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1. Introduction
RAN#75 in March approved a 5G WID [1] on New Radio (NR) access technology, which targets a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
During RAN2 meetings in SI/WI phase, the following agreements related to RAN slicing were achieved in NR.
-------------------------------------------------------------------------------------------------------------------------------------------
RAN2 Agreements (#AH Jan.)
Agreements
1	As in LTE, UE can prioritise a frequency based on service. On the selected frequency the UE attempts to camp on the best cell.
2	Suitability criterion: Cell quality is above a threshold; Cell is not barred; Cell belongs to selected/R (E) PLMN. Other conditions (if any) are FFS.
3	Cell broadcasts (e.g. in minimum SI) the service(s) supported by it.
FFS for which services (e.g. MBMS, CSG, V2X, URLLC) we apply this mechanism.
FFS how this might apply for the case of network slices.
FFS whether a cell may also broadcast service(s) supported in neighbouring frequencies.

Agreements:
1:	RAN2 understanding is that traffic for different slices is handled by different PDU sessions.
2	Network can realise the different network slices by scheduling and also by providing different L1,2 configurations.
3	UE should be able to provide assistance information for network slice selection in RRC message, if provided by NAS.
FFS whether it is possible to provide different PRACH, access barring and congestion control information for different slices.
4	Above agreements and FFS are also applicable for LTE connected to 5G-CN.

-------------------------------------------------------------------------------------------------------------------------------------------
This contribution discusses RAN2 aspects of idle mobility to support RAN slicing.
2. 	Considerations to Support Idle Mobility for Slicing
2.1 Slice availability
Slice availability depends on the physical situation/capability of the NR cell and the SLA (Service-level Agreement) from the CN. In addition, slice availability may different in a cell per slice. For example, an emergency slice should be available always even if the default slice is congested. Or the default slice should be available always when all other slices are congested for possible redirection to handle unavailability. That is, it should be possible to fully dedicated RAN resources to a certain slice, as RAN3 agreed in TR38.801. Therefore we identify the necessity of slice availability handling per cell.
From TR38.801 (v.14.0.0);
	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. If such awareness is also beneficial for intra-frequency mobility may be discussed in the normative phase. 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.


Observation 1: The slice availability may be different per cell if different treatment is applied per slice when facing congestions to the cell.
By the way, RAN3 agreed that (UE can assume that) the slice configuration does not change within the UE’s registration area. That is, UE can be aware of change of slice configuration when RA (Registration Area) changes. However this does not mean the RA update is also useful to notice slice availability which is more subject to dynamic situation at RAN level. According to SA/RAN3 understanding, the size of RA can be same as that of TA. The UE in RRC idle mode should establish RRC connection if RA change is noticed. RA-based slice availability seems to be feasible when the area of RA is wide like conventional TA. SA and RAN3 understand that the RA is managed by RA list which contains one or multiple TACs like TAL (TA List). Conventionally the size of TAL is corresponding to the managing area by single MME. As the size of TA is decreased, it will increase TA update whenever the UE receives different TAI (Tracking Area Identifier) in SIB. Likewise, the small size RA will cause frequent RA update and give a significant impact to UE power consumption. Therefore it seems that RA-based slice availability is not feasible in flexible and small-scale deployment in cell-level. The observation requests to RAN2 to consider complementary schemes to enable less frequent RA update for checking slice availability in cell-level. The complementary schemes based on whatever broadcast or dedicated signaling, need to be beneficial from the UE battery lifetime aspect.
Observation 2: Slice availability can be handled by RA (Registration Area), but with the cost of frequent RA update when the size of RA is small in cell-level.
Proposal 1: Slice availability in cell-level should be checked at UE by complementary schemes in addition to RA update.
At January RAN2 ad-hoc meeting, RAN2 agreed on service-based frequency prioritization for cell re-selection. It was discussed whether or not slice information can be also broadcasted via SI (System Information) like service. The “service” in this context means RAN functional features such as MBMS, CSG, sidelink, V2X, etc. Meanwhile, S-NSSAI, as SA/RAN3 specified, comprises of SST (Slice/service Type) and SD (Slice Differentiator). As what SST stands for, it may have similar role as service type in SI for RAN to decide the RAN resources supportable to the desired service or slice. So broadcasting SST may be beneficial for UE to avoid unnecessary camping on unavailable cell from the service aspect. As an instance, UE having multimedia streaming slice can regard cells providing “streaming” service as available cells. So the UE does not need to try to access service-unavailable cells and save power consumption.
Observation 3: Service as well as slice information in SI may be beneficial to UE from the power consumption aspect.
2.2 Inter-frequency/RAT cell re-selection
LTE provides two approaches for inter-frequency/RAT cell re-selection, broadcasting and dedicated signaling. For the broadcasting, inter-frequency neighbor information is provided by network in SIBs. For the dedicated signaling, RedirectedCarrierInfo IE, IdleModeMobilityControlInfo IE or FreqPriorityList IE is obtained at UE during RRC connection release. The broadcasting approach is feasible to serve major slicing service since the most of UE may have the same slicing configuration across frequencies/RATs. On the other hand, the dedicated approach is nice to support variant slices from the future proof-ness perspective. Therefore keeping the current mechanism does not harm to NR support for slicing.
Observation 4: As in LTE, both broadcast and dedicated signaling can support slice-based inter-frequency/RAT cell re-selection.
Proposal 2: For slice-based inter-frequency/RAT cell re-selection, RAN2 follow the same framework as LTE based on broadcast as mandatory and dedicated signaling as optional.
For inter-frequency/RAT cell re-selection, UE decides cell re-selection based on the priority of frequency/RAT rather than signal quality, as long as the minimum signal quality of other frequency/RAT is met. That is, the UE does not camp on the best quality cell across frequencies/RATs, to avoid frequent carrier/RAT changes. Even if slice is considered for cell re-selection, the same principle can be applied. That is, UE tries to choose the suitable slice-available cell among neighboring cells with high priority for inter-frequency/RAT cell re-selection, rather than to choose the best quality cell. To support the identified principle, additional condition of belonging available slice should be added on suitability criterion. The priority list on frequency/RAT may be indicated by network via broadcast or dedicated signaling.
Proposal 3: The same cell re-selection principle as LTE based on prioritization is applied for slice-based inter-frequency/RAT cell re-selection.
Proposal 4: Additional condition of belonging available slice should be added on suitability criterion for inter-frequency/RAT cell re-selection.
Proposal 5: Network provides priority list on frequency/RAT for inter-frequency/RAT cell re-selection.

2.3 Intra-frequency cell re-selection
If a UE select the frequency with the higher priority and the suitability criterion is met, the UE camps on the best quality cell. Otherwise, the UE needs to be redirected to other frequencies/RATs or reconfigured to an alternate slice. Network may reconfigure the UE which is located in the area where the desired slice is not available or matched. According to the network and service policy, the network can replace the requested slice with an alternate slice if needed. As an instance, a UE requesting slice A for streaming service from tenant A may be served by slice B for streaming service from tenant B. For RRC idle mode UEs, slice replacing for both MO and MT call cases can be considered. This implies that UE should camp on the best cell in TA even if the best cell does not provide the available slice. Note that UE request for the slicing replacing should be done after inter-frequency/RAT cell re-selection for the suitable cell is failed. On the other hand, the best cell camping for slice replacing may be also helpful for UE battery lifetime because conventional size of RA/TA is considered even for the small-scale slicing deployment. Note that the slice replacing is configured per-UE thus dedicated signaling is proper.
Observation 5: Network may support UEs in slice-unavailable area of replacing the unavailable slice with an alternate slice which is capable for the same kind of service as requested.
Proposal 6: For slice-based intra-frequency cell re-selection, camping on the best quality cell in TA regardless of the current slice availability of the cell should be allowed for the case that network supports slice replacing to slice-unavailable UEs for cell re-selection.
Proposal 7: At least dedicated signaling supports slice-based intra-frequency cell re-selection for the specific UE which is not available to the requested service across carriers/RATs.
3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: The slice availability may be different per cell if different treatment is applied per slice when facing congestions to the cell.
Observation 2: Slice availability can be handled by RA (Registration Area), but with the cost of frequent RA update when the size of RA is small in cell-level.
Observation 3: Service as well as slice information in SI may be beneficial to UE from the power consumption aspect.
Observation 4: As in LTE, both broadcast and dedicated signaling can support slice-based inter-frequency/RAT cell re-selection.
Observation 5: Network may support UEs in slice-unavailable area of replacing the unavailable slice with an alternate slice which is capable for the same kind of service as requested.

Proposal 1: Slice availability in cell-level should be checked at UE by complementary schemes in addition to RA update.
Proposal 2: For slice-based inter-frequency/RAT cell re-selection, RAN2 follow the same framework as LTE based on broadcast as mandatory and dedicated signaling as optional.
Proposal 3: The same cell re-selection principle as LTE based on prioritization is applied for slice-based inter-frequency/RAT cell re-selection.
Proposal 4: Additional condition of belonging available slice should be added on suitability criterion for inter-frequency/RAT cell re-selection.
Proposal 5: Network provides priority list on frequency/RAT for inter-frequency/RAT cell re-selection.
Proposal 6: For slice-based intra-frequency cell re-selection, camping on the best quality cell in TA regardless of the current slice availability of the cell should be allowed for the case that network supports slice replacing to slice-unavailable UEs for cell re-selection.
Proposal 7: At least dedicated signaling supports slice-based intra-frequency cell re-selection for the specific UE which is not available to the requested service across carriers/RATs.
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