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1. Introduction/Discussion

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 communication service could be used on a local basis among operators at times of low usage, as further energy saving gain can be exploited. Agreements could be put in place between operators so that in the low load periods (e.g., nighttime) only one of multiple mobile networks may be active in an area and will provide communication service to the subscribers of all networks, whereas the other networks can apply cell shutdown of their own infrastructure to obtain network energy savings.

Alternatively, based on risks of power outage nation-wide/region-wide, regulators could ask operators to “optimize” their coverage e.g., shutdown some nodes in overlapping coverage areas during energy peak hours and/or in specific geographical areas, whilst still guaranteeing minimum coverage/service (in particular emergency calls).

In this document, we provide solutions on how to provide operators with the option to share resources for this purpose.

One approach is based on some Energy Saving type of roaming that is inspired by concepts similar to Disaster roaming.

Another approach is based on opportunistic network sharing among operators that enter in predefined (e.g. Time of Day) based sharing arrangements is specific areas of their networks. Alternatively, the sharing of resources could be dynamically negotiated in via B2B type of East/Westbound interfaces between operators (interacting with respective OAM) or via northbound interface with some resource brokers that effectively could provide a marketplace for network coverage/capacity layers.

[bookmark: _Hlk162001717]This maps to the requirement in clause 6.15a.6.2 of TS 22.261[8]:

Subject to regulatory requirements and operators’ policies, the 5G system shall enable an operator to temporarily serve UEs of other operators within a geographical area for the purpose of saving energy of the other operators.


2. Conclusion
It is proposed that the following text is added to TR 23.700-66
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Editor's note:	This clause describes the mapping between solutions and key issues.
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6.x	Solution #X: Temporary sharing of resources among operators
6.x.1	Key Issue mapping
This Solution is related to KI#3. This maps to the requirement in clause 6.15a.6.2 of TS 22.261[8]:

Subject to regulatory requirements and operators’ policies, the 5G system shall enable an operator to temporarily serve UEs of other operators within a geographical area for the purpose of saving energy of the other operators.

6.x.2	Functional Description
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 communication service could be used on a local basis among operators with overlapping RAN coverage at times of low usage, as further energy saving gain can be exploited. 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 communication service to the subscribers of all networks, whereas the other networks can apply cell shutdown of their own infrastructure to obtain network energy savings.

Alternatively, based on risks of power outage nation-wide/region-wide, regulators could ask operators to “optimize” their coverage e.g., shutdown some nodes in overlapping coverage areas during energy peak hours and/or in specific geographical areas, whilst still guaranteeing minimum coverage/service (in particular emergency calls).

Two approaches are suggested on how provide solutions on how to provide operators with the option to share resources to temporarily serve other PLMNs subscribers.

Approach 1:  Energy Efficiency/Saving roaming (EE roaming)

One approach is based on some Energy Efficiency/Saving type of roaming (which will be also referred to as EE roaming for brevity) that is inspired by concepts similar to Disaster roaming. In this arrangement a Beneficiary PLMN instructs its subscribers’ UEs in a specific location of the network to roam to another PLMN or other PLMNs that take the role of Donor PLMN(s). The Beneficiary PLMN may provide limited coverage (i.e. reduced capacity) only in the area subject to EE roaming event, or outright shutdown depending on the scenarios. The Donor PLMN handles the roaming UEs only for the duration of the expected resource sharing agreement and is able to collect charging data related to the specific EE roaming event, which could be associated to an EE roaming event Identifier. The EE roaming event identified (which we propose to call EE roaming instance ID) is a value that is allocated according to policies agreed by the Donor and Beneficiary PLMN. Note that this is needed also to e.g. enable settlement for inbound roamers in the Beneficiary PLMN which need to roam in the Donor PLMN because of EE roaming being active and not for PLMN preference policies set by the HPLMN.

For example, a Beneficiary PLMN (PLMN1) causes the UEs it serves in that area, to reselect to the Donor PLMN (PLMN2) that has agreed to take on the UEs. The EE agreement may also include a preferred list of bands that the roaming UE should reselect in the target donor PLMN, to enable a faster PLMN selection among the EE roaming partners, and this can be indicated to the UE. Time windows over which to remain in EE roaming and within which certain EE roaming steps should be completed (e.g. to move to Donor PLMN and return to Beneficiary PLMN) are also provided to the UE optionally. The information may convey also a EE roaming event ID that is reported in Registration with the Donor PLMN and PDU session establishment or modifications in the Donor PLMN.

The above indications can be provided to supporting UEs in registration procedures or by using SIB enhancements.

The data traffic consumed by the EE roaming devices is associated to a EE roaming instance ID in CDRs.



Approach 2:  Opportunistic Energy Saving network sharing.

In addition to the possibilities already offered by means of know network sharing approaches to pool resources among operators, it is proposed that opportunistic network sharing between operators that enter in opportunistic network sharing arrangements in specific areas of their networks is enabled. The sharing of resources could be dynamically negotiated via B2B type of East/Westbound interfaces between operators that could invoke the sharing time of day or based on load (e.g. an operator that experiences relatively low load may decide to switch off their RAN in a certain area and share the RAN in this area with another operator).


6.x.3	Procedures

6.x.3.1	EE roaming impact on registration/SIB

In figure 6.x.3.1-1 the high-level description of how the EE roaming could happen is provided. The indication to supporting UEs can be part of registration procedures as the UEs enter the area, or UCU procedures, or directly in the RAN SIB of remaining active cells in the area. UCU would be used only for UEs that are CM connected. The goal is to push as many UEs as possible to the Donor PLMN that provides the needed capacity. 





Figure 6.x.3.1-1: overall description of EE roaming
0. The precondition for this approach is that the two PLMNs have entered a roaming agreement that allows EE (national) roaming.
1. During the Registration Procedure the UE indicates support of EE roaming (if the approach to steer the UE via NAS layer is adopted).
2. The Beneficiary PLMN detects the need to execute EE roaming, allocates a suitable EE roaming instance ID (e.g. this could be agreed with the Donor PLMN in ways outside the scope of 3GPP).
3.	The Beneficiary PLMN AMF can start updating connected supporting UEs with UCU, and supporting UEs performing registration procedures that EE roaming should be started. Alternatively SIB mechanisms could be used. The information provided could include:

EE roaming Duration and start time (i.e. time by which EE roaming should start and the duration of the EE roaming)
Grace period Time widow: time within which a UE is supposed to perform EE roaming from start of the EE roaming (the UE can start the EE roaming withing the time window at a random time to avoid synchronization effects among the UE population), 
Donor PLMN prioritized bands list: as part of the EE roaming agreement the Beneficiary PLMN may be given this list to steer the UEs to bands. The priorities may also be replaced by weight factors to run a load sharing based on selecting a band using a probability linked to the weight. 
Donor PLMN PLMN ID: the PLMN ID of the Donor PLMN
Beneficiary PLMN Return prioritized band list: Beneficiary PLMN may give this list to steer the UEs to bands as they return. The priorities may also be replaced by weight factors to run a load sharing based on selecting a band using a probability linked to the weight. 
EE roaming instance ID: the identifier of the roaming event to be used for CDRs in the donor network. 
cell list or TAI List identifying the EE roaming area is provided only if there is a NAS level mechanism.
4.  Supporting UEs reselect to the Donor PLMN and Deregister from the beneficiary PLMN as instructed.
5. the beneficiary PLMN reduces the RAN capacity resources as load decreases (it may shut down cells opportunistically).
6,7. the Donor PLMN provides at registration time to the inbound EE roaming UEs an expected EE roaming end time and a grace period after the end time within which UEs have to return to the Beneficiary PLMN. The inbound roaming UE traffic is associated with the EE roaming instance ID for charging purposes.
8.	 The EE roaming ends in the Donor PLMN.
9.	The Beneficiary PLMN progressively increases RAN resources as UEs return.
10. UE returns to Beneficiary PLMN as instructed.
11. Any remaining UEs beyond grace period are deregistered (this is just error case handling) and any EE roaming Registration from Beneficiary PLMN are rejected.



6.x.3.2	Opportunistic Energy Saving network sharing



Figure 6.x.3.2-1 impact of dynamic network sharing.

Figure 6.x.3.2-1 shows the expected high-level view of the interactions between entities involved in the establishment of dynamic network sharing (more detailed view should include also the Transport network OAM interactions unless there is predefined connectivity between the two PLMNs RAN and CN in the required area). A new entity (Dynamic Network Sharing Functions) is introduced that is interacting via E/W bound interfaces with other PLMNs in order to establish dynamic network sharing. This is a business level B2B application for inter-PLMN interactions that is invoked by OAM to trigger the establishment of the network sharing in specific area of the network when OAM upon own logic detects it is possible and required to optimize the network operation by sharing resources with partner PLMNs.

In the picture above any of PLMN 1 or PLMN 2 OAM monitor KPIs of the network and, based on logic, decides to trigger temporary RAN sharing over certain areas. The request of sharing is performed by the Beneficiary PLMN DyNSF to the other (Donor) PLMN DyNSF and if the Donor PLMN accepts the related RAN/CN connectivity between the Donor RAN the Beneficiary PLMN CN is enabled and RAN resources management per PLMN is activated when the Donor PLMN RAN starts broadcasting the Beneficiary PLMN PLMN ID. A PLMN can also periodically advertise via the DyNSF its availability to accommodate dynamic sharing requests over certain areas to other PLMNs with whom it has agreements (based on criteria such as low load etc.). 



Most of the impacts are on the new E/WBi and the OAM interactions to set up the dynamic sharing in specific areas. Specific updates to any procedures under SA2 responsibility are not currently foreseen but they are expected to be limited if any.


6.x.4	Impacts on existing services, entities and interfaces

For EE roaming:

AMF: handling of EE roaming including of permissions within the EE roaming period and handling of EE roaming instance ID.

SMF: handing of the EE roaming instance ID for CDR generation.

RAN: handling of the EE roaming if SIB-based.

UE: support of EE roaming as described above (including override of forbidden PLMNs for national roaming).


For Opportunistic Energy Saving network sharing:

RAN: support of dynamic broadcasting of PLMN IDs and resource allocation per PLMN ID when the Opportunistic Energy Saving network sharing applies.

DyNSF: new function

OAM: detection of the trigger for dynamic network sharing and operational aspects of setting up the dynamic network sharing.
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