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1 Introduction
During RAN#90e meeting, LS from APT (Asia-Pacific Telecommunity) Wireless Group was received in [1] and related new SID on 600MHz range for APT was approved in [2]. 
In this contribution we provide the requested feasibility analysis of the possible frequency arrangements for 600MHz range for APT region, based on the pre-defined options B1 and B2. Related TP to TR is provided for approval. 
2 Discussion
2.1 Feasibility analysis of the frequency arrangement
Referring to the APT LS to 3GPP RAN and RAN4 in RP-202143, AWG-26 agreed to undertake the study to revise the APT/AWG/REP-79 (PT Report on Frequency Arrangements for IMT in the Band 470-698 MHz”, Sep. 2017) 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 arrangements that is optimal for APT Members. In the LS [5], 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. 
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. 
Option B1 - background
This option is based on an extension to band n71:
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Figure: Harmonized band plan for 470-698 MHz band - Option B1
In this option the frequency arrangement in Option A (i.e. existing n71 frequency arrangement) is extended upwards and downwards by 5 MHz being a better utilization of spectrum that is achieved with existing APT band that is 703- 748 (UL) paired with 758- 803 MHz (DL) (otherwise the spectrum 698- 703 MHz is not fully utilized).
Some countries in Region 3 have Radio Astronomy Service (RAS) on a co-primary basis (Radio Regulation No. 5.305 and No. 5.307). And as a consequence, co-existence/sharing with these other services will need to be studied.

1. Duplex Direction
The extended band proposal is a reverse duplex and in the lower part of the FDD band (below the duplex gap) is down link as compared to up link that is the ordinary convention but this is better suited for co-existence with APT 700 MHz band (band n28) at the upper edge of the band but also with possible broadcasting at the lower edge.

2. Channel Bandwidth
The revised proposal will result in 2x 40 MHz of FDD spectrum.

3. Duplex distance
The duplex distance is 51 MHz. The frequency plan can support full band or split duplexer as is already the case for band n28.

4. Carrier Bandwidths supported
The extended bandwidth will support NR carrier bandwidths up to 30 MHz and LTE bandwidths up to 20 MHz.

5. Co-existence with existing services
Co-existence with the following services will need study:
a) Broadcast television below 612 MHz and size of guard band required. We expect this will be similar to band n71.
b) Radio Astronomy: Radio astronomy is a receive only service that uses highly sensitive receivers. We expect IMT services using this band will need geographical separation with radio astronomy service receivers, but this will an Administration specific issue.
c) Unlicensed white space devices and Wireless microphones: Wireless microphones are permitted to operate even with band 71 in part of the duplex gap. This has certain limits proposed in TR 36 755. These limits will not change. This proposal is not making any changes to the duplex gap.

Option B2- background
This option uses two duplexers and the duplex distance is 46 MHz as is the case with option A. Also the bottom duplexer is the same as that of option A (existing band n 71), with an additional upper duplexer that should have as large possible overlap as possible with the lower duplexer in option A 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 10 MHz respectively. Like option B1, this arrangement B2 is also a reversed duplex arrangement.
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Figure: Option B2 - two duplexers
Option B2 retains economies of scale advantages by adopting one duplexer being the same as that of option A and the duplex distance same as option A (i.e. existing n71 frequency arrangement) but the duplex gap is now reduced to 6 MHz. Further study of this is required to determine if this is feasible.
Also in this option there is no issue with Radio Astronomy Service (RAS) co-existence as is the case with option A.
Feasibility analysis of option B1
Option B1 is as extension of the reverse duplex based NR band n71, which is defined as below: 
	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



Option B1 extends band n71 upwards and downwards by 5 MHz. Such extension of the bandwidth requires further feasibility investigation, e.g. in order to verify potential filtering implementation issues, etc. Option B1 is considered to have multiple disadvantages due to the co-existence scenarios identified, i.e. co-existence with Broadcast television, RAS, as well as unlicensed white space devices and wireless microphones. Those would require further studies and simulations campaigns.  

It was found not possible to conclude such analysis before the response deadline requested by APT in their LS.
NOTE:	For the potential co-existence simulations, TR 36.755 on US 600 MHz band (later denoted as band 71/n71) shall be used as a reference.  
Feasibility analysis of option B2
Option B2 is preferred over the B1 due to lack of the Radio Astronomy Service (RAS) co-existence issue. 
Referring to the different channel bandwidth options considered for option B2 one can notice that the frequency range in question is contained within the already defined band n71. Referring to the TR 36.755, one can find analysis of the filtering capabilities in 600MHz frequency range provided by three vendors. 
Filter vendor "B" was able to provide Rx attenuation in Channel 36 of 30 dB. Filter vendor C attenuation over channel 36 frequencies are shown in the figure below. At the upper edge of channel 36 at 608 MHz, it can be seen that the Rx filter attenuation is approximately 40 dB under typical conditions. Thus, it is expected that under worst case conditions including manufacturing margin and temperature drift, an attenuation of at least 29 dB can be met. Thus, the feedback from two filter vendors is that the necessary attenuation can be met in the Rx filter to support a blocking requirement of -15 dBm from Channel 36.
Table: Simulation results for the US 600 MHz band plan; reuse from TR 36.755 
	Vendor
	pass-band 
	Tx IL (typ.)
	Rx IL (typ.)
	Rx Iso (typ.)
	Tx Iso (typ.)
	RX Att @CH36

	A
	35 MHz
	3.4
	2.3
	65
	39
	14

	B
	35 MHz
	3 (max)
	2.6 (max)
	55 (min)
	55 (min)
	30 (min)

	C
	35 MHz
	3.0 (max)
	3.6 (max)
	50 (min)
	55 (min)
	See below
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Figure: Example filter attenuation; reuse from TR 36.755
The above analysis proves that the option B2 can be considered feasible from the filtering performance point of view. 
Option B2 captures four different sizes of the second duplexer overlapping with the US600 band n71. All of them have the same duplex distance of 46 MHz, but the channel bandwidth varies from 10 MHz to 35 MHz. As such all four variants are considered to be technically feasible as a single duplexer, selection of a single option shall be aimed in order to limit diversification and implementations cost. 
As feedback on the second duplexer from a feasibility and cost-efficient perspective were requested by APT, the fourth variant with the widest channel bandwidth of 35 MHz is considered to be the most cost-effective as it covers all the other options with narrower bandwidths.  
Even though all the duplexer variants listed in option B2 are considered to be technically feasible as a single duplexer solution, further investigation is needed to evaluate internal implementation aspects of the duplex architecture considering two duplexers. This analysis is considered to require more time (at least till 2021 Q2). 
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Figure: Recommended variant of the channel bandwidth for option B2
Proposed RAN4 recommendations
Based on the analysis above RAN4 is proposed to suggest to following to APT frequency arrangement in 600MHz range: 
Option B2 is recommended for the frequency arrangements in the band 470-703 MHz for APT Members that wish to implement both the APT700 and a 600 MHz frequency arrangements, considering the channel bandwidth of 35 MHz.
3 Conclusions
Based on the discussion, it is proposed to agree in the following proposals: 
Proposal 1: agree on the recommendation of option B2, with the channel bandwidth of 35 MHz, as follows: 
Option B2 is recommended for the frequency arrangements in the band 470-703 MHz for APT Members that wish to implement both the APT700 and a 600 MHz frequency arrangements, considering the channel bandwidth of 35 MHz.
Proposal 2: approve the attached TP to TR on the B1/B2 frequency arrangement feasibility aspects.  
4 TP to TR 38.xxx (Technical feasibility of options in extended 600 MHz NR band)
Based on the discussion above, the text proposal below is proposed for approval. 
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y	Technical feasibility of frequency arrangements
y.1	APT frequency arrangement options
Editor’s note: capture description of the B1 and B2, with related background information 
Referring to the APT LS to 3GPP RAN and RAN4 in [5], AWG-26 agreed to undertake the study to revise the APT/AWG/REP-79 [4] 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 arrangements that is optimal for APT Members. In the LS [5], 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. 
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 in [5] and provided in clauses y.1.1 and y.1.2, respectively. RAN4 analysis for B1 and B2 are provided in clause y.2 and y.3. RAN4 recommendations addressing APT LS in [5] are provided in clause y.4.
y.1.1	Option B1
This option is based on an extension to band n71 and is shown in Fig y.1-1 below:
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Figure y.1.1-1: Harmonized band plan for 470-698 MHz band - Option B1
In this option the frequency arrangement in Option A (i.e. existing n71 frequency arrangement) is extended upwards and downwards by 5 MHz being a better utilization of spectrum that is achieved with existing APT band that is 703- 748 (UL) paired with 758- 803 MHz (DL) (otherwise the spectrum 698- 703 MHz is not fully utilized).
Some countries in Region 3 have Radio Astronomy Service (RAS) on a co-primary basis (Radio Regulation No. 5.305 and No. 5.307, as captured in clause x.1). And as a consequence, co-existence/sharing with these other services will need to be studied.

6. Duplex Direction
The extended band proposal is a reverse duplex and in the lower part of the FDD band (below the duplex gap) is down link as compared to up link that is the ordinary convention but this is better suited for co-existence with APT 700 MHz band (band n28) at the upper edge of the band but also with possible broadcasting at the lower edge.

7. Channel Bandwidth
The revised proposal will result in 2x 40 MHz of FDD spectrum.

8. Duplex distance
The duplex distance is 51 MHz. The frequency plan can support full band or split duplexer as is already the case for band n28.

9. Carrier Bandwidths supported
The extended bandwidth will support NR carrier bandwidths up to 30 MHz and LTE bandwidths up to 20 MHz.

10. Co-existence with existing services
Co-existence with the following services will need study:
d) Broadcast television below 612 MHz and size of guard band required. We expect this will be similar to band n71.
e) Radio Astronomy: Radio astronomy is a receive only service that uses highly sensitive receivers. We expect IMT services using this band will need geographical separation with radio astronomy service receivers, but this will an Administration specific issue.
f) Unlicensed white space devices and Wireless microphones: Wireless microphones are permitted to operate even with band 71 in part of the duplex gap. This has certain limits proposed in TR 36 755 [6]. These limits will not change. This proposal is not making any changes to the duplex gap.

y.1.2	Option B2
This option uses two duplexers as shown in Fig y.1.2-1 and the duplex distance is 46 MHz as is the case with option A. Also the bottom duplexer is the same as that of option A (existing band n 71), with an additional upper duplexer that should have as large possible overlap as possible with the lower duplexer in option A 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 10 MHz respectively. Like option B1, this arrangement B2 is also a reversed duplex arrangement.
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Figure y.1.2-1: Option B2 - two duplexers
Option B2 retains economies of scale advantages by adopting one duplexer being the same as that of option A and the duplex distance same as option A (i.e. existing n71 frequency arrangement) but the duplex gap is now reduced to 6 MHz. Further study of this is required to determine if this is feasible.
Also in this option there is no issue with Radio Astronomy Service (RAS) co-existence as is the case with option A.
y.2	Analysis of option B1
Editor’s note: capture feedback of the B1 feasibility
Option B1 is as extension of the reverse duplex based NR band n71, which is defined as below: 
	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



Option B1 extends band n71 upwards and downwards by 5 MHz. Such extension of the bandwidth requires further feasibility investigation, e.g. in order to verify potential filtering implementation issues, etc. Option B1 is considered to have multiple disadvantages due to the co-existence scenarios identified in clause y.1.1, i.e. co-existence with Broadcast television, RAS, as well as unlicensed white space devices and wireless microphones. Those would require further studies and simulations campaigns.  
It was found not possible to conclude such analysis before the response deadline requested by APT in their LS in [5].
NOTE:	For the potential co-existence simulations, TR 36.755 [6] on US 600 MHz band (later denoted as band 71/n71) shall be used as a reference.  
y.3	Analysis of option B2
Editor’s note: capture feedback of the B2 feasibility
Option B2 is preferred over the B1 due to lack of the Radio Astronomy Service (RAS) co-existence issue. 
Referring to the different channel bandwidth options considered for option B2 in clause y.1.2, one can notice that the frequency range in question is contained within the already defined band n71. Referring to the TR 36.755 [6], one can find analysis of the filtering capabilities in 600MHz frequency range provided by three vendors. 
Filter vendor "B" was able to provide Rx attenuation in Channel 36 of 30 dB. Filter vendor C attenuation over channel 36 frequencies are shown in the figure below. At the upper edge of channel 36 at 608 MHz, it can be seen that the Rx filter attenuation is approximately 40 dB under typical conditions. Thus, it is expected that under worst case conditions including manufacturing margin and temperature drift, an attenuation of at least 29 dB can be met. Thus, the feedback from two filter vendors is that the necessary attenuation can be met in the Rx filter to support a blocking requirement of -15 dBm from Channel 36.
Table y.3-1: Simulation results for the US 600 MHz band plan; reuse from TR 36.755 [6]
	Vendor
	pass-band 
	Tx IL (typ.)
	Rx IL (typ.)
	Rx Iso (typ.)
	Tx Iso (typ.)
	RX Att @CH36

	A
	35 MHz
	3.4
	2.3
	65
	39
	14

	B
	35 MHz
	3 (max)
	2.6 (max)
	55 (min)
	55 (min)
	30 (min)

	C
	35 MHz
	3.0 (max)
	3.6 (max)
	50 (min)
	55 (min)
	See below
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Figure y.3-1: Example filter attenuation; reuse from TR 36.755 [6]
The above analysis proves that the option B2 can be considered feasible from the filtering performance point of view. 
Figure y.1.2-1 captures four different sizes of the second duplexer overlapping with the US600 band n71. All of them have the same duplex distance of 46 MHz, but the channel bandwidth varies from 10 MHz to 35 MHz. As such all four variants are considered to be technically feasible as a single duplexer, selection of a single option shall be aimed in order to limit diversification and implementations cost. 
As feedback on the second duplexer from a feasibility and cost-efficient perspective were requested by APT, the fourth variant with the widest channel bandwidth of 35 MHz is considered to be the most cost-effective as it covers all the other options with narrower bandwidths. 
Even though all the duplexer variants listed in option B2 are considered to be technically feasible as a single duplexer solution, further investigation is needed to evaluate internal implementation aspects of the duplex architecture considering two duplexers. This analysis is considered to require more time (at least till 2021 Q2). 
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Figure y.3-1: Recommended variant of the channel bandwidth for option B2
y.4 	RAN4 recommendations
Editor’s note: this is the placeholder for the RAN4 recommendation, based on inputs collected for both Options B1 and B2 above; FFS
[Based on the analysis provided in clause y, RAN4 suggest to following: 
Option B2 is recommended for the frequency arrangements in the band 470-703 MHz for APT Members that wish to implement both the APT700 and a 600 MHz frequency arrangements, considering the channel bandwidth of 35 MHz.]
------------------------------ End of modified section ------------------------------
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