3GPP TSG-RAN WG4 Meeting #104bis-e
                           R4-2217736
Electronic Meeting, October 10 – October 19, 2022
Title: 
WF on FR1 co-existence evaluation for ATG
Agenda Item:
6.13.6
Source: 
CMCC
Document for:
Approval
1 Background
RAN#96 meeting approved RP-221369 Revised WID on Air-to-ground network for NR in Rel-18. For [104-bis-e][136]NR_ATG_UERF_part1, RAN4 will discuss open issues based on the following WF.
2 General issues
Issue 2-1-1: Discuss whether ATG BS can be co-located with TN BS

	No.
	Combination
	Aggressor
	Victim
	Simulation frequency
	Notes
	Study Phase

	
	
	deployment scenario

UL/DL
	CBW

duplex mode
	deployment scenario

UL/DL
	CBW

duplex mode
	
	
	

	1
	TN with ATG
	ATG DL
	100MHz

TDD
	TN rural DL
	100MHz

/TDD
	3.5 GHz
	
	Phase 1

	2
	TN with ATG
	ATG UL
	100MHz

TDD
	TN rural UL
	100MHz

TDD
	3.5GHz
	
	Phase 1

	3
	TN with ATG
	TN rural DL
	100MHz

TDD
	ATG DL
	100MHz

TDD
	3.5GHz
	
	Phase 1

	4
	TN with ATG
	TN rural UL
	100MHz

TDD
	ATG UL
	100MHz

TDD
	3.5GHz
	
	Phase 1

	5
	TN with ATG
	ATG DL
	100MHz

TDD
	TN rural UL
	100MHz

/TDD
	3.5GHz
	
	FFS

	6
	TN with ATG
	ATG UL
	100MHz

TDD
	TN rural DL
	100MHz

TDD
	3.5GHz
	
	FFS

	7
	TN with ATG
	TN rural DL
	100MHz

TDD
	ATG UL
	100MHz

TDD
	3.5GHz
	
	FFS

	8
	TN with ATG
	TN rural UL
	100MHz

TDD
	ATG DL
	100MHz

TDD
	3.5GHz
	
	FFS

	9
	TN with ATG
	ATG DL
	20MHz FDD
	TN rural DL
	20MHz FDD
	2 GHz
	
	Phase 1

	10
	TN with ATG
	ATG UL
	20MHz FDD
	TN rural UL
	20MHz FDD
	2 GHz
	
	Phase 1

	11
	TN with ATG
	TN rural DL
	20MHz FDD
	ATG DL
	20MHz FDD
	2 GHz
	
	Phase 1

	12
	TN with ATG
	TN rural UL
	20MHz FDD
	ATG UL
	20MHz FDD
	2 GHz
	
	Phase 1

	13
	TN with ATG
	ATG UL
	20MHz FDD
	TN rural DL
	20MHz TDD
	2 GHz
	n1/n39
	FFS

	14
	TN with ATG
	TN rural DL
	20MHz TDD
	ATG UL
	20MHz FDD
	2 GHz
	n39/n1
	FFS


Agreement:

· Consider non co-location scenario as the baseline
· Assume non-co-located for simulation cases 1, 4, 5, 6, 7, 8, 9, 12, 13, 14

· For simulation cases 2, 3, 10, 11, if evidence is brought forward that the ACLR/ACS requirements to cover co-location are substantially different to the requirements for the non-co-location then discuss further how to cover both cases

· Investigate the cross-link interference issue for Case 2 and 3

Issue 2-1-2：Clarify an assumption on the density of aircraft within the simulation area.
· Proposals

· Option 1: It’s assumed single UE per ATG BS as a starting point. (CATT, CMCC, Ericsson, LGE, ZTE, Huawei)

· Option 2: Need to reduce the cell distance or have to serve multiple UE by a ATG B. (Apple)

· WF

· It’s assumed single UE per ATG BS as a starting point.

Issue 2-1-3: What’s the assumption of ATG BS ISD (cell radius)?

· Proposals

· Option 1: ATG gNB is assumed to be deployed on the fixed routes with one site deployed in the center of hexagon area with 90km cell radius. (CMCC, Apple)
· Capability demand, throughput calculation and airplane density assumption were analysed in contribution R4-2215482
· Option 2: 200km ISD is achievable. (CATT)
· Option 3: Ericsson’s proposal in R4-2216398.
· Proposal 1
For co-existence simulations, consider an ISD of 14km

· Proposal 2
For RRM and estimating link budgets, ensure that the standard is robust for a range of ISD from 14 to 300km

· Option 4: 150km ISD. (Huawei)
Agreement:

· Assumption of ATG BS ISD

· For co-existence simulation, one BS is assumed
· For RRM and evaluating link budget, assume the range of ISD from [14]km to 200km
Issue 2-1-4: For commercial aircraft flight, what is the range of UE altitude?
· Proposals

· Option 1: The worst case for each scenario is chosen. High altitude: 10km and Low altitude: 3km (CATT, Apple, Ericsson)

· Option 1a: Distribute aircraft across the altitude range. (aircraft randomly distributed between 10,000m or 3000m) (Ericsson)

· Option 2: In simulations, the highest and lowest altitudes need to be considered. So, the following upper and lower boundary can be considered if the range for altitude of usual commercial aircraft is 3 (or 7) ~ 15km (LGE)

· UE altitude (upper boundary): range: 15km

· UE altitude (lower boundary): range: 3 (or 7)km

· Option 3: it’s proposed to assume 5km as the lower boundary of the commercial aircraft altitude. (Huawei)

· Option 4: High altitude: 10km and Low altitude: 3~7km (ZTE)

· Regarding the low boundary for ATG CPE operation, we prefer to keep it open until we got some concrete evaluation results.

Agreement:

· Only one simulation is performed for the aircraft flight altitude.
· FFS on the aircraft altitude random distribution for simulation

· The upper boundary is 12000m

· The lower boundary is 3000m
· The lower boundary can be re-visited depending on the outcome of evaluations
Issue 2-1-5: Please discuss whether proposal 1 in contribution R4-2215633 is acceptable as below?
· Proposals

· Option 1: Yes(Apple)
· Option 2: No (Ericsson, CMCC, ZTE, Huawei)
· Option 3: FFS
· WF

· Defer the discussion to future meetings.

3 Co-existence simulation scenario
Issue 2-2-1: The following scenarios can be assumed as starting point. And discuss the following updates

· Proposals

·  Option 1: Scenario 5-8 are necessary considering the non-synchronization operation between ATG network and terrestrial network. (CMCC)

· Scenario 5 and 7 is necessary since non-synchronization operation is the typical operation case.

· If final ACIR due to scenarios 5 and 7 are too stringent that will largely increase implementation complexity and cost, we could consider ignore simulation results of such two scenarios and leave it for implementation to reduce interference, e.g. reserve some isolation distance.

· Scenario 6 and 8 is necessary since non-synchronization operation is the typical deployment scheme and we can’t avoid such interference by isolation distance.

·  Option 2:  Scenarios 5, 7 and 14 can be marked as phase 2 and scenarios 6, 8 and 13 can be marked as phase 3 (Ericsson)

· Phase 1: Simulations of normal operation that should be carried out as part of the WI

· Phase 2: gNB-gNB interference in unsynchronized cases

· n1/n39 gNB-gNB interference

·  Simulations of BS-BS interference with unsynchronized BS (non-co-located) at 3.5GHz. 

· Before commencing the unsynchronized cases, it should be clarified whether there is any situation in which ATG BS would not be synchronized with surrounding TN BS. If there is no such situation identified, then this part of phase 2 is not needed.
· Phase 3:

· Simulations of UE-UE interference

· It should be clarified whether unsynchronized networks can occur

· Also some preliminary estimation can be made as to whether UE-UE interference could be an issue considering the distance between ground UEs and aircraft; if it is not likely to be an issue then there is no need for simulations in phase 3.
· Option 3: It’s proposed to remove scenario7 and scenario 8 (ZTE)

Agreement:
· Simulations without cross-link interference, that should be carried out as part of the WI

· Further discussion on how to simulate the cases with cross-link interference in a phased manner
Issue 2-2-2: Discuss whether the carrier frequency can be updated as the following proposals.

· Proposals

·  Option 1: carrier frequency range is suggested as 2GHz and 4GHz. (CMCC)

· Note: 3.5GHz can be replaced by 4GHz.

· Option 2: others
· WF

· Option 1 is agreeable
4 Co-existence network layout
Issue 2-3-1: ATG cell layout and how does ATG BS point their beams.

· Proposals

· Option 1: ATG BS points their antennae directly upwards, creating a circular cell.

· Option 2: ATG BS point their beams towards the horizon

· Option 2a: maximum coverage angles in the horizontal plane and the vertical plane were proposed in R4-2216067 (Huawei)

· For maximum coverage angle in the horizontal plane, +/- 60º can be reused for ATG BS.

· In order to reuse the existing requirements and industry eco-system, 25º maximum coverage angle range in the vertical plane can be reused for ATG BS.

· For ATG BS mechanical up-tilt angle, we can further choose one value from 17.5º~ 13.5º range considering the lower boundary of commercial aircraft altitude and the cell range.

· WF

·  ATG BS point their beams towards the horizon
Agreement:

· Take the following assumption as the baseline
· ATG BS point their beams towards the horizon
· FFS for the up-tilt mechanical for ATG BS 
Issue 2-3-2: Potential assumption for network layout of ATG.

· Proposals

· Option 1: ATG network can be deployed on the airline routes. (Apple)

· Option 1a: Assume a distribution of aircraft in a single air route for coexistence simulations (worst case scenario of ATG beam hitting the same TN cell), if RAN4 has correct method to collect statistics instead of averaging the interference over all TN cells. (Ericsson)

· Further discuss how statistics should be collected for the fixed route case.

· FFS on worst case scenario with even lower ISD, keeping in mind aviation regulations on minimum vertical/ horizontal separation between the aircrafts.

· Option 1b: ZTE’s proposal in R4-2216538 as below

· Option 2: ATG network can be deployed in larger area (CATT, LGE)

· Option 2a: Huawei’s proposal in R4-2216067 as below

· Option 3: we could only consider one ATG gNB in the simulation 

· Option 3a: It seems only one ATG gNB is enough for simulation considering ATG ISD is much larger for 19-site TN network regardless ATG network is deployed on the airline routes or in larger area. (CMCC)

· Option 3b: One ATG BS site is proposed to be adopted for the ATG topology in the coexistence simulation, as shown in Figure 1 and 2. (Qulacomm)

· WF

· Further discussion on Option 3
Issue 2-3-3: The assumption for network layout of NR terrestrial network

· FFS how to drop the TN cluster.

· Option 1: drop TN clusters close to ATG BS (ZTE)

· Option 1a: it’s suggested to drop TN network so that minimum distance between TN gNB and ATG gNB is equal to  [image: image2.png]v3
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  as shown below. (CMCC)

· Option 2: Dropping clusters of TN cells randomly

· Option 2a: Dropping the TN clusters randomly in the ATG BS coverage is proposed to be adopted as the NR TN topology, considering both ATG interfering to TN and TN interfering to ATG scenarios. When studying the TN interfering to the ATG, the aggregated interference from TN clusters need to be calculated. RAN4 to consider one TN cluster as the start point. (Qualcomm)

· Option 3: TN network clusters is dropped randomly surrounding ATG gNB. (Apple)

· Option 4: Huawei’s proposal in R4-2216067

· WF

· Option 1
5 Co-existence system parameters
Issue 2-4-1: The initial system parameters outline for ATG BS.

· Proposals

· Option 1: Please provide parameters comments and preference.
· Option 2: others

· WF

· FFS
Issue 2-4-2: The initial system parameters outline for ATG UE.

· Proposals

· Option 1: Please provide parameters comments and preference.
· Option 2: others

· WF

· Further discussion on MOP of ATG UE. Link budget and antenna configuration. 

Issue 2-4-3: The initial system parameters outline for TN BS and TN UE.

· Proposals

· Option 1: Please provide parameters comments.
· Option 2: TN BS and TN UE system parameters can refer TR 38.863 (CATT)

· Option 3: others

· WF

· Option1:TN BS and TN UE system parameters can refer TR 38.863

· Option2: New BS output power for 4GHz.
· Option 3: Ruse CLI TR 38.828. The legacy TN BS assumptions could be reused here or ITU-R Feedback RP-200559 
6 Antenna and beamforming pattern modelling
Issue 2-5-1: Please discuss the initial Antenna and beamforming pattern modelling outline for ATG BS.
· Proposals

· Option 1: It’s listed as below (CATT, ZTE, Huawei)
	
	
	ATG

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	7.1

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H

54º for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	1.5
	Antenna polarization 
	Linear ±45º

	1.6
	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements

	1.7
	Number of supported polarizations, P
	2

	1.8
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.9 of wavelength for V

	1.9
	Array Ohmic loss (dB) (Note 2)
	2

	
1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25

	1.11
	Base station maximum coverage angle in the horizontal plane (degrees)
	120

	1.12
	Base station vertical coverage range (degrees) (Note 1)
	FFS

	1.13
	Mechanical uptilt (degrees)
	FFS


· Note 1:
The vertical coverage range is given for the elevation angle θ, defined between 0° and 180° as 
in ITU-R M.2101.

· Note 2:
The element gain in row 1.2 includes the loss given in row 1.9.

· Note 3:
The conducted power per element assumes Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).

· Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.

· Option 2: Adopt the FR1 sub-array based model, as captured in TR 38.803 section 5.2.3.2.4 and communicated to ITU-R for the BS antenna array. (apart from that the pre-set downtilt should be adjusted for ATG) (Ericsson)

· WF

· FFS
Issue 2-5-2: Please discuss the initial Antenna and beamforming pattern modelling outline for ATG UE.
· Proposals

· Option 1: Omni antenna assumption for 2GHz. (ZTE)

· Huawei’s comment: Since UE orientation aims to the ground, omni antenna assumption for CPE mounted in the aircraft can be excluded. It’s unnecessary to consider the direction which is opposite to the ground.

· Option 2: ATG UE has beam steering capability. (Ericsson)

· Option 2a: antenna array assumption for ATG UE at 3.5GHz and 4.9GHz (ZTE)

· Option 3: Antenna mounted on the aircraft are directional without beam steering capability. (Huawei)
· WF

·  FFS
Issue 2-5-3: Please discuss the initial Antenna and beamforming pattern modelling outline for TN AAS BS
· Proposals

· Option 1: It’s listed as below (ZTE, Huawei)
	
	
	Rural

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	7.1

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H

54º for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	1.5
	Antenna polarization 
	Linear ±45º

	1.6
	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements

	1.7
	Number of supported polarizations, P
	2

	1.8
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.9 of wavelength for V

	1.9
	Array Ohmic loss (dB) (Note 2)
	2

	1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25

	1.11
	Base station maximum coverage angle in the horizontal plane (degrees)
	120

	1.12
	Base station vertical coverage range (degrees) (Note 1)
	90-100

	1.13
	Mechanical downtilt (degrees)
	3


· Note 1:
The vertical coverage range is given for the elevation angle θ, defined between 0° and 180° as 
in ITU-R M.2101.

· Note 2:
The element gain in row 1.2 includes the loss given in row 1.9.

· Note 3:
The conducted power per element assumes Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).

· Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.

· Option 2: Adopt the FR1 sub-array based model, as captured in TR 38.803 section 5.2.3.2.4 and communicated to ITU-R for the BS antenna array. (Ericsson)

· WF

· FFS.
Issue 2-5-4: Please discuss ATG and TN UE model correction

· Proposals

· Option 1: For the TN UE model, assume 1T4R for 3.5GHz (Ericsson)
·  WF

· FFS
7 Others

Issue 2-6-1: ACLR and ACS modelling

· Proposals

· Option 1: Text proposals in clause 6.2.4 from R4-2216069 (Huawei)
· Option 2: Any suggestions and modifications in clause 6.2.4 from R4-2216069.
· WF

· Further discussion at the next meeting

Issue 2-6-2: Propagation model

· Proposals

· Option 1: Text proposals in clause 6.2.5 from R4-2216069 (Huawei)
· Option 2: Any suggestions and modifications in clause 6.2.5 from R4-2216069.
· WF

· Further discussion at the next meeting

Issue 2-6-3: Transmission power control model

· Proposals

· Option 1: Text proposals in clause 6.2.6 from R4-2216069 (Huawei)
· Option 2: Any suggestions and modifications in clause 6.2.6 from R4-2216069.
· WF

· Further discussion at the next meeting

Issue 2-6-4: Received power model

· Proposals

· Option 1: Text proposals in clause 6.2.7 from R4-2216069 (Huawei, ZTE)
· Option 2: (Ericsson)

· RX power should be calculated as: RX power = TX power + TX array gain in direction of interest – pathloss + RX array gain in direction of interest.

· Option 3: Any suggestions and modifications
· WF

· Further discussion at the next meeting

Issue 2-6-5: Performance metric

· Proposals

· Option 1: ZTE
· For NR, the average throughput loss and 5%-ile throughput loss should be less than 5%.

· For ATG, the average throughput loss and 5%-ile throughput loss should be less than 5%.

· Option 2: Ericsson

· The performance metric should be throughput impact to the victim network:

· Mean throughput loss with aggressor present compared to no aggressor

· 5th percentile loss with aggressor present compared to no aggressor
· Option 3: Any suggestions and modifications
· WF

· Option 1 is ok
Issue 2-6-6: Link level performance

· Proposals

· Option 1: Text proposals in clause 6.2.9 from R4-2216069 (Huawei, ZTE)
· Option 2: Any suggestions and modifications in clause 6.2.9 from R4-2216069.
· WF

· Further discussion at the next meeting
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