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Abstract of the contribution: This discussion paper aims at discussing the issues for slice based cell reselection, slice grouping, and the slice info required for cell reselection and proposes a way forward.
1. Introduction
There are a few aspects to agree on with regards to slice group and slice priority to support the RAN work:
1.	Granularity for the slice group i.e. per TA or per PLMN
2.	How the slice group is configured in the network
3.	How the slice group is sent to the UE
4.	Whether a network slice can be associated with maximum one, two or multiple slice groups
5.	Whether to define a priority between the network slices for cell reselection
2. Discussion
2.1	Granularity for the slice group and solution for enabling it
There have been three different proposals discussed i.e.
1.	Per PLMN granularity
2.	Per TA granularity with slice group ID including TAC and additional bits (e.g. 24+4 bits)
3.	Per TA granularity with slice group ID realized by 8 bits and TAC received from other information
4.	Per TA granularity with slice group ID valid in geographical area (16 bits)
The following table intends to summarize a comparison of the proposals.
	
	1. Per PLMN granularity
	2. Per TA with TAC
	3. Per TA with separate TAC
	4. Per TA valid in geo area

	SIB size payload for slice group used e.g. for ncell info
	16 bits
	28 bits
	8 bits
(see next row as may require more bits in SIB)
	16 bits

	UE additional logic to understand Slice Group in SIB
	None
	None
	UE needs to read SIB1 of neighbour cell to understand Slice Group or SIB includes also TAC per Slice Group
	None

	Slice Group in RRC Release
	Valid for PLMN i.e. whole RA
	Separate ID per TAC of RA and outside RA
	TBD as
RRC CR does not include list of TACs, but would be needed
	Valid for RA and Geo area close to RA

	Configuration in the network
	OAM to NG-RAN for serving RAN group and neighbour RAN group configuration and OAM to AMF/NSSF
	OAM to NG-RAN for serving RAN group and neighbour RAN group configuration. Alternatively, Slice group signalling at Xn Setup and configuration Update, and signalling of neighbour RAN discovery from RAN to AMF
N2 Setup and Configuration Update from gNBs to AMFs
AMFs notifying to NSSF i.e. the NSSF collecting info from all AMFs and provide sum of info back to AMFs
	OAM to NG-RAN for serving RAN group and neighbour RAN group configuration. Alternatively, Slice group signalling at Xn Setup and configuration Update, and signalling of neighbour RAN discovery from RAN to AMF
N2 Setup and Configuration Update from gNBs to AMFs
AMFs notifying to NSSF i.e. the NSSF collecting info from all AMFs and provide sum of info back to AMFs
	OAM to NG-RAN for serving RAN group and neighbour RAN group configuration. Alternatively, Slice group signalling at Xn Setup and configuration Update, and signalling of neighbour RAN discovery from RAN to AMF
N2 Setup and Configuration Update from gNBs to AMFs
AMFs notifying to NSSF i.e. the NSSF collecting info from all AMFs and provide sum of info back to AMFs
Alternative:
OAM to NG-RAN for serving RAN group and neighbour RAN group configuration and OAM to AMF/NSSF with a per Area (e.g. list of TAs) in case AMF supports multiple areas.

	TA topology knowledge in 5GC
	No need
	AMF would need to know about neighbour cells/TAs and be updated when new neighbor cells/TAs of cells/TAs in RA are discovered (via OAM or via N2 signalling)
	AMF would need to know about neighbour cells/TAs and be updated when new neighbor cells/TAs of cells/TAs in RA are discovered  (via OAM or via N2 signalling)
	No need, but a check can done such that TAs in RA has same definition of the values

	NAS payload
containing the slice group to slice mapping
	Slice group support per Slice for all applicable Slices that the UE can use in the PLMN
	Slice group support per Slice and a list of TACs (of TAs within and outside RA) per slice group mapping
	Slice group support per Slice and a list of TACs (of TAs within and outside RA) per slice group mapping
	Slice group support per Slice (UE assumes same mapping for RA and ncells/TAs)



NOTE:	RAN sharing has not yet been considered in this analysis, and it seems like that RAN2 has not yet resolved how the Slice aware cell reselection works with RAN sharing e.g. the new SIB is common for the PLMNs sharing the RAN.
Observation: A granularity per PLMN seems to be the easiest way and implies less impacts. A granularity per TA is possible but with some larger impacts such as (for solution 2 and 3) exposing RAN topology to the AMF every time new neighbours are discovered by the NG-RAN, and (for solution 3) that the UE needs to read SIB1 of neighbour cells to understand the Slice Group. 
In case of Shared RAN, a slice group can only be uniquely identified if mapped to a PLMN ID. Therefore, the impact on signalling and broadcast should also take into account the size uniquely identifying a PLMN associated to each slice group.
Note: the per TA solution in 4 “Per TA granularity with slice group ID valid in geographical” area has less impact than the solution in 2 and 3.
Proposal 1: Progress a granularity per PLMN, and if that is not acceptable progress 4. Per TA granularity with slice group ID valid in geographical area.
2.2	How the slice group is configured in the network
As shown in the above table, the way to configure slice group in the network likely depends on the granularity.
-	With a per TA granularity: the slice group can be configured by O&M directly to NG-RAN and to the AMFs, but to limit O&M impacts and to make it easier to achieve a consistent configuration, if a granularity per TA is agreed, assume O&M configures NG-RAN and then NG-RAN informs AMF of per slice and TA association to slice groups as to also ensure that AMFs can configure the UE with Slice Groups for other TAs than those AMF is connected to, the AMF needs to pass the information to the NSSF so the NSSF can pass the collected information to the AMFs.
With a per TA granularity there is a need both at RAN and at AMF to understand the slice groups supported by neighbour TAs. Such awareness can be achieved via OAM configuration at RAN and OAM. 
	In lack of such OAM configuration, there will be a need for more complex signalling. As an example, the following will need to be supported:
- signalling over Xn of slice group per TAI support at Xn Setup
- signalling over Xn of slice group per TAI support at Xn: NG-RAN node Configuration Update. This is needed if the slice group support at NG-RAN changes 
- signalling over N2 of slice group support in neighbouring NG-RAN TAs, to allow AMF to signal slice group mapping over NAS.
NOTE:	RAN3 needs to be consulted to validate solutions.
-	With a per PLMN granularity: the slice group can be configured by O&M directly to NG-RAN and directly to the AMFs. The configuration effort is lower than with per TA solutions, hence it is assumed that signalling based solutions like those described above can be avoided
Observation: Mechanism to configure the network is dependent on granularity conclusions, but clearly the per PLMN granularity is much simpler i.e. " O&M directly to NG-RAN and directly to the AMFs ". For a per TA granularity, RAN3 input is needed, but assumption would be to assume OAM configuration at RAN and OAM and to extend NGAP SETUP procedure to allow NG-RAN informing AMF of per network slice and TA association to slice groups and then extend NSSF services for AMFs to send the collected information per TA to NSSF and then NSSF sends the collected information to the AMFs. 
Proposal 2: Progress a per PLMN granularity with OAM configuration at the NG-RAN and AMF/NSSF.
2.3	How the slice group is sent to the UE
For all network slices of the Configured NSSAI, the AMF sends to the UE the network slice to slice group association, and that association is valid until updated by the AMF.
As to enable an AMF to send the information for all the S-NSSAIs of the Configured NSSAI, the AMF either needs to be configured with the information for all the S-NSSAIs or the AMF gets the information from the NSSF.
It can be up to CT1 to encode the information e.g. as new separate information. As the information can change over time the Registration and the UCU procedures are to be updated allowing to send the information to the UE.
Proposal 3: Update Registration and the UCU procedures allowing to send the network slice to slice group associations to the UE. 
2.4	Whether a network slice can be associated with maximum one, two or multiple slice groups
-	As the slice group concept will be used for both RACH and cell reselection and that these are two different functionalities, e.g., the priority of a network slice to get resources and access is logically different from the network slice coverage and availability, it makes sense to allow a network slice to be associated to at least two slice groups. 
-	The flexibility to define network slice to be associated to more than one group makes it easier to keep the slice group ID shorter and also to better keep the privacy of the real network slices associated to the slice group in the SIB.
-	Also, as discussed above for cell reselection, the flexibility of allowing a network slice to be associated to more than one slice group makes it possible to describe neighbor cell information describing neighbor cells at TA borders with different network slice support.
-	Even if RAN2 agreed that a network slice is not associated with multiple slice groups for the same purpose within a slice to slice group mapping “granularity”, there is no reason why more than two slice groups should not be allowed if it makes it easier to reduce the size of the SIB and whether to make use of the possibility to associate a network slice to more than two slice groups can be left to deployments as long as it is allowed by the standard. Also, for RACH there could be benefits to use separate Slice Groups for RACH prioritization and RACH partitioning.
Proposal 4: Allow a network slice to be associated to more than two slice groups.
2.5	Whether to define a priority between the network slices for cell reselection
From RAN#95e it is clear that there is a need to agree on a network controlled slice priority:
Options for what UE does with the network provided slice priority:
1.	UE strictly follows the network provided slice priority;
2.	UE may follow the network provided slice priority i.e. the UE can apply a different priority based on the UE implementation and network input is simply an option/guidance;
3.	UE strictly follows the network provided slice priority, but is allowed to change priority under certain conditions/scenarios e.g. when registering a new network slice.
Some considerations on this matter:
-	It is beneficial to have a deterministic behavior of the UE. Namely, the UE behaviour needs to be predictable because the UE's cell reselection impacts the network paging and with that the dimensioning of paging capacity. Also, the UE´s cell reselection criteria affect the cell from which the UE accesses the network, therefore impacting the load of the network e.g. the network controlled cell reselection logic is used to achieve a good load balance. Therefore option 2 is not to be progressed.
-	Option 1 can be wanted for some operators as to ensure that network priority is always used, but there can also be cases when it is beneficial for the UE to be able to change the slice priority. As option 1 can be regarded as a special case of option 3 it is proposed to progress option 3 and further discuss the conditions/scenarios.
-	Registering a new slice: the change of slice priority could be due to the new slice is not supported in the current cell/TA, i.e. the change of slice priority can lead to a cell reselection to a new cell/TA that supports the new added network slice. 
-	Establishing a new PDU Session: the change of slice priority would not be due to the slice is not supported in the current cell/TA, but rather to get the best cell/frequency from start. This is hard for SA2 to judge as from SA2 perspective the UE can use current cell and then be moved to an appropriate cell/frequency by the network.
-	Activating UP with a Service Request: the change of slice priority would not be due to the slice is not supported in the current cell/TA, but rather to get the best cell/frequency from start. This is hard for SA2 to judge as from SA2 perspective the UE can use current cell and then be moved to an appropriate cell/frequency by the network. 
Proposal 5.1: UE strictly follows the network provided slice priority, but the network can indicate whether the UE is allowed to change priority when registering a new network slice. Whether to add more conditions when UE can be allowed to change slice priority is FFS and it is proposed to ask RAN2.

The network can provide slice priority via NAS or AS
-	If the network provided slice priority is determined based on the current usage of the network slices e.g. which network slices that are registered, which have UP activated etc, then 
-	providing the network provided slice priority via NAS, by the AMF, requires the AMF to be able to provide updated network provided slice priority at least for Registration procedure, and Service Request procedure, and probably using the UE Configuration Update procedure, while;
-	providing the network provided slice priority via AS, by the NG-RAN, requires the NG-RAN to be able to provide updated network provided slice priority at RRC Release.
Observation: It seems more efficient to provide the network provided slice priority via AS.
-	The NG-RAN has a better knowledge of the policies for load balancing of the AS resources. As an example, it has been already agreed to signal Allowed NSSAI to the to the NG-RAN to allow the ran to perform more efficient load balancing. Similarly, slice priorities can be signalled to the RAN or allow the RAN to be aware of the priority rules signalled to the UE.
-	The slice aware cell reselection logic in short uses the network slice priorities as input to decide on frequency priorities for cell reselection. RAN2 has agreed that the RRC Release is extended with frequency priority list per Slice group i.e. when a prioritized slice group been selected the new list gives the cell reselection priorities to use including enhanced possibilities to allow or exclude certain cells etc, see annex. 
-	It has been claimed that NG-RAN can simply adapt the cellReselectionPriorities based on a network provided slice priority, but that would not enable the same possibilities for differentiation e.g. the NG-RAN could provide only the network provided slice priority and then the UE uses the cell reselection priorities from SIB (that e.g. includes sliceCellListNR that enables a better differentiation and seems not easy to provide at RRC Release), or if the UE is meant to be able to change the slice priority under some conditions then it is beneficial if the UE knows what the slice priority currently being applied. 
-	If the UE is only allowed to change slice priorities when registering a new network slice, as to enable a possible cell reselection before registering the new slice with the 5GC, then there seems less need for changing frequency priorities for a specific Slice Group between cells of a TA while that is possible with the SIB information added by RAN2.
Proposal 5.2: Provide the network provided slice priority via AS to the UE, the UE AS may forward to UE NAS, based on agreements in CT1 and RAN2. It is TBD if AMF should be able to provide any additional information to NG-RAN to aid NG-RAN creating the network provided slice priority.
3. Proposal(s)
It is proposed to agree on the following proposals:
Proposal 1: Progress a granularity per PLMN, and if that is not acceptable progress 4. Per TA granularity with slice group ID valid in geographical area
Proposal 2: Progress a per PLMN granularity with OAM configuration at the NG-RAN and AMF/NSSF.
Proposal 3: Update Registration and the UCU procedures allowing to send the network slice to slice group associations to the UE.
Proposal 4: Allow a network slice to be associated to more than two slice groups.
Proposal 5.1: UE strictly follows the network provided slice priority, but the network can indicate whether the UE is allowed to change priority when registering a new network slice. Whether to add more conditions when UE can be allowed to change slice priority is FFS and it is proposed to ask RAN2.
Proposal 5.2: Provide the network provided slice priority via AS to the UE, the UE AS may forward to UE NAS, based on agreements in CT1 and RAN2. It is TBD if AMF should be able to provide any additional information to NG-RAN to aid NG-RAN creating the network provided slice priority.

It is proposed to approve CRs following the proposals above e.g. 
Per PLMN granularity of Slice Group:	in S2-2202226 and S2-2202227.
Network provided slice priority:	in S2-2202224 (Option 1: AS based solution)
If AS based solution is not acceptable:	in S2-2202224 (Option 2: NAS based solution), and S2-2202225
It is proposed to send an LS to e.g. RAN2 and RAN3 as per draft LS out in S2-2202228.
In the LS ask the following questions to RAN2 wrt to per TA granularity (questions 1 and 2) and slice priorities (question 3):
1)	For per TA granularity of Slice Group, how is the UE meant to understand the definition of the Slice Groups used in the neighbour cell information (especially when they are in another TA) e.g. is the UE meant to read SIB1 of neighbour cells for understanding neighbour cell info in current cell, or is the definition of the values of the sliceGroupIDs of current cell required to be the same as used in neighbour cells? 
2)	Is there a benefit in changing the cell/frequency priorities to a cell/TA within the RA e.g. when UE establish PDU Session or activate UP with service request?
3)	Is there a benefit in triggering a cell reselelection to a cell/TA within the RA due to a change of slice priorities e.g. when UE establish PDU Session or activate UP with service request?
Annex	part of the approved RAN2 CR to 38.331
[bookmark: _Toc76423783][bookmark: _Toc60777495]–	FreqPriorityListNRSlicing
The FreqPriorityListNRSlicing indicates cell reselection priorities for slicing.
FreqPriorityListNRSlicing information element
-- ASN1START
-- TAG-FREQPRIORITYLISTNRSLICING-START

FreqPriorityListNRSlicing-r17 ::= SEQUENCE (SIZE (0..maxFreq)) OF FreqPriorityNRSlicing-r17

FreqPriorityNRSlicing-r17 ::=               SEQUENCE {
    sliceInfoList-r17                     SliceInfoList-r17        OPTIONAL,        -- Need R
    ...
}

SliceInfoList-r17 ::= SEQUENCE (SIZE (1..maxSliceInfo-r17)) OF SliceInfo-r17

SliceInfo-r17 ::=                    SEQUENCE {
    sliceGroupID-r17                    SliceGroupID-r17,
    cellReselectionPriority-r17             CellReselectionPriority       OPTIONAL,        -- Need R
    cellReselectionSubPriority-r17          CellReselectionSubPriority   OPTIONAL,        -- Need R
    sliceCellListNR-r17                             CHOICE {
        sliceAllowCellListNR-r17                         SliceCellListNR-r17,
        sliceExcludeCellListNR-r17                       SliceCellListNR-r17
    }                                                                       OPTIONAL,   -- Need R
    ...
}

SliceGroupID-r17 ::=              BIT STRING (SIZE(8))        -- The size is FFS, depends on slice group granulartiy

SliceCellListNR-r17 ::=          SEQUENCE (SIZE (1..maxCellSlice-r17)) OF PCI-Range

-- TAG-FREQPRIORITYLISTNRSLICING-STOP
-- ASN1STOP

	FreqPriorityListNRSlicing field descriptions

	FreqPriorityListNRSlicing
Indicates the list of frequency priority information for frequencies. The 1st entry in the list corresponds to the current frequency (referring SIB2), the 2nd entry in the list corresponds to the first frequency indicated by the InterFreqCarrierFreqList in SIB4, and the 3rd entry in the list corresponds to the second frequency indicated by the InterFreqCarrierFreqList in SIB4, and so on.

	sliceCellListNR
Indicates the list of allow-list or exclude-listed neighbour cells for slicing. If sliceInfo-r17 corresponds to the current frequency, this field should be absent. FFS if the field can be provided in RRCRelease.

	sliceAllowCellListNR
Indicates the list of allow-listed neighbouring cells for slicing. If present, cells not listed in this list do not support the corresponding sliceGroup-frequency pair.

	sliceExcludeCellListNR
Indicates the list of exclude-listed neighbouring cells for slicing. If present, cells not listed in this list support the corresponding slice sliceGroup-frequency pair.
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