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Space-ground cooperative network includes the mobile communication network on the ground and the satellite network in the space, and the slicing configuration rules of the two networks are different. A slicing adaptation technology connecting mobile communication network and satellite network can effectively support the requirement of the end-to-end slicing service guarantee for space-ground cooperative network. Through the adaptation mapping of data plane and the collaborative management of control plane for NS, it can improve the customized service capability of space-ground cooperative network for differentiated services.
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The present document provides information concerning space-ground cooperative network slicing. This GR intends to describe a method of network architecture and slicing mapping for the interconnection between the mobile communication network slicing and satellite network slicing. The detailed plan include: 
Support identity resolution such as VLAN and IP address on the data plane, support precise identification and control for user services, and realize the slicing adaptation between mobile communication network and satellite network. 
Exchange the slicing control information with the control plane of ground mobile communication network and satellite network (5GC and satellite network operation control center SNOCC), optimize the global service quality of network slicing, and ensure the consistency and continuity of slicing service in space-ground cooperative network environment.
The present document will encompass research and investigation activities that will further explore the related techniques that can be used to employ connection improvement for space-ground network slicing.
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[bookmark: _Toc160788335]4.2.1	 Space-Ground Cooperative Network Slicing Architecture
The space-ground cooperative network slicing architecture is shown in the Fig. 1. We have deployed the programmable slicing gateway and the space-ground cooperative slicing control system between the terrestrial mobile communication network and the satellite network. Among them, the programmable slicing gateway is the transit channel for the slicing service data flows of space-ground cooperative network. With definable Message parsing, processing and forwarding capabilities, the gateway accurately identifies and controls slicing services, and achieves the data mapping between slices according to the configuration policy provided by the control system. It can ensure the service consistency and continuity of service data in space-ground cooperative network slicing and realize the adaptation of heterogeneous network slices. The space-ground cooperative slicing control system interacts with the space-ground network slicing control planes respectively, to open up the slicing session channel between the space and ground network cooperatively. Aiming at the differences between mobile communication network and satellite network in slicing service classification, slicing quantity and slicing construction form, the control system can optimize the matching mode of service traffic and network resources, and intelligently generate the configuration policy of the programmable slicing gateway, thus improving the end-to-end quality of slicing service in space-ground cooperative network.


Figure 1: Space–ground cooperative network slicing architecture
[bookmark: _Toc160788336]4.2.2	 Space-ground Slicing Session Collaboration
The main function of slice-session collaboration is to coordinate the management of PDU sessions in mobile communication network and satellite network, and establish PDU session channels from UE to ground-based 5G mobile communication network, space-based satellite network and up to Data Network.


Figure 2: Slicing session collaboration architecture
As shown in Fig. 2, the functional modules of slicing session collaboration unit include slicing mapping management module, session collaborative processing module, ground-based core network interface module, and space-based core network interface module. The slice mapping management module is mainly responsible for maintaining the mapping relationship between ground-based PDU sessions and space-based PDU sessions. The session cooperative processing module can cooperate with the process of establishing, modifying and releasing sessions of ground-based and space-based networks, according to the mapping relationship maintained by the slice mapping management module. The interface module of ground-based core network is responsible for the interface with the core network of ground-based 5G mobile communication network. The space-based core network interface module is responsible for the interface with the space-based satellite network core network.
The establishment process of UE-initiated PDU sessions is used as an example to illustrate the slicing session collaboration process. In the following example, assuming that the mapping rule is based on service type, UE1 and UE2 initiate PDU sessions of the same type to access Data Network. The process is as follows:


Figure 3: Data channel establishment process of UE1
For the PDU session initiated by UE1, the data path establishment includes three stages, as shown in Fig. 3.
The first stage is PDU session establishment process from UE to ground mobile communication network. Step1: UE1 initiates a PDU session establishment request. Step2: The request is processed by the ground-based core network, and select the ground-based SMF and UPF for the session. Step3: The ground-based core network establishes an N4 session with the selected ground-based UPF. Step4: The ground-based core network notifies the space-ground cooperative session management unit of the currently established ground-based session information. The ground-based core network notifies the information about the current ground-based session to space-ground session management unit. At the same time, the ground core network notifies RAN and users to build RAN tunnels.
The second stage is the slicing session collaborate unit for slicing mapping. Step5: After receiving the notification from the ground-based core network, the slicing session coordination unit carries out the space-based session mapping. Since the session of UE1 is a new service type, a new space-based session ID needs to be assigned to the session of UE1.
The third stage is the PDU session establishment process of the satellite network. Step6: The slicing session collaboration unit notifies the establishment of a new space-based session to the space-based core network. Step7: The space-based core network selects the space-based SMF and UPF for the session after receiving a session establishment notification. Step8: The space-based core network establishes the N4 session with the selected space-based UPF.
At this point, for the PDU sessions of UE1, The channel from UE1 to ground-based 5G mobile communication network, space-based satellite network and up to Data Network has been established and opened.


Figure 4: Data channel establishment process of UE2
As shown in Fig. 4, after UE1 has established the channel to the Data Network, and when UE2 intends to access the Data Network, the establishment of the data channel also includes three stages, as shown in Figure 4.
The first stage is the process of PDU session establishment from UE to ground-based mobile communication network. Step1~Step4: The process of ground-based network for the session establishment request of UE2 is the same as that of UE1.
The second stage is the slicing session collaborate unit for slicing mapping. Step5: The slicing session cooperative unit carries out the space-ground session mapping after receiving the notification of the ground-based core network. Based on resource allocation, it judges that the sessions of UE2 and UE1 can be aggregated, and maps the ground-based sessions of UE2 and UE1 to the same space-based session
The third stage is the PDU session establishment process of the satellite network. Step6: The slicing session cooperative unit notifies the space-based core network to modify the space-based session, and the modification can be for QoS parameters. Step7: The space-based core network performs a modification operation for the session after receiving the session modification notification. Step8: The space-based core network notifies the corresponding space-based UPF to perform session modifications. 
At this point, for the PDU sessions of UE2, The channel from UE2 to ground-based 5G mobile communication network, space-based satellite network and up to Data Network has been established and opened. PDU sessions of the same service type in UE1 and UE2 are allocated to the same slice, and the slicing sessions finish collaboratively.
[bookmark: _Toc160788337]4.2.3	 Intelligent Slice Mapping
In the space-ground cooperative network, there are many types of service requirements and wide coverage. The performance requirements of services such as real-time voice, data transmission, control signalling, and short message have different performance requirements, and the service delay, bandwidth, and security requirements all change in real time. To meet the differentiated application requirements of wide-area information networks, the space-ground cooperative network needs to dynamically construct differentiated network slices involving different service characteristics, accurately match the resource requirements of different service data, and realize multi-service converged application. This proposes an intelligent slice mapping mechanism based on spatiospatial-temporal correlation. Through traffic prediction to establish the prediction model of resource demand of network services, it can respond to the service characteristics and the transformation of access node in real time. Thus, the slices of network resources can be matched as needed with the wildly fluctuating traffic in the space-ground cooperative network.
[image: ]
Figure 5: Intelligent slice mapping based on spatial-temporal correlation
Figure 5 shows the smart slice mapping diagram based on spatial-temporal correlation. Graph Convolutional Network (GCN) and Gated Recurrent Unit (GRU) are used to extract the temporal-spatial characteristics of the historical traffic load of each node in the space-ground cooperative network slicing, which is to provide a decision basis for slice mapping. Firstly, the network topological features are captured by GCN to obtain the spatial dependence. Secondly, the dynamic changes of node attributes are captured by GRU to obtain the local time trend of traffic load. Finally, the multi-output fully connected layer of artificial neural network is used to realize the transformation from traffic load to resource demand, and output the predicted result. The system monitors the network resource status in real time, slices are allocated network resources based on the predicted results of slicing service requirements to complete slicing adaptation decisions and ensure the service requirements of the business.


Following the earlier discussions, the desired system performance suggests that the slicing can benefit from an adaptive mechanism. As the trade offs between the bandwidth and power efficiency are non avoidable, A well designed slicing algorism may fit seamlessly to its designated applications whilst may not necessarily handle a similar environment with altered system parameters The slicing scheme here was initially intended to mitigate the data rate drop in a random link, where interference is present. The candidate switching schemes have been chosen based on the merit of combined power and bandwidth efficiency. More realistic models will also be addressed in this section. For model simplicity and discussion continuity, the following assumptions are made:

a. The channel is a direct link channel.
b. Synchronisation is maintained
c. The system operates in 2 data rate (moderate and high)
In the test model two sets of BER test data will be used. The first set will range from 10-9 to 10-7, to represent moderate degradation and second set will range from 10-8 to 10-6, to represent severe degradation. The data rate will be chosen as a realistic 4Mbps and a higher rate of 250Mbps.

Data rate degradation in Space Ground network

Moderate Degradation (BER)
10-9 → 10-7
Severe Degradation (BER)
10-8 → 10-6
Initial Rb (Mbps)
Final Rb (Mbps)
Initial Rb (Mbps)
Final Rb (Mbps)
4
3.0
4
2.9
250
187.9
250
179.4



In above Table, whilist in the moderate degradation, the data rates have fallen for 4Mbps and 250Mbps respectively to 3Mbps and 187.9Mbps, which is about 25% of throughput lost. For severe degradation, the data rate fell for 4Mbps and 250Mbps respectively to 2.9Mbps and 179.4Mbps, which is about 28% of throughput lost. 

Comparing data rate loss for systems operating at 4Mbps, the difference between the moderate and severe model is not significant. In contract, for a system operating at 250Mbps, the data rate loss between the moderate and severe model indicates a large departure from the operating speed. This suggests that systems operating at a higher speed are more susceptible to environmental change than their lower speed counterparts. The comparisons between these two data rate bands can be further demonstrated.

[bookmark: _Toc160788338]5	Network Structure
[bookmark: _Toc160788339]5.1	Forward and Backhaul Link
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Figure 1 Architecture diagram of satellite access
Figure 1 shows that in satellite access, from the perspective of network elements, it includes terminal UE, NTN payload, information customs station, 5G core network, etc., and from the link point of view, it includes the service link between the terminal and the NTN payload, and the feed link between the NTN payload and the information customs station



System architecture that supports satellite backhaul

[image: ]
Figure 2 Architecture diagram that supports satellite backhaul
Satellite backhaul is used between the core and terrestrial access networks to provide transmission to N1/N2/N3 reference points. The satellite system transparently carries the communication payload of the 3GPP reference point.
[bookmark: _Toc160788340]5.2	Identification and restriction of satellite access types
In the case of NR satellite access, the rat type values "NR(leo)", "NR(meo)", "NR(geo)" and "NR(othersat)" are used in 5gc to distinguish different NR satellite access types.
when an ue is connected to the network via satellite access, the AMF determines the type of rat that the NR satellite accesses is, i.e., NR (leo), NR (meo), NR (geo) and NR (othersat). when a terminal uses satellite access to access nr, the radio access network will provide an indication of the satellite access type in the n2 interface, as specified in 3GPP TS 38.413.
serving plmn may provide the amf with information about the user's nr access restrictions as defined in ts 23.008 in accordance with 3GPP TS 23.501_h80 clause 5.3.4.1, according to the corresponding indication information (NR(leo) satellite access not allowed as primary access, NR(meo) satellite access not). allowed as primary access., NR(geo) satellite access not allowed as primary access., NR(othersat) satellite access not allowed as primary access) to perform the mobility restriction function of satellite access.
[bookmark: _Toc160788341]5.3	UE location Identification
To meet regulatory requirements, during the mobility management and session management processes, the network can be configured to verify the UE location to perform whether or not the selected PLMN is allowed to provide services in the current UE location. In this case, when the AMF receives an NGAP message containing the user's location information for using NR satellites to access the UE, the AMF can decide to verify the UE's location. If the AMF determines that services are not allowed at the current UE location based on the PLMN ID selected and the ULI (including the Cell ID) received from the gNB, the AMF should reject any NAS request with the appropriate reason value. If the UE is already registered with the network when AMF determines that it is not allowed to run in the current UE location, AMF may initiate the UE to register. Unless the AMF has sufficiently accurate UE location information to determine that the UE is located in a geographic area where PLMN does not allow operation, the AMF should not reject the request or register the UE.
Note: The regions in which UE is allowed to operate can be determined based on the regulatory areas that PLMN's licensing conditions allow it to operate.
If, based on the ULI, the AMF is not able to determine the location of the UE with sufficient accuracy, the AMF should continue with the Mobility Management or Session Management process and may initiate the UE location process after the completion of the Mobility Management or Session Management process, as specified in 3GPP TS 23.273 Section 6.10.1, to determine the location of the UE. If the message received from the LMF indicates that the UE is registered with a PLMN that is not allowed to run in the UE location, the AMF should be prepared to register the UE. In the case of a NAS flow, the AMF should reject any NAS request with the destination of a PLMN that is not allowed to run in a known UE location and indicate an appropriate reason value, or accept the NAS request and initiate a de-registration process once the UE location is known. In the de-registration message sent to the UE, the AMF should contain an appropriate reason value. For UE processing to indicate that PLMN is not allowed to run at the current UE location, see 3GPP TS 23.122 and 3GPP TS 24.501.
During the switchover process, if the (target) AMF determines that it is not allowed to provide services to the UE at the current location, the AMF can reject the switchover, or accept the switchover and initiate a deregistration process for the UE.
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