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This contribution proposes to analyse the KPI requirements brought by HAPS.
1 Discussion

HAPS will be valuable for ground operators, which helps operators to realize communication in areas where do not deploy the whole terrestrial network, such as lacking a backhaul to the core network or lacking a terrestrial connection between UE and network. 
As shown in this figure, HAPS may provide a 3D coverage for normal 5G UE, UAVs, motion vehicles, aircrafts and buildings. HAPS also may provide backhaul for terrestrial gNBs. 
Besides, HAPS also can play an aggregation and relay role between UE and satellites.
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According to the studies in TR 38.821, the delay, footprint and Doppler of HAPS may be similar or equivalent values with those of terrestrial network. However, the HAPS can provide some different scenarios and applications which TN 5G system is difficult to realize. Besides, the related requirements are missing in 3GPP TS 22.261. 

The ongoing NTN WI in RAN is working for enhance NR to support transparent NTN including HAPS.  However, as for the terrestrial operators, the generative HAPS is more useful and easier by using the TN-similar gNB, which can provide a higher performance than transparent way.

Therefore, to comprehensively enhance the 5G system with HAPS, it is worth specifying KPI.

Let’s consider the following use cases of HAPS, then we can discuss possible requirements observed from them.
1. Delay

Based on the study in TR38.811, the propagation delay in 5G system with HAPS access can be derived.
For the UE to the HAPS path, the maximal one-way propagation delay associated with HAPS is 1.53ms at 5° elevation angle. The differential delay between nadir and Edge of Coverage is 0.7ms.

UE to HAPS delay
	elevation
	UE to HAPS propagation Delay [ms]
	One-way propagation Delay

	90°(note 1)
	0.067
	0.134

	5°(note 2)
	0.763
	1.526


Note1: based on assumption of 20 km altitude for HAPS.

Note 2: At 5° elevation angle the distance to the aerial vehicle is 229 km, and the Gateway is supposed to be at same distance.

2. Performance requirements 

1) Pedestrian
Comparing with 5G systems with satellites, the ground-to-air propagation pathloss and mobility of HAPS nodes are much smaller. HAPS should be able to access the smart phones directly.
Assume that the data rates based on Extreme long-range coverage target values in clause 6.17.2. User density based on rural area in Table 7.1-1. Then the performance requirements for HAPS access in Pedestrians should be:

	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity

(DL) 
	Area traffic capacity

(UL) 
	Overall user density 
	Activity factor
	UE speed
	UE type

	Pedestrian


	1 Mbit/s
	100Kbit/s
	[20M]bit/s/km2
	[2M]bit/s/km2
	[100]/km2
	20 %
	Pedestrian
	Smart phones


2) Remote area 

HAPS provide high data rates service for remote areas.

Assume that the data rates based on rural area in Table 7.1-1. The overall user density based on the actual population density in Qinghai Province in China, which is a remote scenario in China. Then the performance requirements for HAPS access in Pedestrians should be:

	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity

(DL) 
	Area traffic capacity

(UL) 
	Overall user density 
	Activity factor
	UE speed
	UE type

	Pedestrian in remote area
	50 Mbit/s
	25 Mbit/s
	100Mbit/s/km2
	50Mbit/s/km2
	10/km2
	20%
	Pedestrian
	Smart phones


3) Vehicular connectivity
The scenario for users in road vehicles. The users can be connected either directly or via an onboard base station to the HAPS gNB. 

Based on Table 7.1-1, the performance requirements for HAPS access in vehicular connectivity should be:

	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity

(DL) 
	Area traffic capacity

(UL) 
	Overall user density 
	Activity factor
	UE speed
	UE type

	Vehicular connectivity
	50 Mbit/s
	25 Mbit/s
	TBD
	TBD
	TBD


	50 %
	Up to 250 km/h
	Smart phones 

Vehicle mounted


4) High-speed train
The scenario for users in trains. In some areas, it is hard to deploy terrestrial gNBs for example in remote mountain area. The users can be connected either directly or via an onboard base station to the HAPS gNB. 
Based on an assumption of 500 users per train 15/7.5 Mbit/s data rate and 10 % activity factor per user, the performance requirements for HAPS access in High-speed train connectivity should be:

	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity

(DL) 
	Area traffic capacity

(UL) 
	Overall user density 
	Activity factor
	UE speed
	UE type

	High-speed train 
	750Mbit/s/train
	375Mbit/s/train
	TBD
	TBD
	TBD


	N/A
	up to 500 km/h
	Smart phones

Train
mounted


5) Wide area IoT connectivity
HAPS should be able to provide a coverage for wide area IoT connectivity, for example remote monitoring services. This may involve different deployment areas, different device speeds and densities, and different data rate. This scenario should support narrow band as well as wide band IoT UE. The IoT UE should be able to connect directly to the HAPS gNB.
Based on Table 7.6.2-1 (Performance requirements for highly reliable machine type communication), the performance requirements for HAPS access in Wide area IoT connectivity should be:
	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity

(DL) 
	Area traffic capacity

(UL) 
	Overall user density 
	Activity factor
	UE speed
	UE type

	Wide area IoT connectivity


	-
	<1Mbps
	TBD
	TBD
	10/km2 to 1000/km2
	TBD
	TBD
	All types of IoT UE 


2 Proposals
Based on the discussion above, it is necessary to add the KPI for 5G system with HAPS. 
It is proposed to include the KPI requirements into the TS 22.261 as a new clause 7.X, including delay, coverage and performance requirements in different scenarios.
