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1	Introduction 
In the last RAN4 meeting the following WF [1] agreed to use asymmetric BW with 20 MHz UL bandwidth and 25 MHz DL bandwidth. In this contribution we provide our analysis for the REFSENS degradation when considering asymmetric UL/DL bandwidth for the bands n5. We make a comparison between the worst-case scenario (with the UL closest to DL band), middle case scenario (with the UL at the centre of the UL channel band) and best-case scenario (with the UL at the left edge from the UL channel). The following analysis takes into account the challenges for the filter implementation and the unwanted self-interference created by the nonlinearities of the RF components.

2	Discussion 
The next table summarizes the key parameters for the analysis of bands n5. In the following subsections we will describe the challenges in the design from Rx and Tx perspective and as a result provide the derivation of the MSD value for band n5 considering the three scenarios (worst-case, mid-case and best-case).


	Band
	UL operation
 band [MHz]
	DL operation
 band [MHz]

	New BW
	Max Rel-16 BW
	Duplex distance
	Duplex gap

	n5
	824 - 849
	869 - 894
	25 MHz
	20 MHz
	45 MHz
	20 MHz



2.1	RX impairments

In this contribution we analyze the three scenarios for the UL channel location. In the first scenario the UL of 20 MHz is located at the edge of the UL band, closest to the DL band (worst-case). In the second scenario, the UL is located in the middle of the UL band, keeping existing duplex offset between center of RX and TX channel BWs (mid-case). The third scenario has the UL channel at the left edge of the UL band (best-case). Since the DL band is fully allocated with 25 MHz bandwidth and the duplex gap is very narrow (20 MHz for band n5), the location of the UL becomes an important factor for the filter implementation. 

From the filter design perspective to compare the filter complexity for the different scenarios, we have taken the ratio estimation between fTxh and fc, where fTxh refers to frequency between the centre of the DL band and the edge of the UL band, and fc is the half of the DL BW:
· For the symmetric case 20 MHz UL/DL, the quotient is 3.5 (35 MHz/10 MHz).
· For the first scenario (worst-case) with the UL allocation in the right edge, closest to the RX, the quotient is 2.6 (32.5 MHz/12.5 MHz). 
· For the second scenario (mid-case), in which the UL channel allocation is in the middle of the UL band, the quotient is 2.8 (35MHz /12.5 MHz). 
· For the third scenario (best-case) in which the UL channel allocation is in the middle of the UL band, the quotient is 3 (37.5 MHz /12.5 MHz). 
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Description automatically generated]Figure 2: Worst-case Scenario (UL closest to the DL)



It can be seen that the location of UL close to the edge, in addition to a narrow gap between UL and DL, requires filters with aggressive roll-off. However, as it is known the transition curves between passband and stopband highly depends on the on the filter order. If the filter order increases, the roll-off becomes sharper. The higher the filter-order the more filter stages is required and with narrower transition band can be achieved. The constraint of implementing a higher order filter is the sensitive to gain matching along with higher complexity. Furthermore, the addition of further stages can introduce in-band noise in the signal chain. 

According to this metric, the channel filter implementation as for the symmetric BW 20 MHz UL/DL in Rel-16 is comparable to the third scenario (best-case). Since it is assumed to use a similar channel filter type that needs to be scaled to support both cases (20 MHz and 25 MHz DL) in the same band using the same duplexer, we have to consider a worse suppression for the asymmetric case compared to the symmetric UL/DL case.

Based to the fact that the filter-order will be maintained for the n5, the attenuation considering the same filter is worse for the first scenario compared to mid-case or best-case. The increase of the DL BW from 20 MHz to 25 MHz reduces the duplex distance, which makes more difficult to achieve sufficient isolation between Rx and Tx band. 

2.2	TX impairments
For the simulation setup we have considered a CP-OFDM waveform with a QPSK modulation, and main Tx signal with PC3 and 15 kHz subcarrier spacing, the assumed filter rejection is 50 dB. The number of UL resource blocks is 20 for n5 band. 
The aim of the simulation was to estimate the Tx non-linear in-band leakage falling in the receiver band. As expected, the IMD between the main signal and the image is stronger when the UL is allocated closer to the DL band. Due to the narrow duplex gap, the higher order IMDs falls into the Rx band. On the other hand, when then UL is allocated in the centre, the offset between UL and DL becomes larger, such that the power emissions falling in the RX becomes smaller. 
Our simulation results have shown that simple scaling for REFSENS is not applicable, due to the high Tx emission power falling inside the RX band. For the 25 MHz symmetric UL/DL case, the IM3 image falls into its own Rx band. 
Based on our simulation results, we have summarized in Table 1 total MSD depending on the UL channel location (Best-case, Mid-case and Worst-case). The derivation of the MSD takes into account the REFSENS degradation due to the IMD and the limitation on the filter design as described in the previous subsection. 
Table 1: MSD for band n5 considering asymmetric UL/DL 
	Band
	UL Channel Location
	Total MSD

	n5
	Best-Case
	9.3 dB

	
	Mid-Case
	10.8 dB

	
	Worst-Case
	13.2 dB



2.3	REFSENS relaxation
In conclusion, with the new introduced BW, the distance between UL and DL becomes smaller and with it the introduction of MSD value becomes more important in order to handle the IMD products.
From the results shown in Table 1 for the MSD with 20 UL RBs, we are providing in Table 2 the REFSENS for the REFSENS for the Mid-Case scenario. 
Table 2: Reference Sensitivity for 25 MHz with asymmetric UL/DL considering Mid-Case scenario
	Operating Band
	SCS 
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz

	n5
	15 kHz
	-98.0
	-94.8
	-93.0
	-86.8
	-79.94

	
	30 kHz
	
	-95.1
	-93.1
	-88.6
	-79.97

	
	60 kHz
	
	
	
	
	



The results show that the UL channel location is a key factor for the MSD estimation, the Tx leakage and the Tx impairments become stronger the closer the UL location gets to the DL band. In order to avoid unnecessary measurement complexity and test time increase, only one of the scenarios should be defined in the specification. In our view, the scenario to estimate MSD should be “Mid-Case”, to follow similar approach as adopted for band n8 and n71, in which the “Mid-Case” scenario was agreed.
Observation 1:	The scenario to estimate MSD should be “Mid-Case”, to follow similar approach as adopted for band n8 and n71, in which the “Mid-Case” scenario was agreed.
Proposal 1:	RAN4 shall use the “Mid-Case” UL channel location scenarios to estimate MSD and define the REFSENS requirements for 25 MHz considering Table 2
3	Conclusions
This contribution provides our analysis for the REFSENS degradation when considering asymmetric UL/DL bandwidth for the bands n5. In summary, we have made the following proposal.

Proposal 1:	RAN4 shall use the “Mid-Case” UL channel location scenarios to estimate MSD and define the REFSENS requirements for 25 MHz considering Table 2
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