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Introduction
In RAN2#107bis meeting, there was a concern on delivering the UE position information toward the network. In this contribution we will emphasise the benefit on taking the UE position into consideration when configuring the Registration Area (RA for short; the case w.r.t. RNA is likewise), by comparing the paging load of taking it into consideration or not.
Discussion
Overall description
Considering relatively large footprint of NTN cells, paging load tends to be a key issue in NTN design. We should remember that when paging a UE, we are ordinarily unaware of the accurate location of this UE, or which cell it currently camps. As a result, the network has to page this UE in many cells, ordinarily every cell broadcasting at least one TAI within its RA, unless further enhancement is applied. Identically, this means that one cell is responsible to page not only the UEs currently camping on itself, but also the UEs currently camping on its neighbours. Considering that the size of RA can be quite large compared with the cell (or otherwise there will be too many trouble-making “TA borders”), the paging load of each cell may still be quite large and exceed the capability.
Observation 1: The heavy signalling load caused by paging is a valid issue, considering that the network is unaware of the precise location of the UE when paging for it.
Therefore we may adopt some methods in order to reduce the size of RA as small as possible. One of the methods, which applies to any type of LEO NTN system, is to “reuse” the UE position information which is already useful in CONNECTED mode mobility. Following is the brief analysis.
For simplicity, assume that the UE does not move (the case when the UE can move is much more complex but the result is similar). The RA should be configured so that the UE never performs any “mobility-caused” TAU, i.e. located within a cell that broadcast none of the TAs listed within its configured RA.
As already pointed out in TS 38.821, there are two types of approaches w.r.t. TA: one is the “hard switch” solution, and the other is the “soft switch” solution.


		 
Figure 1: Comparison on RA configuring methods for “hard switch” solution, with and without UE’s location information.
For the hard switch solution, currently the core network is only aware of the TA of the cell where the UE currently access, as reported in the NGAP. Since the core network cannot figure out whether the UE is now at the centre of the TA or near the boundary, it has to configure the RA not only including the TA reported in the NGAP, but also every TA around it, or otherwise “mobility-caused” TAU may occur soon.
However, if the core network is aware of the UE’s position, it would be capable to configure its RA as only including the TAs which covers or nears the UE’s position. Hence the size of RA is reduced.


		 
[bookmark: _GoBack]Figure 2: Comparison on RA configuring methods for “soft switch” solution, with and without UE’s location information.
For the soft switch solution, currently the core network should be only aware of the TAs broadcasted by the cell where the UE currently access, as reported in the NGAP (at least we can assume so). Since the core network cannot identify which TA the UE really resides within, it has to configure the RA including all of the TAs reported, or otherwise “mobility-caused” TAU may occur soon.
However, if the core network is aware of the UE’s position, it would be capable to configure its RA as identical to the exact TA where the UE really resides within. Hence the size of RA is reduced as well.
Observation 2: For both the “hard switch” option and the “soft switch” option, UE position information is useful for the core network to reduce the size of registration area, which will further reduce the paging load over Uu.
In RAN2#107bis meeting, it was mentioned that the gNB may be capable to identify the UE’s position [1]. However we believe that such function is entirely implementation-based, and thus we should not assume that every NTN system supports such function. In addition, its accuracy could differ quite much, making it both maybe not enough for usage, and hard to be included in 3GPP standard interfaces such as NGAP.
Observation 3: Network-implementation-based UE positioning function should not be relied on.
Therefore we believe that a UE-based location report mechanism is beneficial and should not be precluded in this study item.
Proposal 1: UE-based location report mechanism is beneficial and should not be precluded.
Proposal 2: Capture the above mentioned analysis into TP 38.821.
Conclusion
Observation 1: The heavy signalling load caused by paging is a valid issue, considering that the network is unaware of the precise location of the UE when paging for it.
Observation 2: For both the “hard switch” option and the “soft switch” option, UE position information is useful for the core network to reduce the size of registration area, which will further reduce the paging load over Uu.
Observation 3: Network-implementation-based UE positioning function should not be relied on.
Proposal 1: UE-based location report mechanism is beneficial and should not be precluded.
Proposal 2: Capture the above mentioned analysis into TP 38.821.
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[bookmark: _Toc23403941]7.3.1.3.2	Approach 2: For the case when UE location information is available
One possible solution is to divide the earth into a lot of girds and each grid is mapped to a certain TAC. During initial registration, UE derives the TAC based on its location information (the mapping rule between the geographical area and the TAC value is kept both on UE side and network side), forms the TAI based on the derived TAC and broadcast PLMN ID and reports a list of TAIs to network via Registration Request message. The AMF confirms the reported TAI list and includes a TAI list as a registration area the UE is registered to in the Registration Accept message.
When UE moves to a new geographical area, UE derives the TAC based on the location information and forms the TAI based on the derived TAC and PLMN ID. If UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered to, a mobility registration update procedure will be triggered. UE reports the TAI list derived by itself to network via Registration Request message. The AMF confirms the reported TAI list and include a new TAI list for the UE in the Registration Accept message. The UE, upon receiving a Registration Accept message, shall delete its old TAI list and store the received TAI list. If there is no TAI list received, the UE shall consider the old TAI list as valid.

Another solution is to follow the current solution designed for terrestrial network, i.e. Approach 1 but with minor change.
Within this solution, the UE’s behaviour is similar to the mechanism in current terrestrial network, i.e. monitor system information of the camping cell, and triggers registration update procedure when the broadcast TAI (or all broadcast TAIs) is not included within its TAI list. When the network needs to page the UE, it should ordinarily perform paging for any cell which broadcast at least one TAI which belongs to the UE’s TAI list.
The difference is that, when a UE registers into the network, the AMF will be informed about the geography location of this UE. Such geography location information is used to reduce the size of TAI list, which will further reduce the Uu paging load, which could be critical according to the analysis in section 7.3.3.1.
There are two methods to provide UE’s geography location information toward the AMF: generated by the gNB and delivered over NGAP, or generated directly by the UE and delivered over encrypted NAS signalling.
Compared with the solution raised above, this solution has much less impact on signalling and implementation.
//////////////////////////////////////////////////////////////////////text proposal end//////////////////////////////////////////////////////////////////////
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