3GPP TSG-RAN WG2 NR Ad Hoc
R2-1700102
Spokane, Washington, USA, 17 - 19 January 2017
Agenda item:
3.5
Source:
Huawei, HiSilicon
Title:
Slice Availability and Discovery in RAN
Document for:
Discussion and Decision
1
Introduction
In the RAN3 TR, key principle about slice availability is described as follows [1]. 
Slice Availability
-
Some slices may be available only in part of the network. Awareness in a gNB of the slices supported in the cells of its neighbouring gNBs may be beneficial for inter-frequency mobility in connected mode. It is FFS if such awareness is also beneficial for intra-frequency mobility. It is assumed that the slice configuration does not change within the UE’s registration area.
-
The RAN and the CN are responsible to handle a service request for a slice that may or may not be available in a given area. Admission or rejection of access to a slice may depend by factors such as support for the slice, availability of resources, support of the requested service by other slices.
RAN3 sent a LS regarding the slice availability/unavailability impact on idle and connected mobility as follows [2]
On Slice availability and mobility:
· Q1 (to SA2): Is a network slice considered to be available within the whole RAN or should it be assumed that slice availability is not guaranteed within the whole network? If slice availability cannot be guaranteed within the whole RAN, is there any assumption on areas within which availability can be assumed?

· Q2 (to SA2 and RAN2): Does network slice availability/unavailability impact idle and connected mode mobility?
In this document, we discuss the impact of network slice availability on idle and connected mode mobility respectively in order to address the LS.
2
Discussion
2.1
Deployment of network slices
As agreed in [1], some slices may be available only in part of the network, e.g. deployed indoor for enterprise or shopping malls. Only for illustration purpose, the following gives two scenarios with respect to slice availability.  
· Scenario A: Scattered deployment over RAN nodes
As illustrated in Fig 1a, a RAN node deploys more than one overlapping carrier, Cell A and Cell B where cell B may be dedicated to provide a particular network slice (NS), e.g. NS2. This scenario may apply to a Virtual Network Operator (VNO) who rents a network slice especially for their target users, or an enterprise who deploy a network slice for the purpose of providing URLLC service in a limited area.
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Figure 1a. Illustration of deployment of different network slices
· Scenario B: Continuous deployment over RAN nodes
As illustrated in the Figure 1b, NS 1 is deployed in RAN node A and B while NS 3 can be supported by RAN node A, B and C simultaneously. Suppose the UE is served by the NS1 in the source RAN node A, the decision on the target RAN node between neighbour RAN node B and C would have an impact on service continuity of slicing.
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Figure 1b. Illustration of deployment of different network slices
Generally network slicing deployment is driven by factors of business and planning..It should be possible that not all RAN node/cell would deploy and support all the network slices per PLMN.
Observation 1: Different RAN nodes/cells may support different pre-configured network slices depending on business and planning factors.
2.2
Granularity of slice availability
As some slices are available only in part of the network, several possibilities of slice availability granularity are given as follows. 
· Alternative 1: Cell level. 
In this case, one cell could support one or more slices while another cell could support different ones. It is easily used in small slice coverage scenario, and presents deployment flexibility. For example, as Fig1.b shows, the cell A and cell B could both support NS1 and NS3 simultaneously, while cell A could support NS4. This alternative gives the operator full flexibility and has a finer slice availability granularity. 
· Alternative 2: Tracking area(s) level
In this case, slice availability is associated with tracking area(s). The cells within the tracking area shall support the same network slices. When the UE moves within the tracking area, it could assume that slices are always supported. This alternative could be applied to scenarios where network slice covers larger area. However, this alternative may restrict the TA deployment. For example, 
· As Fig.2 shows, when the network decides to support a new slice under cell A coverage only, the network may have to assign a new TA2 to cell A. 
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Figure 2. Example of TAI change due to the addition of slice
· It would be difficult to support multiple slices across different slices. As Fig. 3 shows, even if Cell A and cell B both support NS 2, they have to be allocated to different TAIs. 
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Figure 3. Example of TAI change due to the addition of slice
· Frequent TAU procedure might be initiated if the UE is configured with a short TAI list across the areas with different slices overages. This would impact idle UEs, connected UEs as well as inactive UEs. 
· Alternative 3: RAN notification area level
In this alternative, those cells within the RAN notification area would support same slices. The above analysis of alternative 2 applies here. 
As proposed in observation 1, the slice availability would be dependent on business and planning factors. Hence the input from operators is required.  
Observation 2: Slice availability granularity could be possibly cell level, TA(s) level or RAN notification area level. Cell level availability has finer granularity and the input from operators is required. 
2.3
Impact of slice availability on UEs
The impact of slice availability on the UE in IDLE, INACTIVE and CONNECTED mode is analyzed as follows.
· IDLE mode and INACTIVE mode
RAN2#92bis meeting agreed the following aspects on RRC mode mobility. 
Agreements for IDLE
1
In IDLE mode, UE performs cell selection and reselection on NR Cells.
2
Study how to derive a cell quality based on measurements.
Though the detailed signal used for idle mode mobility is pending, the UE may follow cell (re)selection procedure in LTE.  Typically, the idle UE would perform cell reselection based on its acquired SI from its camped cell or previously stored system information. When the idle UE is not aware of the supported slices of its camped cell, it would become inefficient and power-consuming if the UE requests slice related service request but the network rejects. Hence it is beneficial for idle UEs to be aware of supported slices of the network. 
Observation 3: Idle UEs should be aware of the slice availability, otherwise the slice related procedures would become useless and inefficient. 
A new RRC_INACTIVE state was agreed, and these inactive UEs would perform UE based mobility. (Note that UL based mobility is under discussion). Similar to the analysis for idle UEs, it is beneficial for inactive UEs to be aware of the slice availabilities. For example, the inactive UE could continue to transmit the slice specific intermittent data when it moves to a new cell which supports the same slice. When it leaves the slice coverage, there may be no need for this data transmission. Also it is possible for the inactive UE to initiate the slice related data transmission when it moves to a new slice coverage. 
Observation 4: Inactive UEs should be aware of the slice availability e.g., for efficient intermit data transmission corresponding to specific slices requirements. 
In [4], there were discussions about the slice-based cell (re)selection, which proposed that slice based cell selection should be avoided. In fact, the slice availability could be considered as part of the reselection criteria. Typically, when the comparable measurement results are detected, the idle or inactive UE could reselect the cell which supports its slices.  
Proposal 1: Idle or inactive UEs should follow cell reselection criteria of its camped cell. The slice availability could be considered as part of the reselection criteria. 
· CONNECTED mode 
For connected UEs, it could initiate slice specific session request for the services of the supported slice when it found that the slice is supported by its serving cell. Hence awareness of slice availability is useful for connected UEs as well. 
Observation 5: Connected UEs should be aware of the slice availability e.g., to initiate slice specific session request.  
RAN3 agreed it was beneficial for neighbour gNBs to be aware of the supported slices for inter-frequency mobility. When the source gNB determines to handover a UE, it could take the slice availability information of its neighbour gNBs into account, and select a candidate target gNB for the UE.  
It remains FFS in RAN3 whether such slice availability is beneficial for intra-frequency mobility scenario. The main concern is that if source gNB only considers the slice availability of its neighbour gNBs without taken into account other information e.g., UE mearsurement results, the handover may be failed. In fact, the slice availability information could be taken as part of information into account for handover decision. Typically, under the comparable measurement results from the UE, the serving gNB could prioritise handover to one gNB which supports the slices in order to ensure the service continuity. . 
Proposal 2: The serving gNB should take slice availability information of its neighbour gNBs into account for handover decision. 
2.3
How UEs are aware the slice availability? 
Based on the analysis above, it is needed for idle UEs, inactive UEs as well as connected UEs to be aware of the supported set of slices. In the following, some candidate solutions are given as follows for further study.
· System information : The supported set of slices could be given in system information. However, this solution may not scale well with the potential growth of slices in the future. One potential method is to treat as Other SI which is sent only when necessary.
· Dedicated signalling : The supported set of slices could be provided in dedicated signalling e.g., RRC or NAS procedure. For example, when the UE attaches to the network or performs TAU, the CN could provide the slice related allowing or forbidden list to the UE and the RAN. This list could include those cells or TAs as well as their supportted or forbidden slices for the UE. Based on this list, idle/inactive UEs could select the suitable cell to camp. For connected UEs, the serving gNB could select the proper target gNBs for handover decision.  This may work similar to the Roaming and Access Restrictions in LTE system.  . 
· Redirection: When the idle or inactive UE transits to active mode, the RAN node may recognize that the requested slices are not supported but is supported in another node through Xn exchange of slicing availability. Then, the UE is instructed to return to idle, and redirected to the other available node.
In addition, the RAN nodes may use multi-connectivity operation to provide slice-specific services for multiple slices. When the UE requests a slice that is not deployed in the cell/node, the network may trigger multi-connectivity if it is supported in a neighbouring cell/node. 
Proposal 3: The potential solution for UE to be aware slice availability could be one or any combination of broadcast, dedicated signalling, redirection and multi-connectivity.
3
Conclusions
This contribution analyzes the deployment of network slices and the effects of slice availability over IDLE, INACTIVE mode and CONNECTED mode mobility. Finally, the following proposals are made.
Observation 1: Different RAN nodes/cells may support different pre-configured network slices depending on business and planning factors.
Observation 2: Slice availability granularity could be possibly cell level, TA(s) level or RAN notification area level. Cell level availability has finer granularity and the input from operators is required. 
Observation 3: Idle UEs should be aware of the slice availability, otherwise the slice related procedures would become useless and inefficient. 
Observation 4: Inactive UEs should be aware of the slice availability e.g., for efficient intermit data transmission corresponding to specific slices requirements. 
Observation 5: Connected UEs should be aware of the slice availability e.g., to initiate slice specific session request.  
Proposal 1: Idle or inactive UEs should follow cell reselection criteria of its camped cell. The slice availability could be considered as part of the reselection criteria. 
Proposal 2: The serving gNB should take slice availability information of its neighbour gNBs into account for handover decision. 
Proposal 3: The potential solution for UE to be aware slice availability could be one or any combination of broadcast, dedicated RAN-UE signalling, redirection and multi-connectivity.
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