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Introduction

This document aims at discussing and agree on reference scenarios to be considered during the Rel-17 WI NR_NTN_solutions.
Hereunder is recalled the description of the email discussion as defined by the RAN3 chair in its notes:
CB: # 33_NTN_General
- Th (5166)
Six transparent payload based satellite reference scenarios are considered for the Rel-17 work item “NR_NTN_solutions” characterised in the table below:
Key reference scenario parameters can be found in the table. It corresponds to the table 4.2-2 of TR 38.821 in which the scenarios referring to the regenerative payload option have been removed.
User equipment considered for the key reference scenario parameters can be found in the table.
UEs with capability on timing and frequency pre-compensation using their GNSS capabilities are assumed. However the support of UEs without capability on timing and frequency pre-compensation is not precluded in the subsequent release.
NTN GW supports all the necessary functions to forward the NR-Uu signal over the feeder link interface.
In a given tracking area (TAC), the association between physical satellite beams and cell IDs may be continuously reconfigured. A stationary UE on ground will be served by the same set of gNB ID.
- In case of Earth fixed beams, the same gNB ID, cell IDs are always associated to the same tracking area code (TAC) ("Stationary identifiers on ground");
- In case of Earth moving beams, cell IDs may be always associated to the same satellite beams ("Moving identifiers on ground");
Existing (REl-15&16) NG-RAN mobility procedures (Intra and Inter gNB) apply to NTN.
++ Suggested guidelines/topics for discussion from Chair (looking at possible consensus):
+ Note work plan
+ Endorse (if agreeable) reference scenarios
+ proposal on TAC & beam handling: to be discussed in CB 34 (common discussion beneficial)
(Thales - moderator)
Summary of offline disc R3-205489

For the Chairman’s Notes
It is proposed to agree on the following:
· RAN3 to consider WI scenarios including LEO/GEO, Earth fixed/moving beams
· Mobility procedures in NTN should be based on Existing (Rel-15&16) with possible adaptations if needed
· The work plan described in [2] is considered as basis for work
· RAN3 to further discuss which of the Earth fixed or Earth moving beams scenarios should be addressed first



Assumptions for Rel-17 NR-NTN-solutions WI
NTN reference scenarios
Proposal

“Proposal 1 (in R3-205166): Six transparent payload based satellite reference scenarios are considered for the Rel-17 work item “NR_NTN_solutions” characterised in the table below:
Table 2-1 Reference satellite scenarios for Rel-17 work item “NR_NTN_solutions”
	Scenarios
	C1.1
	C1.2
	C2.1
	C2.2
	A1
	A2

	Orbit
	LEO @ 600 km altitude
	LEO @ 600 km altitude
	LEO @ 1200 km altitude
	LEO @ 1200 km altitude
	GEO @ 35,786 km altitude
	GEO @ 35,786 km altitude

	Frequency band
	Sub 6GHz
	Above 6GHz
	Sub 6GHz
	Above 6GHz
	Sub 6 GHz
	Above 6 GHz

	Beams generation
	Earth fixed beams (Note 1)
	Earth fixed beams (Note 1)
	Earth moving beams
	Earth moving beams
	Earth fixed beams
	Earth fixed beams


	NOTE 1:	Each satellite has the capability to steer beams towards fixed points on earth using beam-forming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite




Discussion

Note: from moderator: Earth moving beams may not be realistic for narrow beams and low altitude, due to excessive Hand-over rate. However, they may be envisaged at higher altitude and wider beams.

The organizations are invited to provide their views on the proposal 1 of R3-205166, recalled above.

	Organizations
	View on the proposals above: Agree, Agree with changes, disagree and justify 

	Nokia
	Agree with changes. 
We propose to study also earth moving beams for LEO@600 km altitude, while deprioritizing LEO @1200 km altitude. 
In addition, this has more impact to RAN1/2, and should be discussed in RAN1/2. 

	Intel
	Agree

	Ericsson
	Is the list of reference scenarios planned to be captured in some 3GPP specification? is it for information only? Not sure what to do with this input in RAN3. Guess it is sufficient to work based on the approved NTN WID.

	CATT
	Only consider Earth fixed beams in LEO @ 600 km altitude scenarios? And only consider Earth moving beams for LEO @ 1200 km altitude scenarios?
From RAN3 perspective, no big difference between the LEO scenarios, more impact should be investigated in RAN1/RAN2.

	Huawei
	What is the immediate standard (stage 2, Stage 3) impact and expectation of this proposal for RAN3? 
There is already a work task defined by the WID with the RAN3 impacts.

	Qualcomm
	The proposal seems to be to tie LEO earth fixed to 600km, and LEO moving beam to 1200km altitude. From our point of view, it seems this discussion could be left to RAN1/2.

	Thales
	We agree with this scenario selection.
Note that Scenarios where Non Geo Synchronous Orbit constellation (e.g. LEO and MEO) generate Earth moving beams may be not realistic when the beams are narrow or the altitude is low, due to excessive Hand-over rate that will be created. Therefore Earth moving beams could be restricted to wide beams and higher altitude. 

On the other hand, Earth fixed beam scenarios are best suited for narrow beams (for broadband and handheld applications) and applicable at any altitude thanks to well proven phased array technology on board satellites.
Note that the difference in altitude for LEO scenarios doesn’t have any impact on RAN3 and hence should be considered as informative for RAN3

	ZTE
	Agree, just informative for RAN3. Thanks!

	Fraunhofer IIS/HHI
	Agree.
Even if some of the parameters does not have impact from a RAN3 perspective, we see the need to have the same scenarios defined for all RAN WGs.

	Hughes/EchoStar
	Discussion should be left to RAN1/2. Assumptions/scenarios should be consistent between all WG



Possible way forward
About the proposed 
· Agree: 4 organizations (Intel, Thales, ZTE, Fraunhofer)
· Agree with changes:  2 3 organizations (Nokia, Ericsson, Hughes)
· Disagree: 3 organizations (Huawei, CATT, QC)

About the suggestions:
· Earth moving beams to be considered also @600km 
· Moderator: RAN2 agreed to “stick to WI scenarios” which include both Earth fixed and moving scenarios at all altitude. So RAN3 to also support all WI scenarios
· CATT, HW, ZTE consider that there is no need to agree on this proposal because LEO scenarios characteristics (Earth fixed/moving beam) are transparent to RAN3

Based on the above, the moderator suggests the following approach:
· To just agree that RAN3 will consider all WI scenarios

Based on the above, the moderator suggests to revise the proposals as follow:
Proposal 2.1.1: RAN3 to consider WI scenarios including LEO/GEO, Earth fixed/moving beams


Key parameters of the NTN scenarios

Proposal

“Proposal 2 (in R3-205166) : The key reference scenario parameters can be found in table 4.2-2 of this document. It corresponds to the table 4.2-2 of [2] in which the scenarios referring to the regenerative payload option have been removed.”
Table 4.2-2: Reference scenario parameters
	Scenarios
	GEO based non-terrestrial access network (Scenario A)
	LEO based non-terrestrial access network (Scenario C)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km
1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)
>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth capability (service link)
	30 MHz for band < 6 GHz
400 MHz for band > 6 GHz

	Payload
	Scenario A: Transparent (including radio frequency function only)
	Scenario C: Transparent (including radio frequency function only)

	Inter-Satellite link
	No
	No

	Earth-fixed beams
	Yes
	Scenario C1: Yes (steerable beams), see note 1
Scenario C2: No (the beams move with the satellite)

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km

	Min Elevation angle for both sat-gateway and user equipment
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link

	Max distance between satellite and user equipment at min elevation angle
	40,581 km
	1,932 km (600 km altitude)
3,132 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)
	Scenario C: (transparent payload: service and feeder links)
25.77 ms (600km)
41.77 ms (1200km)


	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21 ppm(1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27 ppm/s (600km)
0.13 ppm/s(1200km)

	Maximum Delay variation as seen by the UE (note 7)
	Negligible
	Up to +/- 48 µs/sec (600 km)
Up to +/- 42 µs/sec (1200 km)

	Service link
	3GPP defined New Radio

	Feeder link
	3GPP defined Radio interface
	3GPP defined Radio interface

	NOTE 1:	Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite
NOTE 2:	Max delay variation within a beam (earth fixed user equipment) is calculated based on Min Elevation angle for both gateway and user equipment
NOTE 3:	Max differential delay within a beam is calculated based on Max beam foot print diameter at nadir
NOTE 4:	Speed of light used for delay calculation is 299792458 m/s.
NOTE 5: The Maximum beam foot print size for GEO is based on current state of the art GEO High Throughput systems, assuming either spot beams at the edge of coverage (low elevation).
NOTE 6: The maximum differential delay at cell level has been computed considering the one at beam level for largest beam size. It does not preclude that cell may include more than one beam when beam size are small or medium size. However the cumulated differential delay of all beams within a cell will not exceed the maximum differential delay at cell level in the table above.
NOTE 7:	The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario




The NTN study results apply to GEO scenarios as well as all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km.

Discussion

The organizations are invited to provide their views on the proposal 2 of R3-205166, recalled above. RAN3 should focus on the parameters that falls in its area of work.

	Organizations
	View on the proposals above: Agree, Agree with changes, disagree and justify 

	Nokia
	Agree with changes 
Earth moving beams need to be supported at 600 km altitude as well. 
In addition, this has more impact to RAN1/2, and should be discussed in RAN1/2.

	Intel
	Agree

	Ericsson
	Is the list of key reference scenario parameters planned to be captured in some 3GPP specification? is it for information only? Not sure what to do with this input in RAN3. Guess it is sufficient to work based on the approved NTN WID.

	Huawei
	Same question as previous one and Ericsson….

	Qualcomm
	Same comment as Ericsson / Huawei

	Thales
	We agree with these key parameters which are more relevant to RAN1/2 and hence should be considered as informative for RAN3

	ZTE
	Agree, just informative for RAN3. Thanks!

	Fraunhofer IIS/HHI
	Agree, for information only.

	Hughes/EchoStar
	Agree, for information



Possible way forward

About the proposal to consider the key reference scenario parameters in table 4.2-2 of TR 38.821 for Rel-17 normative work.
· Agree: 1 organizations (Intel)
· Agree with changes: 4 5 organizations (Nokia, Thales, ZTE, Fraunhofer, Hughes)
· Disagree: 3 organizations (Ericsson, Huawei, QC)

About the suggestions:
· The key reference scenario parameters is out of RAN3 scope 

Based on the above, the moderator suggests the following approach:
· There is no need to agree something specific wrt to the table 4.2-2 of TR 38.821 in RAN3. 


UE types

Proposal

“Proposal 3(in R3-205166): The User equipment considered for the key reference scenario parameters can be found in table 4.3-1 of this document.
Table 4.3-1 Reference satellite scenarios: User equipment types
	User equipment characteristics
	Handheld
	VSAT (Note 1)

	Antenna type
	Omnidirectional antenna
	Directive antenna

	Motion on the earth
	500 km/h (e.g. on board a high speed train)
	Up to 1200 km/h (e.g. aircraft mounted)

	Antenna types
	Omnidirectional antenna
	Directional antenna
(up to 60 cm equivalent aperture diameter)

	Antenna polarisation
	Linear: +/-45°X-pol
	circular

	Max transmit power
	up to 200 mW (power class 3)

	up to 20 W

	Note 1 : VSAT terminal characteristics could be implemented with phased array antenna. It may be mounted on Moving platforms (e.g., aircrafts, vessels) or building



Proposal 4 (in R3-205166): UEs with capability on timing and frequency pre-compensation using their GNSS capabilities are assumed. However the support of Ues without capability on timing and frequency pre-compensation is not precluded in the subsequent release.”

Discussion

The organizations are invited to provide their views on the proposals 3 (1st antenna type row has been erased because there was a redundancy) of R3-205166 recalled above. RAN3 should focus on the characteristics that falls in its area of work.
	Organizations
	View on the proposals above: Agree, Agree with changes, disagree and justify 

	Nokia
	Agree with changes.
Suggestion to add up to 500 km/h under movement. 
In addition, this has more impact to RAN1/2, and should be discussed in RAN1/2.

	Intel 
	Agree

	Ericsson
	Is the list of UE characteristics planned to be captured in some 3GPP specification? is it for information only? Not sure what to do with this input in RAN3. Guess it is sufficient to work based on the approved NTN WID.

	CATT
	The UE characteristics should be further checked and decided in RAN1/RAN2, we do not see any real impact to RAN3 specs.

	Huawei
	Same question as previous
There is already task to work on fix and moving beam by the work item which is the main impact for RAN3.

	Qualcomm
	This seems primarily outside RAN3 scope.

	Thales
	We agree with proposal 3. It may be considered as informative for RAN3.
We agree with Nokia suggestion to add up to 500 km/h under movement. 

	ZTE
	Agree, just informative for RAN3. Thanks!

	Fraunhofer IIS/HHI
	Agree.

	Hughes/EchoStar
	Agree




The organizations are invited to provide their views on the 4 of R3-205166 recalled above. RAN3 should focus on the characteristics that falls in its area of work.
	Organizations
	View on the proposals above: Agree, Agree with changes, disagree and justify 

	Nokia
	Agree, but the accuracy of the UE-based time and frequency-compensation needs to be defined (by RAN1?). The support of UEs without such capabilities (or Ues that do not currently use the capabilities) is also needed. 

	Intel 
	Agree

	Ericsson
	Confusion increases, sorry.

	CATT
	Agree, UEs with capability on timing and frequency pre-compensation using their GNSS capabilities are assumed in Rel-17.

	Hauwei
	Same question as previous …  
Our view is to confirm that all UEs have capability to do time and frequency pre-compensation since it can reduce the difficulty for network to handle it. However, it is a RAN2 issue.

	Qualcomm
	Sorry but this seems entirely a RAN1/2 issue.

	Thales
	We agree with proposal 4. It may be considered as informative for RAN3 since it is more relevant for RAN1/2.

	ZTE
	Agree, just informative for RAN3. Thanks!

	Fraunhofer IIS/HHI
	Agree.
The question if timing and frequency compensation could be considered at UE side or not shall be agreed in RAN1.

	Hughes/EchoStar
	Agree for information



Possible way forward
About the proposal to define the characteristics of the User equipment types and the UEs capability in terms of GNSS and timing and frequency pre-compensation to be considered for Rel-17 normative work
· Agree: 2 organizations (Intel, Fraunhofer)
· Agree with changes:  3 4 organizations (Nokia, Thales, ZTE, Hughes)
· Disagree: 4 organizations (Ericsson, CATT, Huawei, QC)

About the suggestions:
· The characteristics of the UE types and their capabilities in terms of GNSS and pre compensation is out of RAN3 scope 

Based on the above, the moderator suggests the following approach:
· There is no need to agree something specific wrt to this topic in RAN3. 


NTN GW characteristics

Proposal

“Proposal 5 (in R3-205166): The NTN GW supports all the necessary functions to forward the NR-Uu signal over the feeder link interface.”

Discussion

This assumption, recalled above, has already been endorsed during the study and should be assumed for the normative phase and therefore, there is no need to discuss it further.

Network Identities Handling

Proposal

“Proposal 6 (in R3-205166): In a given tracking area (TAC), the association between physical satellite beams and cell IDs may be continuously reconfigured. A stationary UE on ground will be served by the same set of gNB ID.
· In case of Earth fixed beams, the same gNB ID, cell IDs are always associated to the same tracking area code (TAC) (“Stationary identifiers on ground”);
· In case of Earth moving beams, cell IDs may be always associated to the same satellite beams (“Moving identifiers on ground”);”

Discussion

The organizations are invited to provide their views on the proposal 6 of R3-205166, recalled above.

	Organizations
	View on the proposals above: Agree, Agree with changes, disagree and justify 

	Nokia
	Disagree. In case of earth moving beam, the cell ID is always associated with the same gNB, same as earth fixed beam.

	Intel
	This is a big decision, perhaps we need to discuss actual solutions to see how this works. 

	Ericsson
	Finally, we arrived on good old RAN3 soil ;-)
However, as indicated by Mr. Chairman, this should be handled in another comeback.

	CATT
	It seems this should be further discussed in the CB # 34.

	Huawei
	First point is discus in other CB.
Second point introduce a confusion with the “may”, such scenario was not capture in the TR. All thoughts nothing precludes that you switch off a moving cell associated to a satellite beam and switch on it with new some identifier when there is a cross border for example … But this is not a standard matter … Please clarify….

	Thales
	We agree with this proposal but it should be further discussed as part of the CB#34

	ZTE
	Share the same view as Nokia’s.

	Fraunhofer IIS/HHI
	Agree.
This shall be discussed in the email discussion CB#34.

	Hughes/EchoStar
	This is RAN2 discussion



Possible way forward
About the proposed 
· Agree: 0 organizations 
· Agree with changes:  2 organizations (Thales, Fraunhofer)
· Disagree: 6 7 organizations (Nokia, Intel, Ericsson, CATT, Huawei, ZTE, Hughes)

About the suggestions:
· Network Identities Handling aspects are being discussed in CB#34 thread in this meeting

Based on the above, the moderator suggests the following approach:
· Take no decision in this email discussion wrt to this topic


Connected mode mobility

Proposal

“Proposal 7  (in R3-205166) Existing (Rel-15&16) NG-RAN mobility procedures (Intra and Inter gNB) apply to NTN.”

Discussion

The organizations are invited to provide their views on the proposal 7 of R3-205166, recalled above.

	Organizations
	View on the proposals above: Agree, Agree with changes, disagree and justify 

	Nokia
	Agree. 

	Intel
	Agree

	Ericsson
	Also this doesn’t seem to be the scope of this “General” Agenda Item and Comeback.

	CATT
	Agree, from RAN3 perspective, the existing (REl-15&16) NG-RAN mobility procedures (Intra and Inter gNB) could be applied to NTN. 
However, Feeder link switch is a special case, which may require some new functions in our interface. This will be further discussed in CB # 38.

	Huawei
	The spirit of the proposal is fine, however it the statement is too large, with impact on RAN2, may be SA2 etc … We prefer to not have agreement on this proposal.

	Qualcomm
	Same view as Huawei and Ericsson

	Thales
	We agree that mobility procedures in NTN should be based on Existing (Rel-15&16) NG-RAN mobility procedures

	ZTE
	We agree that mobility procedures in NTN should be based on Existing (Rel-15&16) NG-RAN mobility procedures

	Fraunhofer IIS/HHI
	Agree.

	Hughes/EchoStar
	Agree



Possible way forward
About the proposed 
· Agree: 3 organizations (Nokia, Intel, Fraunhofer, Hughes)
· Agree with changes : 3 organizations (CATT, Thales, ZTE)
· Disagree: 3 organizations (Ericsson, Huawei, QC)

About the suggestions:
· Reword proposal as follow “mobility procedures in NTN should be based on Existing (Rel-15&16) with possible adaptations if needed”

Based on the above, the moderator suggests to revise the proposals as follow:
Proposal 2.6.1: mobility procedures in NTN should be based on Existing (Rel-15&16) with possible adaptations if needed

Work plan

Proposal

Thales in [2] provided a draft work plan for the NR_NTN_solutions WI applicable to RAN1, 2 and 3.

Discussion

The organizations are invited to provide enhancement to the RAN3 planned activities if any.
	Organizations
	View on the proposals above: Agree, Agree with changes, disagree and justify 

	Nokia
	ok. 
BTW, the work plan submitted in RAN3 is mainly for information. There is no agree or disagree. 

	Huawei
	Should the moving beam be considered as same priority than fixed beam?
Moving beam should be considered as the lower priority since it has much more issues than fixed beam.

	Qualcomm
	Agree with Nokia. On moving vs fixed, potentially it could be argued that moving has priority as it is more general.

	Thales
	The work can be endorsed as is, and further updated in subsequent sessions if required.
Both Earth fixed and moving beam scenarios are to be considered. Each having its own challenges. Earth fixed bam should be considered first as it could be the easiest to address.

	ZTE
	Agree with Thales’s views.

	Fraunhofer IIS/HHI
	Agree with Thales.
However, we see also benefits for earth moving beams, especially in lower capacity scenarios.

	Hughes/EchoStar
	Moving beam should eb priority OR at a minimum same priority as fixed beam.



Possible way forward
About the proposed work plan for RAN3 activities in the WI
· Agree: XX 3 organizations (Thales, ZTE, Fraunhofer)
· Agree with changes: XX 2 organizations (Nokia, Hughes)
· Disagree: XX organizations ()-

About the suggestions:
· Normative to start with Earth fixed bam and then continue with Earth moving beams
· Agree:  HW, Thales, ZTE, Fraunhofer because Moving beam create more issues than fixed beam
· Disagree: QC, Hughes because moving beam is a more general case.

Based on the above, the moderator suggests to revise the proposals as follow:
Proposal 3.1bis: The work plan described in [2] is considered as basis for work
Proposal 3.2bis: RAN3 to further discuss which of the Earth fixed or Earth moving beams scenarios should be addressed first


Conclusion

To be completed based on the outcome of the email discussion.
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