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Introduction
In RAN meeting #82, the study item on non-terrestrial Networks (NTN) was updated priority of study [1]. Specifically:
· The focus of the Rel-16 study will be on pedestrian and on board vehicle usage-scenarios.
· The scope of the release 16 study item will be limited to key issues and solutions associated with transparent GEO satellite and LEO based non-terrestrial access network (moving beam on earth).

On physical layer, three identified objectives are [1]:
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

In this contribution, we discuss mechanisms for reduced NTN initial search time and efficient intra-satellite handover. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]NTN Cell and Frequency Planning 
To discuss NTN initial access, it is necessary to look at cell and beam planning. For bent-pipe satellites, beamforming may not be as dynamic as in terrestrial networks. Rather, a fixed mapping between a beam and a coverage area is preferred. To avoid interference between different coverage areas, frequency planning may also be preferred as shown in Figure 1.


Figure 1. An example of satellite cell/frequency planning.
In the figure, we can see that each beam has a dedicated frequency range and multiple beams may share one frequency range.
One or multiple beams can be grouped to form a cell. If multiple neighbouring beams are grouped into one cell, each of frequency ranges can be a bandwidth part (BWP). In the following, impacts of cell and frequency planning on initial access and handover will be discussed.
Initial Search
Related to cell and frequency planning, satellite capability on frequency tunability and /or beam bandwidth determines arrangements of SSB in frequencies. In figure 1, two SSB arrangements are illustrated assuming different satellite beam use different frequency ranges for data.



Figure 2 SSB arrangements vs beam and frequency.
Arrangement A in the above figure allows one satellite mapped to one cell and each beam has its own BWP and requires that satellite beams are tunable or have large transmit bandwidth. In addition, only one synchronization frequency is to be searched. On the other hand, arrangement B will have multiple cells allocated to a satellite unless changes are made in NR specification. However, arrangement B allows beams with fixed spatial and frequency. This arrangement, however, requires more synchronization frequencies to be searched.  
As discussed in [2], the initial search of SSBs in NTN requires a search in the spatial domain, azimuth and elevation angles, in addition to traditional synchronization signal search in frequency and time. Together with large Doppler shift, even with a stationary satellite initial search time can be long. For LEO and MEO satellite, initial search can be even longer due to the small dwelling time of a satellite beam, which can be less than 10 seconds. All the above makes the initial search in NTN challenging, especially for mobile devices which does not know its antenna look angle and possibly geolocation.
Hence it is important to consider mechanisms for reducing the searching time. Two measures can be considered for this purpose:
· Increase the synchronization raster size so as to reduce the number of frequencies to be searched
· Compensate the Doppler at least in the DL synchronization signals.

To have large synchronization raster, arrangement A in figure 2 is preferred but it would require that beams are tunable in frequency. In addition, time gaps may be needed before and after each SSB transmission to account for the time for frequency retuning. 
Proposal 1: Study the feasibility and impacts on specification and implementation of the following mechanisms for reducing initial search time:
· increased synchronization raster size, and
· pre-compensate the Doppler shift of the beam center at least in SSB transmissions.

   Intra-satellite Handover 
In this section, we discuss handover between cells or switch between beams within a satellite.
In LEO and MEO satellite communications, handover occurs frequently. In addition, a large number of simultaneous handover or beam switch may occur simultaneously. For instance, when satellite coverage area passes through a densely populated area, a large number of UEs may simultaneously move from the old beam to the new beam. This calls for efficient cell handover and beam switch mechanisms. In the sequel, we refer to handover as either a beam switch or a cell handover within a satellite unless it is specifically spelled out.
Fortunately, LEO and MEO satellites have fixed orbits and can be made known to UEs by broadcasting ephemeris information. As a result, cell handover or beam switch is highly predictable. Taking this advantage, the following efficient mechanisms are to be supported:
· Network initiated handover
For network initiated or scheduled handover, relevant information about subsequent cells/beams need to be known to UE. Network initiated handover could be timer based or dynamically signalled by DCI. 
· UE initiated handover
In UE initiated handover, UE can signal its handover using a PRACH or special signal like SR.
For both of the above schemes, UE needs to measure neighbouring cells or beams. RAN1 needs to study the above mechanisms and associated facilities including 
· CSI-RS for efficient multi-cell (beam) measurements 
· Physical-layer signalling of handover

Proposal 2: Study and support enhanced intra-satellite cell handover and beam switch including both network and UE initiated handover and beam switch.

Conclusions
We discussed initial access and intra-satellite handover and have the following proposals:
Proposal 1: Study the feasibility and impacts on specification and implementation of the following mechanisms for reducing initial search time:
· increased synchronization raster size, and
· pre-compensate the Doppler shift of the beam center in SSB transmissions.

[bookmark: _GoBack]Proposal 2: Study and support enhanced intra-satellite cell handover and beam switch including both network and UE initiated handover and beam switch.
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  Figure  1 . An example of satellite cell/frequency planning.  

