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1	Introduction
A study item to determine the feasibility of some band plan options in the extended 600 Mhz NR band was approved  in RAN#96e meeting [7].  
A skeleton TR 38.xxx  has been provided to this meeting R4- 2211530.
This contribution proposes text proposals for various sections of the skeleton TR as per below:

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]	ETSI EN 300 422-1 (V1.4.2) (2011-08): "Electromagnetic compatibility and Radio spectrum Matters (ERM); Wireless microphones in the 25 MHz to 3 GHz frequency range; Part 1: Technical characteristics and methods of measurement". 
[3]	3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception".
[4]	3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception".
[5] 		3GPP TR 36 820  , “ LTE for 700 MHz digital dividend’.

[6]		3GPP TR 36 755, “ US 600 Mhz band for LTE”

[7] 		RP 221778 , WID on APT 600 Mhz band

[8]		3GPP  TR 38 860, “ Study on Extended 600 MHz NR band “.



3.0 Text for Section 3
Definitions, symbols and abbreviations
[bookmark: _Toc108787118]3.1	Definitions
[bookmark: _Toc108787119]For the purposes of the present document, the terms and definitions 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].
3.2	Symbols 

For the purposes of the present document, the following symbols apply:
BW	Bandwidth
f	Separation between the channel edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency
fmax 	The largest value of f used for defining the requirement
FDL_low	The lowest frequency of the downlink operating band
FDL_high	The highest frequency of the downlink operating band
FUL_low	The lowest frequency of the uplink operating band
FUL_high	The highest frequency of the uplink operating band
f_offset 	Separation between the channel edge frequency and the centre of the measuring filter
f_offsetmax 	The maximum value of f_offset used for defining the requirement
NDL 	Downlink EARFCN
NOffs-DL 	Offset used for calculating downlink EARFCN
NOffs-UL 	Offset used for calculating uplink EARFCN 
NUL 	Uplink EARFCN
PREFSENS	Reference Sensitivity power level



[bookmark: _Toc108787120]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
BS	Base Station
CBRS	Citizens Broadband Radio Service
CIM	Counter-InterModulation
CW	Continuous Wave
DL	Downlink
DTV	Digital Television
EARFCN 	E-UTRA Absolute Radio Frequency Channel Number
eCFR	electronic Code of Federal Regulation
EIRP	Effective Isotropic Radiated Power
ERP 	Effective Radiated Power
ETSI	European Telecommunications Standards Institute
E-UTRA	Evolved UTRA
FCC	Federal Communications Commission
FDD	Frequency Division Duplex

HAAT	Height Above Average Terrain
LA	Local Area
LO 	Local Oscillator
MOP	Maximum Output Power
MR	Medium Range
MSR	Multi-Standard Radio
NF	Noise Figure
NRAO	National Radio Astronomy Observatory
NSF	National Science Foundation
PA 	Power Amplifier
PRB	Physical Resource Block
RAS	Radio Astronomy Service
REFSENS	Reference Sensitivity
RF	Radio Frequency
RX	Receiver
SEM	Spectrum Emission Mask
TX	Transmitter
UE	User Equipment
UHF	Ultra High Frequency
UL	Uplink
UMTS	Universal Mobile Telecommunications System
UTRA	UMTS Terrestrial Radio Access
VLBA	Very Long Baseline Array
WA	Wide Area	
WMTS	Wireless Medical Telemetry Service

4.0	Text for Section 4
Background
Editor’s note: The text in this section is largely from the WID [7]
The 470-694 MHz frequency range is allocated to the broadcasting service and mobile service on a co-primary basis in ITU Region 3. The frequency band 470-698 MHz, or parts thereof, was identified by WRC-15 in 7 countries in Region 3 through new footnote No. 5.296A for use by those administrations as listed wishing to implement terrestrial IMT systems. In addition, there is interest from other significant markets to do the same. Elsewhere, USA, Mexico and several other countries in ITU Region 2 also identified this band for IMT through footnotes 5.295 and 5.308A. It is noted that resolves 2 of revised Resolution 224 (Rev.WRC-19) to encourage administrations to take into account results of the existing relevant ITU Radio communication 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.
Spectrum below 1 GHz is expectedly well suited for mobile broadband applications.  In particular, the unique propagation characteristics of the bands below 1 GHz allow for wider area coverage, which in turn requires fewer infrastructures and facilitates service delivery to rural or sparsely populated areas. In this regard, the 700MHz ecosystem is growing swiftly: there are over 34 commercial networks deployments.[footnoteRef:1] The APT700 band plan coming out from Region 3 played a huge role in its success globally. Outside of APAC, countries in Region 2 have adopted or plan to adopt the APT700 band plan (3GPP band 28) for LTE system deployments. The lower duplexer of APT700 plan has also been adopted for Region 1 since the conclusion of WRC-15. [1:  https://gsacom.com/paper/gsa-apt700-global-status-regulatory-deployments-devices/
] 

As the utilisation of the 700MHz spectrum increases over time, it is desirable to look at additional spectrum that could be considered as a companion besides 3GPP Band 28. Therefore, the use of parts of the 600MHz band for the mobile broadband service would provide a vital means of delivering high quality, wide area broadband services including in rural areas and deep inside buildings. The timely availability of frequency arrangements is essential for the development of IMT specifications and standards and the early consideration by Administrations in the footnotes referred to above of suitable frequency arrangements. 
The APT region is very diverse and consists of highly developed and developing countries and some with extremely large and rural population base. The sub 1 GHz bands is well suited for the later.
During the last year or so, 3GPP RAN 4 has completed a study item on the feasibility of various duplex filter options for use in this band. The results of this study are documented in TR 38.860 [8] This study was sent to the AWG in an LS RP-212629 in Sep 2021 with a request to provide guidance on a preferred band plan and information on regulatory aspects for the normative work to begin. 
The AWG 28 meeting has considered the request of the 3GPP and has provided a response to this LS. In this response the LS has indicated a preference for option B1 (full band)- seer Fig 4-1 below, and has also requested for the work to begin immediately with a view to completion by Dec 2022. Additionally, the answers to the regulatory questions sought by the 3GPP have now been provided via a reply LS RP 221045.
To facilitate the development of additional spectrum in the APT region it is proposed to develop the following band option:


Figure 4-1: APT 600 Mhz band- option B1



6.0      Texts for Section 5.3
Nearby non-3GPP Services 
[bookmark: _Toc108787126]5.3.1 	Introduction
Two kinds of non 3GPP services need to be considered:
· Digital Television
· Radio Astronomy Service.
In Region 3, there is a multiplicity of TV channel spacings, namely 6 MHz, 7 MHz and 8 MHz ; All have different channel numbers and must be considered for co existence.
Coexistence issues and possible impacts on 600 MHz band RF requirements are analysed below.
[bookmark: _Toc108787127]5.3.2 	Coexistence between 600 MHz and TV Services
Two kinds of interferes must be considered.
· Interference from Mobile base stations to DTV receivers.
· Interference/ blocking from DTV transmitters to mobile UEs.
The AWG has studied the interference mechanisms and has provided guidance on guard bands needed for the protection of a mobile UE from being blocked by the transmission from a DTV transmitter [9].  This study included all the three TV channel spacings and for options B1 and B2 respectively. Specifically:
It was concluded that a 4 MHz frequency separation (guard band)  is adequate for mobile user equipment to operate in the presence of DTT transmitters without interference (see details in the attached document). This means that option B1 would not impact any additional DTT channels on the 8 MHz and 6 MHz DTT channel spacing / raster compared with option B2.
The frequency separation between base transmit and DTV receive is  considered to be adequate for the protection of DTV receivers.
Previous studies performed for North America usage in [6] found that a 7 MHz guard band was needed for mobile user equipment to operate in the presence of DTT transmitters without being blocked. This analysis considered the spectrum environment in North America and the mobile filter / duplexer characteristics available at that time. An analysis that is more specific to the APT spectrum environment taking into account the latest mobile filter / duplexer characteristics is desirable. It is important to minimise frequency separations (guard bands) and the potential impact on the number of DTT channels available in a geographic area. The AWG  study looked at the possibility and impact of reducing the frequency separation (guard band) from 7 MHz to 4 MHz . The TV channels that must be cleared for the option B1 and for all the three TV channel arrangements are shown in Fig 5.3.2-1 below.


Figure 5.3.2-1 – 4 MHz Frequency Separation (Guard band) DTT channel impact on APT 600 MHz options for 6/7/8 MHz raster/channel spacings

To summarise the following TV channels are impacted ie for 8 MHz rasters, TV channels 38 and above must be cleared:

Table 5.3.2-1 – Potential DTT channel impact on APT 600 MHz options
	APT DTT raster / channel spacing
	Mobile Band Option B1 

	8 MHz raster 
	CH 38

	7 MHz raster
	CH 39

	

	6 MHz raster
	CH 37




Details of the interference calculations are given in Annex B.


7.00      Text Proposals for section 5.3.3
5.3.3	Coexistence with 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 AWG has advised 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.

8.0 Required changes to NR specifications
The required changes to the 3GPP specifications for the new 600 MHz band are summarised in Table 9-1.
Table 9-1: 3GPP specifications with required changes

	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	38.101-1
	NR; UE Radio transmission and reception
	RAN#98
	Core part

	38.133
	NR; Requirements for support of radio resource management
	RAN#98
	Core part

	38.104
	NR; BS Radio transmission and reception
	RAN#98
	Core part

	38.141-1
	NR; Base Station (BS) conformance testing Part 1: Conducted conformance testing
	RAN#99
	Perf. Part

	38.141-2
	NR; Base Station (BS) conformance testing Part 2: 
Radiated conformance testing
	RAN#99
	Perf. Part

	36.104
	E-UTRA; BS Radio transmission and reception
	RAN#98
	Core part

	36.141
	E-UTRA; BS conformance testing
	RAN#99
	Perf. Part

	37.104
	E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception
	RAN#98
	Core part

	37.141
	E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) conformance testing
	RAN#99
	Perf. Part

	37.105
	Active Antenna System (AAS) Base Station (BS) transmission and reception
	RAN#98
	Core part

	37.145-1
	Active Antenna System (AAS) Base Station (BS) conformance testing; Part 1: conducted conformance testing
	RAN#99
	Perf. Part

	37.145-2
	Active Antenna System (AAS) Base Station (BS) conformance testing; Part 2: radiated conformance testing
	RAN#99
	Perf. Part

	38 101-4
	NR- radio transmission and reception : Perf part
	RAN#99
	Perf Part





9.0      Text Proposals for Annex B

[bookmark: _Toc108787138]Annex B:

Technical study on 4 MHz of frequency separation (guard band) for the DTT transmitter into mobile receiver co-existence scenario

1. Overview
Previous studies performed for North America usage in 3GPP TR 36.755 found that a 7 MHz guard band was needed for mobile user equipment to operate in the presence of DTT transmitters without interference. This analysis considered the spectrum environment in north America and the mobile filter / duplexer characteristics available at that time. An analysis that is more specific to the APT spectrum environment taking into account the latest mobile filter / duplexer characteristics is desirable [9]. It is important to minimise frequency separations (guard bands) and the potential impact on the number of DTT channels available in a geographic area. This study looks at the possibility and impact of reducing the frequency separation (guard band) from 7 MHz to 4 MHz. It is unlikely that smaller frequency separations (guard bands) such as 2 MHz would be possible as the duplex filter would not have sufficient roll off / attenuation with this frequency offset. 


Figure A1 – 4 MHz Frequency Separation (Guard band) DTT channel impact on APT 600 MHz options for 6/7/8 MHz raster/channel spacings

2. Technical Characteristics and parameters
The co-existence scenario of DTT transmission into the mobile user equipment (UE) receive band is considered with transmission in the necessary DTT channels applicable to the APT region. These are shown in Figure A1. From the mobile band plan options presented in 3GPP TR 38.860, studies were conducted for two options: (1) Option B1: Full band duplexer; (2) B2: 35 + 35 MHz dual duplexers. Table A1 shows a breakdown of each option along with the relevant DTT and mobile frequency bands for a guard band of 4 MHz. 

Table A1 – Options and cases evaluated for DTT and mobile co-existence
	Option
	DL DTT channel style/band
	DL mobile 

	B1: 40 MHz Full Band duplexer
	6 MHz Channel Raster/Spacing 
596-602 MHz (CH 35) 
	612-652 MHz 

	
	8 MHz Channel Raster/Spacing 
590-598 MHz (CH 36) 
598-606 MHz (CH 37) 
	

	
	7 MHz Channel Raster/Spacing
596-603 MHz (CH 38)
	

	B2: 35 + 35 MHz dual duplexers
	6 MHz Channel Raster/Spacing 
596-602 MHz (CH 35)
602-608 (CH 36)
	617-652 MHz 

	
	8 MHz Channel Raster/Spacing 
590-598 MHz (CH 36) 
598-606 MHz (CH 37)
	

	
	7 MHz Channel Raster/Spacing
596-603 MHz (CH 38) 
603-610 MHz (CH 39)
	



While the exact DTT-to-mobile co-existence scenario is described under the section 3 ‘Technical Analysis’; for clarity, the assumed technical characteristics of DTT systems are below in Table A2. These characteristics are taken from Recommendation ITU-R BT.2383, which describe the typical frequency sharing characteristics of DTT including DVB-T and DVB-T2 reference broadcast transmitter configurations. The study considers a single DTT transmitter under the high power class category, as it is the most critical in terms of worst-case interference prediction for DTT-to-mobile co-existence, from the DTT transmitter to a given mobile UE receiver. 

Table A2 –DTT transmitter characteristics
	Parameter
	Value
	Reference

	ERP 
	200 kW/83 dBm
	Section 7.1 Recommendation ITU-R BT.2383


	EIRP 
	ERP + 2.15 dB=85.15 dBm
	

	Effective antenna height
	300 m
	

	Antenna heigh above ground level (a.g.l.)
	200 m
	

	Horizontal radiation pattern
	Omnidirectional
	

	Vertical radiation pattern
	Based on 24 λ aperture with a 1° beam tilt 
	Section 7.1.1 Recommendation ITU-R BT.2383

	Coverage structure and radius 
	Circular and 53 km
	Based on maximum allowable pathloss in the DTT system and link budget calculations shown in Annex 2, Table A2.1.1 Recommendation ITU-R BT.2383



The mobile system parameters are taken from Recommendation ITU-R M.2292-0, where a grid of mobile Base Stations (BS) were overlaid on the DTT coverage area. Each mobile BS is placed at the origin of a three-sector hexagonal cell with an azimuthal spacing of 120°. As stated in Recommendation ITU-R M.2292-0, the radius of each cell is linked to the environment in which the cell operates in. In this study, we consider the mobile BS characteristics corresponding to the macro rural scenario, which are presented in Table A3. The macro rural scenario represents worst-case compared with other scenarios such as macro suburban or macro urban.



Table A3 – Mobile BS transmitter characteristics 
	Parameter
	Value
	Reference

	Cell structure/radius
	Hexagonal/8 km; typical for macro rural scenarios 
	Table 2 Recommendation ITU-R M.2292-0

	BS antenna height 
	30 m 
	

	Sectorization 
	3 sectors; each with 120° width
	

	BS antenna downtilt 
	3°
	

	Frequency reuse 
	1
	

	BS antenna gain 
	15 dBi
	

	Antenna patterns in horizontal and vertical planes
	Recommendation ITU-R F.1336-5 (Recommends 3.1) with the parameters , ,  and 

	Horizontal 3 dB beamwidth
	65°
	Table 2 Recommendation ITU-R M.2292-0

	Vertical 3 dB beamwidth
	Determined from the horizontal 3 dB beamwidth by the equations in Recommendation ITU-R F.1336-5 

	Antenna polarization 
	±45° 
	Table 2 Recommendation ITU-R M.2292-0

	Feeder loss 
	3 dB
	

	Maximum BS output power 
	46 dBm/10 MHz 
	

	BS EIRP/sector
	58 dBm/10 MHz
	

	Average BS activity factor 
	50% 
	

	Average BS EIRP/sector considering the average BS activity factor 
	55 dBm/10 MHz
	



Each BS serves mobile User Equipment (UE) in its coverage area with a certain density per-square kilometre, proportional to the cell’s operating environment. The position of each UE is randomly selected with a uniform distribution with respect to the cell area. To simulate a reasonable balance between indoor and outdoor UEs, it is assumed that 50% of the total number of UEs are indoors, in which case a fixed outdoor-to-indoor penetration loss is added together with a body loss to the overall predicted propagation loss from the BS transmitter to the UE receive position (discussed in detail later in the document). As for the BS transmitter, the specific characteristics of each mobile UE receiver is also taken from Recommendation ITU-R M.2292-0, where the parameters relevant to this study are given in the Table A4 below: 

Table A4 – Assumed mobile UE receiver characteristics
	Parameter
	Value
	Reference

	Indoor UE usage percentage
	50% for macro rural scenarios
	Table 2 Recommendation ITU-R M.2292-0 

	Average outdoor-to-indoor UE penetration loss 
	15 dB for macro rural scenarios
	

	UE density and distribution 
	0.17/5 MHz/km² for macro rural scenarios and uniform 
	

	UE antenna gain and patterns 
	-3 dBi and omnidirectional in horizontal and vertical planes
	

	Body loss 
	4 dB
	

	UE height 
	1.5 m
	

	UE noise figure 
	9 dB for macro scenarios 
	Table 1 Recommendation ITU-R M.2292-0

	UE (in-band) blocking level
	-44 dBm ± 15 MHz of UE in-band; For ≥ 95% of the maximum throughput of the reference measurement channels
	Table 7.6.2-2 3GPP TS 38.101-1 



As an example, the overall 3 sector hexagonal grid of cells with mobile BSs serving mobile UEs is shown in Figure A2. Here the cell radius and inter-site distances () are shown and can be computed via straightforward trigonometry of hexagons. 















Figure A2 – An example grid of mobile BSs placed in three sector hexagonal cells serving mobile UEs uniformly distributed across the cell with the density from Table A4. All parameters are obtained from Recommendation ITU-R M.2292-0.

The mobile user equipment (UE) duplex filter characteristics from a number of filter vendors were between 15- 35 dB of attenuation below 612 MHz. This analysis uses an average value of 20 dB attenuation. This represents a conservative value amongst the range of duplexer filter attenuations. We expect that this value will improve further over time.

From a propagation viewpoint, the desired links between the mobile BS transmitters to mobile UE receivers and the interfering links from the DTT transmitter to mobile UE receivers are modelled according to Recommendation ITU-R P.1546. Specifically, using the 20 step procedure detailed in Annex 6 of ITU-R P.1546, field strengths to mobile UEs from mobile BSs and DTT transmitter were computed. The computations were carried out using field strength values exceeded for 50% of time, using the relevant heights of the DTT transmitter, mobile BS transmitters, and mobile UE receivers, respectively. To retain generality, no specific terrain/clutter information was assumed while computing the field strengths. Following Table 2 of ITU-R P.1546, using the values of variability for 600 MHz DTT broadcasting, a log-normal shadow fading standard deviation of 5.5 dB was assumed on top of the fixed loss from the point of transmission to the point of reception. The field strengths were converted to an equivalent propagation path loss via application of equation (40) in ITU-R P.1546. A detailed list of the involved propagation parameters from ITU-R P.1546, along with their definitions and respective values used in the study are presented in Table A5 

Table A5 – List of the involved propagation parameters, definitions and values used in the study from Recommendation ITU-R P.1546
	[bookmark: _Hlk97068120]Parameter
	Definition 
	Value 

	f [MHz]
	Operating frequency 
	Mobile: Option specific frequency as presented in Table A1

	
	
	DTT: Channel specific frequency as presented in Table A1

	d [km]
	Horizontal path length 
	Dependent on the mobile UE positions relative to the DTT transmitter and mobile BS transmitters. Special case: For path lengths <1 km, Annex 15 is used to compute field strengths.  

	p [%]
	Percentage time 
	50%  

	 [m]
	DTT transmitter or mobile BS height for land paths 
	Mobile BSs: 30 m

	
	
	DTT transmitter: 300 m

	 [m]
	DTT transmitter height a.g.l. 
	200 m

	 [m]
	Height of mobile UE antenna
	1.5 m

	 [m]
	Representative clutter height around DTT transmitter and mobile BS transmitters 
	10 m

	 [m]
	Representative clutter height around mobile UE receivers
	1 m

	[dB]
	Shadowing standard deviation 
	5.5 dB



In section 3 an overview of the conducted technical analysis, as well as outline the description of the analysis methodology which contains an overview of the performed Monte-Carlo numerical simulations for assessing the co-existence performance under a guard band of 4 MHz. 

3. Technical Analysis
To evaluate the co-existence performance between DTT and mobile systems having a guard band of 4 MHz, the co-existence scenario shown in Figure A3 was designed. The figure illustrates the interference arising from DTT transmission into the mobile UE receive band and shows the concept of guard band in co-existence of both systems.  








Figure A3 – DTT and mobile system co-existence in the 600 MHz bands, with an illustration of the interference arising from DTT transmitter into the mobile UE receive band. The guard band concept is also illustrated between both systems for successful co-existence.

Using the mobile band plan options B1 and B2 presented in Table A1, a co-existence study for DTT transmission into mobile UE receive bands was conducted on three different TV channel spacings of 6, 7, and 8 MHz used in the APT region. The co-existence scenario in Figure A3 is translated to the one shown in Figure A4, where the grid of mobile BSs extends across the DTT coverage area. Based on this model of the system, a numerical Monte-Carlo simulation was designed with the stagewise methodology described as follows. Note that the respective computations required within each stage are also described with reference to the earlier discussed Technical Characteristics where appropriate. 



















Figure A4 – Overlaid mobile BSs and UEs in the DTT coverage area for co-existence performance evaluations considering mobile band options B1 and B2 and 6, 7, and 8 MHz spaced DTT channels in the APT region.
3.1. Stagewise Monte-Carlo Simulation Methodology

Stage 1. System setup: 
1. Define and initialise the relevant DTT transmitter, mobile transmitter, and mobile UE receiver parameters to be used in the simulations from their technical characteristics and assumptions stated in Tables A2, A3, A4, and A5. 
1. Place the DTT transmitter at the origin position of its circular coverage area with its radius and radiation characteristics specified in Table A2. 
1. Overlay mobile BS transmitters at the origin of each hexagonal cell structure within the DTT coverage area having the rural macro parameters given in Table A3. Fix the locations of the mobile BSs. 
1. Split each cell into three sectors and compute the mobile BS transmitter radiation characteristics as described in Table A3. 
1. Compute the intersite distances between all mobile BS transmitters, and distances between the DTT transmitter and the mobile BS transmitters, respectively.  
Stage 2. Selection of mobile and DTT system bands: 
1. Select the desired combination of mobile band plan option (option B1 or B2) and the applicable DTT channel given a 6, 7 or 8 MHz spacing applicable to a guard band of 4 MHz, and load the correct frequencies to be used for the simulations. These are given in Table A1. 

Stage 3. Compute the desired signal and interference powers from the mobile BSs to mobile UEs and the DTT transmitter to the mobile UE receivers: 
For each simulation snapshot / realisation (from realisation / snapshot one to realisation / snapshot 10,000), do the following: 
1. In each mobile system cell, drop mobile UE receivers with the density quoted for an urban macro environment, and the antenna gain/pattern described in Table A3. The mobile UEs are dropped with a uniform random distribution with respect to the cell area. 
1. For each dropped mobile UE, determine if the UE is located outdoor or indoor via a fair coin toss modelled as a binomial random variable with a probability of success being 0.5. If the result of the coin toss is ≤ 0.5, the UE is outdoor, otherwise the UE is considered as indoor. 
1. Calculate the respective distances from the DTT transmitter and mobile BS transmitters to each dropped mobile UE receiver. 
1. Calculate the field desired strengths from the mobile BSs to the mobile UE receivers by application of Recommendation ITU-R P.1546 propagation model with parameters from Table A5. This is inclusive of the lognormally varying shadow fading which changes on a per-realisation basis. 
1. Calculate the interfering field strengths from the DTT transmitter to the mobile UE receivers within the mobile UE receive band via application of Recommendation ITU-R P.1546 propagation model, with parameters from Table A5. The estimated field strengths are inclusive of the lognormally varying shadow fading, which changes on a per simulation realization basis. 
1. Convert the computed field strengths in steps c) and d) above to the equivalent propagation path losses via application of the method outlined in equation (40) in Recommendation ITU-R P.1546. 
1. Perform a check if the UE is located outdoor or indoor. If the UE is located indoor, then add a fixed outdoor-to-indoor penetration loss in addition to a fixed body loss to the propagation path loss computed in step f), as described in Table A4. 
1. Compute the desired and interfering received signal power at each mobile UE by subtracting the relevant transmit EIRP of the mobile BS or the DTT transmitter. This is inclusive of the mobile UE receive antenna gain and the chosen average UE duplex filter attenuation constant discussed in/around Table A4 and Table A5, respectively. 

Stage 4. Saving and calibration across all Monte-Carlo iterations 
1. Save the result of each iteration and present the overall result after all iterations in the form of cumulative distribution functions (CDFs) for each mobile band plan option and applicable DTT channels having a guard band of 4 MHz. 
1. Calibrate the observed interference characteristics with the in-band mobile UE blocking level standardized by the 3GPP in 3GPP TS 38.101-1, as quoted in Table A4. 
Following the abovementioned process, the following Monte-Carlo results are obtained. 

4. Simulation Results
For both mobile band options B1 and B2, the results from the Monte-Carlo simulations described above in section 3 are in presented in the form of Cumulative Distribution Functions (CDFs) of the interference power at the mobile UE receiver for the relevant DTT channels when considering a guard band of 4 MHz. The CDFs are formed as a result of the lognormal shadow fading at each UE position from Recommendation ITU-R P.1546, which are also a uniform randomly distributed function across the 10,000 Monte-Carlo snapshots /realisations.

[bookmark: _Hlk97066842]Figure A5 – Interference CDFs at the mobile UE from the applicable APT region DTT channels considering mobile band plan option B1 and a 4 MHz frequency separation (guard band).

Figure A5 shows the interference power CDFs for mobile band option B1. We can see that UE blocking with a 4 MHz guard band does not occur for operation in option B1. For each applicable DTT channel, the DTT interference into the mobile UE receive band is well within the UE blocking level limits of -44 dBm imposed by the 3GPP via TS 38.101-1 (shown via the black dotted vertical line in the Figure). This can be seen by analysing the estimated interference powers for at least 95% probability. The variation in CDFs is due to a multitude of factors while estimating the field strength via Recommendation ITU-R P.1546, such as the randomness induced by shadow fading, UE positions, as well as correction factor differences due to changes in centre frequencies of the respective DTT channels. 



















Figure A6 – Interference CDFs at the mobile UE from the applicable APT region DTT channels considering mobile band plan option B2 and a 4 MHz guard band.

Figure A6 shows the equivalent interference power CDFs for option B2. Similar conclusions to Figure A5 can be obtained for option B2, where interference from the respective DTT channels fall well below the UE blocking level for approximately 98-99% probability. This confirms that with a 4 MHz guard band, UE blocking will also not occur for option B2. 


5. Conclusions
1. The simulation results show a 4 MHz frequency separation (guard band) for options B1 and B2 can keep the DTT interference within the 3GPP in-band mobile UE blocking limits for over 95% probability for both mobile band plan options B1 and B2, respectively. A 4 MHz frequency separation (guard band) is adequate for mobile UE to operate in the presence of DTT.
1. Mobile UE duplexer filter attenuation on the order of 20 dB is sufficient to keep the interference from DTT transmitter within the required limits for below those for blocking. It is expected that filter attenuations may be greater than 20 dB and may continue to improve over time further increasing mobile UE resilience to DTT.
1. The impact of DTT channels on APT 600 MHz options is given in Table A7 and shows the comparison between a 7 MHz and 4 MHz frequency separation. 
1. The following DTT channels (see table A6) may be impacted in the same geographic area for a minimum guard band of 4 MHz: This means that option B1 would not impact any additional DTT channels on the 8 MHz and 6 MHz DTT channel spacing/raster compared with option B2.
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