements defined for LTE can directly be reused for NR.

Proposal: For NR FDD band NCCA SCC REFSENS relaxation requirements (RIBNC), only one test configuration is defined for each band. The test configuration is specified at (PCC + SCC) = (25RB + 25RB) and SCS = 15 kHz.

Table 2-2 presents the proposed requirements for NR FDD band NCCA SCC REFSENS relaxation. 

	CA configuration
	SCS

kHz
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_n2(2A)
	15
	25RB+25RB
	Wgap = 50.0
	121
	5.3
	FDD

	
	
	
	Wgap = 30.0
	25
	0.0
	

	CA_n3(2A)
	15
	25RB+25RB
	Wgap = 65.0
	121
	4.7
	FDD

	
	
	
	Wgap = 45.0
	25
	0.0
	

	CA_n25(2A)
	15
	25RB+25RB
	Wgap = 55.0
	101
	5.0
	FDD

	
	
	
	Wgap = 30.0
	25
	0.0
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.

NOTE 2:
Wgap is the sub-block gap between the two sub-blocks.


Table 2-2 Proposed requirements for NR FDD band NCCA SCC REFSENS relaxation  
3 Conclusion
In this contribution, we propose to simplify NR FDD band NCCA SCC REFSENS relaxation requirements from LTE by only defining one test configuration for each FDD band combination.     
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