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[bookmark: foreword][bookmark: _Toc79176176]Foreword

[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc79176177]
1	Scope
[bookmark: references]The present document is a technical report for the study item of APT 600 MHz NR FDD band.
[bookmark: _Toc79176178]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications"
[2] 	R4-2103270,	“Work plan of study on extended 600MHz NR band”, Spark NZ Ltd, RAN4#98e
[3] 	3GPP TR 36.755: "US 600 MHz band for LTE” 
[4]	ITU-R, “Radio Regulations“
[5]	APT/AWG, Report 79, “Frequency Arrangements for IMT in the bands 470- 698 MHz”.
[6]	3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception” 
[7] 		ITU-R, Res 224, “Frequency bands for the terrestrial component of International Mobile Telecommunications below 1 GHz” WRC 2019
[8]	R4-2110978, “TP for TR 38.860:  Filter option B1”, Qualcomm Incorporated
[9] 	R4-2110165, “TP to TR38.860 on band plan and duplex filter considerations for 600 MHz”, Apple
[10]	R4-2111045, “TP to TR 38.860: B1 full band filter feasibility analysis”, Huawei
[11]	RP-202143, “Liason Statement to 3GPP RAN, 3GPP RAN4 by the 26th Meeting of the APT Wireless Group (AWG-26)”, APT 
[bookmark: definitions][bookmark: _Toc79176179]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc79176180]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
ACLR	Adjacent Channel Leakage Ratio
BS	Base Station
DL	Downlink
DTV	Digital Television
EARFCN 	E-UTRA Absolute Radio Frequency Channel Number
FDD	Frequency Division Duplex
RAS	Radio Astronomy Service
REFSENS	Reference Sensitivity
RF	Radio Frequency
TX	Transmitter
UE	User Equipment
UHF	Ultra High Frequency
UL	Uplink

[bookmark: _Toc79176181]3.2	Symbols
Void.

[bookmark: _Toc79176182]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
ACLR	Adjacent Channel Leakage Ratio

B1A35	Lower duplexer of the option B1 with the split duplexers
B1B35	Upper duplexer of the option B1 with the split duplexers
B1F	Option B1 with full band duplexer
B1X25 	Outer 25 MHz duplexer for B1 option
B2F	Option B2 with full band duplexer
B2A35	Lower duplexer of the option B2 with the split duplexers
B2B35	Upper duplexer of the option B2 with the split duplexers
BS	Base Station
BW	Bandwidth
CH36	DTV Channel #36
DL	Downlink
DTV	Digital Television
EARFCN 	E-UTRA Absolute Radio Frequency Channel Number
FCC	Federal Communications Commission
FDD	Frequency Division Duplex
IL	Insertion Loss
IMT	International Mobile Telecommunications
n71F 	Full band n71 filter
nX	New band for eh B2a option
RAS	Radio Astronomy Service
REFSENS	Reference Sensitivity
RF	Radio Frequency
TC SAW	Temperature Compensated Surface Acoustic Wave
TX	Transmitter
UE	User Equipment
UHF	Ultra High Frequency
UL	Uplink




[bookmark: _Toc79176183]4	Background
During the RAN #90e meeting a new study item was agreed [2] to study various band configurations for the 600 MHz band in ITU R Region 3. A liaison statement from the APT Wireless Group (AWG) [3] was also received that had two filter combinations- namely B1 and B2 as candidates for study. 
In case other options are to be captured in the TR (e.g. B2a), it is proposed to separate their descriptions from the feasibility analyses, for consistency with the approach to B1/B2.
The present document documents the results of this study. 
Editor’s note: this text is to be merged with section 4.1.
[bookmark: _Toc79176184]4.1			General
During the RAN #90e meeting a new study item was agreed [2] to study various band configurations for the 600 MHz band in ITU ITU-R Region 3. A liaison statement from the APT Wireless Group (AWG) [11] was also received that had two filter combinations - namely B1 and B2 as candidates for study. 
AWG asked 3GPP to provide feedback on the technical feasibility of B1 and B2 options, before the 27th APT Wireless Group (AWG-27) meeting, scheduled in Q1 2021.  
The objectives for the extended 600 MHz study item are listed below:
· Regulatory study of the frequency range around 600 MHz 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 the BS and UE, system limitations such as channel bandwidths etc.) of different duplex filter implementations.
· Consider options B1 and B2 from AWG LS [11] but other options are not precluded.
· Answer the request from AWG regarding 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 600 MHz is for Region 3, the SI outcome will not impact any requirements defined for US 600 MHz band.
. 
Furthermore, for option B2 including four different suggested sizes of the second duplexer overlapping with the US600 band n71, feedback on different suggested sizes of the second duplexer from a feasibility and cost-efficient perspective were requested by APT. 
Details of options B1 and B2 are based on inputs provided by APT LS [11] and in the work plan in [2] and provided in clauses 4.2 and 4.3, respectively. 
RAN4 feasibility analyses for options B1, B2 and B2a are provided in clauses 6.4 respectively. RAN4 decided not to provide any final recommendation on the frequency arrangements to apply in the frequency range in question. Decision on the frequency arrangement is to be taken by the AWG regulatory body.
The above studies have been on going in RAN4 meetings. The present document documents the results of the studies.
3GPP band 28 and US 600 MHz bands [3] are shown below in Figure 4.1-1:


[image: Diagram

Description automatically generated]
Figure 4.1-1: US 600 MHz band and 3GPP band 28
By examining the US 600 MHz band [3] it is noted that the band extends only up to 698 MHz leaving the range 698 - 703 MHz unusable.
The objective of the SI is to study spectrum options that will enable usage of 698 - 703 MHz.
There are three duplex filter options considered in the present document.
[bookmark: _Toc79176185]4.2	Options for study: B1
This option is based on an extension to band n71 and is shown on figure 4.2-1. below:

There are three cases, a single filter and two overlapping duplexer options case shown below. 
 [image: Diagram
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Fig 4.2-1: Filter options B1
The full band duplexer has a duplex spacing of 51 MHz.
The cases of dual duplexers demonstrate two different arrangements:
· The first option B1 35 + 35 maintains same duplex spacing (i.e. 51 MHz) in both duplexers,
· The second option B1 35 + 25 has an n71 duplexer and 25 MHz wide second duplexer.  In this case, the duplex spacing for both duplexers is different, i.e. 46 MHz and 66 MHz respectively.

[bookmark: _Toc79176186]4.3	Options for study: B2
This option uses two duplexers as shown in Figure 4.3-1 and the duplex distance is 46 MHz. Also the bottom duplexer is the same as that of band n71, with an additional upper duplexer that should have as large possible overlap as possible with the lower duplexer 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 and decided prior to being specified. It can be considered to have variable bandwidths ranging from 35 MHz to 25 MHz respectively. Like option B1, this arrangement B2 is also a reversed duplex arrangement.
There are three cases, all with overlapping duplexers but in all cases one of the duplexers is that of US 600 MHz band.
[image: Diagram
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Figure 4.3-1: Filter options B2

[bookmark: _Toc79176187]4.4	Options for study B2a

It is proposed to use band 71/n71 as is covering the frequency range 663-698 MHz for UL and 617-652 MHz 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 30 MHz to maximize the overlap with band 71/n71.  The new band plan for a 2x 30 MHz overlapping duplexer could look like shown in Figure 4.4-1 below.

[image: Diagram
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Figure 4.4-1
The above option consists of two bands, the existing NR operating band n71 and a new band labelled as band nX for the purpose of this TR.



[bookmark: _Toc79176188]5	Regulatory landscape
[bookmark: _Toc79176189]5.1	General
The 470 - 694 MHz frequency range is allocated to the broadcasting service and mobile service on a co-primary basis in Region 3 [4]. The frequency band 470 - 698 MHz, or parts thereof, was identified by WRC-15 in 7 countries in Region 3 through footnote No. 5.296A for use by those administrations as listed wishing to implement terrestrial IMT systems. In addition, there was interest from other significant markets to do the same. Elsewhere, USA, Mexico and several other countries in Region 2 also identified this band for IMT through footnotes 5.295 and 5.308A. It is noted that resolves 2 of [7] Resolution 224 (Rev.WRC-19) states that : 

to encourage administrations to take into account results of the existing relevant ITU Radiocommunication Sector studies, when implementing IMT applications/systems in the frequency bands 694-862 MHz in Region 1, in the frequency band 470-806 MHz in Region 2, in the frequency band 790-862 MHz in Region 3, in the frequency band 470-698 MHz, or portions thereof, for those administrations mentioned in No. 5.296A, and in the frequency band 698-790 MHz, or portions thereof, for those administrations mentioned in No. 5.313A
The regulatory landscape overview for all regions in frequency range 470 – 694 MHz is provided in Table 51.1-1, based on ITU radio regulations [4].
Table 51.1-1: ITU-R frequency allocation to services [4]
 [image: ]
NOTE: 	Since regulatory study of frequency range around 600 MHz is for Region 3, the outcomes of the present document   item will not impact any requirements defined for US 600 MHz band, i.e. band n71.
The   footnotes in [4] referred in this clause are listed: 
“5.149		In making assignments to stations of other services to which the bands: 13 360-13 410 kHz, 25 550-25 670 kHz, 37.5-38.25 MHz, 73-74.6 MHz in Regions 1 and 3, 150.05-153 MHz in Region 1, 322-328.6 MHz, 406.1-410 MHz, 608-614 MHz in Regions 1 and 3, 1 330-1 400 MHz, 1 610.6-1 613.8 MHz, 1 660-1 670 MHz, 1 718.8-1 722.2 MHz, 2 655-2 690 MHz, 3 260-3 267 MHz, 3 332-3 339 MHz, 3 345.8-3 352.5 MHz, 4 825-4 835 MHz, 4 950-4 990 MHz, 4 990-5 000 MHz, 6 650-6 675.2 MHz, 10.6-10.68 GHz, 14.47-14.5 GHz, 22.01-22.21 GHz, 22.21-22.5 GHz, 22.81-22.86 GHz, 23.07-23.12 GHz, 31.2-31.3 GHz, 31.5-31.8 GHz in Regions 1 and 3, 36.43-36.5 GHz, 42.5-43.5 GHz, 48.94-49.04 GHz, 76-86 GHz, 92-94 GHz, 94.1-100 GHz, 102-109.5 GHz, 111.8-114.25 GHz, 128.33-128.59 GHz, 129.23-129.49 GHz, 130-134 GHz, 136-148.5 GHz, 151.5-158.5 GHz, 168.59-168.93 GHz, 171.11-171.45 GHz, 172.31-172.65 GHz, 173.52-173.85 GHz, 195.75-196.15 GHz, 209-226 GHz, 241-250 GHz, 252-275 GHz are allocated, administrations are urged to take all practicable steps to protect the radio astronomy service from harmful interference. Emissions from spaceborne or airborne stations can be particularly serious sources of interference to the radio astronomy service (see Nos. 4.5 and 4.6 and Article 29). (WRC-07)
5.295		In the Bahamas, Barbados, Canada, the United States and Mexico, the frequency band 470-608 MHz, or
portions thereof, is identified for International Mobile Telecommunications (IMT) – see Resolution 224 (Rev.WRC-19). This identification does not preclude the use of these frequency bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations. Mobile service stations of the IMT system within the frequency band are subject to agreement obtained under No. 9.21 and shall not cause harmful interference to, or claim protection from, the broadcasting service of neighboring countries. Nos. 5.43 and 5.43A apply. (WRC-19)
5.296A	In Micronesia, the Solomon Islands, Tuvalu and Vanuatu, the frequency band 470-698 MHz, or portions thereof, and in Bangladesh, Maldives and New Zealand, the frequency band 610-698 MHz, or portions thereof, are identified for use by these administrations wishing to implement International Mobile Telecommunications (IMT) – see Resolution 224 (Rev.WRC-19). This identification does not preclude the use of these frequency bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations. The mobile allocation in this frequency band shall not be used for IMT systems unless subject to agreement obtained under No. 9.21 and shall not cause harmful interference to, or claim protection from, the broadcasting service of neighboring countries. Nos. 5.43 and 5.43A apply. (WRC-19)
5.305	Additional allocation: in China, the band 606-614 MHz is also allocated to the radio astronomy service on a primary basis.
5.306	Additional allocation: in Region 1, except in the African Broadcasting Area (see Nos. 5.10 to 5.13), and
in Region 3, the band 608-614 MHz is also allocated to the radio astronomy service on a secondary basis.
5.307		Additional allocation: in India, the band 608-614 MHz is also allocated to the radio astronomy service on
a primary basis.
5.308A 	In the Bahamas, Barbados, Belize, Canada, Colombia, the United States, Guatemala and Mexico, the
frequency band 614-698 MHz, or portions thereof, is identified for International Mobile Telecommunications (IMT) – see Resolution 224 (Rev.WRC-19). This identification does not preclude the use of these frequency bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations. Mobile service stations of the IMT system within the frequency band are subject to agreement obtained under No. 9.21 and shall not cause harmful interference to, or claim protection from, the broadcasting service of neighboring countries. Nos. 5.43 and 5.43A apply. (WRC-19)
5.313A	The frequency band, or portions of the frequency band 698-790 MHz, in Australia, Bangladesh, Brunei Darussalam, Cambodia, China, Korea (Rep. of), Fiji, India, Indonesia, Japan, Kiribati, Lao P.D.R., Malaysia, Myanmar (Union of), New Zealand, Pakistan, Papua New Guinea, the Philippines, the Dem. People’s Rep. of Korea, Solomon Islands, Samoa, Singapore, Thailand, Tonga, Tuvalu, Vanuatu and Viet Nam, are identified for use by these administrations wishing to implement International Mobile Telecommunications (IMT). This identification does not preclude the use of these frequency bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations. (WRC-19)”.
[bookmark: _Toc79176190]5.2	ITU Region 3
ITU Region 3 specific regulatory aspects for the frequency range 470 – 694 MHz are provided in this clause.
Referring to the APT LS, AWG-26 agreed to undertake the study to revise the APT/AWG/REP-79 [5] to develop frequency arrangements in the band 470-703 MHz for APT Members that wish to implement both the APT700 and a 600 MHz frequency arrangement that is optimal for APT Members.
According to Radio Regulations, in Region 3, the 610 – 890 MHz band is allocated to Fixed Service, Mobile Service and Broadcasting Service on a primary basis. Additionally, 606 – 614 MHz band is allocated for Radio Astronomy Service in China (i.e. footnote 5.305) and band 608 - 614 MHz is allocated for Radio Astronomy Service in India (i.e. footnote 5.307). Footnote 5.149 urges administrator to protect the radio astronomy service from harmful interference. 
Digital television has various channel allocations depending on country allocations in Region 3. IMT and DTV coexistence may require additional consideration on a per-country basis, leading to potential need for a guard band. 
No specific regional regulatory requirements on unwanted emissions were identified for the IMT operation in frequency range 470 – 694 MHz in Region 3, so far. 

[bookmark: _Toc79176191]6	Frequency band arrangements and regulatory background
[bookmark: _Toc79176192]6.1	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	Comment by Michal Szydelko: All TBD’s to be resolved for the final TR.
	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	Comment by Michal Szydelko: To be resolved.



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
	617 MHz – 652 MHz
622 MHz – 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



Supported bandwidths are shown in Table 6.1-8.
Editors Note: support for asymmetric channel bandwidths in DL and UL is for further study

Table 6.1-8: Supported channel bandwidths
	

	NR Band
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	 Editor’s note :	 This table needs completion



Tx-Rx separation is shown in Table 6.1-9 and is dependent upon the filter options.
Table 6.1-9: Default UE TX-RX frequency separation
	Filter Option
	TX – RX 
carrier centre frequency
separation

	B1 (Full band)
	-51 MHz

	B1 (duplexer 1) 35 + 35
B1 (duplexer 2) 35 + 35
	-51 MHz
-51 MHz

		B1 (duplexer 1) n71 + 25

	B1 (duplexer 2) n71 +25


B1 (duplexer 1) n71 + 25
	-46 MHz
66 MHz

	B1 (duplexer 2) n71 +25
	66 MHz

	B2 (duplexer 1)
B2 (duplexer 2)
	46 MHz

	
	46 MHz

	B2a
	46 MHz for both bands




Editor’s Note:; The above table needs completion after filter options are finalised	Comment by Michal Szydelko: To be removed in the final version.

[bookmark: _Toc79176193]6.2	Adjacent 3GPP bands	Comment by Michal Szydelko: Empty section. To be deleted if no inputs.

[bookmark: _Toc79176194]6.3	Nearby non-3GPP Services 
Editor’s Note: The following text is from R4-2107895
[bookmark: _Toc79176195]6.3.1	Introduction
During the study item, multiple co-existence scenarios were discussed, with the aim to identify if dedicated requirements shall be considered in RAN4 for the possible protection of non-3GPP services. 
Adjacent to frequency range considered by APT, the following existing services are deployed, which are subject to interference protection from 600 MHz broadband wireless services: 
· DTV service, and 
· Radio Astronomy Service (RAS). 
Coexistence aspects between 600 MHz and the above two services are addressed in the following clause.
Unlicensed TV white space device (secondary service) may be allowed in APT which is not further discussed assuming that specific protection from 600 MHz broadband is not required, other than required for DTV protection.
are considered to be under the responsibility of each administration, considering aspects such as distance separation, site engineering solutions, etc. 

[bookmark: _Toc79176196]6.3.2	Coexistence between 600 MHz and TV Services
In Region 3, multiple DTV systems exists with various channel allocations across countries. Consideration of all such DTV channel allocations would result in many frequency separation values between the lower edge of an NR band (DL) and DTV depending on the considered DTV system.
For all the frequency arrangements considered in this study item it was agreed that no specific emission limits are to be specified in RAN4 for the protection of DTV from 600 MHz BS. It was decided sufficient to rely on the general BS spurious emissions limits.
Additionally, the frequency separation between the lower edge of the NR band (DL) and DTV channel was discussed. It was concluded that due to various DTV channel arrangements across national regulations, the frequency separation is considered to be decided by administrators. 
Referring to [3], broadcast TV services and Band 71/n71 Downlink are separated by 9 MHz guard band (including channel 37) for FCC channel arrangement, which is 2 MHz larger than the minimum frequency separation required by FCC to protect against a TV transmitter interfering with a mobile broadband UE receiver and an BS transmitter interfering with a TV receiver. Band 71/n71 guard band value (i.e. 9 MHz guard band is available between the APT 600 MHz band and DTV service) is also assumed for all frequency arrangement options for APT.  
The TV channels that do not have sufficient guard band may need to be vacated. It is noted that in some cases TV channel which is not vacated may impact feasible filtering solutions. 
NOTE:	Please note, that frequency allocation of option B1 starts 5 MHz lower than option B2. The referred Band 71/n71 guard bands apply to option B2 as is, but may need an additional 5 MHz shift down in case of option B1.
It was concluded that due to various DTV channel arrangements across national regulations, the frequency separation is considered to be decided by administrators. 
The value of 7 MHz separation derived from the FCC decision on the protection separation of broadcast from the band 71 can be considered as reference.  
For more details on the coexistence analyses between 600 MHz and DTV in Region 2, refer to TR 36.755 [3].

[bookmark: _Toc79176197]6.3.3	Coexistence between 600 MHz Radio Astronomy Service (RAS)
Radio Astronomy Service (RAS) is a receive-only service that uses highly sensitive receivers to examine and study radio waves of cosmic origin. The band 606-614 MHz in China and the band 608 - 614 MHz in India are allocated to the radio astronomy service on a primary basis, as captured in clause 5.
Referring to [3], FCC requires the geographical separation of 600 MHz base station from the RAS telescopes. This requirement is assumed as a baseline for the coexistence with RAS also for APT region until further detail is provided by these administrations.
ITU-R made a compatibility and sharing studies between the radio astronomy service and IMT systems. The conclusion, based on measured IMT equipments indicated that the compatibility between RAS stations and IMT systems can be achieved using separation distances of order 60 - 80 kilometres between a RAS antenna and an IMT macro rural base stations, and of order 1 - 20 kilometres for a mobile terminals (assuming an unwanted emission level of –50 dBm/MHz and a flat terrain profile). 
For all the frequency arrangements considered in this study item, it was agreed that no BS spurious emissions limits be specified for protection of RAS services. Any possible protections measured required for the RAS services protection are considered to be under the responsibility of each administration considering aspects such as distance separation site engineering solutions, etc.
[bookmark: _Toc79176198]6.4	Duplex filter implementation issues
6.4.1	Option B1
[bookmark: _Toc79176199]6.4.1.1	Full band filter

Editor’s note; The text below is from R4-2108000.
Full band filter
Option B1 is based on spectrum allocation of 663-703 MHz for TX and 612-652 MHz for RX. The 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 6.4.1.1-1: 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 36CH36 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 36CH36 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 the potential increase in IL is expected to fulfil Band 71 requirements with the exception of the CHh 36 blocker (results further below suggest that even the CH 36CH36 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 6.4.1.1-25 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 6.4.1.1-25: 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 36CH36 band edge
	<15dB
	<20dB
	~20dB



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. 
[image: ]
Figure 6.4.1.1-4: Duplexer evaluation for option B1 [10]
[bookmark: _Toc79176200]6.4.1.2	Split filter

Split filter
For completeness, other filter implementations of B1 using dual 35 MHz 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.
[image: Diagram

Description automatically generated]
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.
[image: ]
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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

Description automatically generated]
Figure 6.4.1.2-3: Dual duplexer filter arrangement reusing band n71 full band duplexer
In this case the inner 35 MHz 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 25 MHz 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 20 MHz while 5 to 20 MHz 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 20 MHz), while the light blue provides the one for the second duplexer (from 86 to 71 MHz for total channel BW varying from 5 to 20 MHz).

[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 35 MHz full band n71 duplexer (plain line) with the additional 25 MHz 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 25 MHz 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.

Editors note: text below is from R4-2107891
6.4.2	Option B2
[bookmark: _Toc79176201]6.4.2.1	Band plan6.4.2.1	Band plan 

Option B2 proposes a dual duplexer solution where one duplexer is supposed to cover the band 71/n71 frequency range and the other covers additional spectrum below or above band n71 according to Figure 6.4.2.1-1.

[image: ]
Figure 6.4.2.1-1: Band plan for Option B2
Band 71 was originally specified as a dual duplexer band, since at that time filter vendors considered a 2x 35 MHz duplexer as not implementable with reasonable performance concerning insertion loss as well as stop band attenuation. Meanwhile technology has improved and there are single duplexers available for band 71/n71 that can cover the 2x 35 MHz with reasonable performance, however, they are still worse than usual duplexers with lower bandwidth. So having 2x 35 MHz as a duplexer is still marginal, but it can be used as one duplexer/band of a dual duplexer/band solution. The other advantage is that meanwhile band 71/n71 is mainstream and implemented in a huge number of smartphones, therefore it is useful to re-use it.
The second duplexer can be freely specified according to the band plan. However, since the 35 MHz BW is still marginal the second duplexer/band may cover less than 35 MHz to get a better performance of the duplexer concerning insertion loss and stopband attenuation.
[bookmark: _Toc79176202]6.4.2.2	Duplexer performance
Table 6.4.2.2-1 list the band definition and duplexer implementations that are studied in the following clauses, including the full 2x40 MHz duplexer. These duplexer arrangements are illustrated in Figure 6.4.2.2-2.
Table 6.4.2.2-1: band definition and duplexer implementation options that have been simulated
	Band definitions
Frequency range
	Duplexer
arrangement
	Name
	Duplexer UL range
	Duplexer DL range

	B2
UL: 663 - 703 MHz
DL: 617 - 657 MHz
Duplex Distance: 46 MHz
	Full 40 MHz
	B2F
	663 - 703 MHz
	617 - 657 MHz

	
	Dual 35 MHz*
	n71F/B2A35
B2B35
	663 - 698 MHz
668 - 703 MHz
	617 - 652 MHz
622 - 657 MHz

	
	Dual 35+25 MHz*	Comment by Michal Szydelko: These stars are not explained in the text. 
	n71F/B2A35
B2B25
	663 - 698 MHz
678 - 703 MHz
	617 - 652 MHz
632 - 657 MHz



[image: ]
Figure 6.4.2.2-2: The different duplexer options

In Figure 6.4.2.2-3, the 46 MHz duplex distance B2 cases performance is presented with the addition of the 40 MHz full duplexer (B2F) in plain line while the 35 MHz dual duplexer uses dashed lines for lower duplexer (B2A35) and dotted lines for upper duplexer (B2B35).

[image: ]
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Figure 6.4.2.2-3: Top: Tx-Ant and Rx-Ant losses for 40 MHz full duplexer (plain), dual duplexer approaches B2A35/n71 35 MHz duplexer (dashed lines), B2B35 35 MHz duplexer (dotted lines) and alternative B2B25 25 MHz duplexer (dashed-dotted lines), Bottom: same filter attenuation with CH36/37 and US/Asia neighbor bands.
As expected, the 40 MHz full duplexer approach has higher insertion losses. It is compatible with n71 band and provides similar attenuation of CH36 than a 35 MHz n71 full duplexer. However, the main issue for this B2 solution is the performance in the 6 MHz duplex gap. To better asses this issue, Figure 6.4.2.2-4 zooms into the narrow 6 MHz gap.

[image: ]
Figure 6.4.2.2-4: Same cases than Figure 6.4.2.2-2 zoomed in the 6 MHz gap.
Observations for 40 MHz B2F full duplexer is listed.
· Thanks to a higher number of resonators it has a better duplex gap transition, thus it provides a slightly better protection of the DL, but the gap is truly 6 MHz so the filter is more subject shifts due to temperature coefficients, even with TC SAW. 
· Also, with this 6 MHz gap the Tx-Rx isolation is degraded compared with the dual duplexers case which still benefits from a 11 MHz gap and cannot reach 50 dB in all conditions unless the design uses even more resonators and thus is even more subject to temperature shifts and higher insertion losses.
· In any case, using a full duplexer for B2 results in further degraded REFSENS.

[bookmark: _Toc79176203]6.4.2.3	Relative cost and size

6.4.2.3	Relative cost and size
It is not possible for us to provide exact and absolute numbers, but cost and sizes can be discussed relative to the band n71F duplexer baseline:
· For option B2B35, it is simple since B2B25 duplexer size is only marginally bigger than n71F duplexer due to the scaling, it can be twice the cost and size of a band n71 solution
· For option B2B25, due to the reduced BW and increased gap, the size and cost can be reduced compared to n71F thanks to lower number of resonators and simplified process steps.
Although full duplexer seems to be a much smaller size or cost-effective approach, it is only the case if they can be reused for n71 with negligible impact on n71 performance in terms of insertion losses or DTV CH36 attenuation. Also, a full duplexer implementation uses a more advanced technology and more resonators, thus cost is increased versus the reference 35 MHz full band n71 duplexer. As discussed above, the B2 40 MHz full duplexer feasibility and performance is highly questionable and would only result in further degradation of the n71 REFSENS performance.

Table 6.4.2.3-1: Comparison of the different extended 600 MHz implementation options
	Band definitions
Frequency range
	Duplexer
arrangement
	Pro
	Con
	Cost/size vs n71

	B2
UL: 663 - 703 MHz
DL: 617 - 657 MHz
Duplex Distance: 
46 MHz
	Full 40 MHz B2F
	Reusable for n71
	Issue with too small gap for the upper 5 MHz and increased MSD including for n71
	>1.5x if reused for n71but
probably not feasible

	
	Dual 35 MHz*
n71F-B2A35/B2B35
	Reusable for n71 without performance compromises
	Double the size and cost of n71
	~2x

	
	Dual 35+25 MHz*	Comment by Michal Szydelko: Stars not explained in the text. 
n71F-B2A35/B2B25
	Reusable for n71 without performance compromises
	Reduced channel bandwidth support in the upper 25 MHz
	~1.7x




[bookmark: _Toc79176204]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.

Editors note : The following text is from R4 2107999
[bookmark: _Toc79176205]6.4.3	Option B2a
[bookmark: _Toc79176206]6.4.3.1	General
A device that supports the extension of the 600 MHz band may choose to also support the existing 600 MHz 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.]  	Comment by Michal Szydelko: All [] to be resolved in the final version.	Comment by Michal Szydelko: []

One option illustrated below is to use band 71/n71 as is, covering the frequency range 663-698 MHz for UL and 617-652 MHz for DL in the APT region, and specify a new band covering at least the additional 2x 5 MHz spectrum proposed in the SI, but it could also support up to 2x 30 MHz 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:	Comment by Michal Szydelko: It was called nX in the other part of the TR. Align based on the B2a proponents inputs. 

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	Comment by Michal Szydelko: Nyyy vs. nX in the other part of the TR.
	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.




[bookmark: _Toc79176207]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 6 MHz, 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.

[bookmark: _Toc79176208]7	List of band specific issues for APT600 MHz frequency band
Below is the list of issues that are studied for the APT 600 MHz. Band xx	Comment by Michal Szydelko: Band naming to be aligned across the TR.

[bookmark: _Toc79176147][bookmark: _Toc79176209]8	Study of NR specific issues
8.1	UE aspect issues
8.1.1	UE transmitter requirements
8.1.2	UE receiver requirements
8.2	BS aspect issues

[bookmark: clause4]X	Examples for styles
The main text of the document should start here, after the above clauses have been added.
The following styles and editing techniques are aimed to help in the formatting of the document using the 3GPP Template: 3GPP_70.dot, available from the 3GPP FTP site (ftp://ftp.3gpp.org/Information).
X.1	Heading styles
Heading styles are included in the 3GPP TS Template and are used as follows:
Do not use any built-in automatic numbering for 3GPP documents. Although this is sometimes useful in the early drafting stages of a document, once the document has been placed under change control, the clause numbering needs to be fixed in order to keep cross-reference consistency as the 3GPP specification set develops.
Heading 1:	Used for Main clauses (1, 2, 3, etc.). Also used for Annex clauses (A.1, A.2, etc.).
Heading 2:	Used for Main clauses (4.1, 4.2, 5.1, 5.2, etc.). Also used for Annex clauses (A.1.1, A.1.2, etc.).
Heading 3:	Used for 2nd level clauses (4.1.1, 4.1.2, 5.1.1, 5.1.2, etc.). Also used for Annex clauses (A.2.1.1, A.2.1.2, etc.).
Heading 4 & 5:	Used for 3rd and 4th level clauses and Annex clauses.
Heading 6 & 7:	Not used, instead use style "H6" so that the title appears in the document, but does not appear in the Table of Contents.
Heading 8:	Used for Main Annex titles in Specifications (3GPP TS) (e.g. Annex A (normative): ).
Heading 9:	Used for Main Annex titles in Reports (3GPP TR) (e.g. Annex A: ).
X.2	Other common styles
Normal:	Used for main document text.
NO:	Used for Notes in the text (Allows Tab and Indent). See example below.
NW:	Same as NO, but Without line space after. Used when there are many notes in sequence.
NOTE 1:	This is an example of a note formatted in style NW. The style is designed to allow space for note numbering and line wrap with a hanging indent. There is no line space after.
NOTE 2:	This is an example of a note formatted in style NO. The style is designed to allow space for note numbering and line wrap with a hanging indent. There is a line space after.
Bullet styles:	The following bullet styles are provided.
B1:	Bullet level 1 for main bullet points.
B2:	Bullet level 2 for sub bullets.
B3-B5:	for further sub bullets.
NOTE:	Bullets are usually formatted manually, using a hyphen ( - ) or alphanumeric identifiers: a), b), or 1), 2) etc. followed by a tab character. Automatic bullet features should not be used as they may be lost if template styles are re-applied later.
Table styles:	TAH, TAL, TAC, TAR, TAN, for TAble Headers, Left justified, Centred, Right justified and Notes in tables: Style TH is used for the Table Heading (title or caption). See example below.
Table 1: Example of table styles
	Col 1 Header (TAH)
	Col 2 Header (TAH)
	Col 3 Header (TAH)

	Left Justified (TAL)
	Centred (TAC)
	Right Justified (TAR)

	NOTE:	A special style is provided for notes within a table (TAN).



Warning: The default setting for table cells is to disallow rows to break at a page boundary. If you include tables with very long cells, likely to extend beyond the bottom of the page (bearing in mind the table header and the page header and footers, and the margin settings), then you must enable that row's "Allow row to break across pages" setting.
Figure styles:	Figures and graphics are formatted with style "TH" which keeps the figure with the following paragraph, usually the figure title. Figure Titles (captions) are formatted with style "TF". See example below.


Figure 1: Example figure layout. To remove "float over text" select the graphic and "Format Object ..." - De‑select "float over text" in the Position Tab
Annex <B> (informative):
<Informative annex for a Technical Specification>
Informative annexes shall not contain requirements for the implementation of the Technical Specification.
B.1	Heading levels in an annex
Heading levels within an annex are used as in the main document, but for Heading level selection, the "A.", "B.", etc. are ignored. e.g. B.1.2 is formatted using Heading 2 style.

Annex <B>:
<Informative annex title for a Technical Report>
Informative annexes in Technical Reports do not use "(informative") in the title, since all annexes in TRs are informative. Use style "Heading 9" in TRs.
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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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