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Introduction 

At RAN2#NR Ad hoc meeting, it was agreed that as in LTE, UE can prioritize a frequency based on service, and Cell broadcasts (e.g. in minimum SI) the service(s) supported by it, and how this might apply for the case of network slices is for FFS.

Therefore the issue is whether Slice based priorization is also used for NR and what is the impact of this function on NR idle behavior. Like in LTE, idle behavior include cell selection and re-selection. This contribution provide some consideration on the these aspects.
Discussions

User cases for Slice based priorization mechanism
In idle state, UE may has configured NSSAI or accepted NSSAI. These NSSAIs are constructed by a set of S-NSSAI which stand for a special NW slice.  Since these S-NSSAIs are only possible NW resource the UE may use in the following procedure, then it is possible that the UE does not know which NW slice is desired for the slice priority. For another case, when UE only has configured NSSAI which may be replace by NW by different accepted NSSAI, it is not sure the desired NSSAI is valid for the UE.

Therefore , in order to investigate the motivation and necessary of slice based priorization mechanism, different user case of UE and network for NW slice need to be clarified.

Different user cases for NR UE related to NW slice are shown below (the cases are not exhausted), 

Case 1: UE has no NSSAI information ( e.g. UE does not has configured NSSAI or accepted NSSAI)

Case 2: UE has configured NSSAIs and no desired or interested S-NSSAIs

Case 3: UE has allowed NSSAI and no desired or interested S-NSSAIs

Case 4: UE has configured NSSAI and has at least one desired or interested S-NSSAI

Case 5: UE only has one configured S-NSSAI (e.g Dedicated NW slice user)

Case 6: UE has accepted/allowed  NSSAI and has at least one desired S-NSSAI.

Case 7: UE only has one accepted/allow S-NSSAI ( e.g. Dedicated NW slice user)

Different user cases for deployment of NW slice are shown below (the cases are not exhausted):
Case 1： Deploy special NW slice on dedicated frequency (continuous deployment）

Case 2： Deploy NW slice on one freqency in-continuous ( some cell support NW slice and some cells not support)
Case 3:       Deploy NW slice on several freqency (continuous or in-continuous deployment )

An example of NW slice deployment is shown in figure 1.  In this case slice 1 and 2 are deployed on frequency 1 and frequency 2. 
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Figure 1 NW slice deployment

Proposal 1: In order to investigate the motivation and necessary of slice based priorization mechanism, different user case of UE and network for NW slice need to be clarified.

Impact on procedural

Idle mode UE behavior include initial cell selection, intra freqency cell selection and inter freqency cell selection. Based on the UE user case and Network deployment user case, we analysis these three scenario case by case.
Cell selection (initial)
Cell selection and camping allows the UE to register itself to the network.
For UE in user case 1,2,3, since UE does not have any desired S-NSSAI, it seems that no slice related assistant information need to be provided by network for cell selection and re-selection. UE selects cell based on the legacy behavior which is to select a cell with strongest signal.  

Fore UE user case 4, UE has multiple configured NW slice.  Take deployment as shown in figure 1 as example, in this case the UE’s configured NSSAI is slice1 slice 2 & slice 3 and UE interest on slice 3 before first registration. If UE only searches for the strongest cell instead of NW slice, then freqency 2 (F2) may be selected by UE. However from the deployment, Network does not provide Slice 3 in this freqency. Then how can UE finds the interested slice?

For UEs user case 5,  UE only has one configured S-NSSAI , it means that UE is a potential subscriber in dedicated NW slice. It is natural for such UE to camp a cell which support desired NW slice.  However, if the UE search UE only for strongest cell, then it is possible UE camp on a cell not support desired NW slice.  

Based on the analysis of UE user case 4 and 5, it seems Slice based priorization also need to be consider in initial cell selection.
Observation 1: Slice based priorization need to be consider in initial cell selection.

Cell re-selection( intra freqency)

For UE in user case 1/2/4/5,  since UE does not register on any NW slice ,then the cell re-selection is not impact due to NW slice.

UE in user case 3/6/7 has completed first registration procedure. For intra-RA (registration area) mobility, UE does not need  Slice based priorization to find suitable cell support allowed / interested allowed NW slice. Since in the same registration area , NW slice configuration does not change. Take figure 1 as example, UE moves from TA1 to TA2 , then UE reselects cell 2 based on the measurement result of radio signal. 

However for inter - RA mobility, it is possible target RA does not support same Slice configuration as source RA. Take figure 1 as example,  for UE has allowed NW slice (slice 1 and slice 2) and interested on slice 2, if cell 2 does not meet the suitable cell criteria then based on the measurement the UE would reselect cell 3 to camp  on.  But cell 3 does not support NW slice 2.  Then how can UE finds the interested slice?

Based on the analysis of UE user case 4 and 5, it seems Slice based priorization also need to be consider in intra freqency cell re-selection.
Observation 2: Slice based polarization need to be consider in intra freqency cell re-selection.

Cell re-selection( inter freqency)
Similar as in intra freqency cell re-selection, for intra-RA mobility,  Slice based priorization seems not necessary. 

For intra-RA mobility, it is possible target RA does not support same Slice configuration as source RA. Take figure 1 for example, for UE has allowed NW slice (slice 1 and slice 2) and interested on slice 2, if cell 2 does not meet the suitable cell criteria then based on the measurement the UE would reselect cell 3 to camp  on. But cell 3 in the same freqency layer does not support NW slice 2. It can be seen from figure 1 that slice 1/2 are deployed on frequency 2. Then it is possible that UE can selects cell 6/7 in case measurement criteria is meet. 
As agreed by RAN3, NW slicing may not deploy continuously int the network. At the boundary of NW slicing in one freqency , e.g. Cell 2, 3 as shown  in the figure x, the network does not provide desired NW slice in the same freqency, then UE has to consider inter freqency cell selection.

Take example in figure X,  UE registers two NW slice ( Slice 1 , 2 ) and camps on the freqency 1.   When Cell 2’s  radio quality is not satisfied anymore then the UE has to reselect to new cell. Then UE find out that cell 3 is not suitable because cell 3 does not support slice 2 (base on the registration area broadcast by cell 3). 

In this case , network should help the UE to find the appropriate cell for UE ,at least in cell 2.  Cell2 should broadcast  freqency 2 ‘s information including registration area supported in Cell 6.  In this way, the UE is able to find out that cell 6 is suitable to camp on. Otherwise, the UE need to register again to the NW which introduce unnecessary signaling overhead.

Observation 3: Slice based priorization need to be consider in inter freqency cell re-selection.

Proposal 2: Slice based priorization need to be consider in cell selection/re-selection.

Slice based priorization approach
There are several approaches for Slice based priorization mechanism. 

Approach 1 is network provides slice information in dedicated RRC message. Similar like in LTE, redirection indication for cell re-selection can be carried in dedicated RRC message. For the dedicated signaling, RedirectedCarrierInfo IE, IdleModeMobilityControlInfo IE or FreqPriorityList IE is obtained at UE during RRC connection release. However the drawback of this approach is UE has to access to the network before reselect to suitable freqency or cell. 

Approach 2 is network provides explicit slice information in broadcast RRC message (e.g. SIB ). For example, Network provides S-NSSAI/ NSSAI/SST in SIB ( e.g in RMSI or on demand SIB) at the boundary of  RA. However, it is possible one PLMN can support hundreds NW slices, then signalling overhead need to be consider in this approach.

Approach 3 is also use broadcast RRC message, the different is slice information is “implicit”.  For example, the slice information be broadcast can be RA ID.  Network provides RA in the SIB ( e.g in RMSI or on demand SIB), then UE selects suitable cell based on the information.  However, this approach is only apply to UE in user case 3/6/7.  Since UE has not register on the NW slice, then UE in user case 1/2/4/5 does not have RA information. For UE in user case 3/6/7, UE gets allowed NSSAI and RA from core network after registration. 

Another issue about approach 3 is whether core network can provide multiple RA information to UE. As agreed by SA2 that serving PLMN may return allowed NSSAI in the current Registration area. The detail is captured below for reference. Then it is not sure whether UE is provided with information of other registration area. 
	The serving PLMN may also return a new Allowed NSSAI identifying the Network Slices permitted by the serving PLMN for the UE in the current Registration Area provided by the serving AMF considering subscription information, RAN capabilities in the Registration Area and other locally available information.


If UE not has RA information other than current Registration area, then it is impossible for UE to select cell support desired slice based on “implicit” information. Take figure 1 for example, if UE register NW slice 1&2 in cell 1/2 and Core network only return current registration area (i.e. TA1) , then the UE does not know whether TA2 or TA3 support desired Slice. Considering that slice co-existence is still under discussion in SA2, then the feasibility of approach 3 based on the progress of SA2.

Proposal 3: RAN2 to compare different approaches for Slice based priorization mechanism.
Conclusion 

Based on all the analysis above, we give our proposals as:

Proposal 1: In order to investigate the motivation and necessary of slice based priorization mechanism, different user case of UE and network for NW slice need to be clarified.

Observation 1: Slice based priorization need to be consider in initial cell selection.

Observation 2: Slice based polarization need to be consider in intra freqency cell re-selection.

Observation 3: Slice based priorization need to be consider in inter freqency cell re-selection.

Proposal 2: Slice based priorization need to be consider in cell selection/re-selection.

Proposal 3: RAN2 to compare different approaches for Slice based priorization mechanism.
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