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1	Introduction
The introduction of NTN into 3GPP has presented an opportunity for the satellite industry to benefit from the scale of 3GPP’s global standards and provides 3GPP an opportunity to extend its reach into new vertical markets. There are many areas where 3GPP standards can extend the addressability of services provided by existing satellite networks based on proprietary standards.
Optimizing the opportunity that 3GPP standards provide to the NTN community requires a careful understanding of what can be directly reused with minimal or no change, and what requires to be handled differently due to the obvious physical differences between TN and NTN.
The work to specify core requirements for VSAT above 10 GHz as part of the NR NTN enhancements WI is due to complete in June 2024 at RAN 104. The next phase of the work is to consider performance requirements and then testability. This paper examines the principles that have been used to guide the specifications and testing regimes for terrestrial networks and contrasts that with current practises within the satellite industry. A recommendation is made that during the early growth period of the VSAT market, the performance requirements and testing aspects of VSATs should be more aligned with the approach 3GPP uses for BS than for handheld UE. This is predicated on a VSAT market controlled by the NTN operator with minimal or no inter-network roaming, larger VSAT device size and higher cost compared to TN UE, and a limited VSAT market size to support the performance requirements and testing regime typical for the global roaming TN UE mass market.
2	The historical approach to TN UE and TN BS performance requirements and testing
Historically the approach taken by RAN4 and RAN5 towards Terrestrial Network (TN) UE and BS performance requirements and testing specifications has been very different. There are good reasons for the approach taken which have been motivated by very different conditions.
The TN BS is ordinarily geostatic, being tower or building mounted. The network operator has full control over the selection and deployment of the TN RAN and has only a few vendors to choose from. It is in the network operators interests to only specify and deploy a BS RAN that meets its requirements for operational aspects, performance, and costs.
The TN UE is a very different device. It is ordinarily not geostatic, and through international agreements and backed by a well-regulated conformance test regime, is expected to, and does roam between TNs operated by different network operators. Crucially, provided key regulatory and conformance requirements are met by the UE, the network operator is obliged to allow any UE to roam onto its TN and access services. And unlike the very limited BS supply chain, there are dozens of UE vendors. The larger network operators can influence the choice and quality of UE they promote for use on their TNs through proprietary operator requirements and testing regimes, but otherwise must accept any UE that roams onto its TN.
These very different scenarios have led the cellular standards community to treat the performance requirements and testing of TN BSs and TN UEs very differently. At a high level, the TN BS operates in a very narrow environment, totally controlled by the network operator who has a vested interest in only deploying BS that meet their exacting requirements. A consequence of this is that the performance requirements for TN BS are very limited, and the testing of BS is primarily concerned with verifying the core requirement needed for regulatory reasons rather than the performance of the BS under varying conditions. The TN BS testing market is very much smaller than the TN UE market and this has led to a pragmatic approach being taken where most if not all the test procedures rely on proprietary control of the BS to configure the conditions for testing. Specifically, L3 signalling is not used meaning there is no need for a complex UE emulator. Instead, testing is carried out using single-ended open-loop sources and analyzers.
On the contrary, TN UE testing is exclusively carried out using standard L3 network signalling provided by a BS emulator or “system simulator”. This approach requires much higher investment in the testing infrastructure but is offset by the size of the UE test market.  This enables and leads to UE testing being outsourced by the operator and UE vendor to third party test houses.  BS testing is typically performed in-house by the vendor and operator.
When it comes to the TN UE performance requirements, the approach taken in standardization is far more thorough than that used for TN BS. There are extensive performance requirement specifications covering network signalling, radio and RRM aspects, to set a high bar for performance, giving the TN network operator community high confidence that a UE that roams onto their network will perform to a minimum standard.
3	Attributes of a VSAT
From a functionality point of view, a VSAT is undoubtedly a UE. And for that reason, it is expected that the approach taken for standards will broadly follow the one used for TN UE, involving extensive performance requirements, and an in-depth conformance testing regime covering L3 signalling, radio and RRM aspects. However, closer examination of the conditions in which a VSAT operates show that it has more in common with a TN BS than a TN UE. The VSAT market is much smaller than the TN UE market with the former being in the millions of units and the latter in the billions. As such, the VSAT supply chain is very small, and crucially, the NTN operator has total control over not just the SAN but also the specification, procurement and testing of the VSATs themselves. There is no scenario in the current evolution of the NTN market where a VSAT designated for use on one NTN could roam onto another NTN. This NTN operator control over the VSAT market looks much more like the control the TN operator has over the TN RAN and suggests a much lighter touch for performance requirements and testing than is necessary for the TN UE market.
Another significant practical factor to consider for VSAT operating above 10 GHz (Ka and Ku bands) is that there is an assumption that most requirements are specified and tested over the air (OTA) using radiated test systems. This is the de-facto case for TN FR2 UE and led to an enormous effort withing 3GPP to specify a whole new category of test systems which are far more expensive than those used for FR1 UE testing over the antenna connector interface.

If the bulk of VSAT Ka and Ku testing is to be performed OTA, then that would require the development of OTA test systems that cover frequencies below the current FR2 bands, and also handle the much larger device sizes of VSAT compared to TN UE. Such OTA tests systems have been developed for FR2 BS, but these are very costly and limited in the scope of tests. To repeat the scope of testing used for FR2 TN UE for the physically much larger VSAT devices at frequencies above 10 GHs would require a massive investment in new test methods that seems outside the scope of what 3GPP can reasonable consider given the very limited size of the market and the lack of commercial justification to require independent testing of VSAT performance in a closed NTN.
3.1Current connectorized approach to VSAT testing
The unique challenges of specifying and testing VSAT has already been solved by the NTN industry. A VSAT is characterized by a generic modem through an L band (1.5 GHz) antenna connector to a system incorporating frequency conversion and the necessary antenna technology for the VSAT use case. The L band interface to the antenna system is controlled by an open interface standard called the Antenna Modem Interface Protocol “Open AMIP” [1] and the administrative interface between the modem and block up converter (BUC) components of a satellite terminal “Open BMIP” [2]. This interface is to enable calibration of the terminal’s transmitted power for regulatory compliance. 
[image: ]
This functional split allows the NTN industry to develop generic modems than can interface to as many as ten different antenna systems depending on the intended environment be it mobile VSAT, maritime, airborne, mechanically or electrically steered etc.
Using the two-stage approach to specifying the VSAT has enabled the NTN industry to independently specify and test the modem and antenna systems separately, using equipment tailored to that purpose. The more complex task of specifying and testing the entire VSAT, as is the case with TN UE, is therefore avoided.



5	Summary and recommendations
The attributes associated with TN UE, TN BS and VSAT above 10 GHz are shown in Table 1.
Table 1. TN UE, TN BS and VSAT attributes
	Attribute
	TN UE
	TN BS
	VSAT

	Functionality
	UE
	BS
	UE

	Roaming between networks
	Required
	Not required
	Not required (yet)

	Operator control of equipment
	Not assumed
	Assumed
	Assumed

	Aperture of antenna
	Small
	Large
	Large compared to TN UE

	Cost of equipment
	Low
	High
	Higher than TN UE

	Current test methods
	Independent
	Proprietary
	Proprietary



For the above reasons, it is proposed that performance requirements and testing for VSAT above 10 GHz should follow more closely the TN BS model than that use for TN UE. This will considerably simplify the process during the emerging market phase of the VSAT industry. 

6	References
[1] Open AMIP https://www.idirect.net/wp-content/uploads/2021/02/OpenAMIP-Standard-Revision-E.pdf
[2] Open BMIP https://www.idirect.net/wp-content/uploads/2021/02/OpenBMIP-Standard-Revision-A.pdf

Page 1 | 5

image1.png
Figure 1-1. BUC and Modem Connections
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