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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]During the RAN #92 plenary, the revised WID [1] related to RAN3 was agreed as follows 
	3 Support service continuity, in cases of resource shortage for the current slice in the target cell, but resources of other slices or other cells can be used based on slice resource management while maintaining the S-NSSAI unchanged. Solutions include Configuration based solution, Slice resource re-partitioning solution and Multi-carrier radio resource sharing solution, as described in TR 38.832 [RAN3]
a. Determine further potential capabilities required to OAM, if needed. Coordination with SA5 is needed.
b. Determine and specify the necessary signalling on NG and Xn interfaces (e.g. to report RAN internal slice resource change) if any. Coordination with SA2 and SA5 may be needed.
4 Support network slicing enhancement defined in SA2 [RAN3]
Determine and specify necessary signalling over RAN interfaces.



In this contribution, the discussion is mainly focusing on the above two objectives.
2. Discussion
2.1 Three solutions in TR 38.832
· Configuration Based Solution
This solution is mainly based on the slice RRM policy ratio modelling described in section 4.3.36 of TS 28.541 [2] as follows. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]-	Shared resources: means the resources that are shared with other rRMPolicyMemberList(s) (i.e. the rRMPolicyMemberList(s) defined in RRMPolicyRatio(s) name-contained by the same ManagedEntity). The shared resources are not guaranteed for use by the associated rRMPolicyMemberList. The shared resources quota is represented by [rRMPolicyMaxRatio-rRMPolicyMinRatio].
-	Priortized resources: means the resources are preferentially used by the associated RRMPolicyMemberList. These resources are guaranteed for use by the associated RRMPolicyMemberList when it needs to use them. When not used, these resources may be used by other rRMPolicyMemberList(s) (i.e. the rRMPolicyMemberList(s) defined in RRMPolicyRatio(s) name-contained by the same ManagedEntity). The prioritized resources quota is represented by [rRMPolicyMinRatio-rRMPolicyDedicatedRatio]
-	Dedicated resources: means the resources are dedicated for use by the associated RRMPolicyMemberList. These resources can not be shared even if the associated RRMPolicyMember does not use them. The Dedicated resources quota is represented by [rRMPolicyDedicatedRatio].
It can be observed that the RRM policy ratio model provides those resource categories used for the member list (in terms of PLMN ID/S-NSSAIs), and defines the difference resource usage. For example, if the dedicated resources are not available, it can use other un-used prioritized and shared resources.
The potential enhancements captured in the TR 38.832 [3] are given below with the further analysis for the overloaded S-NSSAI#1. 
· It can explicitly use resources belonging to which S-NSSAIs
As indicated in TS 28.541, it has specified that, for prioritized resources, the S-NSSAI#1 can use resources not used by other rRMPolicyMemberList(s), so this seems already supported to some extent. 
· It can use the dedicated but not used resources of other S-NSSAIs
This is not supported in TS 28.541, where it specifies that the dedicated resources could not be pre-empted even if they are unused, even if they are temporarily used during handover. If any enhancement is needed, more input from operators may be needed. 
· It can pre-empt the used prioritized and/or shared resources from other S-NSSAIs
This is not supported in the TS 28.541 either. This enhancement may work similarly to the allocation and retention priority (ARP), where the priority, pre-emption capability, pre-emption vulnerability could be further defined. Then the S-NSSAI#1 can pre-empt other low priority slices’ resources. Though this can be considered as an enhancement, the additional complexity towards the NG-RAN needs to be considered due to the combination of QoS flow level parameters and slice level parameters. 
Observation 1: The Configuration Based Solution is partially supported by the slice RRM policy ratio modelling in TS 28.541. The additional enhancements needs operator input and further check with SA5.

· Slice resource re-partitioning
As specified in TR 38.832, this solution allows a slice to use another slice’s resources on a temporary basis, which is similar to the slice resource RRM ratio modelling mentioned in the configuration based solution. It remains to be clarified the potential partition soft enhancement. 
In addition, this solution lists more resource types as follows.  
	-	spectrum resource (e.g. slots, beams, carriers etc);
-	transport resources (e.g. backhaul capacity);
-	hardware resources (e.g. specific processors, processing load, intra-RAN logical nodes such as a gNB-CU-UP).


Note that in TS 28.541 the following resource types are defined, including PRBs, RRC connected users, or DRBs. The exact further enhancements, e.g., beams, backhaul capabilities, etc., need to be further clarified, e.g. how to partition these resources among different slices. Particularly, how hardware-based resource repartitioning works requires further clarification.
	resourceType


	The resource type of interest for an RRM Policy. 

allowedValues:
PRB, PRB UL, PRB DL (for NRCellDU, GNBDUFunction)
RRC connected users (for NRCellCU, GNBCUCPFunction)
DRB (for GNBCUUPFunction)
See NOTE 2and NOTE 4



Observation 2: For slice resource re-partitioning solution, the partition “soft” and additional resource types e.g., hardware resources needs to be clarified.

· Multi-carrier radio resource sharing
This solution allows the ongoing slice to use user plane resources of another frequency carrier (via CA/DC) where the same slice is supported. As shown in Figure 1, when the UE moves to Cell 1, the CA/DC can be set up with Cell 2 without slice#1 service interruption. 


Figure 1. Slice deployment scenario
We understand this solution is already supported and has no additional standard work.
Observation 3: The multi-carrier radio resource sharing solution seems already supported by the current protocol.


Based on the above analysis, each possible enhancement for	 Configuration Based Solution may have its own pros and cons, input from operators and further check SA5 would be beneficial.
Proposal 1: The above further enhancement on top of the RRM policy ratio model could be considered once the benefits can be proven/agreed with more input from operators. 

Then during the handover or in absence of mobility, if the NG-RAN performs an internal slice resource change for overloaded slices, it should notify the CN, e.g., for charging purpose. Typically, the used slice resource list can be included in the following NGAP messages.
· PATH SWITCH REQUEST for Xn based handover
· HANDOVER REQUEST ACKNOWLEDGE for NG based handover
· PDU SESSION RESOURCE NOTIFY for in absence of mobility
Proposal 2: The NG-RAN reports to the CN the RAN-internal slice resource change, i.e., the used S-NSSAI list. 

Also it may be beneficial for the OAM to be aware of the temporary slice resource change. On the other hand, the OAM can be aware of the slice-level resource status based on the signaling-based or management-based MDT procedures, the necessity needs to be further checked with SA5.  
Since the above are much related to other groups, if any agreement can be made at this meeting, an LS is needed to contact with SA2/SA5 earlier. 

Proposal 3: An LS should be sent to SA2/SA5 for further confirmation of the RAN3 agreements. 


2.2  Impact of SA2 slicing work
During the previous SA2 meetings, several aspects, e.g., UE-Slice-MBR and target NSSAI have been agreed. Below gives a general analysis. 
2.2.1 UE-Slice-MBR
According to the latest TS 23.501 [4], we have the following,
5.15.13	Support of data rate limitation per Network Slice for a UE
[bookmark: _GoBack]A UE subscription information may include an optional Slice Maximum Bit Rate for the UE (Subscribed UE-Slice-MBR) for an S-NSSAI, which applies for 3GPP access type only. The Subscribed UE-Slice-MBR includes a UL and a DL value. If a Subscribed UE-Slice-MBR is associated to an S-NSSAI in the subscription information, it is provided by the AMF to the RAN when the AMF provides the Allowed NSSAI for the UE to the RAN as UE-Slice-MBR QoS parameter. The UE-Slice-MBR QoS parameter is defined in clause 5.7.2.6. If the Subscribed UE-Slice-MBR for a UE changes, the AMF updates UE-Slice-MBR in the RAN accordingly.
It can be observed that the UE-Slice-MBR is delivered together with the Allowed NSSAI, that is, current procedures involving the Allowed NSSAI should have the UE-Slice-MBR included. 
Additionally, for the E1 interface, the Allowed NSSAI is not introduced for the existing procedures. However, for the purpose of resource scheduling, the CU-UP needs to be informed of the UE-Slice-MBR Downlink from the CU-CP. Related messages include:
· BEARER CONTEXT SETUP REQUEST
· BEARER CONTEXT MODIFICATION REQUEST
For F1 interface, the UE-Slice-MBR Uplink should be included in the following messages. 
· UE CONTEXT SETUP REQUEST
· UE CONTEXT MODIFICATION REQUEST
Based on the above analysis, it is proposed:
Proposal 4: The UE-Slice-MBR is delivered via the NG and E1 interfaces, specifically,  
· For NG interface, include the UE-slice-MBR in the Allowed NSSAI IE. 
· For E1 interface:
· BEARER CONTEXT SETUP REQUEST
· BEARER CONTEXT MODIFICATION REQUEST
· [bookmark: OLE_LINK7]For F1 interface:
· UE CONTEXT SETUP REQUEST
· UE CONTEXT MODIFICATION REQUEST

2.2.2 Target NSSAI/associated RFSP
[bookmark: OLE_LINK3]For Target NSSAI, it has been specified in TS 23.501 [4] as follows. 
Target NSSAI: NSSAI provided by the Serving PLMN to the NG-RAN to cause the NG-RAN to attempt to steer the UE to a cell supporting the Network Slices identified by the S-NSSAIs in this NSSAI. See clause 5.3.4.3.3 for more details.
[bookmark: _Toc83301610]5.3.4.3.3	Redirection to dedicated frequency band(s) for an S-NSSAI
If a Network Slice, S-NSSAI, is configured to be available only in TAs covering specific dedicated frequency band(s), then there may be a need to redirect the UE to the dedicated frequency band(s) when such S-NSSAI is requested. If the Requested NSSAI contains S-NSSAI(s) that are not available in the UE's current TA, see clause 5.15.8, the AMF itself or by interacting with the NSSF as described in clause 5.15.5.2.1 may determine a Target NSSAI to be used by the NG-RAN, in addition to the information the AMF receives, such as the Allowed NSSAI and the RFSP for the Allowed NSSAI, to attempt to redirect the UE to a cell and TA in another frequency band and TA that supports the S-NSSAIs in the Target NSSAI. The Target NSSAI includes at least one S-NSSAI from the Requested NSSAI not available in the current TA, but available in another TA in different frequency band possibly overlapping with the current TA, and optionally additional S-NSSAIs from the Requested NSSAI that are configured to be available within the same TAs as the S-NSSAIs not available in the current TA.
That is, the CN notifies the RAN of the Target NSSAI and the corresponding RFSP index for redirection. The exact procedures are described in section 4.2.2.2.2 and 4.2.4.2 of TS 23.502 [5] for UE registration procedure and UE configuration update procedure. Hence the impacted NGAP messages include:
· INITIAL CONTEXT SETUP REQUEST
· DOWNLINK NAS TRANSPORT
Proposal 5: The Target NSSAI and the corresponding RFSP index are delivered over the following NGAP messages:
· INITIAL CONTEXT SETUP REQUEST
· DOWNLINK NAS TRANSPORT

In addition to the purpose of redirection, the RAN may also use the Target NSSAI and the corresponding RFSP index to establish a DC to help the UE access a slice that is not supported by the current serving node. 
Considering the scenario shown in Figure 2 below, where MN in TA1 supports Slice #1, SN in TA2 supports Slice #2. Suppose the UE sends the Registration Request message to the AMF through MN with the Requested NSSAI of Slice #1 and Slice #2. Since Slice #2 is not supported in TA1, the AMF may send the Target NSSAI, i.e., Slice #2 to the MN. In this case, the MN can decide to establish the dual connectivity with the SN in TA2 for the UE based on the Target NSSAI. 
[image: ]
Figure 2. DC setup based on Target NSSAI
Based on the above analysis, it is proposed: 

Proposal 6: RAN3 is kindly asked to discuss to setup the dual connectivity based on the Target NSSAI and the corresponding RFSP index from the CN.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
[bookmark: OLE_LINK6]Observation 1: The Configuration Based Solution is partially supported by the slice RRM policy ratio modelling in TS 28.541. The additional enhancements needs operator input and further check with SA5.
Observation 2: For slice resource re-partitioning solution, the partition “soft” and additional resource types e.g., hardware resources needs to be clarified.
Observation 3: The multi-carrier radio resource sharing solution seems already supported by the current protocol.
Proposal 1: The above further enhancement on top of the RRM policy ratio model could be considered once the benefits can be proven/agreed with more input from operators. 
Proposal 2: The NG-RAN reports to the CN the RAN-internal slice resource change, i.e., the used S-NSSAI list. 
Proposal 3: An LS should be sent to SA2/SA5 for further confirmation of the RAN3 agreements. 
Proposal 4: The UE-Slice-MBR is delivered via the NG and E1 interfaces, specifically,  
· For NG interface, include the UE-slice-MBR in the Allowed NSSAI IE. 
· For E1 interface:
· BEARER CONTEXT SETUP REQUEST
· BEARER CONTEXT MODIFICATION REQUEST
· For F1 interface:
· UE CONTEXT SETUP REQUEST
· UE CONTEXT MODIFICATION REQUEST
Proposal 5: The Target NSSAI and the corresponding RFSP index are delivered over the following NGAP messages:
· INITIAL CONTEXT SETUP REQUEST
· DOWNLINK NAS TRANSPORT
Proposal 6: RAN3 is kindly asked to discuss to setup the dual connectivity based on the Target NSSAI and the corresponding RFSP index from the CN.

The CR related to proposal 4 and proposal 5 are provided in [6] and [7]. 
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