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Introduction
In the last RAN4#107 meeting, the new FDD band of variable duplex operation using n28 as UL and n75/n76 as DL was discussed and the WF [1] was approved. In [1] it was agreed that only n75 should be considered first because CA_n28_n76 has not been introduced yet. In addition, the 2nd harmonic of the n28 can overlap with n75 DL resulting in huge MSD for 2UL/1DL direct hit condition. In this document we discuss how much the sensitivity would be degraded according to the overlapped bandwidth region between 2nd harmonic of n28 UL and n75 DL and propose the reference sensitivity exceptions taking into account the asymmetric channel BW scenarios as described in [1].
Discussion
Overlapping between 2nd harmonic of n28 UL and n75 DL
WF [1] agreed to restrict the n28 frequency as lower 30MHz range (28A) and Table 1 shows the frequency range of n28A UL, 2nd harmonic of UL and n75 DL frequency range. 


Table 1 Frequency range of n28A UL, 2HD and n75 DL
	n28A UL Range (MHz)
	n28A UL 2HD (MHz)
	n75 DL range (MHz)

	703 – 733 
	1406 – 1466
	1432 – 1517




Since TX-RX carrier centre frequency separation is variable, the amount of n28 2nd harmonic interferer falling into n75 DL can vary depending on the frequency separation. For example, lower part of n28 UL and upper part of n75 DL combination would not cause the sensitivity degradation due to non-overlapping between 2nd harmonic of n28 UL and n75 DL.

Observation 1: Lower part of n28 UL and upper part of n75 DL combination would not cause any sensitivity degradation due to non-overlapping between 2nd harmonic of n28 UL and n75 DL.

However, there could be case where partial bandwidth of n28 2nd harmonic is overlapping with n75 DL. It could be half of the 2nd harmonic bandwidth or 10MHz, 20MHz, etc. according to UL bandwidth. In that case we can see some sensitivity degradation depending on how much the 2nd harmonic is overlapping with n75 DL. The simulated IMD and resulting MSD calculation for various cases are provided in 2.2.

IMD simulation and MSD calculation
IMD simulation
The MSD for CA_n28-n75 has already existed and the detailed calculation background is depicted in the TP [2]. The MSD for 5MHz UL and 5MHz DL with direct-hit condition is 28.1dB which means the sensitivity exception is -71.9dBm and the antenna referred HD2 falling into 5MHz DL is -70.9dBm as in Figure 1. Therefore we used this as the baseline of the calculation of HD2 for the various overlapped bandwidth. In other words, the same PA harmonic distortion, filter attenuation and isolation parameters as in [2] were assumed during the HD2 calculation in this document.
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Figure 1. Spectrum of 5MHz UL 2nd harmonic falling into 5MHz DL with direct-hit

As we moved the centre frequency of n75 DL to the upper side, the interference impact of 2nd harmonic gets smaller compared to direct-hit situation. Figure 2 shows 4 examples of UL bandwidth and partially overlapped n28 2nd harmonic with DL for DL BW = 30MHz.
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Figure 2. Spectrum of (a) UL=15MHz, 10MHz overlapped (b) UL=15MHz, 5MHz overlapped (c) UL=25MHz, 20MHz overlapped (d) UL=25MHz, 10MHz overlapped. All DL BW = 30MHz.

Figure 3 shows the simulated overlapped 2nd harmonic interferer power levels for various UL channel bandwidths vs overlapped bandwidth.
It should be noted that the impact of overlapped 2nd harmonic interferer for small UL channel bandwidth is more significant than large UL channel bandwidth for same overlapped bandwidth.
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Figure 3. Simulated HD2 level for different overlapped BW and UL channel BW 

Observation 2: The impact of overlapped 2nd harmonic interferer for small UL channel bandwidth is more significant than large UL channel bandwidth for same overlapped bandwidth.


MSD calculation result
The MSD results which are calculated based on the simulated HD2 levels in Figure 3 and using Eq (1) are shown in Table 2. Since the overlapped HD2 interfere level falling into DL BW for fixed UL BW and overlapped BW is same regardless of DL BW while the reference sensitivity for larger DL BW is poorer than smaller DL BW, the MSDs show the tendency of decreasing as DL BW increases.

               (1)

where


Table 2 MSD result for various UL BW, overlapped BW
	UL BW (MHz)
	Overlapped BW (MHz)
	DL BW (MHz)

	
	
	10
	15
	20
	25
	30
	40

	5
	5
	23.0 
	21.2 
	20.0 
	19.0 
	18.2 
	16.9 

	10
	5
	16.5 
	14.8 
	13.5 
	12.6 
	11.8 
	10.6 

	15
	5
	13.2 
	11.5 
	10.3 
	9.5 
	8.8 
	7.7 

	15
	10
	19.6 
	17.8 
	16.5 
	15.6 
	14.8 
	13.5 

	20
	5
	11.7 
	10.1 
	8.9 
	8.1 
	7.4 
	6.4 

	20
	10
	17.4 
	15.6 
	14.4 
	13.4 
	12.7 
	11.5 

	20
	15
	20.8 
	19.0 
	17.7 
	16.7 
	15.9 
	14.7 

	25
	5
	10.1 
	8.5 
	7.4 
	6.6 
	6.0 
	5.1 

	25
	10
	15.5 
	13.8 
	12.6 
	11.6 
	10.9 
	9.7 

	25
	15
	18.9 
	17.1 
	15.8 
	14.9 
	14.1 
	12.9 

	25
	20
	21.4 
	19.6 
	18.3 
	17.3 
	16.5 
	15.3 

	30
	5
	7.9 
	6.4 
	5.5 
	4.8 
	4.3 
	3.5 

	30
	10
	13.2 
	11.5 
	10.3 
	9.5 
	8.8 
	7.7 

	30
	15
	17.4 
	15.6 
	14.4 
	13.4 
	12.7 
	11.5 

	30
	20
	19.6 
	17.8 
	16.5 
	15.6 
	14.8 
	13.5 

	30
	25
	21.4 
	19.6 
	18.3 
	17.3 
	16.5 
	15.3 



Observation 3: The MSDs show the tendency of decreasing as DL BW increases for fixed UL BW and overlapped interferer BW.

Based on our analyses we make the following proposals:

Proposal 1: Use Table 2 for the reference sensitivity exceptions for the new FDD band (n28 UL & n75 DL) taking into account the asymmetric channel bandwidth scenarios.

Proposal 2: FFS how to capture the overlapped HD2 interferer BW into specification not to complicate the MSD table in the TS. 


In addition we envisioned the approximated HD2 value in Figure 3 as function of overlapped BW and UL BW as eq (2). Note that the -72.8dBm of HD2 for UL BW 5MHz with overlapped BW 5MHz is the base line of the equation. 

                                                 (2)

Figure 4 shows the overlapped HD2 level by using the eq (2) and it agrees well with the simulated one in Figure 3.
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Figure 4. Parameterized HD2 level for different overlapped BW and UL channel BW 

Therefore the MSD can be calculated using Eq (1).
Table 3 shows the error dB between simulation and equation of MSD. 

Table 3 Error dB between simulation and equation of MSD
	UL BW (MHz)
	Overlapped BW (MHz)
	DL BW (MHz)

	
	
	10
	15
	20
	25
	30
	40

	5
	5
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	10
	5
	-0.6 
	-0.6 
	-0.6 
	-0.5 
	-0.5 
	-0.5 

	15
	5
	-0.4 
	-0.4 
	-0.4 
	-0.4 
	-0.4 
	-0.4 

	15
	10
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	20
	5
	0.4 
	0.4 
	0.4 
	0.4 
	0.4 
	0.3 

	20
	10
	0.3 
	0.3 
	0.3 
	0.3 
	0.3 
	0.3 

	20
	15
	0.2 
	0.2 
	0.2 
	0.2 
	0.2 
	0.2 

	25
	5
	0.5 
	0.5 
	0.5 
	0.4 
	0.4 
	0.4 

	25
	10
	0.3 
	0.3 
	0.3 
	0.3 
	0.3 
	0.3 

	25
	15
	0.2 
	0.2 
	0.2 
	0.2 
	0.2 
	0.2 

	25
	20
	0.2 
	0.2 
	0.2 
	0.2 
	0.2 
	0.2 

	30
	5
	-0.3 
	-0.3 
	-0.2 
	-0.2 
	-0.2 
	-0.2 

	30
	10
	-0.4 
	-0.4 
	-0.4 
	-0.4 
	-0.4 
	-0.4 

	30
	15
	0.3 
	0.3 
	0.3 
	0.3 
	0.3 
	0.3 

	30
	20
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	30
	25
	-0.1 
	-0.1 
	-0.1 
	-0.1 
	-0.1 
	-0.1 




Proposal 3: Use the Equation (1) and (2) for the MSD calculation as the function of UL BW, DL BW (NRB) and overlapped BW.

Conclusion
In this contribution, we presented the overlapped HD2 interferer of n28 UL falling into n75 DL for various asymmetric channel bandwidth scenarios and provided the calculated MSD result. As a result, we make the following proposals.

Observation 1: Lower part of n28 UL and upper part of n75 DL combination would not cause any sensitivity degradation due to non-overlapping between 2nd harmonic of UL and n75 DL.

Observation 2: The impact of overlapping 2nd harmonic interferer for small UL channel bandwidth is more significant than large UL channel bandwidth for same overlapping bandwidth.

Observation 3: The MSDs show the tendency of decreasing as DL BW increases for fixed UL BW and overlapped interferer BW.

Proposal 1: Use Table 2 for the reference sensitivity exceptions for the new FDD band (n28 UL & n75 DL) taking into account the asymmetric channel bandwidth scenarios.

Proposal 2: FFS how to capture the overlapped HD2 interferer BW into specification not to complicate the MSD table in the TS. 

Proposal 3: Use the Equation (1) and (2) for the MSD calculation as the function of UL BW, DL BW (NRB) and overlapped BW.
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