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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 is an update to [2] discussing aspects related to UE filter design with updated simulation results.
Discussion
Two UE filtering configurations for the band, denoted as B1 and B2, have been presented [3] for consideration and were discussed during RAN4 #98e.  A summary of the discussion can be found in [4].  The B1 and B2 options are illustrated below.
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Figure 1.  Option B1 from [3]
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Figure 2.  Option B2 from [3]
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.  
The fundamental question is whether a single filter, embodied by option B1, is technically feasible of simultaneously serving the new extended spectrum as well as meeting the requirements of the existing Band 71/n71.  In our view, this should be the primary objective and is the subject of this investigation.
Filter feasibility
A single filter according to option B1 was simulated.  Compared to results from [1], the results presented here are from a second level simulation implementing design rules and including packaging parasitic effects.  The filter technology used is a conventional, mass produced technology rather than a more advanced technology and represents typical performance at this point.  Optimization has not yet been performed on the design due to lack of time, but the intention is to establish feasibility rather than to produce a design or a data sheet.  The focus of the design effort was on the transmit side to ensure that emissions and coexistence requirements could be met, while less effort was placed on the receiver side.  The study below specifically evaluates the ability of the wide B1 filter to meet existing Band 71 filter requirements.  
The Tx and Rx insertion loss is first shown
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Figure 3.  Tx and Rx insertion losses
On the transmit side, the insertion loss is approaching 3 dB but still meets the Band 71 filter specification.  Moreover, the maximum output power for Band n71 provides a lower tolerance of 2.5 dB so the insertion loss of the Tx filter is not expected to be a problem.
On the receiver side, the insertion loss is marginal with respect to the Band 71 filter specification at the upper edge of the band at 652 MHz.  The steep dropoff of the filter is likely due to the relatively narrow duplex gap and the need to provide sufficient Tx isolation.  But since the reference sensitivity requirement for Band 71 is relatively relaxed to accommodate the noise and spurious products from the transmitter, it is not expected that the marginal increase in Rx IL will hinder Band 71 receiver performance.  Moreover, while the duplex gap is relatively narrow for Band 71 at 11 MHz, the Tx-Rx separation is 46 MHz so the Tx isolation at 11 MHz offset may be slightly compromised if band edge Rx insertion loss needs to be improved.
Observation:  Tx and Rx insertion losses are not expected to require specification changes to meet Band 71 requirements.
The Tx-Rx filter performance is studied next.
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Figure 4.  Tx and Rx narrowband filter response
On the transmit side, all requirements in the Band 71 Rx band are met.  On the receiver side, all requirements in the Band 71 Tx band are met, although the rejection is marginal at the 663 MHz edge.  Slight filter tuning or shifting should improve the Tx rejection at the band edge.  
Observation:  Tx and Rx response meets Band 71 requirements, with some marginality in the Rx response at the 663 MHz Tx band edge.
Coexistence with Band 29 is also critical for the Band 71 UE.  The 38.101-1 specfication imposes a requirement of -38 dBm/MHz into the receive band of Band 29, 717 – 728 MHz.  The Band 71 filter rejection requirement over this frequency range is met by the wider filter, although the transition band is steep.  
Observation:  Tx filter rejection is expected to enable UE coexistence with Band 29.
The next aspect to consider is the ability of the filter to reject blockers.  An in-band blocking requirement, as shown below, has been defined for Band n71 to reject interference from a nearby DTV transmission.
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.



In the absence of this requirement, the case 3 blocking requirement would not have been present and the case 2 blocking requirement at -44 dBm would have extended to FDL_low – 15.  Instead, the case 3 in-band blocker models a Channel 36 DTV transmission centered at approximately 605 MHz, extending from 602 to 608 MHz and received at -15 dBm.  With the passband of the Rx filter extended down to 612 MHz, there is no opportunity to provide meaningful filter rejection to a Ch 36 blocker as shown in Figure 4.  A channel 35 blocker at -15 dBm being one channel further away can be rejected.  Alternatively, some rejection to Ch 36 can be achieved at the expense of increased Rx IL over the lowermost 5 MHz of the Rx band.
Observation:  The Rx filter will not provide meaningful rejection to a Ch 36 blocker centered at 605 MHz.
To understand the significance of this, it is necessary to understand how prevalent TV broadcast in channel 36 is in the US where Band n71 is also deployed.  Moreover, even if channel 36 is actively broadcasting, the received power may be much lower than -15 dBm at the UE depending on whether Ch 36 is high power broadcast and the path loss from the TV tower to the UE.  Furthermore, the distance of the Band n71 UE to its serving basestation also is a determining factor in whether it will be able to successfully receive in the presence of Ch 36 interference.
Observation:  Lack of filtering does not necessarily prohibit the Band n71 UE from successfully receiving.  The ability to receive is situational.
Summary of findings
While not exhaustive and not yet optimized, the simulation results indicate that the B1 filter is technically feasible and is expected to fulfill Band 71 requirements with the exception of the Ch 36 blocker.  The results provided are only for the typical condition, so it is expected that worst case over process and temperature will be worse.  On the other hand, the results are for a design that has not yet been optimized and is based on conventional technology in wide use today.  After design optimization and employing more advanced filter technologies that will become more prevalent when the extended 600 MHz band actually becomes available for commercial deployment, it is expected that the results will improve.  Therefore, from a feasibility perspective, our assessment is positive.  Certainly, the impact of a channel 36 blocker should be assessed and tradeoff considered with Rx insertion loss over the lowest part of the band, but given the advantages of a single filter solution for the band, option B1 is recommended.
Conclusion
This contribution has provided simulation results of a single filter to cover the extended 600 MHz frequency range according to option B1.  A single filter is highly preferred over a dual filter solution, if feasible.  The key aspect explored in this contribution is whether the single filter supporting the extended 600 MHz frequency range could still be used by the UE to meet Band 71/n71 requirements.  While the simulation results are not comprehensive and could benefit from further optimization as well as needing to be evaluated across process and temperature variation, the results indicate that the single filter option is technically feasible and Band 71/n71 requirements could be met with this filter with the exception of Ch 36 blocking.  However, it is also noted that the likelihood of a Band n71 UE being blocked by a nearby Ch 36 broadcast may not be very significant despite the lack of filter selectivity.
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Annex
Simulation of a single wideband filter, option B1, before design optimization.
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