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1	Introduction 

In RAN #99 meeting, a new spectrum work item for FDD bands based on (SUL + SDL) configuration was approved [1]. The intended new bands are combining n28 UL and n75/n76 DL for FDD operation. In the WID objective, it proposes using the entire n28 UL frequency range from 703MHz to 748MHz for the new bands, and the RF requirements should be derived based on the assumption that UE supports the corresponding band combination(s), i.e., CA_n28-n75 and CA_n28-n76. However, in the current RAN4 specifications [2], CA_n28-n76 has not yet been introduced, and CA_n28-n75 has been specified with n28 frequency range restricted to 703MHz – 733MHz for UL and 758MHz – 788MHz for DL. In RAN #100 meeting, the WID objective was revised to remove (n28 UL + n76 DL) from new band development as CA_n28-n76 has not been introduced. In addition, a note was added to clarify that the CA_n28-n75 uplink frequency range is restricted to 703MHz - 733MHz while full n28 uplink range is maintained for the new FDD band [3].

On the other hand, irrespective of using the entire n28 UL range or only the restricted range, n28 UL 2nd harmonic can fall into n75 to cause sensitivity degradation where the impacted frequency range could potentially be relatively wide. Since this type of self-interference in a single band is unprecedented in 3GPP, how to handle the REFSENS impact issue and specify the requirement needs to be addressed. This aspect was also captured in the approved “WF on RF requirements NR_FDD_ULn28_DLn75_n76” [4] in last RAN4 meeting. In this contribution, we propose to specify the new (n28 UL + n75 DL) FDD band REFSENS requirements based on the CA_n28-n75 UL harmonic interference REFSENS exceptions and the REFSENS exclusion region concept as used in NR-U inter-band CA combinations.                           
2 Discussion

The intended new (n28 UL + n75 DL) FDD band is known subject to potential REFSENS impact as n28 UL 2nd harmonic can fall into n75 to cause sensitivity degradation, as shown in Table 2-1, especially with the understanding that the variable duplex operation supports independent UL and DL allocations in any valid frequency range for the band.       

	n28 UL Range (MHz)
	n28 UL 2nd harmonic range (MHz)
	n75 DL range (MHz)

	703 – 748 (full)
	1406 – 1496
	1432 – 1517

	703 – 733 (block A)
	1406 – 1466
	1432 – 1517



Table 2-1 n28 UL 2nd harmonic frequency range and n75 frequency range

The concern with the UL 2nd order harmonic is that not only the interference power level is relatively high where the resulted MSD for 5MHz DL channel bandwidth with direct hit could potentially be higher than 25 dB without harmonic filter, the interference spectrum range also expands substantially as can be seen by comparing the spectral plots of a 20MHz fundamental signal and its 2nd order harmonic in Figure 2-1a and Figure 2-1b respectively. To avoid DL REFSENS impact caused by UL 2nd harmonic and its side-lobes, the analysis has been carried out in the past [5] to derive the REFSENS measurement exclusion regions for different UL channel bandwidths for NR-U inter-band CA combinations which are re-captured in Table 2-2.  




Figure 2-1a Spectral profile of fundamental signal with 20 MHz carrier bandwidth



Figure 2-1b Spectral profile of 2nd harmonic for the above 20MHz carrier

	 UL BW (MHz)
	5
	10
	15
	20
	25
	30
	40
	50

	REFSENS exclusion region (MHz)
	±10
	±20
	±30
	±40
	±50
	±60
	±80
	±100

	NOTE 1: Even though UL harmonic does not fall directly into DL band the exclusion region still applies.
NOTE 2: The center of the exclusion region is obtained by multiplying the UL channel center frequency by 2.



Table 2-2 UL 2nd harmonic interference REFSENS measurement exclusion region

Due to the relatively wide frequency exclusion ranges, especially for wider UL channel BWs, there is a high probability for n75 DL carrier REFSENS to be affected by n28 UL 2nd harmonic. When DL carrier overlaps with the exclusion region, the REFSENS impact level could range from sub-1 dB to over 25 dB, depending on how the UL 2nd harmonic (including the side-lobes) overlaps with the DL carrier. Therefore, the existing framework on specifying FDD band REFSENS requirements would not be directly applicable for this new FDD band.

Observation 1: For the new FDD band with (n28 UL + n75 DL), there is a high probability for n75 DL carrier REFSENS to be affected by n28 UL 2nd harmonic, especially for wider UL channel BWs. 

Observation 2: For the new FDD band with (n28 UL + n75 DL), when DL carrier overlaps with the UL 2nd harmonic interference exclusion region, the REFSENS impact level could range from sub-1 dB to over 25 dB, depending on how the UL 2nd harmonic (including the side-lobes) overlaps with the DL carrier.

Observation 3: The existing framework on specifying FDD band REFSENS requirements would not be directly applicable for the new FDD band with (n28 UL + n75 DL).

To leverage the REFSENS exceptions already specified for CA_n28-n75 which would represent the worst-case REFSENS impact caused by the direct hit of UL 2nd harmonic and the REFSENS exclusion region concept developed for NR-U where the best-case REFSENS can be verified outside the exclusion region, we propose to define both the worst-case and best-case test configurations for the new FDD band REFSENS requirements.

Table 2-3 summarizes the proposed REFSENS requirements and the corresponding test configurations.         

	Case 1
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz

	REFSENS1 (dBm)
	15
	-100 + 10log10(NRB/25)

	
	30
	
	-97.1 + 10log10(NRB/24)

	UL BW
	15
	5 MHz
	5 MHz
	5 MHz
	5 MHz
	5 MHz
	5 MHz
	5 MHz

	UL LCRB
	15
	25
	25
	25
	25
	25
	25
	25

	Case 2
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz

	REFSENS2 (dBm)
	15
	-71.9
	-71.9
	-71.9
	-71.9
	-71.9
	-71.9
	-71.9

	UL BW
	15
	5 MHz
	5 MHz
	10 MHz
	10 MHz
	15 MHz
	15 MHz
	20 MHz

	UL LCRB
	15
	12
	25
	40
	50
	64
	75
	100

	UL RBstart
	15
	6
	0
	6
	1
	7
	2
	3

	NOTE 1: The requirements are verified only for DL frequency range outside of (2*fUL ± 2*BWUL).
NOTE 2: The requirements are verified only for fUL = ⌊fDL/0.2⌋*0.1 in MHz.



Table 2-3 Proposed REFSENS requirements for the new (n28UL + n75 DL) FDD band

For Case 1, it is proposed to use only the lowest UL channel BW for all DL channel BW REFSENS verification as the REFSENS exclusion region is minimized which can leave more applicable DL range for carrier allocations.

For Case 2, though the requirements for all DL channel BWs are presented, we propose to only specify the requirements for the lowest and highest DL channel BWs to minimize the test loading which also aligns with the framework of REFSENS exceptions for inter-band CA due to UL harmonic interference.          

Proposal: The new (n28 UL + n75 DL) FDD band REFSENS requirements are specified as in Table 2-3.              

3	Conclusion

In this contribution, we propose to specify the new (n28 UL + n75 DL) FDD band REFSENS requirements based on the CA_n28-n75 UL harmonic interference REFSENS exceptions and the REFSENS exclusion region concept as used in NR-U inter-band CA combinations.  

Observation 1: For the new FDD band with (n28 UL + n75 DL), there is a high probability for n75 DL carrier REFSENS to be affected by n28 UL 2nd harmonic, especially for wider UL channel BWs. 

Observation 2: For the new FDD band with (n28 UL + n75 DL), when DL carrier overlaps with the UL 2nd harmonic interference exclusion region, the REFSENS impact level could range from sub-1 dB to over 25 dB, depending on how the UL 2nd harmonic (including the side-lobes) overlaps with the DL carrier.

Observation 3: The existing framework on specifying FDD band REFSENS requirements would not be directly applicable for the new FDD band with (n28 UL + n75 DL).

Proposal: The new (n28 UL + n75 DL) FDD band REFSENS requirements are specified as in the table below.

	Case 1
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz

	REFSENS1 (dBm)
	15
	-100 + 10log10(NRB/25)

	
	30
	
	-97.1 + 10log10(NRB/24)

	UL BW
	15
	5 MHz
	5 MHz
	5 MHz
	5 MHz
	5 MHz
	5 MHz
	5 MHz

	UL LCRB
	15
	25
	25
	25
	25
	25
	25
	25

	Case 2
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz

	REFSENS2 (dBm)
	15
	-71.9
	-71.9
	-71.9
	-71.9
	-71.9
	-71.9
	-71.9

	UL BW
	15
	5 MHz
	5 MHz
	10 MHz
	10 MHz
	15 MHz
	15 MHz
	20 MHz

	UL LCRB
	15
	12
	25
	40
	50
	64
	75
	100

	UL RBstart
	15
	6
	0
	6
	1
	7
	2
	3

	NOTE 1: The requirements are verified only for DL frequency range outside of (2*fUL ± 2*BWUL).
NOTE 2: The requirements are verified only for fUL = ⌊fDL/0.2⌋*0.1 in MHz.
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