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1. Introduction
An LS has been sent from SA2 [1] to ask about slice availability within a TA, understanding on this issue as well as draft response will be provided in this paper.
The use cases and candidate solutions for slice specific reselection have been evaluated in email discussion [Post111-e][916][Slicing] RAN slicing study questions [2] and most companies acknowledge that RAN2 need to study the following solutions:
· Solution 1: Legacy dedicated priority via RRCRelease message.
· Solution 2: Slice related cell selection info, the slice info of serving cell and neighboring cells is provided in the system information or RRCRelease message. FFS: what information is broadcast.
· Solution 3: Slice related cell reselection info (e.g. Cell reselection priority per slice), the slice info of neighboring cells is provided in the system information or RRCRelease message. FFS: what information is broadcast.
· Solution 5: Rel-15 mechanisms such as HO, CA, DC and redirection can be used to access the intended slice in different cell.
In this paper, we also share some further understanding and details on the slice specific cell selection and reselection.
2. [bookmark: _Toc12718547]Discussion
2.1. Understanding on the slice availability within a TA
SA2 has sent an LS to RAN2 with the following questions asked:
1) In Rel-15 and 16, is it expected that each cell in the tracking area supports the same S-NSSAI(s)? (or, said otherwise, do all cells advertising the same TAC support the same set of S-NSSAIs?). 
If the answer is "no":
2a) Can RAN WGs and CT1 explain if it can happen that a UE, e.g. due to local radio conditions, can only use a cell in the TA where not all S-NSSAIs are present in the Allowed NSSAI it received (and that the TA supports), and can RAN WGs and CT1 explain how it is handled today in rel-15/16?
2b) If an S-NSSAI can be rejected depending on which cell the UE camps on even though it is supported in the TA, for the reason that it is not supported in the cell, is there in rel-15/16 a CT1 error code to handle this case (i.e. can a S-NSSAI be rejected, with a suitable cause code, depending on which cell of the TA the UE camps on, even though this S-NSSAI is known to be supported in the TA, for the reason that this S-NSSAI is actually not supported in the cell of the TA)? Is there any provisions in the RAN or CT1 specifications to handle this case?
For the first question, considering that the slices supported in different frequencies may be different, it would be too restricted in tracking area and registration area deployment if each cell in the tracking area has to support the same S-NSSAI and there is no such agreement made in R15 or R16. 
For example, in NG-ENDC scenario, some slices (e.g. URLLC) are supported via the NR SCG cells with same coverage as the LTE PCell while the LTE cell in the MCG does not support such a slice itself. If it is assumed that each cell in the same TA supports the same slice, supporting these slices via NG-ENDC scenario cannot be achieved.
As shown in figure 1, different cells on different frequency layer supporting different slices may be deployed with the same coverage. Since slice 1 and 2 can be supported within the coverage of TA#1, they can be configured as allowed NSSAI.
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Figure 1: Example of deployment scenario
In such deployment scenario, the allowed NSSAI is available within the TA but not all the cells in this TA are required to support slice 1and 2.Thus, we do not see the need to have the restriction that each cell in the tracking area supports the same S-NSSAI(s).
Observation 1: From RAN2’s perspective, it is not expected that each cell in the tracking area supports the same S-NSSAI(s).
For 2a) and 2b), it is possible that cell#1 is ranked as the best cell during cell reselection procedure and UE selects this cell to initiate service for slice 1 or 2. In that case, from RAN2’s perspective, network can use some existing R15/R16 mechanisms, e.g. add another cell (e.g. cell#2) supporting the intended slice as SCells, handover, release and redirect or configure higher reselection priority to guide UE to cell#2. 
It is also possible that cell#1 is the only cell UE can camp on while all the other cells in this TA are not available, UE may initiate service for slice 1 or 2 via cell#1 but the PDU session will not be set up successfully and cause “slice(s) not supported” will be reported to the core network.
Observation 2: From RAN2’s perspective, it is possible that UE selects a cell not supporting the UE intended slice due to local radio conditions (e.g. the best cell does not support the intended slice but it is selected by UE following the cell reselection rules). In this case, the R15/R16 mechanism (e.g. CA/DC, HO, release with redirection and UE specific cell reselection priority) can be used to guide UE to a cell supporting the intended slice. It is also possible that UE camp on a cell not supporting the UE intended slice while all the other cells in the TA are not available. UE may initiate service for the intended slice on this cell but the PDU session will not be set up successfully and a cause “slice(s) not supported” will be reported to the core network.
2.2. Slice specific cell selection and re-selection
2.2.1. Slice specific reselection priority
In addition to the R15 mechanism (e.g. HO/DC/CA/release with redirection/dedicated reselection priority per UE), the followings solution has been proposed in email discussion [Post111-e] [916] [Slicing] RAN slicing study questions to help UE reselect to a cell supporting the intended slice.
Slice related cell reselection info (e.g. Cell reselection priority per slice), the slice info of neighboring cells is provided in the system information or RRCRelease message. 
To broadcast cell reselection priority per slice, one straightforward solution is to associate the RACH resources with N-SSAI/S-NSSAI or part of it in system information. However, there has been some security concern from SA3 on exposing the NSSAI/S-NSSAI (or parts of it) in system information in R15 discussion [3]. Although broadcasting NSSAI/S-NSSAI (or parts of it) is acceptable to some slices without security concern, the NSSAI/S-NSSAI (or parts of it) shall not be exposed in system information for some security/privacy sensitive slices.
Observation 3: Although broadcasting NSSAI/S-NSSAI (or parts of it) is acceptable to some slices without security concern, the NSSAI/S-NSSAI (or parts of it) shall not be exposed in system information for some security/privacy sensitive slices.
With the above observation, we understand that a common solution of broadcasting cell reselection priory per slice is needed for slice with/without security concern on the exposing of NSSAI/S-NSSAI (or parts of it).
Proposal 1: A common solution of broadcasting cell reselection priority per slice is needed for slice with/without security concern on exposing of NSSAI/S-NSSAI (or parts of it).
· Solution 1: Link the per slice reselection priority to a certain slice via operator defined access category
One possible solution is to link the slice and the reselection priority via operator defined access category.
The operator-defined access category definition (shown below) can be configured to UE via REGISTRATION ACCEPT message and get updated via CONFIGURATION UPDATE COMMAND message [4]. Specially, the criteria consisting of one or more access category criteria type and associated access category criteria type values. An access category criteria type can be associated with more than one access category criteria values. The access category criteria type can be set to one of the following:
· DNN;
· 5QI
· OS Id + OS App Id of application triggering the access attempt; or
· S-NSSAI
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Figure 2: Operator-defined access category definition
Thus, a opera-defined access category can be associated with one or more S-NSSAIs and the association between the opera-defined access category and S-NSSAI is known to UE via NAS signaling. The association between operator defined access category and the corresponding reselection priority can be provided in system information to link the reselection priority and slice(s) implicitly. Since there can be 1:1 or 1:N mapping between the operator access category and S-NSSAI(s), one reselection priority set can be associated with one slice or a group of slices, allowing sufficient flexibility in NW configuration. Considering that the maximum number of operator-defined access category is 32, 5 bits would be sufficient to express an operator-defined access category associated with one or more slice while a S-NSSAI is 40 bits in size, associating cell reselection priority with operator-defined access category would help reduce the signaling overhead when configuring cell reselection priority per slice in system information or RRCRelease message.


Figure 3: Example of associating reselection priority and slices via Operator defined access category
· Solution 2: Link the per slice reselection priority to a certain slice via slice index
A list of supported slices can be configured to UE via NAS signaling (e.g. REGISTRATION ACCEPT message or CONFIGURATION UPDATE COMMAND message) and each slice is assigned with an index. The cell reselection priority associated with each slice index can then be broadcast in system information without exposing the actual NSSAI/S-NSSAI (or parts of it). Considering that the number of supported slices would be limited as it is a subset of slices while the full set is 2^40 = 1099511627776, associating cell reselection priority with slice index would help reduce the signaling overhead when configuring cell reselection priority per slice in system information or RRCRelease message.


Figure 4: Example of associating reselection priority and slices via slice index
Proposal 2: The following solutions should be considered to broadcast cell reselection priority per slice for slice with/without security concern on exposing of NSSAI/S-NSSAI (or parts of it).
· Solution 1: Link the per slice reselection priority to a certain slice via operator defined access category. The cell reselection priority for operator defined access category is broadcast in system information.
· Solution 2: Link the per slice reselection priority to a certain slice via slice index. The cell reselection priority set associated with each slice index is broadcast in system information.
2.2.2. Slice specific redirection
In R15, release with redirection has been supported to guide UE to a certain frequency. For UE supporting only one slice, the R15 mechanism would be sufficient as UE can be guided to a frequency supporting the intended slice. However, for the case when multiple slices are supported at UE side, the R15 mechanism may not be sufficient as UE may change the intended slice after the RRC connection is released. 


Figure 5: Example of using the R15 release with redirection
As shown in the above figure, after release with redirection from the source cell, UE may be guided to a frequency supporting the same slice as the source cell and get rejected if UE wants to initiate service for a different slice. To address this issue and enable UE fast access to an intended slice, one possible solution is to introduce slice specific redirection configuration in RRCRelease message and network would configure redirection target frequency for each slice it supports. UE will then follow the corresponding redirection configuration for the intended slice when new service is initiated.
Proposal 3a: Slice specific redirection should be introduced (i.e. configuring redirection target frequency for each supported slice) in RRCRelease message.
Regarding how to associate the redirection target with each slice, the following solutions can be considered:
· Solution 1: Link the per slice redirection target frequency to a certain slice via operator defined access category. 
· Solution 2: Link the per slice redirection target frequency to a certain slice via slice index. 
· Solution 3: Link the per slice redirection target frequency to a certain slice via S-NSSAI.
Considering that solution 3 may require more signaling overhead as the S-NSSAI would be larger in size than an access category and a slice index, solution 1 and 2 are preferred.
Proposal 3b: The following solutions should be considered on association between redirection target frequency and slice (s):
· Solution 1: Link the per slice redirection target frequency to a certain slice via operator defined access category. 
· Solution 2: Link the per slice redirection target frequency to a certain slice via slice index. 
2.2.3. UE behavior in supporting slice specific cell selection and reselection
For the case when slice specific reselection priority or redirection is configured, it is worth considering the expected UE behavior upon receiving such configuration. 
During email discussion, there has been some discussion on the definition of the intended slice with the following understanding for different cases:
· Case 1: cell selection/reselection (NOT triggered by MO and/or MT), the intended slice means the allowed or requested S-NSSAI(s).
· For the initial registration, and requesting new S-NSSAI(s): intended slices = Requested S-NSSAI(s)
· For idle-mode mobility: intended slices = allowed S-NSSAI(s)
· Case 2: cell selection/reselection and RACH (triggered by MO and/or MT), the intended slice means the S-NSSAI associated with MO / MT traffic.


Figure 6: Example of MO data triggered RRC connection establishment
For case 2, the intended slice means the S-NSSAI associated with MO / MT traffic, which will be known to UE before random access procedure. As shown in the above figure 6, UE may have already camped on a cell before the MO data is triggered with the S-NSSAI available at AS layers. If the intended slice is not supported in the current cell, the following UE behaviors can be expected:
· Alternative 1: UE reselect a cell supporting the intended slice and initiate random access to the new cell.
· Alternative 2: UE continues random access to the current cell and get released with the redirection or reselection information provided and perform cell reselection to a cell supporting the intended slice.
Since UE is aware that the intended slice is not supported in the current cell (with the assumption that the supported slice info is broadcast in system information) before initiating the random access procedure, there seems to be no need to wait for network rejection while alternative 1 complicates the cell reselection procedure with considerate impact on the existing cell reselection procedure defined in RAN2.
Table 1: NSSAI inclusion modes and NSSAI which shall be provided to the lower layers
	Initial NAS message
	NSSAI inclusion mode A
	NSSAI inclusion mode B
	NSSAI inclusion mode C
	NSSAI inclusion mode D

	REGISTRATION REQUEST message:
i)	including the 5GS registration type IE set to "initial registration"
	Requested NSSAI
	Requested NSSAI
	Requested NSSAI
	No NSSAI

	REGISTRATION REQUEST message:
i)	including the 5GS registration type IE set to "mobility registration updating"; and
ii)	initiated by case other than case g) or n) in subclause 5.5.1.3.2
	Requested NSSAI
	Requested NSSAI
	Requested NSSAI
	No NSSAI

	REGISTRATION REQUEST message:
i)	including the 5GS registration type IE set to "mobility registration updating"; and
ii)	initiated by case g) or n) in subclause 5.5.1.3.2
	Allowed NSSAI
	Allowed NSSAI
	No NSSAI
	No NSSAI

	REGISTRATION REQUEST message:
i)	including the 5GS registration type IE set to "periodic registration updating"
	Allowed NSSAI
	Allowed NSSAI
	No NSSAI
	No NSSAI

	SERVICE REQUEST message
	Allowed NSSAI
	See NOTE 1
	No NSSAI
	No NSSAI

	NOTE 1:	All the S-NSSAIs of the PDU sessions that have the user-plane resources requested to be re-established by the service request procedure or the S-NSSAIs of a control plane interaction triggering the service request is related to (see 3GPP TS 23.501 [8])
NOTE 2:	For a REGISTRATION REQUEST message which is triggered by emergency services, a DEREGISTRATION REQUEST message and a SERVICE REQUEST message which includes the service type IE set to "emergency services" or "emergency services fallback", no NSSAI is provided to the lower layers.
NOTE 3:	The mapped configured S-NSSAI(s) from the S-NSSAI(s) of the HPLMN are not included as part of the S-NSSAIs in the requested NSSAI or the allowed NSSAI when it is provided to the lower layers.


Furthermore, as shown in the above table from 24.501, it can be seen that the upper layer will not provide a specific slice when access triggered by MO or MT is initiated, only the requested NSSAI or allowed NSSAI is provided to AS layer. To support alternative 1 or 2, the intended slice should be provided from upper layers which will also impact SA2 and CT1 specs. 
To reduce the spec impact in RAN2, SA2 and CT1, we prefer to use the same definition for intended slice (i.e. the requested NSSAI or allowed NSSAI provided from upper layers) in case 2 as that in case1.
Proposal 4: In case of cell selection/reselection, the intended slice refers to the allowed or requested S-NSSAI(s) provided from upper layers.
With the above understanding on the intended slice for both case 1 and case 2, there may be more than one slices in the requested NSSAI or allowed NSSAI. 
As shown in the following figure, when the cell reselection priority or redirection target per slice is configured via system information or RRCRelease message, more than one sets of reselection priority of redirection target may be configured and thus it is worth considering which cell reselection priority or redirection target should be applied by UE during cell selection or reselection procedure.


Figure 7: Example of configuring per slice reselection priority
One possible is to define a primary S-NSSAI in the allowed NSSAI or requested NSSAI, which can be the first slice, the most important slice, the most frequently used slice or the slice has highest latency requirement in the requested or allowed S-NSSAI list. UE will then apply the corresponding reselection priority or redirection target for this primary slice during cell selection and reselection procedure.
Proposal 5: If the intended slice refers to the allowed or requested NSSAI with more than one slices included, a primary slice should be defined and UE should apply reselection priority or redirection configuration for this primary slice.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Observation 1: From RAN2’s perspective, it is not expected that each cell in the tracking area supports the same S-NSSAI(s).
Observation 2: From RAN2’s perspective, it is possible that UE selects a cell not supporting the UE intended slice due to local radio conditions (e.g. the best cell does not support the intended slice but it is selected by UE following the cell reselection rules). In this case, the R15/R16 mechanism (e.g. CA/DC, HO, release with redirection and UE specific cell reselection priority) can be used to guide UE to a cell supporting the intended slice.
Observation 3: Although broadcasting NSSAI/S-NSSAI (or parts of it) is acceptable to some slices without security concern, the NSSAI/S-NSSAI (or parts of it) shall not be exposed in system information for some security/privacy sensitive slices.
Proposal 1: A common solution of broadcasting cell reselection priority per slice is needed for slice with/without security concern on exposing of NSSAI/S-NSSAI (or parts of it).
Proposal 2: The following solutions should be considered to broadcast cell reselection priority per slice for slice with/without security concern on exposing of NSSAI/S-NSSAI (or parts of it).
· Solution 1: Link the per slice reselection priority to a certain slice via operator defined access category. The cell reselection priority for operator defined access category is broadcast in system information.
· Solution 2: Link the per slice reselection priority to a certain slice via slice index. The cell reselection priority set associated with each slice index is broadcast in system information.
Proposal 3a: Slice specific redirection should be introduced (i.e. configuring redirection target frequency for each supported slice) in RRCRelease message.
Proposal 3b: The following solutions should be considered on association between redirection target frequency and slice (s):
· Solution 1: Link the per slice redirection target frequency to a certain slice via operator defined access category. 
· Solution 2: Link the per slice redirection target frequency to a certain slice via slice index. 
Proposal 4: In case of cell selection/reselection, the intended slice refers to the allowed or requested S-NSSAI(s) provided from upper layers.
Proposal 5: If the intended slice refers to the allowed or requested NSSAI with more than one slices included, a primary slice should be defined and UE should apply reselection priority or redirection configuration for this primary slice.
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1. Overall Description:

RAN2 thanks SA2 for the LS on Cell Configuration within TA/RA to Support Allowed NSSAI.
1) In Rel-15 and 16, is it expected that each cell in the tracking area supports the same S-NSSAI(s)? (or, said otherwise, do all cells advertising the same TAC support the same set of S-NSSAIs?). 
Answer: From RAN2’s perspective, it is not expected that each cell in the tracking area supports the same S-NSSAI(s).

If the answer is "no":
2a) Can RAN WGs and CT1 explain if it can happen that a UE, e.g. due to local radio conditions, can only use a cell in the TA where not all S-NSSAIs are present in the Allowed NSSAI it received (and that the TA supports), and can RAN WGs and CT1 explain how it is handled today in rel-15/16?

2b) If an S-NSSAI can be rejected depending on which cell the UE camps on even though it is supported in the TA, for the reason that it is not supported in the cell, is there in rel-15/16 a CT1 error code to handle this case (i.e. can a S-NSSAI be rejected, with a suitable cause code, depending on which cell of the TA the UE camps on, even though this S-NSSAI is known to be supported in the TA, for the reason that this S-NSSAI is actually not supported in the cell of the TA)? Is there any provisions in the RAN or CT1 specifications to handle this case?
Answer: From RAN2’s perspective, it is possible that UE selects a cell not supporting the UE intended slice due to local radio conditions (e.g, the best cell does not support the intended slice but it is selected by UE following the cell reselection rules). In this case, the R15/R16 mechanism (e.g. CA/DC, HO, release with redirection and UE specific cell reselection priority) can be used to guide UE to a cell supporting the intended slice. It is also possible that UE camp on a cell not supporting the UE intended slice while all the other cells in the TA are not available. UE may initiate service for the intended slice on this cell but the PDU session will not be set up successfully and a cause “slice(s) not supported” will be reported to the core network.

[bookmark: _GoBack]2. Actions:

RAN2 kindly asks SA2, CT1 and RAN3 to take the above into account.

3. Date of Next TSG-RAN WG2 Meetings:
RAN2#113           	2021-01-25	2021-02-05	Online Meeting
RAN2#113-bis        2021-04-12	2021-04-20	Online Meeting
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