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Introduction
At RAN #90e a new study item was agreed [1] to study possible band configurations for 600 MHz in Region 3.  This contribution discusses aspects related to UE filter design and provides initial filter simulation results.
Discussion
The objectives for the extended 600 MHz study item are listed below
· Regulatory study of the frequency range around 600MHz in Region 3
· Co-existence study for the frequency range of 612-652/663-703 MHz such as with DTV (if needed)
· Study potential frequency arrangements and conclude the possible implications (such as insertion loss, transmitter and receiver characteristics for both BS and UE, system limitations such as channel bandwidths, etc.) of different duplex filter implementations. 
· Consider options B1 and B2 from AWG LS, but other options are not precluded. 
· Answer the request from AWG regarding the technical feasibility of option B1 and B2, respectively. Further options are not precluded and may be included in LS to AWG.

NOTE: Since regulatory study of frequency range around 600MHz is for Region 3, the SI outcome will not impact any requirements defined for US 600MHz band.
Filtering options
Two UE filtering configurations for the band, denoted as B1 and B2, have been presented [2] as possibilities for further study on feasibility.  Both of these options are for paired FDD band plans.
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Figure 1.  Option B1 from [2]
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Figure 2.  Option B2 from [2]
The common objective between these two options is to enable usage of the spectrum 698 – 703 MHz in Region 3 compared to Band 71/n71 for US (referred to as option A in [2]) that extends only up to 698 MHz.  Option B1 uses a single wider duplexer but extends the lower end of the band down to 612 MHz where coexistence with DTV and Radio Astronomy (RAS) should be considered, while Option B2 uses a dual duplexer but reduces the duplex gap of the band from 11 MHz down to 6 MHz.  
UE emission and blocking requirements
In order to evaluate the filter feasibility, the emission and blocking requirements must first be established.  For option B1, the emission requirement below the band to protect against spurious emissions into RAS as well as blocking protection from DTV should be considered.  For blocking protection against DTV, the SID [1] states Option B1 “may be considered in case of an additional broadcasting channel can be vacated.”  In this case, the frequency separation from the lower edge of the band at 612 MHz to the upper edge of broadcast DTV is presumably 12 MHz or greater according to the SID “such that the guard band to the adjacent broadcast service is still maintained similarly to band n 71.”  The close-in blocking requirement for Band n71 is -15 dBm against a 5 MHz modulated interferer centered 12 MHz away from the band edge.   
Table 7.6.2-2: In-band blocking for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz
	NR band
	Parameter
	Unit
	Case 1
	Case 2
	Case 3
	Case 4

	
	Pinterferer
	dBm
	-56
	-44
	-15
	-38

	
	Finterferer (offset)
	MHz
	-BWChannel/2 – 
FIoffset, case 1
and
BWChannel/2 + 
FIoffset, case 1
	≤ -BWChannel/2 – 
FIoffset, case 2
and
≥ BWChannel/2 + 
FIoffset, case 2
	
	-BWChannel/2-11

	n71
	Finterferer
	MHz
	NOTE 2
	FDL_low – 12 to FDL_high + 15
	FDL_low – 12
	

	
NOTE 1:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.
NOTE 2:	For each carrier frequency, the requirement applies for two interferer carrier frequencies: a: -BWChannel/2 – FIoffset, case 1; b: BWChannel/2 + FIoffset, case 1
NOTE 3:	n48 follows the requirement in this frequency range according to the general requirement defined in Clause 7.1.



However, in the event that an additional broadcasting channel cannot be vacated, the blocker could be located within 7 MHz instead of 12 MHz of the 612 MHz lower band edge.  This will almost certainly be problematic for the UE receiver depending on the broadcaster’s power, the UE’s proximity to the TV broadcast tower and the associated path loss.
Observation:  Option B1 relies upon an additional broadcasting channel being vacated.  In countries where this is not possible, UE receiver performance could be degraded over at least a portion of the band.
Radio Astronomy Service (RAS) is also allocated on a co-primary basis.  According to ITU Radio Regulation clause 5.305 and 5.307, the band 606 – 614 MHz and 608 – 614 MHz is allocated to RAS in China and India, respectively.  Since the RAS band is within the passband of the proposed 612 – 652 MHz downlink, the emission problem is primarily on the basestation.  It is expected that, similar to Band n71, coexistence with RAS is achieved by deployment.  According to [3] for Band 71/n71 the condition for coexistence with RAS is met by physical separation 
To protect RAS from harmful interference, FCC requires 600 MHz wireless BSs located within 25 kilometres of VLBA observatories to coordinate with the National Science Foundation (NSF) prior to commencing operation; while those located close to dish radio astronomy installations are required to notify technical details of the proposed operations according to section 1.924 of Part 47 CFR. 
 Assuming that the condition is met by the basestation, there is no additional emission requirement expected of the UE.
Observation:  It is assumed for the purpose of this filter feasibility study that no additional emission requirement is expected of the UE to achieve coexistence with RAS.
Filter feasibility
In evaluating the two options B1 and B2, it is first noted that B2 requires dual filters.  In general, it is preferable to avoid dual filter configurations where possible.  With dual filters, not only does the size and bill-of-materials of the required front-end increase, but the options for intra-band carrier aggregation across the filters and inter-band carrier aggregation with another band in close frequency proximity when quadplexing is needed are limited.  Dual filters also increase the Rx and Tx insertion loss because of the required switch between the two filter paths.  One of the motivations for option B2 is to leverage economies of scale by reusing the Band n71 filter as the lower of the two filters.  However, while the lower filter can be leveraged in this manner, a new design must be developed for the upper filter so the benefit of scale is diminished.
For option B1, extending the 35 MHz filter passband to 40 MHz increases the relative bandwidth from 5.5% to 6.3% at 600 MHz.  At the time that Band 28 was defined, such relative bandwidths were not feasible.  However, since that time with technological advances in filter design and materials, wider relative bandwidths have now become available.  Therefore, from a relative bandwidth perspective option B1 is regarded as feasible.  Considering out-of-band rejection, the blocking requirement of Band 71/n71 at 12 MHz offset should be checked when the passband increases to 40 MHz.  The filter rejection is checked at 9 MHz offset since the DTV channel is centered at 12 MHz offset so its edge is expected at 9 MHz offset.  A reduction in filter rejection due to widening of the passband may indicate reduced tolerance to DTV jamming.  Tx and Rx isolation as well as passband insertion loss are also relevant in comparing the widened filter against the Band 71/n71 filter.
Table 1.  Filter simulation results for Option B1 (typical values)
	
	Band 71/n71 (Option A)
	Widened filter (Option B1)

	Rx/Tx frequency range
	617 – 652 MHz / 663 – 698 MHz
	612 – 652 MHz / 663 – 703 MHz

	Rx insertion loss
	1.9
	2.1

	Tx insertion loss
	1.8
	1.8

	Tx isolation
	58
	55

	Rx isolation
	59
	54

	Rx to antenna @ 608 MHz (9 MHz offset from 71/n71 edge)
	33
	2.8

	Rx to antenna @ 603 MHz (9 MHz offset from B1 edge)
	41
	12.7



Filter simulations results are summarized above in Table 1 for typical values – worst case values were not available at the time of this writing.  Increasing the bandwidth of the filter only comes at a modest cost in insertion loss and self-band isolation.  However, the rejection against blockers is more profoundly impacted.  As expected, with the wider filter the highest DTV channel receives very little filter rejection.  Moreover, even if the highest DTV channel is disregarded, the filter rejection is only 12.7 dB with the B1 filter compared to 33 dB with the Band 71/n71 filter for the same offset.  Thus, the selectivity against a DTV transmission at the same relative offset is reduced by 20 dB in this initial simulation result.
For option B2, one important design parameter is the Tx and Rx isolation.  While the isolation is important at the duplex separation between Tx and Rx to overcome self-desense, rejection is also needed to meet UE coexistence.  An uplink carrier at the lower edge of the uplink band (the band is reverse duplex with uplink at higher frequency than downlink) is only 6 MHz separated from the downlink band where another UE could be trying to receive.  At 6 MHz offset, the spectrum emission mask requirement is -13 dBm/MHz as shown below so to reach -50 dBm/MHz requires filter rejection of at least 37 dB. 
Table 6.5.2.2-1: General NR spectrum emission mask
	
	Spectrum emission limit (dBm) / Channel bandwidth

	ΔfOOB
(MHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz
	Measurement bandwidth

	± 0-1
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	
	
	
	
	
	
	1 % channel bandwidth

	± 0-1
	
	
	
	
	
	
	
	-24
	-24
	-24
	-24
	-24
	-24
	30 kHz

	± 1-5
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	1 MHz

	± 5-6
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	

	± 6-10
	-25
	
	
	
	
	
	
	
	
	
	
	
	
	

	± 10-15
	
	-25
	
	
	
	
	
	
	
	
	
	
	
	

	± 15-20
	
	
	-25
	
	
	
	
	
	
	
	
	
	
	

	± 20-25
	
	
	
	-25
	
	
	
	
	
	
	
	
	
	

	± 25-30
	
	
	
	
	-25
	
	
	
	
	
	
	
	
	

	± 30-35
	
	
	
	
	
	-25
	
	
	
	
	
	
	
	

	± 35-40
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	± 40-45
	
	
	
	
	
	
	-25
	
	
	
	
	
	
	

	± 45-50
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	± 50-55
	
	
	
	
	
	
	
	-25
	
	
	
	
	
	

	± 55-60
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	± 60-65
	
	
	
	
	
	
	
	
	-25
	
	
	
	
	

	± 65-70
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	± 70-75
	
	
	
	
	
	
	
	
	
	-25
	
	
	
	

	± 75-80
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	± 80-85
	
	
	
	
	
	
	
	
	
	
	-25
	
	
	

	± 85-90
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	± 90-95
	
	
	
	
	
	
	
	
	
	
	
	-25
	
	

	± 95-100
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	± 100-105
	
	
	
	
	
	
	
	
	
	
	
	
	-25
	



However, since in Option B2, the lower filter is proposed to be the Band 71/n71 filter, then the Tx rejection of this filter needs to be checked at 657 MHz.  Option B2 includes a second upper filter with bandwidths of 10, 15, 20, and 35 MHz.  The 35 MHz filter is on the same order of complexity as the Band 71/n71 filter, but shifted up in frequency.  This pairing of filters would provide 30 MHz of overlap between the two filters allowing the greatest flexibility in channel placement of 30 MHz and narrower channels within the band.
The Band 71 filter response shows only 15.4 dB rejection at 657 MHz as a typical value.  This is well short of the 37 dB needed to enable -50 dBm/MHz coexistence with the B2 band plan, and this is only a typical value.  The shortfall here is likely to be in excess of 25 dB with such a narrow duplex gap.
Conclusion
Filter design considerations for the extended 600 MHz band have been discussed in this contribution.  From the UE perspective, the key filter rejection parameters have been identified for both B1 (extended single filter) and B2 (dual filter) options.  Initial filter simulation results indicate a number of design challenges with both the B1 and B2 options.  Further study is recommended.
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