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Introduction
In the last RAN2#97 meeting, companies have discussed whether the slicing should be visible to UE AS layer or not, when supporting network slicing, but noted without any conclusion. In essence, discussions for slicing visibility lies on the possibility of slice unavailability in RAN. The slices to be supported may not be available in RAN, and thus considering slice availability information can be beneficial. In this contribution, we analyse several aspects (connected mode mobility, access control) related to slice availability and provide our views.
Discussion
Slice availability/unavailability in RAN
The current NR framework incorporates different physical numerologies spanning over various carrier frequencies. Although RAN1 is progressing to standardize necessary numerologies, this does not mean that all gNBs deployed will support the same physical radio resources. Depending on L1 antennas, power, numerologies, L2 configurations, fronthaul/backhaul transport, etc., the set of slices that can be supported by RAN can significantly differ. Such point is captured in RAN3 TR 38.801 [1] as follows:
	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.


Even if a NR cell can support UE’s slices from its physical capabilities, we should also consider an overloaded or congested scenario (thus not able to provide a service at a moment), which is typical in practice.
Therefore, slices supported by RAN would be different per each NR cell, and not all would be available always.
Slice visibility to UE AS layer
Discussions on whether slicing needs to be visible to US AS layer or not is related to slice availability/unavailability in RAN. If any slices of services that UE is requesting can be supported by any gNB or NR cell deployed all the time, then UE would not have to be aware of RAN’s slice availability in the AS layer.
Since slices may not be available by RAN, there are several aspects to discuss regarding slice availability consideration. In the following subsections, we provide our analysis and views from radio interface perspective.
2.2.1		Connected mode mobility
RAN3 agrees the following in TR 38.801 [1]: “To make mobility slice-aware in case of Network Slicing, Slice ID is introduced as part of the PDU session information that is transferred during mobility signalling. This enables slice-aware admission and congestion control.” That is, slice awareness in RAN is introduced at PDU session level, by indicating the Slice ID corresponding to the PDU Session.
Taking the above as baseline, RAN3’s current consideration for the slice-aware connected mode mobility is baselined in LTE HO procedure such that the target cell is selected by link qualities (based on the UE’s measurement report) and the PDU session resources for all active slices of the UE is moved from source to target cell as part of the HO procedure. The PDU sessions are further admitted/rejected by the target cell based on its slice availabilities.
However, it could be a waste if the source selects the target which cannot admit most of the active slices of the UE. In this case, it may be beneficial if the source considers the availabilities of slices of the neighbouring cells as part of HO decision. RAN3 also considers such possibility in TR 38.801 [1]: “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.” With such slice-related information of neighbours, additional optimization can be considered: the source may be able to choose, together with the measurement report, the right target that can admit as many active slices of the UE.
In general, we can consider the following two options on how to make the source aware of slice availability information of its neighbouring cells:
-	Option 1 (NR measurement reporting includes slice availability broadcasted): The NR measurement reporting may include slice availabilities of neighbor cells broadcasted. The advantage of this option is that the cells does not have to communicate with each other to slice availabilities of neighbors. The disadvantage is that it may increase the measurement reporting size and the UE processing overhead or acquisition delay.
-	Option 2 (NR measurement reporting without slice availability information): The advantage of this option is that it does not require the slice availability information broadcasting. One disadvantage may be that once the source receives the NR measurement reporting, the source has to figure out slice availabilities of neighbors. 
Considering that the beam-based operation (and thus measurement) is the baseline in RAN1/RAN2 (where potentially the large number of beams or slices can be used in the future), increasing the measurement reporting size and the UE processing overhead or acquisition delay may not be desirable.
Note that Option 1 is unnecessary for intra-gNB handover. A single gNB controls all cells within, and thus it will know all the slice availabilities of cells that it controls. Including slice availability information inside measurement reporting will not be required for the support of intra-gNB mobility.
For inter-gNB handover, slice availability needs to be communicated through Xn interface between different gNBs. It may be resolved as part of the HO preparation or may rely on network configuration that enables a gNB to know which slices are available in the neighboring gNBs. If Option 2 is used, then no slice-related information is required in NR measurement reporting to support this.
Observation 1: For connected mode mobility, slice availabilities of neighboring cells can be considered as part of handover decision and no slice-related information is required in NR measurement reporting to support this.
Proposal 1: RAN2 to support the connected mode mobility considering slice availability but with no slice-related information visible to the UE.
2.2.2		Access Control
According to the agreements in SA2 [2] and RAN3 [1], the overload or congestion in one slice should not be a bottleneck for other slices to guarantee the SLA (Service-Level Agreement). Thus, the PRACH or access control parameters may have to be differently configured for the slices supported within a cell. For example, one can consider to partition the random access resources per slice basis. Moreover, when the dedicated radio resources are assigned to slices, the independent resource management for different slices will be possible.
However, the following issues are identified when we consider partitioning of random access resources or separation of access control parameters in a slice-specific manner:
· Different PRACH configurations for slices: It is apparent that slicing does not end up configuring only one slice to a UE. Suppose that a UE is configured with two slices A and B, and would like to get service for both. If PRACH is differently configured for slices, then it should be made clear on how the UE should choose which configuration to use for random access.
· Different access control parameters for slices: In the same scenario, if the access control parameter (e.g. barring factor/time) is different per slice, then it should be made clear on how the UE should follow. Moreover, RAN sharing where the access control parameters can be configured commonly may not be applicable easily.
· Minimum SI size limitation: As noted in [3], the minimum SI is broadcast periodically and comprises basic information required for initial access to a cell. The PRACH configurations or access barring parameters would be broadcasted as part of the minimum SI. If separately configured for different slices, one general concern will be minimum SI size limitation due to the potential growth of slices in the future.
[bookmark: _GoBack]The above issues can be avoided by the unified access control framework that RAN2 has agreed to consider [4]. In this framework, each access attempt is mapped onto a unified “access category” so that the access related parameters broadcasted by the RAN would be “access category” specific (but agnostic to applications, services, call types, etc.). By mapping slices onto access categories, the concern of configuration confusion can be addressed. Moreover, different barring factor/time or PRACH resources for different slices will still be possible up to some extent, without the SI broadcast of the slice-related information.
Observation 2: The slice-specific access control will still be possible up to some extent even if the slices are unified onto the access control framework based on “access category” agnostic to applications, services, call types, etc., that RAN2 has agreed to consider.
One possible concern is that the mapping between slices and the “access category” has to be provided to the UE when we restrict slicing-related access attempts by the unified framework. However, such mapping can be standardized, and if so, provide mapping information to UE through the system information could be avoided. No slice-related information would need to be visible to UE.
Observation 3: The mapping information between slices and the “access category” needs to be provided to UE but can be avoided if such mapping is standardized. No slice-related information would need to be visible to UE.
Proposal 2: RAN2 to consider slice-related access control as part of the unified access control framework.
Conclusion
In the present contribution we make the following observations:
Observation 1: For connected mode mobility, slice availabilities of neighboring cells can be considered as part of handover decision and no slice-related information is required in NR measurement reporting to support this.
Observation 2: The slice-specific access control will still be possible up to some extent even if the slices are unified onto the access control framework based on “access category” agnostic to applications, services, call types, etc., that RAN2 has agreed to consider.
Observation 3: The mapping information between slices and the “access category” needs to be provided to UE but can be avoided if such mapping is standardized. No slice-related information would need to be visible to UE.
Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: RAN2 to support the connected mode mobility considering slice availability but with no slice-related information visible to the UE.
Proposal 2: RAN2 to consider slice-related access control as part of the unified access control framework. 
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