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1. [bookmark: _Ref298777854]Introduction
This contribution presents a brief overview of the satellite system architecture and the information required for the modeling of new radio technology with satellite radio access network.  The contribution also aims to address the issue of forward compatibility that needs to be considered during the Phase 1 design of the New Radio. 


1. Discussion
A 3GPP standardized Radio Access Technology (RAT), adequately designed to take into account the specific of satellite use cases and constraints, will enable satellite access to be supported in NextGen UEs and RAN. This will reduce the cost of satellite UEs and Satellite RAN infrastructure and allow terrestrial devices to be used for satellite access as well. Other benefits include enabling the native broadcast/multicast capability at minimal additional cost.  These considerations become increasingly important for the connected cars, widely distributed sensor networks, and for the disaster prone areas. 

The Use cases
As noted in the TR22.891, there are several use cases that can only be served by satellite access or where satellite provides a more efficient solution. Some of the examples include:
· Widely distributed networks, such as closed user group or enterprise facilities
· Trunking and head-end feed
· Disaster relief and other situations where the terrestrial network is unavailable in full or part
· Added redundancy and reliability to support network communications
· Connectivity in rural areas where the terrestrial infrastructure may be limited or not available  
· Connectivity for the internet of things, including intelligent highways, utilities, etc
· Connectivity for mobile platforms, including ships, trucks and airplanes
· Backhaul capacity and tower feed for terrestrial infrastructure
· Hybrid multi-play

Satellite Architecture
There are some important differences between the satellite and terrestrial architecture that will have impact on the physical layer design. In general, Satellites are classified based on service provided, orbits, spot beams and etc. 
Figure 1 depicts the architecture of new radio access technology via satellite, denoted as NextGen satellite network, in which NextGen UE is connected to the network through satellite. An access link connects the UE to the satellite; the satellite is connected to the gateway using the feeder link. The gateway can be connected to the NextGen RAN either via wired or wireless link. 
For the downlink, the radio signal from RAN is transmitted via gateway to the satellite, where the signal is down converted and sent for UE reception. On the uplink, a similar path is traversed but in opposite direction. 
[bookmark: _GoBack][image: ]
Figure 1 – Next generation (NextGen) network with satellite access

Satellite Specific Aspects
Compared to the terrestrial link, the satellite propagation and channel models are relatively easy and straightforward. For most part, Free Space Path Loss (FSPL) is used for propagation calculation in addition to consideration of climate factors that are frequency dependent such as rain, fog etc. 
The NR design should be flexible and take into account the impact of the larger round trip delay over satellite of 100 msec- 600 msec (depending on the satellite orbit), between the UE and the RAN. In addition, today’s satellite operators have also designed solutions to reduce the impact of latency that can be considered in NR design. There are a number of specific factors that impact the design of the NextGen satellite compatible RAT compared to a terrestrial RAT, such as:

· Compensation of high Doppler
· Compensation of variation in path delay with time depending on the satellite orbit
· Flexible ARQ/HARQ Design which takes into account the larger delay for feedback
· Link adaptation (Power and/or modulations coding control loops) due to slow feedback
· RACH Procedures able to cope with delay variation
· The reduction of the delay for UL access grants
· Satellite propagation channel characterized by a Rice and/or one-component Specular propagation channel (rather than Rayleigh), combined with log-normal attenuation
· Benefit of MIMO is limited for the satellite channel, polarization MIMO and Line-of-Sight MIMO should be considered
· Lower received signal to noise level due to high path loss over satellite
· Compensation of Phase noise in case of using frequency conversion to higher frequencies of the Uu signal on the satellite link

These considerations will require some specific configurations of the procedures and possibly enhanced flexibility in the 3GPP Next Gen RAT design to accommodate these specific constraints.

1. Summary
This contribution enumerates briefly several satellite aspects and consideration that will assist in the design and modeling of the NextGen satellite network. 
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