3GPP TSG RAN Meeting #96					RP-221045
Budapest, Hungary, June 6-9, 2022

	[image: A picture containing text, clipart

Description automatically generated]
	ASIA-PACIFIC TELECOMMUNITY
	

	
	The 29th Meeting of the APT Wireless Group 
(AWG-29)
	


	
	21 – 29 March 2022, Virtual/Online Meeting
	29 March 2022



Source: AWG-29/OUT-02

APT Wireless Group

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]REPLY LIAISON STATEMENT TO 3GPP RAN, 3GPP RAN4

	Title of the Liaison Statement:

	FREQUENCY ARRANGEMENTS FOR IMT IN THE BAND 470 – 703 MHZ


	Objective:

	For Information and comments


	Origin:
 
	APT Wireless Group (AWG)

	Contacts:

	Mr. Le Van Tuan, Chair, AWG 



The AWG would like to thank 3GPP TSG RAN for its liaison statement (RP-212629) and is pleased that 3GPP is continuing to consider the APT 600 MHz band plan.

AWG-29 has considered the information and issues from the 3GPP liaison statement regarding the development of the APT 600 MHz band plan. AWG would like to provide the following normative regulatory information as requested in the liaison statement:

a) Frequency plan for allowed operation in the band
AWG has considered the options B1 and B2 and would like to make the following recommendations to 3GPP:
1. That B1 is the preferred option for APT and be referred to as the ‘APT 600 MHz’ band.
2. That AWG invites 3GPP to immediately start work on the technical specifications to support Option B1.
3. [bookmark: _Hlk98851535]That B2 may be considered as an option for later standardization should it be required (in a 35 MHz + 35 MHz configuration).

b) Out of band emission limits
APT/AWG is not considering any band specific emission limit other than the general emission limits already specified 3GPP TS 38.101-1 and TS 38.104. However, it is not precluded additional emission limit may be introduced by each administration to protect the other services. We suggest that out of band emission limits for both categories A and B should be defined.

c) Emission limits outside of the allocated channel, or emission mask, as applicable
APT/AWG is not considering any band specific emission limit other than the general emission limits already specified in 3GPP TS 38.101-1 and TS 38.104. From the network side, NS_35 is intended for US specific requirements and may not apply in all APT countries.  From the UE side, the device should ideally support both the APT band plan as well as Band n71 for roaming purposes.  As such, the UE should support NS_35 for operation in Band n71 networks.
The choice between categories A and B for specifying base station unwanted emissions is for each Administration.

d) Protected services and associated emission limits
The AWG would like to maximise spectrum efficiency and minimise frequency separations (guard bands) between DTT and Mobile. 
APT/AWG observes that 3GPP already studied them and summarized in TR 38.860 in the following.
· It was concluded that due to various DTV channel arrangements across national regulations, the frequency separation is considered to be decided by administrators. APT countries use 6, 7 and 8 MHz TV channels. We have undertaken simulations to determine guard band requirements for DTV interference to UE blocking.
· The AWG has undertaken a study on a 4 MHz frequency separation (guard band). The results of the study found that 4 MHz of 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. 
· 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.
The AWG invite 3GPP to consider the attached study when it is undertaking its work on the APT 600 MHz band plan.



e) Blocking requirements, if applicable
APT/AWG is not considering any band specific blocking requirement other than the general blocking requirement already specified 3GPP TS 38.101-1 and TS 38.104. 

f) Maximum transmit power
APT/AWG is not considering any specific requirement other than the already available UE power classes in 3GPP TS 38.101-1 and base station classes in TS 38.104 for other NR bands. 

Considering the level of urgency, the AWG would invite this work to be completed by December 2022 if feasible.

AWG would appreciate 3GPP to provide any feedback before the 30th AWG (5 -9 September 2022) and would also keep 3GPP informed of the progress work in future AWG meetings.



For technical queries please contact:

Dr Mansoor Shafi
Spark Fellow Wireless
Spark New Zealand Ltd
+64 274515186
Email: Mansoor.shafi@spark.co.nz 



Mr. Le Van Tuan
Chair
APT Wireless Group
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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. 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. 



[image: ]

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 







[bookmark: _Hlk97224824]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. 
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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.  
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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. 

[image: ]

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.
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[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. 
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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.






Table A6 – Potential DTT channel impact on APT 600 MHz options

		APT DTT raster / channel spacing

		Mobile Band Option B1 

		Mobile Band Option B2 



		8 MHz raster 

		CH 38

		CH 38



		7 MHz raster

		CH 39

		CH 40



		

		CH 40

		



		6 MHz raster

		CH 37

		CH 37









Table A7 – Comparison between 7 MHz and 4 MHz frequency separation regarding potential DTT channel impact 

		DTT channel raster / channel spacing

		7 MHz Frequency Separation (Guard band)

		4 MHz Frequency Separation (Guard band)



		

		Option B1

		Option B2

		Option B1

		Option B2



		8 MHz

		≥ CH 37

		≥ CH 38

		≥ CH 38

		≥ CH 38



		7 MHz

		≥ CH 39

		≥ CH 40

		≥ CH 39

		≥ CH 40



		6 MHz

		≥ CH 36

		≥ CH 37

		≥ CH 37

		≥ CH 37
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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)  
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