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1. Introduction
RAN 3 has received an LS from SA plenary in R3-204622 (SP-200587).
This document summarises some (but not all) of the reasons why handover into a congested cell causing the release of GBR flows is an issue that needs to be solved.
2.
IoT, Machine and Vehicle roaming

The Alternative QoS Profile feature has been developed as part of the V2X work item. Clearly vehicles are moving devices and are likely to roam to countries where the owner does not live.

In addition, at least in Europe, the “non-human device” market is very frequently dominated by devices that are “permanent roamers” because they have SIM cards with “non-geographic” Mobile Country Codes (see the networks allocated to MCC=901 in ITU recommendation E.212).

The following picture shows a typical (but very simplified) service arrangement for automotive use cases.
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Observation 1: Automotive UEs are likely to be permanently roaming.
One consequence of this roaming/permanent roaming situation is that the VPLMN has limited knowledge about the subscribers using their network and hence less opportunity to plan and dimension their radio capacity to meet the demand that may arise. 
This will be made worse if the HPLMNs change their “steering of roaming” parameters and cause the UEs to change VPLMN, e.g. to optimise roaming costs. (Note that although wholesale roaming changes for ‘phones’ will be capped at  2.5 E/GigaByte (https://ec.europa.eu/commission/presscorner/detail/en/IP_17_193), the roaming revenue outflows can be important for the HPLMN to minimise).

Observation 2: VPLMN RAN dimensioning is difficult for IoT (e.g. automotive) devices.
3.
Radio Capacity Planning

RAN WG 1 has studied the capacity for some automotive scenarios (3GPP TR 38.824 Clause A.2.3 (Simulation assumption for transport industry). With ONLY 10 or less UEs per cell, and NO other radio traffic in the RAN, the results in clause 5.2.2 of TR 38.824 indicate > 5% failure rates.
Observation 3: TR 38.824 shows that in ordinary automotive scenarios (e.g. >> 10 cars per cell) and a well planned RAN,  RAN congestion cannot be simply ignored.
However, in real life, unplanned things happen. Some examples:

a) part (but not all) of a road floods causing traffic congestion and a much higher than planned number of vehicles.

b) An accident or flood blocks a road completely. In this case, the alternative routes experience a much higher than planned number of vehicles.

c) An event (open air concert; public demonstration; police incident) occurs adjacent to a road and subjects the radio network to high load.
Observation 4: unplanned radio load should be expected and mechanisms to recover from RAN congestion should be incorporated into the 3GPP standards.
4.
Recovery from RAN congestion

We can expect that the car manufacturers and the HPLMNs will want their UEs to be operating at the Guaranteed Bit Rate or one of the permitted Alternative GBR QoS levels. Hence if the RAN operator breaks that guarantee (e.g. by a GBR release at handover), the HPLMNs and Car Manufacturers will want service to be restored as soon as possible. 

Hence if the RAN in the VPLMN releases a GBR flow for a machine, it is likely to lead to very frequent signalling – and the VPLMN is in no good position to complain as it is the VPLMN that has broken the SLA!

Note that there are likely to be many non-congested RAN nodes in the VPLMN, so if the VPLMN throttles signalling from the HPLMN, then the VPLMN will lose many revenue earning opportunities! 

Note also that the AFs and the SMFs in the HPLMNs are independent, so following any release by the RAN, re-admission requests will arrive in an uncoordinated manner at the RAN. As RAN congestion decreases, the next request is likely to be served – irrespective of its ARP’s priority level. However, as GBR flows are generally set to “not vulnerable to pre-emption”, later arriving, higher priority requests then get rejected!

Observation 5: If radio interface congestion causes the RAN to release a vehicle related GBR connection, subsequent resources will be allocated in a random, “first come first served” basis.

Observation 6: If radio interface congestion causes the RAN to release a vehicle related GBR connection, very high signalling loads seem inevitable.
5.
Limited range of ARP values for roamers

As specified in TS 23.501 clause 5.7.2.2 there is a limited set of ARP priority levels for roaming traffic:

The ARP priority levels 1-8 should only be assigned to QoS Flows for services that are authorized to receive prioritized treatment within an operator domain (i.e. that are authorized by the serving network). The ARP priority levels 9-15 may be assigned to QoS Flows for services that are authorized by the home network and thus applicable when a UE is roaming.
This restricted range of priority levels (which needs to also cover IMS voice, IMS video, and IMS signalling) makes it difficult to allocate one specific high priority level to cars, as there are many other types of machines to consider that could need higher priority (e.g. aerial drones).

Observation 7: (As all Alternative QoS Profiles share the same ARP priority level as the requested QoS profile), there are too few ARP priority levels to allocate a specific high priority ARP priority level to automotive. 
4. Conclusion and proposal
Observation 1: Automotive UEs are likely to be permanently roaming.
Observation 2: VPLMN RAN dimensioning is difficult for IoT (e.g. automotive) devices.

Observation 3: TR 38.824 shows that in ordinary automotive scenarios (e.g. >> 10 cars per cell) and a well planned RAN, RAN congestion cannot be simply ignored.
Observation 4: unplanned radio load should be expected and mechanisms to recover from RAN congestion should be incorporated into the 3GPP standards.
Observation 5: If radio interface congestion causes the RAN to release a vehicle related GBR connection, subsequent resources will be allocated in a random, “first come first served” basis.

Observation 6: If radio interface congestion causes the RAN to release a vehicle related GBR connection, very high signalling loads seem inevitable.
Observation 7: (As all Alternative QoS Profiles share the same ARP priority level as the requested QoS profile), there are too few ARP priority levels to allocate a specific high priority ARP priority level to automotive.
Proposal 1:  The issue of handover into a congested cell causing the release of GBR flows is an issue that is not currently solved and needs to be solved.
Other tdocs propose a solution to this issue.
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