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Abstract of the contribution: This contribution analyses the solutions related to general mobility management and/or power saving and proposes a way forward.
Discussion  
In the 5GSAT study there are a few main categories of solutions. In this paper we analyze these main categories and propose a way forward.

In order to estimate when a UE will have, or not have, coverage and adjust the relevant timers, the following functionality is involved:

a) Awareness of SAT vehicles and their movement (i.e. ephemeris) as well as radio cell information. This information originates in the RAN/satellite operations system. 

b) Based on orbital ephemeris and cell parameters (angles etc), calculate coverage information for the SAT constellation 

c) Based on coverage info, determine coverage times for a UE’s current and expected future location(s)

d) Based on coverage times, determine NAS timers and other timers, such a periodic registration timer, power saving timers, HLCOM data buffering time etc.  These timers are always determined by AMF/MME, taking information from the UE, UDM/HSS, AF etc. into account. 
It can be noted that item b) involves some rather RAN specific functionality (cell projection based on angles…). Also, in practice cells do not have sharp borders and a UE may move in not fully predictable way. Therefore, when a UE loses coverage from a SAT cell it will not be possible to predict perfectly when UE will be able to regain access in that specific RAT. Also, it can be noted that calculating cell coverage areas is primarily a radio related functionality, not a typical core network functionality. 
One main area where the solutions in TR 23.700-28 differ are whether items a), b) and c) are performed by the UE or NW.
Most solutions propose that item a) is performed by the NW. There are then different pros and cons for whether b) and c) are performed by UE or NW:

o
Relying on UE determination of satellite service coverage (to e.g. determine NAS timers) assumes that the UE can correctly predict its future location which may not be reliable e.g. if the UE is not aware of its trajectory (in many IoT cases, which is a main use case for discontinuous coverage, the NW may know the trajectory, but not the UE). The solution would also be dependent on UE capabilities. For example, if enhancements are done to the possibility to predict network coverage, the network needs to cope with multiple UE versions, some with old and some with new capabilities.  

o
The network is assumed to be aware of UE location, at least on (mapped) Cell and TAI granularity. Estimation of future UE location will however be uncertain in both UE and NW but in many cases, it can be assumed that the UE moves in a limited area, at least compared to satellite cell sizes. The NW may also have access to UE mobility pattern/trajectory information, based on existing 5GS specifications.
Observation 1: The AMF/MME should be able to retrieve coverage times (“time table”) for a UE, without relying on the UE calculating these times. 
If the network performs a), b) c), several options have been discussed for where a), b) and/or c) is done:

1. AMF/MME  

2. New CN NF
3. NWDAF
4. 3rd party entity, i.e. AF 

5. Unspecified

These options are analyzed below: 

Alt 1: As already discussed above, calculating coverage times based on e.g. ephemeris or coverage maps is a quite radio-specific functionality, and it is desirable if such functionality is not included in AMF/MME. It has also been a goal to reduce the impacts to the CN due to support of NTN RATs. For example, during rel-17 work a lot of efforts have been taken, e.g. with earth-fixed TAs and earth-fixed (mapped) Cell ID on NGAP, to minimize AMF/MME impacts. Such approach would also simplify for NTN deployments where a satellite operator deploys the NTN RAN and makes RAN sharing agreements with MNOs having the (non-satellite specific) CN. 
Observation 2: Solutions where AMF/MME calculate coverage times based on satellite constellation info (e.g. ephemeris) or coverage maps should be avoided.

Alt 2: A new NF could be introduced to calculate coverage times based on ephemeris or coverage maps and provide this to AMF/MME. The justification for a new NF is however not clear. It would have a lot of system impacts. Also, since EPC does not use SBI, likely two different protocols/solutions need to be defined in EPC and 5GC. 

Alt 3: NWDAF may appear as a natural choice for determining coverage times for a UE. However, NWDAF is an NF determining analytics based on a number of inputs. Adding functionality to calculate coverage times based on ephemeris or coverage maps would be a different type of function that does not fit well in the NWDAF. 

Alt 4: Already today the AF can provide information about the UE (UE mobility patterns / trajectory) and also suggest power saving parameters such as Active Time. The UDM uses the AF-provided Maximum Latency(s) to derive the subscribed periodic registration timer and the AF-provided Maximum Response Time(s) to derive the subscribed Active Time. These features can be re-used also to work with discontinuous coverage without impacts to EPC/5GC. In addition, the SCEF/NEF north-bound services could be extended with additional capabilities e.g. to provide coverage times. 

Alt 5: Another option is to leave this completely proprietary, e.g. to assume that AMF/MME gets the coverage times from some external server but without defining this entity or the protocol used. This option is basically an implementation of variant of Alt 1. This may have high impacts to AMF/MME products since they may need to integrate with many different servers to interwork with different ran/satellite operations systems.
Observation 3: Alt 4 is an existing method that can be used to provide the NW with suggested/requested availability times. MME/AMF takes this into account when determining e.g. periodic registration timer. This can be enhanced with “timetable” information for coverage.
Proposal

It is proposed to update TR 23.700-28 as follows:
**** First Change ****

8
Conclusions

Editor's note:
This clause provides the conclusions for the study.

Editor's note:
Conclusions are FFS.
8.1
Conclusion on general mobility management and/or power saving
The following are conclusions on mobility management and/or power saving:

-
Satellite related coverage times can be provided by an AF to the MME/AMF via SCEF/NEF exposure. The existing AF-provided values for Maximum Latency(s) and Maximum Response Time(s) can be provided to indicate suitable times for a UE using satellite access in discontinuous coverage. In addition, in-coverage and out-of-coverage times can be provided for a UE. The AMF/MME can use this information to determine suitable NAS timer and buffering time values. 
- 
In addition, the AMF may be pre-configured with suitable periodic registration timer value and deregistration timer values as already is defined for MME in Rel-17. 
**** End of Changes ****
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