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Introduction 
In the last RAN2 meeting, RAN2 have agreed to the following for slice specific cell reselection:
1	RAN2 aligns with SA2 assumption that support of slices in a TA is homogenous also for Rel-17 (i.e. all cells within a TA supports the same slice availability). If SA2 decides to support heterogeneous deployments, RAN2 can revisit this. 
2	The criteria for determining the cell reselection priority for inter-frequency cell reselection should not be left to UE implementation, but should be defined in the specification (just like cell reselection priorities currently). The details of slice info and how the UE determines its priority list from slice info is FFS. 
2b	FFS how to define slice priorities for reselection and how to handle conflicts between different priorities (e.g. broadcast vs. dedicated slice-specific priorities)
5	UE is only configured with either the existing dedicated priority configuration or the slice info in RRC Release.
3	In the case that slice info is also provided to the UE in the RRC Release message while SIB also provides the slice info, UE follows the dedicated slice info from RRC Release while T320-like timer is running and only if it expires that it follows the slice info in the SIB
4	In the case that existing dedicated priority configuration is provided to the UE in the RRC Release message while SIB also provides the slice info, UE follows the dedicated priority configuration while T320 is running as per legacy and only if it expires that it follows the slice info in the SIB
6	 For UE supporting slice based cell reselection, the UE should use slice info in the SIB for cell reselection if both slice info and existing cell reselection priority is broadcast in the SIB.	 

Based on the summary email discussion [1], the following areas are the initial focus for discussion with regard to slice based cell reselection:
· Details of slice availability in terms of Slice grouping and frequency priority information for broadcast and RRC Release message,  
· usage of “intended slice” (FFS whether we use this term in specification), 
· UE prioritisation of slice when there is more than one intended slice and how UE determines frequency priority for inter-frequency cell reselection based on these.
In this contribution, based on the above, the slice based cell reselection is further discussed.
Discussion
Need and Use of term “intended slices”
The definition of the term “intended slice” in the specification is relevant only if it is used to define UE behaviour for slice specific cell reselection; e.g., prioritisation based on intended slice. Some update of definition was proposed by some companies such as allowed slice, suspended slices, requested slice, IDLE/INACTIVE and MO.  Whether the term is actually useful in specification can be decided later after deciding the UE behaviour.   This document avoids the use of the term “intended slice” to minimise discussion on the term itself or its usefulness at this point of the discussions.
If cell reselection should be considered at the time of MO, MO could also be considered in the prioritisation of cell reselection. However, given that we are focussing on homogeneous deployments, all the cells of a TA support the same set of slices and all allowed slices will be a available in all the cells of a TA, the scenario that the MO slice is not available in the camped cell does not arise.
While homogeneous deployments provide all the available slices in all of the cells of a TA, there may be other carriers in another TA in the same geographical region that might offer a slice in the UEs configured list that is not in the allowed list.   Take for example, the following Figure 1.  Cells 1 and 2 offer slice 2 while cells A and B in the same geographical region does not offer slice 2.  Such a deployment can be supported by using different TAs for the cell 1 and cell 2.  


Figure 1: Example homogeneous deployments with different slice availability in different carriers of a geographical region

Consider a UE that is configured with slice 1 and 2, will request both slices 1 and 2 when registering in cell M in TA1.  It is provided with an allowed list of just slice 1 when it registered in TA1 as slice 2 is not available in TA1.  Consider that the UE then moves into cell B, where there is an overlapping cell 2 on frequency F1 in TA2 that offers slice 2.   UE should then prioritise frequency F1, reselect cell 2 and then perform registration in TA2.  To be able to perform this slice based frequency prioritisation, UE has to consider all the configured slices (slices 1 and 2 in this example) when it does the frequency prioritisation.  
Proposal#1: UE uses the configured NSSAI for slice based frequency prioritisation.  In terms of the term “intended slice” here, this means, that intended slices are the configured NSSAI.
This slice based frequency prioritisation solution is similar to the legacy frequency prioritisation – the main difference in our view is that the frequency priority is derived first using the configured slice and the slice info in the SIB/RRC Release.  As with the legacy frequency prioritisation, it applies for both RRC IDLE and RRC INACTIVE state and we do not see a difference between RRC IDLE and RRC INACTIVE states.
Proposal#2: Slice based frequency prioritisation solution provides the frequency priority for use with legacy prioritisation mechanism.  The UE behaviour for cell reselection based on the frequency priority is the same as legacy.  And this is the same for IDLE and INACTIVE.  
How to indicate slice info in SIB
There are different proposals along with pros and cons for providing slice information such as Slice access category, SST and possibly SD, Slice group, TA list based, encoded slice info. From the summary email discussion, there is some support for slice grouping, SST and access category, and slice grouping seem to get the most support. 
SST on its own is not be sufficient to differentiate the different slices and will need to be combined in some form with the SD.  Access category is not suitable since it is for access control purpose and does not provide the control needed for frequency prioritisation without sacrificing the access control behaviour. Hence we propose to introduce a new slice grouping for indicating the availability of one or more slices within a cell/frequency.
Proposal#3: Introduce a new slice group for indicating the availability of one or more slices within a cell/frequency
Another question here is which network node (CN vs RAN) will assign the slice group and its mapping to S-NSSAIs to the UE.  With the assumption that slice availability is homogeneous within a TA, it will be easy for the slice group mapping to its S-NSSAI to be provided via NAS signalling (i.e. during initial registration and mobility registration/TA update) to the UE. Hence, we prefer that CN assigned the slice grouping to the UE. From the S1 interface impact, such slice group mapping to the S-NSSAI can be provided by CN to the RAN during the gNB setup as this grouping is expected to be fairly static. 
Proposal#4: CN provides the slice group mapping to its S-NSSAI via NAS signalling to the UE during initial and mobility registration procedure.
We also need to send a LS to SA2, RAN3 and CT1 to inform them on the decision as CN assignment of the slice grouping will have impact to their specifications.
Proposal#5: Inform RAN3, SA2 and CT1 if Proposal#4 is agreed.
Use of Slice info in the SIB/RRC Release for slice based cell reselection
In legacy cell reselection, the best cell concept is applied for intra-frequency cell reselection in the non-shared spectrum case, while the inter-frequency cell reselection is based on frequency priority-based concept.  The focus in this section will be on inter-frequency cell reselection as per the agreements from last meeting.
For existing priority based inter-frequency cell reselection, the frequency priority is either based on the dedicated priority configuration that the UE receives during RRC release or the cell reselection priority for each frequency in the SIB4. For the case of RRC Release, the dedicated priority configuration is derived based on the RFSP index which provides the Index of RAT/Frequency Selection Priority. The Allowed NSSAI is one of the factors used in selecting the RFSP index.  This is considered the network based approach where network steers the UE to desired frequency layer and cell based on dedicated priority configuration.  
In Rel-17, SA2 have also extended this to configured/requested slices or targeted slice for network based steering.  
Observation#1: In the network based steering, the allowed NSSAI is being used for deriving the dedicated priority configuration. In Rel-17, this is extended to possibly include configured/requested NSSAI for the derivation of the dedicated priority configuration.
In order for the UE to perform the Slice based frequency prioritisation, a combination of the information on what slices are supported in each frequency and a prioritisation mechanism to prioritise the slice/frequency are needed.  
We discuss three options on what the network could provide in the SIB/ RRC Release and the corresponding UE behaviour:
{Option 1) The slice info contains only the slice/slice group availability for the current and neighbouring frequency layer  
The UE uses this to determines the frequency priority order to perform inter-frequency cell reselection.  For the prioritisation, one possible criteria is that the UE will order the priority of frequencies in terms of the frequency layers that support the most intended slices (i.e. the  Configured NSSAI as per Proposal 1). If more than 1 frequency supports the same number of intended slices, their frequencies can be set to the same priority.  However, with this option, the priority value is set by the UE and the maximum number of available slices may not be the criteria that the operator wants to use.   
Observation#2: If the slice info contains only the slice/slice group availability for the current and neighbouring frequency layer, it has the drawbacks of either not enough control on the UE prioritisation.
{Option 2} Cell reselection priority for each available slice/slice group in each frequency is broadcast.  For each frequency, UE selects the highest priority for the available slices among the configured slices
For Option 2, as both slice availability and priority is provided for each slice/slice group for each frequency in SIB or RRC Release, the UE can pick cell reselection priorities based on this information and the list of configured slices.  The UE does an intersection of the set of configured and available slices and picks the highest priority for each frequency among that intersection of slices.  Note that this prioritisation could move the UE to another TA.  
To understand it better, we have provided the following examples as illustration with reference to Figure 1:
Example 2_1:
UE is in Cell B and has configured slices {Slice 1, 2 and 4}. Cell B broadcast the following slice specific cell reselection priority for F1, F2, F3: 
Slice 1, F1, cell reselection priority 3 
Slice 1, F2, cell reselection priority 1 
Slice 1, F3, cell reselection priority 2 
Slice 2, F1, cell reselection priority 8 
Slice 3, F2, cell reselection priority 2 
Slice 3, F3, cell reselection priority 1 
Slice 4, F3, cell reselection priority 2 
Slice 4, F2, cell reselection priority 1 
Based on the configured slices of the UE, F1 = 8 (slice 1 and 2 are part of configured slices and the highest priority for F1 is 8 related to configured slice 2), F2 = 2 (since slice 1 and 4 are in F2 and slice 4 sets higher priority for F2 of 2), F3=2 (since slice 1 and 4 are in F2 and slice 1 sets higher priority for F3 of 2) 
Cell reselection priority for the UE = {F1=8, F2=2, F3=2}.  This will steer the UE to F1 
 
The above setting is assuming Slice 2 is of highest slice priority to the network and this is reflected in the use of 8 for F1 where Slice 2 is available, Slice 3 and 4 are preferred in F2, Slice 1 is preferred in F1. 
 
Example 2_2: 
Instead of in Cell B, in this example, UE is in Cell 2. Cell 2 can also broadcast the same setting as Cell B. UE moves to Cell B based on the priority based cell reselection parameters (for going from high priority frequency to lower priority frequency).  Logically, the cell reselection parameters will keep UE to higher priority F1 before UE is allowed to go to lower priority frequency 

Example 2_3:
In this example, UE’s configured slice is only Slice 1 and is in Cell B with the same broadcast setting as Example 1 
Cell reselection priority for Slice 1 is {F1=3, F2=1, F3=2}.  This cell reselection will steer the UE to higher priority F1 or F3 

Example 2_4: 
In this example, UE’s configured slice is Slice 1 and is in Cell 2 with the same broadcast setting as Example 1, it will stay in Cell2 which has highest frequency priority for Slice 1. 
 
Proposal#6: The slice availability and frequency priority for the slice for the serving and neighbouring frequencies are provided in SIB/RRC Release.  For each frequency, UE selects the highest priority for the available slices among the configured slices.
· The need for any additional mechanism to further distribute UEs among the frequencies using, for example, UE specific priority of configured slice is FFS.
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Proposal#1: UE uses the configured NSSAI for slice based frequency prioritisation.  In terms of the term “intended slice” here, this means, that intended slices are the configured NSSAI.
Proposal#2: Slice based frequency prioritisation solution provides the frequency priority for use with legacy prioritisation mechanism.  The UE behaviour for cell reselection based on the frequency priority is the same as legacy.  And this is the same for IDLE and INACTIVE.  
Proposal#3: Introduce a new slice group for indicating the availability of one or more slices within a cell/frequency
Proposal#4: CN provides the slice group mapping to its S-NSSAI via NAS signalling to the UE during initial and mobility registration procedure.
Proposal#5: Inform RAN3, SA2 and CT1 if Proposal#4 is agreed.
Observation#1: In the network based steering, the allowed NSSAI is being used for deriving the dedicated priority configuration. In Rel-17, this is extended to possibly include configured/requested NSSAI for the derivation of the dedicated priority configuration.
Observation#2: If the slice info contains only the slice/slice group availability for the current and neighbouring frequency layer, it has the drawbacks of either not enough control on the UE prioritisation
Proposal#6: The slice availability and frequency priority for the slice for the serving and neighbouring frequencies are provided in SIB/RRC Release.  For each frequency, UE selects the highest priority for the available slices among the configured slices.
· The need for any additional mechanism to further distribute UEs among the frequencies using, for example, UE specific priority of configured slice is FFS.
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