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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

Note:
· This new study item does not address regulatory issues.




In RAN2#104, the following is agreed for mobility:


Agreements:
1.	Satellite beams, satellites or satellite cells are not considered to be visible from UE perspective in NTN SI.  This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).  This is up to SA2.  
2.   Revise the current definition of satellite cell in TR 38.821 and refer to a satellite beam.  Definition of satellite beam can be discussed during email discussion.  
3.	Add text in TR 38.821 stating that association between NR PCI and NR SSBs is left for implementation (i.e. it will not be specified)
4.	Consider Rel-15 definitions as a baseline for NTN
5.	Both option a and b can be considered in NTN SI with one or multiple SSBs per PCI.  The TR will capture a figure for both option. 





In this paper, we discuss connected mode mobility for LEO NTN while feeder link stays the same. The feeder link switching is treated in [4][5]. 


1. Cell level mobility for LEO satellites with earth moving beams (scenarios C2 and D2)

In case of earth moving beams, the NR cells transmitted via the satellite(s) will sweep the earth. For mobility, this means that depending on cell size, the HO rate can be relatively large. Let’s consider a LEO satellite at 600 km height. It moves with a velocity of about 7.5 km/s in its orbit, and thus also the beam footprint sweeps the surface of the Earth with a velocity of the same order. The speed on earth should be LEO_orbitalspeed * (radius of earth)/(radius of earth + LEO_height) = 6,8 km/s. The total footprint from a LEO satellite has a diameter of about 4000 km (assuming 600 km height and an elevation angle of at least 10 degrees). In [3], the maximum beam footprint size is 200km. If one satellite beam is one cell (PCI), the HO rate for a stationary UE is one HO every 26 seconds. Assuming a circular cell of 100 km diameter, the HO rate increases to one HO every 13 seconds. This seems to be a lot, but it should be noted that similar scenarios are possible even in terrestrial networks, for example a UE moving at 300 km/h in a High Speed Train through cells of 1 km diameter. It should also be noted that these numbers will not change much if the UE itself moves, too, since the velocity of the satellite is so much larger than any possible UE velocity.
Further, as captured as outcome of the first mobility email discussion and thereafter by the email discussion 104#52, it is left for implementation whether satellite beam corresponds to NR cell or NR SSB beam. Thus, if one considers the other extreme where all satellite beams from one satellite are SSB beams and form one cell that has 4000km diameter, for a stationary UE, this means that the satellite is visible for approximately 9 minutes and the UE has to do one HO every 9 minutes. 
It can be seen, that the HO rate depends a lot on the implementation assumption on whether satellite beam is modelled as NR cell or SSB beam. Further, the most aggressive situation considered in this paper is similar to a high speed train scenario for terrestrial network
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[bookmark: _GoBack]From the network perspective, the question is if the large size of NTN cells and the resulting large number of UEs pose a challenge, since all the UEs will experience a high HO rate. Assuming again a cell with 100 km diameter (7850km2 area) and a UE density of 50 UE/km2, almost 400,000 UEs have to be handed over to the next cell within 13 seconds, or more than 30,000 UE/s. Of course, this density will not be realized everywhere in the network, but it might be possible in densely populated areas. However, this can become as an issue due to signalling overhead.

In the email discussion #73, the solutions tackling this issue were summarized as:
X.X.X.X Random Access Enhancements*
· RACH back-off indication:  A back-off indication may be provided in the HO command message, with back-off achieved via random number generation within an interval, or via explicit setting of different back-off indications in the RACH sync reconfiguration message.

According to the current NR specification, the PRACH occasion configuration is given in IE RACH-ConfigGeneric by parameter prach-ConfigurationIndex   ( INTEGER (0..255)) and the mapping to subframes is given in TS 38.211 Table 6.3.3.2-x. It is further specified in 38.321 “MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213”. However, this seems to apply only to the consecutive PRACH occasions. If the prach-ConfigurationIndex   refers to resource that is one frame long the specification already provides random selection of the occasions. The random number generation might refer to additional random back off between those consecutive occations. In addition to random backoff and explicit indication (e.g. by prach-ConfigurationIndex  referring to one subframe in one frame), the selection of the non-consecutive RACH occations can be based on UE index.
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1. Conclusion
We made the following observations:
Observation 1	It can be seen that the HO rate depends a lot on the implementation assumption.
Observation 2	In NTN, the HO rate due to satellite movement depends on the cell size and can be quite high. It is however not expected to be excessively high compared to certain scenarios occurring in terrestrial networks.
Observation 3	In addition to random backoff and explicit indication, the selection of the non-consecutive RACH occations can be based on UE index.

We propose the following:
Proposal 1	RAN2 to adopt the TP in the appendix.
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Appendix

------------------------------start of TP-----------------------------

X.X.X.X Random Access Enhancements*
· RACH back-off indication:  A back-off indication may be provided in the HO command message, with back-off achieved via random number generation within an interval, or via explicit setting of different back-off indications in the RACH sync reconfiguration message, or based on UE index.



----------------------------- end of TP---------------------------------
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