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1. Introduction
The summary of NTN coexistence discussions in RAN4#101-e is recorded in [1] while the WF of the discussions is captured in [2]. For HAPS coexistence simulations, the latest assumptions have been documented in [3]. This contribution addresses the remaining open issues for HAPS coexistence study.
2. Discussion
HAPS simulation scenarios
HAPS is expected to connect directly to the same UEs used in the terrestrial networks. There is no additional requirement for the UE. The objective of the coexistence study is to derive the ACLR/ACS requirements for only HAPS in its FDD operating bands. With this in mind, we have the following coexistence scenarios in a FDD band:
[bookmark: _Ref91778042]Table 1. HAPS coexistence simulation scenarios
	Coexistence
	Aggressor
	Victim
	New requirement

	TN with HAPS
	HAPS DL
	TN DL
	HAPS ACLR

	HAPS with HAPS
	HAPS DL
	HAPS DL
	HAPS ACLR

	TN with HAPS
	TN UL
	HAPS UL
	HAPS ACS

	HAPS with HAPS
	HAPS UL
	HAPS UL
	HAPS ACS


Observation 1: The operation scenarios of HAPS require only new ACLR/ACS requirements for HAPS and four different coexistence scenarios.
There is no need to simulate other scenarios such as TN DL (aggressor) → HAPS DL (victim), or HAPS UL → TN UL, since HAPS UE is the same NR UE and no new requirement for the UE. 
From deployment point of view, HAPS is most likely used to serve areas where continuous TN coverage is not available. If HAPS is to be deployed in a TN coverage area, frequency planning should be conducted by the HAPS operator in order to minimize the ACI from TN DL to HAPS DL. While the ACI from HAPS UL to TN UL should not exceed the coexistence limit since the HAPS UE has the same ACLR requirement for TN UE.
Proposal 1: For HAPS coexistence, only simulate the four scenarios for HAPS ACLR/ACS requirements as shown in Table 1.
HAPS cell layout
What should be the exact HAPS cell layout was raised and discussed in RAN4#101-e but no agreement could be reached [1][2]. Two possible options are shown in Figure 1. Although the layout (a) was used to illustrate the 7 cells of HAPS coverage in previous simulation assumption documents, HAPS coverage area has always been assumed as “a 100 Km radius circular area centered by the serving HAPS,” which is more like the layout (b). We prefer option (b) for two reasons. First, option (b) is consistent with the original assumption of a circular coverage area. Secondly, it is simpler to specify and implement. Notice that the center (1st layer) cell size is smaller than an outer (2nd layer) cell as a result of the HAPS antenna model. If option (a) is to be used, the exact topology of unequal hexagons is difficult to specify. 
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[bookmark: _Ref91789484]Figure 1. Possible HAPS cell layout
If layout (b) is used for simulations, uniformly distributed HAPS UEs can simply be dropped in the circular coverage area and the serving cell for each UE can be determined based on the RSRP or coupling loss. For a better illustration of HAPS cell layout, we would like to propose a revised figure for option (b) as shown in Figure 2.
[image: A picture containing diagram

Description automatically generated]
[bookmark: _Ref92451385]Figure 2. Revised HAPS cell layout
Proposal 2: Adopt the revised HAPS cell layout in Figure 2 with a circular HAPS coverage area.
HAPS system parameters
The HAPS simulation assumption document [3] has no mention of the frequency reuse among the 7 HAPS cells. This is an omission for the HAPS system parameters. Our understanding is that the HAPS simulations results so far, including the calibration results, all assume frequency reuse factor of 1 for the HAPS system. Therefore we propose adding frequency reuse factor 1 to the HAPS system parameters.
Proposal 3: Add frequency reuse factor 1 to the HAPS system parameters.
One problem with the HAPS system simulations is that the high path loss suffered by a small percentage of UEs results in the link not closed. This is due to the elevation angle dependent NTN propagation model [4] that is more likely to produce a large clutter loss and shadow fading for lower elevation angle UEs. (Note: Unlike LEO and GEO evaluations limiting to 90⁰ and 45⁰ elevation angles, HAPS coverage encompasses elevation angles from 90⁰ to 11⁰.) Figure 3 compares the coupling loss of TN and HAPS in the rural environment. We can see that a small part of HAPS UEs have a CL larger than the maximum CL of TN.
Observation 2: A small part of HAPS UEs have a higher coupling loss than the maximum coupling loss in TN.
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[bookmark: _Ref91863336]Figure 3. HAPS and TN coupling loss distributions in RMa environment
To evaluation the system performance, we should focus on those UEs whose channel condition permits a reliable connection. This is especially critical for evaluating the ACI induced degradation for the cell edge (5%-tile) users. If we include all the HAPS UEs, the 5%-tile SINR may go below -10 dB, resulting in zero throughput and making it impossible to quantify the impact of ACI. We therefore propose a maximum CL limit of 140 dB for the UE to be scheduled. This CL limit translates to -5.0 dB SNR in the DL (with 20 MHz bandwidth, 43 dBm Tx power, 9 dB noise figure) and -8.3 dB SNR in the UL (with 6 RB bandwidth, 23 dBm Tx power, 5 dB noise figure). HAPS UEs having CL >140 dB are considered to be in outage and are excluded from simulations.
Proposal 4: Impose a maximum coupling loss limit of 140 dB for the HAPS system. HAPS UEs with a coupling loss >140 dB are excluded from simulations.
HAPS uplink scheduled bandwidth
With the CL limit, we can adopt the proposal of allocating 6 RBs (1.08 MHz) for each HAPS UE in the UL [5]. We also recommend a similar model used in NTN UL [6][7] for HAPS: 9 scheduled UEs, with 3 UEs in a contiguous 35 PRBs, and the allocated PRB locations are aligned across all 7 cells as shown in Figure 4. The aligned PRBs cross cells allow the worst case co-channel interference to be modeled. In comparison, for TN UL 3 UEs are scheduled, each with 35 RBs.
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[bookmark: _Ref91921747]Figure 4. HAPS UL scheduled UE bandwidth allocation
Proposal 5: In HAPS UL, 9 UEs per cell are scheduled. Each UE is allocated 6 RBs. The allocated frequency resources are all aligned across the 7 cells of HAPS as shown in Figure 4.
HAPS uplink ACIR model
Multiple UEs occupy different frequency resources in UL transmission. The ACIR model in TR 38.942 [8] can be adopted for HAPS coexistence study. In that model, the ACI generated by an aggressor network UE is dependent on frequency separation from the edge of the aggressor’s transmission bandwidth. An illustration is provided by Figure 5 below. An ACIR value is assigned to a bandwidth equal to the aggressor’s transmission bandwidth. For example, ACIR1 is assigned to the region of the bandwidth right next to the aggressor. ACIR2 is assigned to the region of the bandwidth next to the region of ACIR1. 
For TN UL as aggressor, the ACIR values in different regions use the same assumption in [7][8], also shown here in Table 2 with X as a variable in the simulations. For HAPS UL as aggressor, we can modify the ACIR regions for the aggressor’s transmission bandwidth of 6 RBs as shown in Table 3. Simulations will determine the ACIR offset that causes 5% loss in mean and cell-edge (5%-tile) throughput in scenarios TN UL (aggressor) → HAPS UL (victim) and HAPS UL → HAPS UL.
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[bookmark: _Ref91925872]Figure 5. UL ACIR model
[bookmark: _Ref91944032]Table 2. ACIR value with TN UL as aggressor
	Frequency offset between aggressor and victim 
	ACIR value

	0-34 RBs
	30 + X

	35-69 RBs
	43 + X

	>69 RBs
	43+ X


[bookmark: _Ref91944301]Table 3. ACIR value with HAPA UL as aggressor
	Frequency offset between aggressor and victim 
	ACIR value

	0-5 RBs
	30 + X

	6-11 RBs
	43 + X

	>11 RBs
	43+ X


Proposal 6: Adopt the TR 38.942 ACIR model for HAPS coexistence simulations. Same ACIR value is given in a bandwidth equal to the aggressor UE’s transmission bandwidth.
Uplink transmission power control model
It has been agreed to use the same UL power control model for TN and HAPS:


where, Pmax = 23 dBm, CLx-ile and γ are set as following:
-	CLx-ile = 88 + 10*log10 (200/X) + 11 – Y, 
where X is UL transmission BW (MHz) and Y is the BS noise figure
-	γ = 1
UL scheduled bandwidth is 35 RBs for TN UE and 6 RBs for HAPS UE, corresponding to X=6.3 for TN and X=1.08 for HAPS. 
[bookmark: _Ref71402430]Table 4. UL power control parameters
	UL power control parameter
	TN
	HAPS

	Pmax (dBm)
	23
	23

	Rmin (dB)
	-54
	-54

	γ
	1
	1

	X, transmission bandwidth (MHz)
	[6.3]
	[1.08]

	Y, BS noise figure (dB)
	5
	5



Proposal 7: Revise the uplink transmission power control parameter X according to UL scheduled bandwidth assumptions, X=6.3 for TN and X=1.08 for HAPS.
3. Conclusion
In this contribution, we discuss the remaining issues regarding HAPS coexistence simulation assumptions and made the following observations and proposals to resolve these issues.
Observation 1: The operation scenarios of HAPS require only new ACLR/ACS requirements for HAPS and four different coexistence scenarios.
Observation 2: A small part of HAPS UEs have a higher coupling loss than the maximum coupling loss in TN.
Proposal 1: For HAPS coexistence, only simulate the four scenarios for HAPS ACLR/ACS requirements as shown in Table 1.
Proposal 2: Adopt the revised HAPS cell layout in Figure 2 with a circular HAPS coverage area.
Proposal 3: Add frequency reuse factor 1 to the HAPS system parameters.
Proposal 4: Impose a maximum coupling loss limit of 140 dB for the HAPS system. HAPS UEs with a coupling loss >140 dB are excluded from simulations.
Proposal 5: In HAPS UL, 9 UEs per cell are scheduled. Each UE is allocated 6 RBs. The allocated frequency resources are all aligned across the 7 cells of HAPS as shown in Figure 4.
Proposal 6: Adopt the TR 38.942 ACIR model for HAPS coexistence simulations. Same ACIR value is given in a bandwidth equal to the aggressor UE’s transmission bandwidth.
Proposal 7: Revise the uplink transmission power control parameter X according to UL scheduled bandwidth assumptions, X=6.3 for TN and X=1.08 for HAPS.
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