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1	Introduction 
During the RAN #90e meeting a new study item was approved [1] to study the the possibilities to use the 600MHz frequency range according to the LS from APT [2]:
	The purpose of this study item is to:
Study a  harmonised frequency variant approach within the frequency range of 612-652/663-703 MHz. The liaison statement from AWG to RAN4 has given two options B1 and B2 respectively. For each option it will be desirable to study the technical feasibility of the duplex filters needed, centre band gap, insertion loss. 
For option B2 the duplex distance is 46 MHz as is the case with NR band n71.  The bottom duplexer is the same as that of n71, with an additional upper duplexer that should have as large possible overlap as possible with the lower duplexer in n71 but at the same time being able to handle the duplex gap of 6 MHz. The size of this upper duplexer needs to be studied.  The co-existence requirement with adjacent broadcast service below 617 MHz can be fulfilled with the same condition as in band n 71. It is assumed that there are no services in 657- 663 MHz
For option B1 the duplex distance is 51 MHz , which may be considered in case of an additional broadcasting channel can be vacated such that the guard band to the adjacent broadcast service is still maintained similarly to band n 71. In addition, the protection of radio astronomy is required in certain countries in Region 3 ( WRC 15).
Both options B1 and B2 addressed here are just starting point for the feasibility study to enable the utilization on extended 600MHz band.. 
The AWG work plan forwarded to the 3GPP shows this work to be completed by September 2021.
Specifically, this study item includes the following objectives:
-	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.



TR38.860 is used to capture the study's outcomes [3].  During the RAN4 #99 meeting a number of text proposals were approved in [4], [5], [6], [7], [8].  The study item Rapporteur provided the draft updated TR prior to this meeting, which is used as the baseline for further corrections presented in this contribution.  This contribution provides a summary of the discussion so far, recommends conclusions for the study item, and provides draft liaison text to AWG with these conclusions.
2	Discussion 
With the updated draft TR38.860 which consolidates the recently approved text proposals, it is possible to review and identify several aspects for correction.
Clause 6.4.3 introduces filter option B2a and includes square brackets around the following sentences (highlighted below):
	A device that supports the extension of the 600MHz band may choose to also support the existing 600MHz band, n71, with the same or different hardware.  [Specifying a new dual duplexer solution re-using band 71/n71, which is already specified allowing at least a dual duplexer architecture, may be an issue, as a dual duplexer band is not very flexible when spectrum allocations change.] A new dual duplexer band or any other band that extends beyond the current 600 MHz band definitions would require new UE designs. To enable existing UE’s already on the market, the APT band plan would need to include the existing band 71/n71 band definition and its requirements.  [Any desired extension such as the additional 2x5 MHz spectrum proposed in the SI to this would require new designs.]



For the first bracketed sentence, it is proposed to refer to the analyses for filter options B1 and B2 with the following:  "Specifying a new dual duplexer solution re-using band 71/n71, which is already specified allowing at least a dual duplexer architecture, may introduce implementation challenges, as outlined in Clauses 6.4.1 (Option B1) and 6.4.2 (Option B2)."
For the second bracketed sentence, it is proposed to clarify as follows:
"Any desired extension of band 71/n71, such as the additional 5 MHz of UL and DL spectrum considered with Options B1, B2, and B2a, would require new UE designs."
Proposal 1:	Clarifications of the bracketed sentences in Clause 6.4.3 are needed and are proposed in Annex A of this contribution (change 1).
We next consider the discussion related to DTV CH36 rejection with the filter option B1.  Clause 6.4.1.1, immediately below Table 6.4.1.1, includes the following text:
	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 6.4.1.1-4.  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.



However, some text further below in the same clause seems inconsistent:
	The simulation results indicate that the B1 filter is technically feasible and despite the potential increase in IL is expected to fulfil Band 71 requirements with the exception of the Ch 36 blocker (results further below suggest that even the CH 36 blocker rejection may be achievable).  



We observe that the only numerical analysis of CH36 blocker rejection is provided in Table 6.4.1.1-5, where Vendor A reports <15 dB, Vendor <20 dB, and Vendor C ~20 dB.  Given that Case 3 of the blocking requirement sets the blocker level to -15 dBm, this rejection is not sufficient to fulfill the requirement.  Thus, statements to the effect of "some rejection to Ch 36 can be achieved at the expense of increased Rx IL" should be removed from the TR unless they can be supported by additional measurement results.  If such results are available, then we would be glad to review them during the meeting and incorporate into the TR.
Proposal 1:	Corrections to some statements related to CH 36 rejection performance with the B1 filter option are needed and are proposed in Annex A of this contribution (change 2).
In an effort to conclude the study item, a summary of the studies of the three filter options is needed.  Referring back to the TR, it appears that filter options B2 and B2a have provided the summaries as follows:
	6.4.2.4	Summary of option B2
Single duplexer of full 2x40 MHz:
-	This duplexer implementation supports 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6 MHz, severe REFSENS issues are expected. It is practically not feasible.
Dual duplexer with lower duplexer identical to n71
-	This duplexer implementation is based on the lower duplexer the same as n71. The same performance as n71, when reusing n71 duplexer, is achieved. Own band protection may need to be reduced within the upper 5 MHz of the RX band, however smaller upper duplexer (than 35 MHz) can provide a balanced trade-off, though the channel bandwidth is restricted in the passband of upper duplexer.
...
6.4.3.2	Option B2a with Single Duplexer
Band 71 together with Option B2a span 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6MHz, there are challenges to implement it with a single duplexer using current filter technology.
6.4.3.3	Option B2a with Dual Duplexer
Option B2a can be implemented with a dual duplexer configuration. One duplexer could cover the frequency range of n71 with 35MHz and 663-698 MHz for TX and 617-652 MHz for RX and the second the additional APT frequencies with a bandwidth of 35MHz or less, for example for a 30MHz duplexer 673-703 MHz for TX and 627-657 MHz for RX.  Option B2a has no impact on the filter performance of the Band 71 duplexer.

Due to the small duplex gap there will be an issue to protect the upper part of the RX band with -50dBm/MHz from the own TX, in case this is specified as a single band with Option B2. If the band is split into n71 and the additional frequency range as Option B2a, this issue still exists since the n71 Tx filter is not able to provide rejection to the upper 652 – 657 MHz portion of the downlink in the new band with only 6 MHz separation without, e.g., a relaxation of the protection requirement.



Unforunately, no summary was provided for Option B1.  RAN4 should agree on a summary for this option to succinctly convey to APT and AWG the essential outcomes.  One proposal is to adopt the following text in a new sub-clause:
Summary of option B1
Summary for Single 2 x 40MHz Duplexer Option B1:
-	Higher Insertion loss than a band 71 duplexer will degrade REFSENS and output power/efficiency, especially at the band edges. About 0.5dB degradation can be expected
-	Rejection for n29 still seems reasonable and doesn’t show an issue.
-	Rejection at DTV channel 36 is significantly reduced, if this duplexer is used for n71 as well, the In-Band-Blocking test is likely to be failed.
Summary for Split Duplexer Option B1:
-	Option B1 can be implemented with a dual duplexer configuration. One duplexer should cover the frequency range of n71 with 35MHz and the other 35MHz or less. If the second duplexer would have less than 35MHz, for example 30 MHz, it becomes smaller and will have a better performance.

Proposal 3:	A summary of the analysis for Option B1 is needed and is proposed in Annex A (change 3).
To conclude this study item, a liaison statement needs to be sent to the APT Wireless Group.  We suggest keeping the liaison text focused on providing information about the three filter options analyzed by RAN4 and a summary of the three options considered.  The LS should also attach the latest version of TR38.860 to provide complete information to the APT Wireless Group.
Proposal 4:	Suggested text of the LS to APT is provided in Annex B.
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Annex A: Text Proposal
<< start of change 1 >>
6.4.3	Option B2a
6.4.3.1	General
A device that supports the extension of the 600MHz band may choose to also support the existing 600MHz band, n71, with the same or different hardware.  Specifying a new dual duplexer solution re-using band 71/n71, which is already specified allowing at least a dual duplexer architecture, may introduce implementation challenges, as outlined in Clauses 6.4.1 (Option B1) and 6.4.2 (Option B2).[Specifying a new dual duplexer solution re-using band 71/n71, which is already specified allowing at least a dual duplexer architecture, may be an issue, as a dual duplexer band is not very flexible when spectrum allocations change.] A new dual duplexer band or any other band that extends beyond the current 600 MHz band definitions would require new UE designs. To enable existing UE’s already on the market, the APT band plan would need to include the existing band 71/n71 band definition and its requirements.  Any desired extension of band 71/n71, such as the additional 5 MHz of UL and DL spectrum considered with Options B1, B2, and B2a, would require new UE designs.[Any desired extension such as the additional 2x5 MHz spectrum proposed in the SI to this would require new designs.]  

One option illustrated below is to use band 71/n71 as is, covering the frequency range 663-698MHz for UL and 617-652MHz for DL in the APT region, and specify a new band covering at least the additional 2x 5MHz spectrum proposed in the SI, but it could also support up to 2x 30MHz to maximize the overlap with band 71/n71 to enable CA/DC within the new band. The new band plan could look like shown in Figure 6.4.3.1-1 below.

[image: ]
Figure 6.4.3.1-1: Band plan proposal for Option B2a
To maximize the overlap to enable CA/DC, option 5 above can specify one new single duplexer FDD band nyyy additionally to band n71, which is already specified. The operating band table can be as shown in Table 6.4.3.1-1 below:

Table 6.4.3.1-1: Operating band table for Option B2a
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	nyyy
	673 MHz – 703 MHz
	627 MHz – 657 MHz
	FDD

	NOTE:	UE that complies with the NR Band nyyy minimum requirements in the present document shall also comply with the NR Band n71 minimum requirements.




6.4.3.2	Option B2a with Single Duplexer
Band 71 together with Option B2a span 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6MHz, there are challenges to implement it with a single duplexer using current filter technology.
6.4.3.3	Option B2a with Dual Duplexer
Option B2a can be implemented with a dual duplexer configuration. One duplexer could cover the frequency range of n71 with 35MHz and 663-698 MHz for TX and 617-652 MHz for RX and the second the additional APT frequencies with a bandwidth of 35MHz or less, for example for a 30MHz duplexer 673-703 MHz for TX and 627-657 MHz for RX.  Option B2a has no impact on the filter performance of the Band 71 duplexer.

Due to the small duplex gap there will be an issue to protect the upper part of the RX band with -50dBm/MHz from the own TX, in case this is specified as a single band with Option B2. If the band is split into n71 and the additional frequency range as Option B2a, this issue still exists since the n71 Tx filter is not able to provide rejection to the upper 652 – 657 MHz portion of the downlink in the new band with only 6 MHz separation without, e.g., a relaxation of the protection requirement.

<< end of change 1 >>

<< start of change 2 >>
6.4.1	Option B1
Editor’s note; The text below is from R4-2108000.
6.4.1.1 Full band filter
Option B1 is based on spectrum allocation of 663-703 MHz for TX and 612-652 MHz for RXThe first considered approach is to use a full band filter option B1 as illustrated below.
[image: ]
Figure 6.4.1.1-1.  Option B1 

One advantage of option B1 compared to other filtering options is that B1 is conducive to a single full-band filter implementation.  The potential advantage of single filter is reduced size and bill-of-materials of the required front-end increase and reduced complexity 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.  On the other hand, the performance of a dual filter solution in insertion loss and stop band attenuation may be superior to a single filter.
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 is considered below 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 reduces tolerance to DTV jamming unless the linearity of the Rx path post filtering is improved to compensate.  Tx and Rx isolation as well as passband insertion loss are also relevant in comparing the widened filter against the Band 71/n71 filter.
A second level filter simulation implementing design rules and including packaging parasitic effects but without optimization was conducted and provided in [8].  The filter technology used is a conventional, mass produced TC SAW filter technology rather than a more advanced technology and represents typical performance at this point.  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 where the existing Band 71 filter requirements are those that are listed on the data sheet from the same filter vendor.  Although the Band 71 filter requirements are largely met, there may be a loss in performance compared to a narrower Band 71 filter using the same generation of filter technology and the same constraints.
The Tx and Rx insertion loss is first shown.
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Figure 6.4.1.1-2.  Tx and Rx insertion losses

On the transmit side, the insertion loss is approaching 3 dB but still meets the Band 71 filter specification.  In comparison to a narrower Band 71 filter using the same generation of filter technology and the same constraints, an increase in Tx insertion loss towards the band edge may be expected.  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 approaching 2 dB.  The steep drop-off of the filter at the upper edge of the band at 652 MHz is likely due to the relatively narrow duplex gap and the need to provide sufficient Tx isolation.  In comparison to a narrower Band 71 filter using the same generation of filter technology and the same constraints, an increase in Rx insertion loss may be expected.  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 increase in Rx IL will hinder a device implementing the B1 filter from meeting Band 71 receiver requirements.  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.
The Tx-Rx filter performance is studied next.
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Figure 6.4.1.1-3.  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.  
Coexistence with Band 29 is also critical for the Band 71 UE. The [6] specification 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.  
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 6.4.1.1: In-band blocking for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz (Table 7.6.2-2 of TS 38.101-1 [6])
	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 6.4.1.1-34.  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.
The simulation results indicate that the B1 filter is technically feasible and despite, introduces the potential increase in IL, and is expected to fulfil Band 71 requirements with the exception of the Ch 36 blocker (results further below suggest that even the CH 36 blocker rejection may be achievable).  The results provided are not exhaustive and not yet optimized and 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 and are provided with the intention to investigate the filter option feasibility.  
Table 6.4.1.1-5 below lists another set of filter results reported in [9] from three vendors; it is likely that they will improve over time due to optimization:
Table 6.4.1.1-5: Performance Characteristics of a Single Duplexer for Option B1
	Vendor
	Vendor A
	Vendor B
	Vendor C

	Frequency range (TX)
	663-703 MHz
	663-703 MHz
	663-703 MHz

	TX Insertion loss relative to n71 duplexer (dB)
	+0.4
	+0.0
	<3dB absolute

	Rejection for n29
	>20
	>20
	~30

	Frequency range (RX)
	612-652 MHz
	612-652 MHz
	612-652 MHz

	RX Insertion loss relative to n71 duplexer (dB)
	+0.5
	+0.6dB, expected to come close to n71 duplexer with optimization
	<4dB absolute

	Rejection for Ch 36 band edge
	<15dB
	<20dB
	~20dB



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 6.4.1.1-34.  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.
Although these initial values are difficult to compare, it can generally be seen that the insertion loss will increase with the increasing bandwidth, especially at the band edges. For example, the loss of the RX filter at the upper edge can be degraded because the filter curve is shifted to lower frequencies. Generally, the loss in the middle of the passband is relatively constant, while at the band edges the insertion loss is increased compared to the n71 duplexer.  With the exception of Vendor C which offers higher stop band rejection and whose insertion loss is reported as absolute, the Tx and Rx insertion loss increase relative to n71 is reported to be on the order of 0.5 dB.
If design optimization and employing more advanced filter technologies can become more prevalent for the extended 600 MHz band, it is expected that the results will improve.  
Yet another full band filter evaluation was provided in [10].  During the preliminary analyses it was identified that full band duplexer for option B1 is considered to be implementation feasible, while keeping enough Tx/Rx attenuation, as well as the rejection at Band 29. However, it was identified that the blocking to DTV channel 36 may be worse than that of band n71. Further evaluations were required to verify if the newly designed duplexer for B1 can provide enough rejection as that of band n71 duplexer. Although the study did not specifically evaluate the ability of the wide B1 filter to meet existing Band 71 filter requirements, where the existing Band 71 filter requirements are those that are listed on the data sheet from the same filter vendor, they are reasonably aligned with the studies provided above.
Based on further evaluation results with an optimized design, the full band duplexer for option B1 was recognized as being able to provide equivalent rejection capability as that of commercially available band n71 duplexer for DTV CH36.
With this, option B1 was confirmed to be technically feasible based on simulations for the available requirements. 
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Figure 6.1.1-4: Duplexer evaluation for option B1 [10]
6.4.1.2 [bookmark: _Toc75859085]Split filter
For completeness, other filter implementations of B1 using dual 35MHz duplexers have been studied and are described in Figure 6.4.1.2-1 with B1: 35+35 at the bottom. These are denominated as B1A35 for the lower duplexer and B1B35 for the upper duplexer and compared to the full band duplexer approach (B1F) in other figures.
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Figure 6.4.1.2-1: The different duplexer options for B1
The comparison of in-band insertion losses (top) and  the general performance (bottom) of the dual duplexer (dashed line for lower duplexer and dotted line for upper duplexer) with the full band duplexer (plain line) is shown in Figure 6.4.1.2-2.
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Figure 6.4.1.2-2: Top: Tx-Ant (blue) and Rx-Ant (green) losses for full duplexer (plain) and dual duplexer (two types of dashed lines), Bottom: same filter attenuation with CH36/37 and US/Asia neighbour bands.

As an alternative another dual duplexer approach enabling the reuse of the band n71 full band duplexer was studied and the duplexer frequency arrangement is shown in Figure 6.4.1.2-3.
[image: Diagram
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Figure 6.4.1.2-3: Dual duplexer filter arrangement reusing band n71 full band duplexer
In this case the inner 35MHz duplexer is the same as the full band n71 filter (n71F) that can thus be used to support the US spectrum with uncompromised performance. The outer 25MHz duplexer (B1X25) provides the support for the 5 MHz extension needed for B1.
Given that the overlap of the two duplexers is from the lower end in DL and upper end in the UL, duplex distance may vary between channels which can be supported by the NR specification. 

This aspect is further illustrated in Figure 6.4.1.2-4. In yellow is shown how the channels are distributed across the two duplexers. In the n71 duplexer from top to bottom channels are occupying from 35 to 20MHz while 5 to 20MHz occupies the second duplexer. In dark blue, the corresponding duplex distance for the channels in the n71 duplexer is provided (from 46 to 31 MHz for total channel BW varying from 35 to 20MHz), while the light blue provides the one for the second duplexer (from 86 to 71 MHz for total channel BW varying from 5 to 20MHz).

[image: ]
Figure 6.4.1.2-4: Possible channel distribution across n71F and B1X25 duplexer and resulting duplex distances.
For information, Figure 6.4.1.2-5 shows the existing 35MHz full band n71 duplexer (plain line) with the additional 25MHz duplexer (dashed line). Using this duplexer arrangement, the band n71 filter can be reused as is for the spectrum without any compromise on performance and especially in term of rejection of channel 36 avoiding potential receiver blocking issues. The 25MHz second duplexer has relaxed requirement and offers better insertion losses and overall no issue with other neighbour bands.  But this configuration requires two duplexers and therefore does not enjoy the advantages of a single full-band filter design.  
[image: ]
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Figure 6.4.1.2-5: Top: Tx-Ant (blue), Rx-Ant losses (green) and Tx-RX isolation (red) for n71 duplexer (plain) and band extension duplexer (dashed lines), Bottom: same filter attenuation with CH36/37 and US/Asia neighbor bands.

<< end of change 2 >>

<< start of change 3 >>
6.4.1.3	Summary of Option B1
Summary for Single 2 x 40MHz Duplexer Option B1:
-	Higher Insertion loss than a band 71 duplexer will degrade REFSENS and output power/efficiency, especially at the band edges. About 0.5dB degradation can be expected
-	Rejection for n29 still seems reasonable and doesn’t show an issue.
-	Rejection at DTV channel 36 is significantly reduced, if this duplexer is used for n71 as well, the In-Band-Blocking test is likely to be failed.
Summary for Split Duplexer Option B1:
-	Option B1 can be implemented with a dual duplexer configuration. One duplexer should cover the frequency range of n71 with 35MHz and the other 35MHz or less. If the second duplexer would have less than 35MHz, for example 30 MHz, it becomes smaller and will have a better performance.

<< end of change 3 >>
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1. Overall Description:
In response to the APT request related to the frequency arrangements for IMT in the band 470 - 703 MHz, RAN4 undertook a study on the extended 600 MHz NR band and captured the related outcomes in TR38.860, which is attached to this liaison statement.
A brief summary of the considered filter options and conclusions is as follows:
[bookmark: _Toc75859078]Operating band and channel bandwidth
The band plan for the extended 600 MHz NR band are shown below in Tables 6.1-1 to 6.1-7.  Options B1 and B2 have split duplexers, partially overlapping, but part of the same band. Option B2a has two duplexers, but one is band n71 and the other is a new band. 
The Tx-Rx is "reverse-duplex"; in other words, the downlink frequency band is below the duplex gap while the uplink frequency band is above the duplex gap. This arrangement is opposite to conventional notation; however, for this band, it provides the benefit of aligning the uplink band adjacent to 3GPP band 28 thereby minimizing interference conditions at the 703 MHz boundary.
[bookmark: _Hlk71023975]Table 6.1-1: NR operating band (option B1)
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	TBD
	663 MHz
	–
	703 MHz 
	612 MHz
	–
	652 MHz
	FDD



The above could be implemented as a single or overlapping duplexers. In case of overlapping duplexers, the following option is studied:
Table 6.1-2: Duplexer arrangements (option B1)
	Duplexer type
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	Full
	663 MHz
	–
	703 MHz 
	612 MHz
	–
	652 MHz
	FDD

	35 + 35
	663 - 698 MHz
668 - 703 MHz
	612 - 647 MHz
617 - 652 MHz
	FDD

	
	
	
	FDD

	N 71 + 25
Dual 35+25
	663 - 698 MHz
678 - 703 MHz
	617 - 652 MHz
612 - 637 MHz
		FDD

	FDD




	Editor’s note: Duplexer arrangements in this case needs to be confirmed



Table 6.1-3.: NR operating band (option B2)
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	TBD
	663 MHz
	–
	703 MHz 
	612 MHz
	–
	652 MHz
	FDD

	



The above could be implemented as a single or overlapping duplexers. In case of overlapping/split duplexers, three sub options are studied.
Table 6.1-4: Duplexer arrangements (option B2 35 + 35)
	Duplexer type
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	Duplex 1
Duplex 2
	663 MHz – 698 MHz
668 MHz   – 703 MHz
	617MHz – 652 MHz
622MHz – 657 MHz
	FDD

	
	
	
	FDD

	NOTE: Both duplexers  will be part of the same band



Table 6.1-5: Duplexer arrangements (option B2 35+30)
	Duplexer type
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	Duplex1
Duplex 2
	663 MHz – 698 MHz
673 MHz   – 703 MHz
	617MHz – 652 MHz
627MHz – 657 MHz
	FDD

	
	
	
	FDD

	NOTE: Both duplexers will be part of the same band



Table 6.1-6: Duplexer arrangements (option B2 35+25)
	Duplexer type
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	Duplex 1
Duplex 2
	663 MHz – 698 MHz
678 MHz   – 703 MHz
	617MHz – 652 MHz
632MHz – 657 MHz
	FDD

	
	
	
	FDD

	NOTE: Both duplexers will be part of the same band




Table 6.1-7: NR operating bands (option B2a) [6]
	Operating Bands
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	n71
	663 MHz
	–
	698 MHz 
	617 MHz
	–
	652 MHz
	FDD

	nX
	673 MHz
	–
	703 MHz 
	627 MHz
	–
	657 MHz
	FDD

	NOTE : These are two bands, band n71 plus band nX. A UE that complies with NR requirements in this specification shall also comply with NR Band 71 minimum requirements



Summary of options studied
Summary of option B1
Summary for Single 2 x 40MHz Duplexer Option B1:
-	Higher Insertion loss than a band 71 duplexer will degrade REFSENS and output power/efficiency, especially at the band edges. About 0.5dB degradation can be expected
-	Rejection for n29 still seems reasonable and doesn’t show an issue.
-	Rejection at DTV channel 36 is significantly reduced, if this duplexer is used for n71 as well, the In-Band-Blocking test is likely to be failed.
Summary for Split Duplexer Option B1:
-	Option B1 can be implemented with a dual duplexer configuration. One duplexer should cover the frequency range of n71 with 35MHz and the other 35MHz or less. If the second duplexer would have less than 35MHz, for example 30 MHz, it becomes smaller and will have a better performance.
Summary of option B2
Single duplexer of full 2x40 MHz:
-	This duplexer implementation supports 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6 MHz, severe REFSENS issues are expected. It is practically not feasible.
Dual duplexer with lower duplexer identical to n71
-	This duplexer implementation is based on the lower duplexer the same as n71. The same performance as n71, when reusing n71 duplexer, is achieved. Own band protection may need to be reduced within the upper 5 MHz of the RX band, however smaller upper duplexer (than 35 MHz) can provide a balanced trade-off, though the channel bandwidth is restricted in the passband of upper duplexer.
Summary of option B2a
Option B2a with Single Duplexer
-	Band 71 together with Option B2a span 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6MHz, there are challenges to implement it with a single duplexer using current filter technology.
Option B2a with Dual Duplexer
-	Option B2a can be implemented with a dual duplexer configuration. One duplexer could cover the frequency range of n71 with 35MHz and 663-698 MHz for TX and 617-652 MHz for RX and the second the additional APT frequencies with a bandwidth of 35MHz or less, for example for a 30MHz duplexer 673-703 MHz for TX and 627-657 MHz for RX.  Option B2a has no impact on the filter performance of the Band 71 duplexer.
-	Due to the small duplex gap there will be an issue to protect the upper part of the RX band with -50dBm/MHz from the own TX, in case this is specified as a single band with Option B2. If the band is split into n71 and the additional frequency range as Option B2a, this issue still exists since the n71 Tx filter is not able to provide rejection to the upper 652 – 657 MHz portion of the downlink in the new band with only 6 MHz separation without, e.g., a relaxation of the protection requirement.

RAN4 respectfully asks the APT Wireless Group to take this information into account in their work related to Frequency Arrangements for IMT in the band 470 – 703 MHz.

2. Actions:
None

3. Date of Next RAN WG4 Meetings:
RAN WG4 Meeting #101-e 	1-12 November 2021	Electronic meeting
RAN WG4 Meeting #102-e	21-25 February 2022	Electronic meeting
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Option B2a



Option 1: New band with 10 MHz bandwidth



Option 2: New band with 15 MHz bandwidth



Option 3: New band with 20 MHz bandwidth



Option 4: New band with 25 MHz bandwidth



Option 5: New band with 30 MHz bandwidth
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Option B2a

Option 1: New band with 10 MHz bandwidth

Option 2: New band with 15 MHz bandwidth

Option 3: New band with 20 MHz bandwidth

Option 4: New band with 25 MHz bandwidth

Option 5: New band with 30 MHz bandwidth
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