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1. Introduction
In RAN#78 a way forward was agreed [1] that describes the channel bandwidths per band that the UE shall have mandatory support for with a single CC. Separately, there was concern raised for MPR of large transmission bandwidths and PAPR in [2]. This contribution makes a high level analysis of the relative bandwidths per band and discusses potential impact to MPR, MSD and co-existence and makes proposals on how to handle corner cases.
2. Discussion
2.1. Analysis of Mandatory Channel Bandwidths per Band
In order to make a first evaluation of the impact of the support of large channel bandwidths on RF front-end components, it is important to look into the relative bandwidth as supporting 100MHz at 700MHz which is five times more difficult in terms of matching Q than at 3.5GHz. There is also a significantly different challenge in FDD mode to support duplex distances that are only a few channel bandwidth away.
In this analysis, we calculate for each band and the largest supported channel BW,the following relative bandwidths and compare it to the current LTE case:

· Maximum channel Bandwidth relative to UL frequency of operation => this provides an idea of the difficulty of the power amplifier output match and the potential for severe memory effect.
· Maximum channel Bandwidth relative to the band total bandwidth => this provides an idea if the bandwidth is justified (enables multiple operators or channels in one band).

· Duplex distance relative to maximum channel Bandwidth => this provides an idea of the difficulty to maintain good TX noise at own RX channel for FDD mode.

· Duplex gap relative to maximum channel Bandwidth => this provides an idea on how difficult it is to protect entire RX band from transmitter noise.

The numbers relative to this analysis can be found in Table 1 which takes all the currently defined NR bands with their frequencies, maximum LTE and NR channel bandwidths and provides:

·  LTE maximum channel BW / UL frequency in %
·  NR maximum channel BW / UL frequency in %

·  NR maximum channel BW / total ban bandwidth in %

·  Duplex distance / NR maximum channel BW (number)

·  Duplex gap / NR maximum channel BW (number)

The following observations can be made in terms of relative bandwidth of maximum channel BW and operating frequency:
· For LTE the maximum relative BW to be transmitted as a single carrier is 3% (Band 71). Most of the NR bands require less or similar relative channel bandwidth support, even for 100MHz channel since it is associated with higher frequency bands.
· Still there are two cases with higher relative bandwidths:

· n41 which reaches close to 4% relative bandwidth, however we have done measurements that prove it is feasible because it is a TDD band (no challenging OOB noise) and the PA matching must be wide anyhow since the band is large already.
· n50 which reaches in excess of 5% and moreover is 94% of the band itself. It is also remarkable that 80MHz is requested for 30KHz SCS only and not 60kHz SCS. It is unclear if this bandwidth can be met with the MPR currently being discussed (constant MPR versus channel bandwidth)

Table 1: Analysis of NR maximum channel bandwidth per band

	NR band
	Mode
	UL Low
	UL High
	DL Low
	DL High
	Max LTE BW
	Max NR BW
	LTE CHBW
/UL Freq.
	NR CHBW
/UL Freq
	CHBW
/band BW
	Duplex dist.
/NR CHBW
	Duplex gap
/NR CHBW

	#
	#
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	%
	%
	%
	#
	#

	n1
	FDD
	1920
	1980
	2110
	2170
	20
	20
	1.0%
	1.0%
	33%
	9.5
	6.5

	n2
	FDD
	1850
	1910
	1930
	1990
	20
	20
	1.1%
	1.1%
	33%
	4.0
	1.0

	n3
	FDD
	1710
	1785
	1805
	1880
	20
	30
	1.1%
	1.7%
	40%
	3.2
	0.7

	n5
	FDD
	824
	849
	869
	894
	10
	20
	1.2%
	2.4%
	80%
	2.3
	1.0

	n7
	FDD
	2500
	2570
	2620
	2690
	20
	20
	0.8%
	0.8%
	29%
	6.0
	2.5

	n8
	FDD
	880
	915
	925
	960
	10
	20
	1.1%
	2.2%
	57%
	2.3
	0.5

	n20
	FDD
	832
	862
	791
	821
	20
	20
	2.4%
	2.4%
	67%
	-2.1
	0.6

	n28
	FDD
	703
	748
	758
	803
	20
	20
	2.8%
	2.8%
	44%
	2.8
	0.5

	n38
	TDD
	2570
	2620
	2570
	2620
	20
	20
	0.8%
	0.8%
	40%
	na
	na

	n41
	TDD
	2496
	2690
	2496
	2690
	20
	100
	0.8%
	3.9%
	52%
	na
	na

	n50
	TDD
	1432
	1517
	1432
	1517
	20
	80
	1.4%
	5.4%
	94%
	na
	na

	n51
	TDD
	1427
	1432
	1427
	1432
	5
	5
	0.3%
	0.3%
	100%
	na
	na

	66
	FDD
	1710
	1780
	2110
	2200
	20
	40
	1.1%
	2.3%
	57%
	10.0
	8.3

	n70
	FDD
	1695
	1710
	1995
	2020
	10
	20
	0.6%
	1.2%
	133%
	15.0
	14.3

	n71
	FDD
	663
	698
	617
	652
	20
	20
	2.9%
	2.9%
	57%
	-2.3
	0.6

	n74
	FDD
	1427
	1470
	1475
	1518
	20
	20
	1.4%
	1.4%
	47%
	2.4
	0.3

	n75
	SDL
	na
	na
	1432
	1517
	20
	20
	na
	na
	24%
	na
	na

	n76
	SDL
	na
	na
	1427
	1432
	5
	5
	na
	na
	100%
	na
	na

	n77
	TDD
	3300
	4200
	3300
	4200
	20
	100
	0.5%
	2.7%
	11%
	na
	na

	n78
	TDD
	3300
	3800
	3300
	3800
	20
	100
	0.6%
	2.8%
	20%
	na
	na

	n79
	TDD
	4400
	5000
	4400
	5000
	20
	100
	0.4%
	2.1%
	17%
	na
	na

	n80
	SUL
	1710
	1785
	na
	na
	20
	30
	1.1%
	1.7%
	40%
	na
	na

	n81
	SUL
	880
	915
	na
	na
	10
	20
	1.1%
	2.2%
	57%
	na
	na

	n82
	SUL
	832
	862
	na
	na
	20
	20
	2.4%
	2.4%
	67%
	na
	na

	n83
	SUL
	703
	748
	na
	na
	20
	20
	2.8%
	2.8%
	44%
	na
	na

	n84
	SUL
	2496
	2690
	na
	na
	20
	20
	0.8%
	0.8%
	10%
	na
	na

	Note 1: for n77 and n78, Max LTE BW is taken from LTE bands 42 and 43
Note 2: for SUL bands max LTE BW is taken from related LTE band


Some additional observations can be made in terms of relative bandwidth of maximum channel BW and duplex distance and gap for FDD bands:

· The increase of channel BW for NR to 20MHz for Band n5 and n8 results in critical noise issue in own receive band (MSD) and are now comparable to difficult LTE FDD bands like Bands 20/28/71/74 which have led to the implementation of dual duplexers to avoid significant MSD. It is to be noted than Band n3 may also be marginal.
· The increase of channel BW for Band n3, n5 and n8 have created situations where the RX band starts only one or less channel away from the worst case UL channel, making it difficult for the duplexer to provide enough protection for the receive channel of other UEs operating in the band. This again makes n3, n5, n8 similarly difficult to Bands 20/28/71/74
In some cases, difficult cases are highlighted in yellow and not in red since this problem already exists for the legacy LTE case.

Observations:
· Band n41 requires higher relative bandwidth support than LTE baseline but can be handled since it is a TDD band with already significant BW.
· Band n50 requires significantly higher relative bandwidth support than LTE baseline and despite being a TDD band it almost covers the entire band.

· Bands n3, n5, n8 see increased channel bandwidths which may causes challenges in FDD mode to maintain low MSD in own channel and protect own RX band.

· Band 70 UL being 15MHZ the 20MHZ channel bandwidth cannot apply to UL.
2.2. Impact to MPR
The capability to support large transmit bandwidths together with the higher PAPR associated with CP-OFDM for NR has been a constant discussion topic since the study item period in 2016 and has especially driven the MPR work. After a set of measurements it was concluded that MPR could be constant over channel bandwidths for the agreed bands and channel bandwidths at the time, which only required 100MHz support for n41, n77, n78 and n79 with all other bands being less than 50MHz. This agreement was reached because measurements had shown that memory effects that would impair the ability of power amplifiers to support wide bandwidths mainly depends on the relative bandwidth to be supported (this is why much higher bandwidths are anticipated in FR2) and also because these were TDD bands where the OOB noise of the transmitter is less challenging including for architectures using DPD or envelope tracking.

To account for the above challenges and have a valid criteria for introduction of new bands and/or assess the current channel bandwidth proposals we make the following proposals:
Proposal 1: 

· A criteria of ≤ 3% for FDD band and ≤ 4% for TDD bands is set for maximum transmit relative bandwidth for which the constant MPR versus channel bandwidth is valid.
· For the cases failing this criteria including current n50 band definition three alternatives are possible:

·  Alternative 1: Mandatory UL channel bandwidth is reduced to meet the criteria (this is 50MHz for band n50).
·  Alternative 2: maximum RB allocation to have mandatory support is limited to meet the criteria (this is (this is around 130RB for band n50).
·  Alternative 3: allow extra MPR for channel bandwidth that exceed the criteria which must be set by doing band specific measurements.
2.3. Impact to FDD Behavior
As observed in Table 1, there is a few re-farming FDD bands where the channel bandwidth is increased between NR and the former LTE case. In the case of bands n3, n5 and n8 this results into these bands creating a similar challenge than the toughest FDD LTE bands for MSD and or RX band protection. This has already been partially discussed and analyzed for some of the bands but not all. It poses the problem that legacy duplexers may not be able to support the NR requirement and that dual duplexer approach has to be enabled.
For this, we make the following proposal:

Proposal 2: For bands n3, n5 and n8 a formal MSD and RX band protection analysis is done which may result in a few possible outcomes:
· Degraded band protection and/or REFSENS for the higher channel bandwidths.
· Accommodating dual duplexer approach with defined overlap region.

· Restricted UL configuration.

· Reduced UL channel bandwidth mandatory support which can be different than for DL.
3. Conclusion
This contribution provides an analysis of the recently agreed mandatory channel bandwidth support for the UE. It discussed the potential impact to the MPR, REFSENS and protected band specification and proposes a number of solutions which are summarized below.
Proposal 1: 

· A criteria of ≤ 3% for FDD band and ≤ 4% for TDD bands is set for maximum transmit relative bandwidth for which the constant MPR versus channel bandwidth is valid.

· For the cases failing this criteria including current n50 band definition three alternatives are possible:

·  Alternative 1: Mandatory UL channel bandwidth is reduced to meet the criteria (this is 50MHz for band n50).

·  Alternative 2: maximum RB allocation to have mandatory support is limited to meet the criteria (this is (this is around 130RB for band n50).

·  Alternative 3: allow extra MPR for channel bandwidth that exceed the criteria which must be set by doing band specific measurements.
Proposal 2: For bands n3, n5 and n8 a formal MSD and RX band protection analysis is done which may result in a few possible outcomes:
· Degraded band protection and/or REFSENS for the higher channel bandwidths.
· Accommodating dual duplexer approach with defined overlap region.

· Restricted UL configuration.

· Reduced UL channel bandwidth mandatory support which can be different than for DL. 
These are based on the following observations:

Observations:
· Band n41 requires higher relative bandwidth support than LTE baseline but can be handled since it is a TDD band with already significant BW.

· Band n50 requires significantly higher relative bandwidth support than LTE baseline and despite being a TDD band it almost covers the entire band.

· Bands n3, n5, n8 see increased channel bandwidths which may causes challenges in FDD mode to maintain low MSD in own channel and protect own RX band.
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