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1. Introduction
In last RAN plenary #90 e-meeting, objective of NTN WID was revised [1]. For RAN4 the main modification is to support handheld devices in FR1, e.g. Power Class 3. In last RAN4 #97 e-meeting, some different views have been expressed about the exemplary bands for NTN. As no terrestrial mobile network operators or satellite operators has proposed potential bands for future NTN network deployment, now it’s a little hard to comprise to one exemplary band. As approved in [2], NTN work plan shows we have to identify at least one exemplary band in this meeting to process and finish the work item in time. In this contribution, we show some observations from our point to help conclude an agreed exemplary band.
2. Discussion
2.1 NTN exemplary bands
In last meeting, the approved WF[3] emphasizes that “the frequency ranges considered for satellite should be spectrum allocated by ITU to satellite services should be considered and alternative proposal is that “Spectrum allocated by ITU to mobile satellite services shall be considered”. According to ITU Radio Regulation, the secondary services should take actions to avoid any potential harmful interference to primary services. If NTN uses the spectrum allocated to satellite service on a secondary basis, NTN has to taka actions to avoid all the possible interference to all primary services, which will make it very hard for actual network deployment. Therefore, we suggest 3GPP only consider frequency range that is allocated to satellite service on a primary not secondary basis.
Proposal 1: It should be emphasized that the frequency ranges considered for satellite should be spectrum allocated by ITU to satellite services on a primary basis rather than secondary basis.
In last meeting, some satellite bands have been proposed for NTN satellite, some of which are using the same or overlapping bands as IMT operating bands. in the following we analyze the potential risk for this condition.
Until now, there are a series of coexistence studies between IMT and satellite service using the same frequency. Simulation results show that in most cases coexistence requires dozens or even several-hundred kilometers isolation to avoid harmful interference. As the simulation assumptions or scenario between past ITU study and NTN study are almost the same, the conclusion is still applicable that NTN couldn’t co-exist with IMT when they use the same frequency without any distance or only several hundred meters distance isolation.
ACIR requirements may help to reduce interference when the aggressive and victim system operate using adjacent channels in the same operating band range. It is noted in most cases the satellite spectrum owner and IMT spectrum owner are not the same. What’s more, the spectrum allocation or auction administration/procedure for these two different services are different. All the above distinguishes may lead to the possibility that satellite and IMT operating in co-channel not in adjacent-channel then the destructive co-channel interference occurs 
Observation 1: Once NTN band is the same as or overlapping with IMT operating band, it is possible that the satellite and IMT operate in co-channel rather than adjacent-channel as how different mobile operators have done to avoid interference. This co-channel operation would result in destructive interference and make it hard for the actual application.   
From the point of 3GPP RAN4, the whole IMT spectrum is divided into three frequency ranges, FR1, 7-24GHz and FR2. In the following, we analyze potential spectrum for NTN in terms of these three frequency ranges.
· FR1
For FR1, as shown in [4] the major satellite bands in use involve L band and S band. As the develop of technology, C band is no more the major band and has been re-farmed for 5G IMT system, such as n77, n78, n79. some companies support L band for NTN while the others support S band in last meeting. The following list the spectrum for L, S band and some overlapping 3GPP operating bands.
	
	DL
	UL

	L band
	1518 - 1559 MHz
1613.8 - 1626.5 MHz
	1626.5 - 1660.5 MHz,1668 - 1675 MHz
1610.0 - 1626.5 MHz

	S band
	2170 - 2200 MHz
2483.5 - 2500 MHz
	1980 - 2010 MHz

	n65
	2110 - 2200MHz
	1920 - 2010MHz

	n41
	2496 - 2690MHz
	2496 - 2690MHz



As seen from the above table, S band overlapping with n65 and n41.
Proposal 2: at current stage L band would be more appropriate as exemplary band for NTN considering S band may introduce harmful interference for current deployed IMT network.
· FR2
	
	Region 1
	Region 2
	Region 3

	Downlink (space to earth)
	37.5 – 42.5 GHz,
47.5 - 47.9 GHz,
48.2 - 48.54 GHz
& 49.44 - 50.2 GHz
	37.5 – 42.5 GHz

	37.5 – 42.5 GHz


	Uplink (earth to space)
	42.5 – 43.5 GHz,
47.2 – 50.2 GHz &
50.4 – 51.4 GHz
	42.5 – 43.5 GHz,
47.2 – 50.2 GHz &
50.4 – 51.4 GHz,
	42.5 – 43.5 GHz,
47.2 – 50.2 GHz &
50.4 – 51.4 GHz



For FR2, as seen in [4], only Q/V bands completely fall into FR2 range, both UL and DL. However, at current stage, these bands are not the major operating bands for satellite. 
Proposal 3: it is appropriate not identifying any FR2 exemplary bands at current stage because it is hard to seek an exemplary band completely for FR2.
· 7-24 GHz
In the WF, on option is proposed to consider an exemplary band (with similar usage conditions as FR2 band) for which UL or DL or both can be below 24.25GHz. Ka band is one kind of this exemplary band. From the point of 3GPP RAN, any new studies in 7-24GHz frequency range depend on RAN plenary as it will involve other three RAN groups, RAN1 RAN2 RAN3 and there is only a study item for this new frequency range.
Observation 2: it is up to RAN plenary to decide whether to study the NTN bands falling into 7-24GHz.
2.2 HAPS exemplary bands
During last RAN plenary meeting, different views have been expressed about whether to study HAPS. Unfortunately, RAN plenary doesn’t decide whether to specify HAPS explicitly. Except for the exemplary bands issue, one common issue is the terminology of HAPS. it is confused whether using HAPS or HIBS.
In ITU WP 5D, an offline email activity was created to discuss the HIBS definition. But until now no consensus has been reached and the meeting concluded that further discussion is required at the following WP 5D meetings. 
Observation 3: The definition of HIBS is under discussion in WP5D. 3GPP could send LS to ITU for more clarifications, if needed.
We could seek the distinguishes between HAPS and HIBS from the terminology. HAPS is the abbreviation of High-Altitude Platform Stations. Different from HAPS, HIBS is emphasized as IMT base stations based on High-Altitude Platform Stations. In ITU Radio Regulation, high altitude platform station is defined in No. 1.66A as a station located on an object at an altitude of 20 to 50 km and at a specified, nominal, fixed point
relative to the Earth. From the point of frequency allocation, HAPS could use spectrum that is allocated for fixed service or mobile service or IMT application. But HIBS as IMT base station, could only use the spectrum allocated for IMT application.
Observation 4: HIBS could only use the spectrum allocated for IMT application while HAPS could also use spectrum allocated for fixed service.
[image: ]
Fig 1. Diagram for HIBS application
One diagram of HIBS application scenario is shown above. Recent advances in battery and solar-panel technologies enable HIBS to provide low latency mobile broadband connectivity to underserved communities, e.g. in rural and remote areas, over a large geographic footprint. These technological advances could enable HIBS, using the same frequency bands as ground-based IMT base stations, to be used as complement terrestrial IMT networks. The existing UE’s served by ground-based IMT base stations would also be served by HIBS, and special UE’s for HIBS would not be required. Existing user equipment (UE), which already supports a variety of frequency bands identified for IMT, could be served by both HIBS and ground-based IMT base stations.
Observation 5: the existing UE served by ground-based IMT base stations would also be served by HIBS to provide connection where used to be unserved such as in rural and remote areas.
Based on above discussion, compared to HAPS, HIBS is only designed as one kind of IMT BS which is deployed at the high-altitude platform to provide nationwide or worldwide coverage. HAPS could also provide blanket coverage, but the stations deployed on high-altitude is not limited in IMT BS. Once the stations are not IMT compatible, new interface, physical channel and signal process procedure are all required to be updated.
Proposal 4: it is suggested to replace the terminology “HAPS” by “HIBS” because the stations deployed in HPAS is not limited to IMT BS. Once the stations are not IMT compatible, new interface, physical channel and signal process procedure are all required to be updated.
According to ITU, the bands 1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz in Regions 1 and 3, and the bands 1 885-1 980 MHz and 2 110-2 160 MHz in Region 2, are included in No. 5.388A for the use of high-altitude platform stations as IMT base stations, in accordance with the provisions of Resolution 221 (Rev.WRC-07). Nos. 5.388A and 5.388B and Resolution 221 (Rev.WRC-07) stipulate technical conditions for high altitude IMT necessary for the protection of ground-based IMT stations in neighboring countries and other services based on the sharing and compatibility studies with IMT-2000.
WRC-23 agenda item 1.4 would consider the use of high-altitude platform stations as IMT base stations (HIBS) in the mobile service in certain frequency bands below 2.7 GHz already identified for IMT, on a global or regional level. i.e.:
– 694-960 MHz;
– 1 710-1 885 MHz (1 710-1 815 MHz to be used for uplink only in Region 3);
– 2 500-2 690 MHz (2 500-2 535 MHz to be used for uplink only in Region 3, except
2 655-2 690 MHz in Region 3);
Observation 6: ITU has performed some studies so far, including the spectrum allocation, the sharing and compatibility studies and technical conditions for protection of ground-based IMT stations. But no domestic adjacent-channel co-existence study has been performed.
Proposal 5: It is suggested to focus on NTN study. if time is allowed HIBS could be included in NTN scope. 
3. Conclusions
In this contribution, exemplary bands for NTN and HIBS and differences between HAPS and HIBS are discussed with following observations and proposals:
Observation 1: Once NTN band is the same as or overlapping with IMT operating band, it is possible that the satellite and IMT operate in co-channel rather than adjacent-channel as how different mobile operators have done to avoid interference. This co-channel operation would result in destructive interference and make it hard for the actual application. 
Observation 2: it is up to RAN plenary to decide whether to study the NTN bands falling into 7-24GHz.
Observation 3: The definition of HIBS is under discussion in WP5D. 3GPP could send LS to ITU for more clarifications, if needed.
Observation 4: HIBS could only use the spectrum allocated for IMT application while HAPS could also use spectrum allocated for fixed service.
Observation 5: Existing UE served by ground-based IMT base stations would also be served by HIBS to provide connection where used to be unserved such as in rural and remote areas.
Observation 6: ITU has performed some studies so far, including the spectrum allocation, the sharing and compatibility studies and technical conditions for protection of ground-based IMT stations. But no domestic adjacent-channel co-existence study has been performed.
Proposal 1: It should be emphasized that the frequency ranges considered for satellite should be spectrum allocated by ITU to satellite services on a primary basis rather than secondary basis.
Proposal 2: at current stage L band would be more appropriate as exemplary band for NTN considering S band may introduce harmful interference for current deployed IMT network.
Proposal 3: it is appropriate not identifying any FR2 exemplary bands at current stage because it is hard to seek an exemplary band completely for FR2.
Proposal 4: it is suggested to replace the terminology “HAPS” by “HIBS” because the stations deployed in HPAS is not limited to IMT BS. Once the stations are not IMT compatible, new interface, physical channel and signal process procedure are all required to be updated.
Proposal 5: It is suggested to focus on NTN study. if time is allowed HIBS could be included in NTN scope. 
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