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1	Introduction 
For band n71 it was newly introduced the support of the channel bandwidth 25 MHz and 30 MHz. RAN4 agreed during the last meeting [1] to consider the following proposals as conditions for the study of the REFSENS value for these two CBW in band n71.

	Way Forward on n71 REFSENS configuration for 25 and 30 MHz:
· Proposal 1: For 25MHz and 30MHz downlink CBW operation, it is agreed that UL CBW is restricted to 20MHz
· Proposal 2: The uplink RB configurations for 25 and 30 MHz n71 REFSENS on the following page are agreed (We leave it up to proponent to adopt either of the table formats. The first table format was used in R4-2112737. The second table format is how the spec is moving in other Wis. )
· Proposal 3: Interested companies are requested to bring additional REFSENS measurements and analysis for 25 and 30 Hz n71 to RAN4#101 based on the uplink configuration above. 



In this contribution we provide our analysis for the REFSENS degradation when considering asymmetric UL/DL bandwidth for the n71. The 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 
2.1	Analysis for DL CBW 25 MHz & 30 MHz in band n71

In [2] it was raised the challenges of the the filter implementation for symmetric CBW. Due to the introduction of new CBW larger than 20 MHz and the narrow duplex gap in band n71, it increases the complexity for the filter design.  The wider UL bandwidth 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. 

Since it is assumed to use a similar channel filter type that needs to be scaled to support both cases (25 MHz and 30 MHz DL) in the same band using the same duplexer, we would have to consider a worse suppression for the symmetric case compared to the asymmetric UL/DL case.

The increase of the CBW to 25 MHz and 30 MHz reduces the duplex distance, which makes more difficult to achieve sufficient isolation between Rx and Tx band. RAN4 agreed in band n71 for the CBW 35 MHz to restrict the UL CBW to 20 MHz and to locate the UL in the middle of the UL band. Therefore, in our view the duplex distance between UL and DL should remain constant and the UL should be limited to 20 MHz

Proposal 1:	RAN4 should restrict the UL to 20 MHz for the DL CBW 25 MHz and 30 MHz in band n71.
For the Rx desensitization it is important to consider the introduction of intermodulation distortion (IMD) products in the Rx band, caused by PA nonlinearities in the Tx chain. Based on our simulation, the Tx leakage can be reduced when reducing the transmit power. The problem with reducing the transmit power is that the coverage will be affected while impacting the overall performance. Thus, we agree on keeping the UL RB of 20 for 15 kHz SCS and 10 UL RB for 30 kHz SCS for both 25 MHz and 30 MHz DL BW as in Table 1.

Table 1: Uplink Configuration for REFSENS
	Operating Band
	SCS 
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	35 MHz

	n71
	15 kHz
	25
	25
	20
	20
	20
	20
	20

	
	30 kHz
	
	12
	10
	10
	10
	10
	10



2.2	Simulation for REFSENS estimation

For the simulation setup we have considered a DFT-s-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 are considered as shown in Table 1. In the simulation the UL resource blocks are located as close as possible to the DL operating 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 fully allocated (symmetric case) compared to when the UL is restricted to 20 MHz (asymmetric case). For the asymmetric case the offset between UL and DL becomes larger, such that the power emissions falling in the RX becomes smaller. 
Table 2 provides a summary of the simulation results for 25 MHz and 30 MHz DL CBW. 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 subsection 2.1. The UL/DL BW column has the asymmetric case for both 25 MHz and 30 MHz DL CBW. In the asymmetric case the UL is limited to 20 MHz and the UL is located in the middle of the UL band, which for band n71 is at 680.5 MHz and for the DL is located at 634.5 MHz. The last column Delta MSD gives the increase on the MSD compared to the symmetric 20 MHz CBW in band n71. 

Table 2: Summary of simulation results for 25 and 30 DL CBW
	Band
	UL/DL BW [MHz]
	Tx freq [MHz]
	Rx freq [MHz]
	Delta MSD [dB]

	n71
	20/25
	680.5
	634.5
	+1.6

	
	20/30
	680.5
	634.5
	+2.3



For 25 MHz DL CBW with 20 MHz UL CBW the increase in MSD compared to DL CBW 20 MHz is + 1.6 dB, which translates into a REFSENS of -83.4 dBm
For 30 MHz DL CBW with 20 MHz UL CBW the increase in MSD compared to DL CBW 20 MHz is + 2.3 dB, which translates into a REFSENS of -82.0 dBm
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 IMD products.
From the results shown in Table 2 and considering the UL channel location in the middle of the UL band, we proposed the following Table 3 for the REFSENS. 

Table 3: Reference Sensitivity including 25 and 30 MHz for band n71
	Operating Band
	SCS 
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	35 MHz

	n71
	15 kHz
	-97.2
	-94.0
	-91.6
	-86.0
	-83.4
	-82.0
	-80.7

	
	30 kHz
	
	-94.3
	-91.9
	-87.4
	-83.5
	-82.1
	-80.8



Proposal 2:	RAN4 shall define 25 MHz and 30 MHz REFSENS for band 71 as captured in Table 3.
3	Conclusions
This contribution provides our analysis for the REFSENS degradation for 25 MHz and 30 MHz DL CBW, when considering asymmetric UL/DL bandwidth for the band n71. In summary, we have made following observations and proposals.

Proposal 1:	RAN4 should restrict the UL to 20 MHz for the DL CBW 25 MHz and 30 MHz in band n71.
Proposal 2:	RAN4 shall define 25 MHz and 30 MHz REFSENS for band 71 as captured in Table 3.
Table 3: Reference Sensitivity including 25 and 30 MHz for band n71
	Operating Band
	SCS 
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	35 MHz

	n71
	15 kHz
	-97.2
	-94.0
	-91.6
	-86.0
	-83.4
	-82.0
	-80.7

	
	30 kHz
	
	-94.3
	-91.9
	-87.4
	-83.5
	-82.1
	-80.8
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