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1	Introduction 
WID [1] agreed on the specification for the core requirements to support 35 MHz and 45 MHz NR channel bandwidths. 
· 35 MHz for NR bands n3, n7, n8, n25, n66, n71
· 45MHz for NR band n3, n25, n66
Additionally, there was a WF on UE RF requirements [2]. In this contribution we discuss the impact on the uplink RB allocation and the REFSENS relaxation with introduction of new CBW for n8, n71 and n66.
2	Discussion 
The table below provides the summary of the newly introduced BW for the bands listed in the WF [2]. It shows the frequency range for DL and UL, the new introduced BW, the maximum BW in Rel-16, the duplex distance and duplex gap. In this contribution we concentrate in the analysis of the bands n8 and n71, due to the small duplex gap and the increase in the CBW to 35 MHz, which covers the complete operation band.
	Band
	UL operation
 band [MHz]
	DL operation
 band [MHz]

	New BW
	Max Rel-16 BW
	Duplex distance
	Duplex gap

	n3
	1710 - 1785
	1805 - 1880
	35, 45 MHz
	40 MHz
	95 MHz
	20 MHz

	n7
	2500 - 2570
	2620 - 2690
	35 MHz
	50 MHz
	120 MHz
	50 MHz

	n8
	880 - 915
	925 - 960
	35 MHz
	20 MHz
	45 MHz
	10 MHz

	n25
	1850 - 1915
	1930 - 1995
	35, 45 MHz
	40 MHz
	80 MHz
	15 MHz

	n66
	1710 - 1780
	2110 - 2200
	35, 45 MHz
	40 MHz
	400 MHz
	330 MHz

	n71
	663 - 698
	617 - 652
	35 MHz
	20 MHz
	-46 MHz
	- 11 MHz



For band n8 the impact on the filter implementation when comparing the 20 MHz CBW versus 35 MHz CBW and the narrow duplex gap of 10 MHz needs to be considered. The quotient between supported bandwidth and the duplex gap increases from 2 (20 MHz/10 MHz) to 3.5 (35 MHz/10 MHz). According to this metric, the channel filter implementation in the transceiver becomes almost double as complex. Since it is assumed to use a similar channel filter type that needs to be scaled in BW to support 35 MHz instead of 20 MHz in the same band using the same duplexer, some reference sensitivity relaxation is required. Similar case is for n71, in which the duplex gap is 11 MHz and with it the quotient is 3.18.
For the band n25 the maximum bandwidth is 25 MHz and has a duplex gap of 15 MHz, which results in a quotient of 1.33. For this specific band the allowed reference sensitivity relaxation is between 4 to 8 dB. The filter specification for n25 is 2.6 times easier to meet compared to n8 filter, and 2.4 times easier compared to n71 filter. Therefore, RAN4 needs to consider a higher sensitivity degradation to take into account the tightening in the filter specification for bands n8 and n71, when supporting 35 MHz CBW.
Observation 1:	RAN4 needs to consider a higher sensitivity degradation to take into account the tightening in the filter specification for bands n8 and n71, when supporting 35 MHz CBW.

2.1	Uplink Resource Block allocation
Table 1 gives the UL RB for the CBW up to 20 MHz for 15 kHz and 30 kHz SCS. In this subsection we share our view on the number of UL RB for 35 MHz CBW, for both band n8 and n71.
Table 1: Uplink Configuration for REFSENS [3]
	Operating Band
	SCS 
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	n8
	15 kHz
	25
	25
	20
	20

	
	30 kHz
	
	12
	10
	10

	
	60 kHz
	
	
	
	

	n71
	15 kHz
	25
	25
	20
	20

	
	30 kHz
	
	12
	10
	10

	
	60 kHz
	
	
	
	



For REFSENS requirement the UL RBs are located in the transmit band edge as close as possible to the receiver band. In the Figures below we compare the scenarios between 20 MHz and 35 MHz CBW for band n8 (UL Band: 880 MHz – 915 MHz, DL band: 925 MHZ – 960 MHz), with a duplex distance of 45 MHz. 
On the left Figure, the CBW doesn’t take the complete band, such that the offset between the UL band and DL band is 25 MHz. For the example of 20 MHz with 15 kHz, the UL RBs are 20, located the edge of the transmit BW. When considering 20 UL RBs, the bandwidth of each intermodulation block (in blue) is ~4 MHz. It can be seen that IMD15 falls in the DL band when considering 20 UL RBs. 
For the 35 MHz scenario, the UL RB allocation shall be defined such that the IMD order is not higher compared to the other CBW scenarios. On the right Figure, the offset has become smaller and the UL/DL bands are fully covered.  This example considers 8 UL RBs with a bandwidth of ~1.6 MHz per intermodulation block. The 8 UL RBs have been estimated in order to get the same IMD order falling in the DL band.
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Figure 1: Uplink RB allocation for 20 MHz (left) and 35 MHz (right)
With the new introduced BW, the distance between UL and DL becomes smaller and with it the requirement for reducing the emissions due to IMD is tighter, since the same attenuation needs to be achieved closer to the TX frequency. The roll-off needs to be sharper due to the smaller offset between the UL and DL, and the wider RX passband. The number of UL RBs for 35 MHz CBW has to ensure that Tx leakage in the Rx band is not larger compared to other CBW. Based on this analysis, we can see that for number of 8 UL RBs, the IMD order falling in the DL band will be the same as in the 20 MHz CBW scenario. If we consider larger values than 8 UL RBs, the intermodulation falling in the receiver band will be larger due to the smaller IMD order. We propose the following number of UL RBs for n8 and n71:
Table 2: Uplink Configuration for REFSENS including 35 MHz CBW
	Operating Band
	SCS 
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	35 MHz

	n8
	15 kHz
	25
	25
	20
	20
	8

	
	30 kHz
	
	12
	10
	10
	4

	
	60 kHz
	
	
	
	
	

	n71
	15 kHz
	25
	25
	20
	20
	8

	
	30 kHz
	
	12
	10
	10
	4

	
	60 kHz
	
	
	
	
	



Proposal 1:	RAN4 shall define the UL resource blocks for 35 MHz for band n8 and band n71 as provided in Table 2.
2.2	REFSENS relaxation
For band n8 and n71, the support of 35 MHz CBW will cover the full band and the offset between UL and DL will be 10 MHz and 11 MHz, respectively.  The interferer BW for re-farming band is 5 MHz and when supporting 35 MHz bandwidth the receiver in-band blocking frequency range (IBB Case 2) will fall in the uplink band with an interferer power level of -44 dBm. Assuming that the Tx power is 23 dBm and typical duplexer isolation at these bands is around 55 dB, we can calculate a Tx signal of -32 dBm falling into the Rx.

The receiver IBB wanted signal will be around 11.5 dB above REFSENS for CBW of 35 MHz. Since the IBB interferer level is -44 dBm, the difference between the Tx signal falling in the receiver and the tolerable IBB level is -32 dBm - (-44 dBm) + 11.5 dB, which is equal to 23.5 dB. In order to avoid the Tx spurs, at least 23.5 dB for the REFSENS relaxation is required.

Table 3: Reference Sensitivity including 35 MHz [3]
	Operating Band
	SCS 
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	35 MHz

	n8
	15 kHz
	-97.0
	-93.8
	-91.4
	-85.8
	-62.3

	
	30 kHz
	
	-94.1
	-91.7
	-87.2
	-63,7

	
	60 kHz
	
	
	
	
	

	n71
	15 kHz
	-97.2
	-94.0
	-91.6
	-86.0
	-62.5

	
	30 kHz
	
	-94.3
	-91.9
	-87.4
	-63.9

	
	60 kHz
	
	
	
	
	



Proposal 2:	RAN4 shall consider the REFSENS relaxation of 23.5 dB for 35 MHz CBW in bands n8 and n71.
Proposal 3:	RAN4 shall define the REFSENS for 35 MHz for bands n8 and n71 as provided in Table 3.

2.3	Power backoff requirements
Emission power differs with new CBW sizes and coexistence with protected bands and frequency regions have to be checked. Power backoff was studied for n8, n71 and n66. The requirements for 35MHz and 45MHz CBW were used from agreed WF [2]. The studies are initial studies to observe challenges with new CBW and to identify the need for additional power backoff. The initial simulations focused on CP-OFDM with QPSK modulation.
Band n8 has a large list of protected bands. The important coexistence requirements for MPR/A-MPR studies are from bands 67, 68, 28 and 20 as they are located in near proximity to n8 Tx. Those requirements are of no concern for CBW of 20MHz as the most dominant intermodulation products don’t fall into the protected regions. With CBW of 35MHz however some portions might cause violation of requirements. The situation is depicted in figure 2.
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Figure 2: Band n8 Tx with protected frequency region and intermodulation
From Tx and MPR perspective the distortions falling into Rx are not a major concern as the duplex filter is able to supress those emissions quite well and no further power backoff is required. Analysing the emissions falling into the protected frequency region we would need power backoff of roughly 5dB (CP-OFDM, QPSK) if no filter assumption is used. Considering that the duplex filter provides some dB rejection further simulations showed that no additional power backoff is required compared to what is defined for PC3 MPR. These simulations were done with a flat filter rejection of 10dB inside the protected region.
Observation 2: Band n8 Tx with 35MHz CBW and without filter assumption requires additional power reduction of roughly 5dB for CP-OFDM QPSK to comply with coexistence requirements.
Proposal 4: RAN4 needs to consider the introduction of additional power backoff for n8 with 35MHz.
A different conclusion was obtained with analysing n71. As for band n8 the protected regions are considered. The coexistence environment and emissions are depicted in figure 3. We can observe that a large portion of the closest protected regions is affected by intermodulation products if the full Tx band with CBW of 35MHz is used for UL transmission.  
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Figure 3: Band n71 Tx with protected frequency region and intermodulation
Simulations were done with NS_35 and filter rejection of 9dB for the closest protected region. The filter assumption falls in line with previous coexistence study [4]. Simulation results suggest that around 10dB power backoff is required (CP-OFDM, QPSK) to comply with emission limits. This result is only valid for symmetric UL/DL configuration. If UL bandwidth would be limited to 20MHz while DL uses 35MHz then additional power reduction would not be required.
Observation 3: Band n71 Tx with 35MHz CBW and filter rejection of 9dB in protected region requires additional power reduction of roughly 10dB for CP-OFDM QPSK to comply with coexistence requirements.
Proposal 5: RAN4 needs to consider either introducing additional power backoff for n71 with 35MHz or the usage of asymmetric UL/DL.
Other than the first two bands, n66 has no protected frequencies in close proximity. Therefore, the simulations for n66 are mostly about the custom emission mask with NS_43 and the additional UTRA protection with NS_43U. The initial simulations done with QPSK and CP-OFDM do not suggest increased power backoff need for 45MHz CBW. 
Observation 4: Band n66 Tx with 45MHz CBW and NS_43&NS_43U does not seem to require additional power reduction for CP-OFDM QPSK to comply with emission requirements.


3	Conclusions
This contribution provides our view the impact of the uplink RB allocation and the REFSENS relaxation with introduction of new CBW for n8, n71 and n66. In summary, we have made following observations and proposals.
Observation 1:	RAN4 needs to consider a higher sensitivity degradation to take into account the tightening in the filter specification for bands n8 and n71, when supporting 35 MHz CBW.
Proposal 1:	RAN4 shall consider the UL resource blocks for 35 MHz for band n8 and band n71 as provided in Table 2.
Proposal 2:	RAN4 shall consider the REFSENS relaxation of 23.5 dB for 35 MHz CBW in bands n8 and n71.
Proposal 3:	RAN4 shall define the REFSENS for 35 MHz for bands n8 and n71 as provided in Table 3.
Observation 2: Band n8 Tx with 35MHz CBW and without filter assumption requires additional power reduction of roughly 5dB for CP-OFDM QPSK to comply with coexistence requirements.
Proposal 4: RAN4 needs to consider the introduction of additional power backoff for n8 with 35MHz.
Observation 3: Band n71 Tx with 35MHz CBW and filter rejection of 9dB in protected region requires additional power reduction of roughly 10dB for CP-OFDM QPSK to comply with coexistence requirements.
Proposal 5: RAN4 needs to consider either introducing additional power backoff for n71 with 35MHz or the usage of asymmetric UL/DL.
Observation 4: Band n66 Tx with 45MHz CBW and NS_43&NS_43U does not seem to require additional power reduction for CP-OFDM QPSK to comply with emission requirements.
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