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Abstract: This document provides a new use case for pooling coverage layer amongst operators for energy efficiency reasons.
1. Introduction
Based on risks of power outage nationwide/regionwide, regulators can ask operators to “optimize” their coverage e.g. shutdown some overlapping coverage areas during off-peak hours and/or in rural areasin dense areas, whilst still guaranteeing minimum coverage/service (in particular emergency calls).
Yet other agreements may exist to foster temporary cooperation amongst operators to provide coverage service to UEs of other operators within the same area (e.g. on a round-robin base) in order to save energy.
Rev 1540
· removed explicit mentions to national roaming
· added reference to indirect network sharing
· simplified the description and the requirements
· added Editor’s note to clarify/rename/define “coverage layer pooling” term
2. Reason for Change
One of the strategies to save energy within mobile networks is to shut down some RAN nodes at times of low usage. Eventually only one coverage layer would be used. There is thus a potential for further gain to be exploited by pooling the coverage layer on a local basis among operators at times of low usage. 
3. Conclusions

4. Proposal
It is proposed to agree the following use case and add it to 3GPP TR 22.882-100.


First Change (new use case)
[bookmark: _Toc119965611]5.X 	Use case on Temporarily pooling coverage layers over a geographical area for energy saving
[bookmark: _Toc119965612]5.X.1	Description
[bookmark: _Toc119965613]One of the strategies to save energy within mobile networks is to shut down some RAN nodes at times of low usage. Eventually only one coverage layer would be used. Thus, there is a potential for further gain to be exploited by pooling the coverage layer on a local basis among operators at times of low usage. 
At present, there are regulatory hurdles to national roaming. But with the green agenda taking center stage, if the reason for national roaming is energy saving at times of low usage, this obstacle could be removed in the future. We call this “green roaming”.

Assuming this will happen, an opportunity arises to share the coverage layer among PLMNs for energy saving in specific areas and for specific periods of times.
Business agreements Agreements could be put in place between operators so that in the low load periods (e.g., night time) only one of multiple mobile networks may be active in an area and will provide coverage to the subscribers of all networks, whereas the other networks can apply cell shutdown to obtain network energy savings.
Alternatively, based on risks of power outage nationwide/regionwide, regulators could ask operators to “optimize” their coverage e.g., shutdown some overlapping coverage areas during peak hours and/or in regional areas, whilst still guaranteeing minimum coverage/service (in particular emergency calls).
This can also applies apply between NPN operators and/or with PLMN operators.
5.X.2	Pre-conditions
· OP 1 and OP 2 are two PLMN operators.

· There is an overlap coverage between OP1 and OP2, who which both provide mobile services to their subscribers on various bands.

· There are mutual “green roaming” agreements between OP1 and OP2 allowing them to provide services to the subscribers of the other network, in case it is not active in an area for low load. They define e.g. on a daily basis or specific locations a time when the green roamingcoverage pooling starts and ends, and can include other parameters like preferred bands etc.

· OP 3 is operates an NPN dedicated to a factory operating its own SNPN around its campus, which is mainly used for IIoT purposes, but also for employees.
· There is a business agreement between the OP1 and OP3 for “green roaming”, iei.e. OP 3 users can roam ontobe served by OP1 network (but not the other way around) based on certain conditions. At night, OP3 shuts down its network when the machines are off, as the little remaining traffic is generated by some employees staying late or overnight. The agreement requests OP1 to provide access to OP3 inbound roamers UEs during the night hours for this type of traffic.

· UE 1 belongs to OP 1. UE 2 belongs to OP 2. UE 3 belongs to OP 3.
[bookmark: _Toc119965614]5.X.3	Service Flows
[image: ]
[image: ]
Figure 5.X.3-1: Basic service scenario of “green roaming”coverage layer pooling for energy saving
1. At 8PM, OP 3 (“beneficiary” network) starts informing its currently served UEs within a specific area that it will shut down its network and request them to register withmove to OP1 (“donor” network). It can also indicate the time when it will resume connectivity (eg 8AM).
2. OP 1 accepts the incoming roamers OP3’s UEs onto its network based on “EE-based coverage layer poolinggreen roaming” reason (it wouldn’t have without agreement). It also broadcasts information for future OP3 roaming UEs about OP3 “green roaming” being active.
3. Once OP3 detects no UE is served anymore on its network, it shuts down its network
4. On the next morning at 8AM, OP3 powers up its network again in that area
5. OP3 UEs deregister from OP1 and return to OP3
6. OP1 stop serving accepting registrations from OP3 UEs and deregisters any remaining OP3 UE.
As Furthermore, as this is an industrial campus area, traffic for OP2 is low this Saturday (only OP3 factory is working). Based on its EE KPIs in that area and according to the agreement with OP1, OP2 decides to shut down its cells until Monday morning 6AM with the same mechanism. OP1 starts serving OP2 UEs inbound roamers under its own network during this time. In this case the decision is dynamic and not only based on fixed times, but on other conditions, within the agreed conditions between operators (e.g., anytime during weekends).
[bookmark: _Toc119965615]5.X.4	Post-conditions
After OP2 and OP3 have shut down their networks, their subscribers can still be served via OP1 as inbound roamers.
Differently from traditional roaming, OP2 subscribers under “green roamingEE-based coverage layer pooling” are not charged differently when served by OP1 network, with respect to when they are under OP2 network coverage. OP2 may be charged by OP1 as per their company agreement, ege.g. based on a flat cost, per subscriber, data volume, duration etc.
OP3 may also be charged by OP1 as per their company agreement.
[bookmark: _Toc119965616]5.2.5	Existing feature partly or fully covering use case functionality
Network sharing is an existing technique used to save resources across operators (see TS 22.261, cl 6.21), which could be leveraged for “coverage layer pooling” for energy saving purposes. 
However, current network sharing agreements are mainly on a permanent basis with little flexibility in time and space. Indirect network sharing is a promising technique that can be considered for this use case.

Minimization of Service Interruption (MINT) as defined in TS 22.261, cl 6.31 in another existing feature, which has specified that “UEs can obtain service in the event of a disaster, if there are PLMN operators prepared to offer service. The minimization of service interruption is constrained to a particular time and place. To reduce the impact to the 5G System and EPS of supporting Disaster Roaming, the potential congestion resulting from an influx or outflux of Disaster Inbound Roamers is taken into account.”. Requirements exist, e.g., “to provide means to enable a UE to access PLMNs in a forbidden PLMN list if a Disaster condition applies and no other PLMN is available except for PLMNs in the forbidden PLMN list”.
Disaster roaming is further specified in clauses 4.4.3.3.1 and 3.10 of TS 23.122.
However, this use case is not related to disaster condition. Furthermorein the case of “green roaming”, differently from disaster roaming, there may be no detection of failure of home PLMN by the UE, and the pooling (i.e., roaming) duration may be known in advance.

Network sharing is an existing technique used to save resources across operators (see TS 22.261, cl 6.21), which could be leveraged for “coverage layer pooling” for energy saving purposes. However, current network sharing agreements are mainly on a permanent basis with little flexibility in time and space.
[bookmark: _Toc119965617]5.X.6	Potential New Requirements needed to support the use case
[PR 5.X.6-001] Subject to regulatory requirements and operators’ policies, the 5G system shall support temporary pooling of coverage layers of multiple operators on a single operator within a geographical area.
Note 1: policies may include predefined times/locations, levels of energy consumption/efficiency thresholds, preferred bands etc
[PR 5.X.6-002] Subject to regulatory requirements and operators’ policies, tThe 5G system shall enable an operator providing coverage layer pooling to serve UEs of the other operators (i.e., visiting UEs).
Note 2: this may imply that visiting UEs can register with another PLMN within the same geographical area during coverage layer pooling, e.g., possibly bypassing forbidden PLMN list
[PR 5.X.6-003] The 5G system shall enable an operator providing coverage layer pooling to support emergency services for visiting UEs.
[PR 5.X.6-004] Subject to operators’ policies, the 5G system shall enable an operator providing coverage layer pooling to allow visiting UEs to access their home operator subscribed services.
[PR 5.X.6-005003] Subject to operators’ policies, the 5G system shall enable a visiting UE to display the UE subscriber’s home operator network name during coverage layer pooling, even when this UE is served by another operator.
[PR 5.X.6-006004] The 5G system shall be able to support collection of charging information associated with a visiting UE accessing another network duringserved using coverage layer pooling.
Editor’s Note: The term “coverage layer pooling” used in the above requirements may be further clarified, renamed or defined.
End of Changes
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