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Abstract of the contribution: This contribution proposes some updates to the evaluation and conclusions for KI#7.
1. Introduction/Discussion
This contribution includes an evaluation update and proposed conclusions for KI#7.
The Radio Spectrum attribute may include more than one frequency for a slice, so the cells may serve the slice by different operating band though all the cells in a TA supports the S-NSSAI. How to steer UE to a cell with the frequency that the UE supports should also be studied in KI#7 when the UE has limited radio capability.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-40.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc54638289][bookmark: _Toc54638783][bookmark: _Toc54639665][bookmark: _Toc54935811]7.7	Evaluation on solutions of KI#7
Editor's note:	This clause will need further updates based on RAN WGs feedback. This clause will need further update taking in consideration new solutions added in SA2#141e.
In GSMA 5GJA NG.116 [3], Radio Spectrum is to tell which frequencies can be used to access the network slice. The attribute may be understood as the following scenarios:
· Scenario A: Network slice is preferably served by certain frequencies so as to achieve better performance for the services using the network slice. There is a common operating band for multiple slices supported in current RA.
· Scenario B: Network slice is only served by the frequencies as the Radio Spectrum attribute indicates. In other words, these indicated frequencies may be dedicated to a specific network slice. There may be no common operating band for multiple slices, which the UE wants to access simultaneously.
The main issue to be resolved in KI#7 is how the 5GS steers UEs to a 5G-AN (e.g. a specific frequency band supported by the UE) that supports the network slices that the UE can use. Table 7.7-1 summarized the gaps of the possible cases.
Table 7.7-1: Gaps of possible scenarios for Key Issue #7
	Case
	Prerequisites and assumptions
	Current Gaps

	Case #1
	· Scenario A.
· All cells of the RA support the network slices provided in the Allowed NSSAI.
	How to help UE to access a slice which is not in the Allowed NSSAI?

	Case #2
	· Scenario A.
· Different cells within a tracking area can support different S-NSSAIs.
	How to steer UE to another cell supporting the slice that UE wants but not supported in the current cell? 
How to establish a PDU session through the cells supporting the slice that the UE wants but not supported in the current cell?
How to simultaneously establish PDU sessions in different slices which are supported by different cells?

	Case #3
	· Scenario B.
· UE radio capability is not concerned.
	Whether does the Allowed NSSAI include S-NSSAIs without common frequency?
If yes, how to establish PDU sessions simultaneously in different slices without common frequency?

	Case #4
	· Scenario B.
· UE has limited radio capability.
	Whether is Allowed NSSAI decided according to the UE radio capability?
If yes, how to steer the UE to a cell supporting the slice with the frequency that the UE supports, in the case that some cells in the TA only support a slice on part of the frequencies listed in the Radio Spectrums of the slice, while the UE due to limited radio capability is unable to use these frequencies to establish a PDU session.
If no, how to guarantee that in current RA the UE with limited radio capability is always able to establish PDU sessions with the slices in the Allowed NSSAI?



Solutions 17, 29, 30, 31, 44, 45 and 4644 are for Key Issue #7. All solutions are compatible with assumption that each cell in the tracking area supports the same S-NSSAI(s).
Editor's note:	Whether different cells within a tracking area can support different S-NSSAIs is based on RAN WGs feedback.
Solution 17, 29, and 30 focus on the Registration procedure while solutions 31 and 44 focus on the PDU session establishment procedure.
As for Case#1, Solution 17, 29, 30 and 46 can help the UE to register to another TA supporting the slice that the UE wants. 
Solution 17 allows the UE to request registration for S-NSSAIs outside of the Allowed NSSAI. The 5GC then determines which slices are preferred, and steers the UE towards the preferred S-NSSAIs, or rejects the requested slice(s). Thus, the solution assumes that the network always can decide which network slices to register without explicitly knowing what network slice(s) the user prefers.
Editor's note:	Whether there are use cases where the 5GC cannot determine suitable slices to register for a UE requesting slices that cannot be used at the same time due to the slices are not defined to be available in the same frequencies is FFS.
Solution 29 also allows the UE to request registration for S-NSSAIs outside of the Allowed NSSAI. The UE is provided with frequency band information per network slice in the Configured NSSAI. When the UE wants to register to slice(s) the UE may perform cell selection/reselection based on the received frequency band information of the slice(s). It is then understood that the UE will only request slices that are accessible simultaneously in the selected cell and the AMF will include in the Allowed NSSAI only S-NSSAI(s) that are accessible simultaneously. Solution 29 has an impact on the UE. In order to provide the frequency band information to the UE in the Configured NSSAI, the 5GC has to know the radio frequency deployment in RAN, there are some configuration coupling between the 5GC and the RAN.
Solution 30 also allows the UE to request registration for S-NSSAIs outside of the Allowed NSSAI. The UE is provided with frequency band information per network slice in the Configured NSSAI. Each of a slice's target carrier frequencies can also be associated with a priority. The UE uses this information during cell selection in Idle mode when the UE wants to use a network slice (as in solution 29). Solution 30 has an impact on the UE. There are also some configuration coupling between the 5GC and the RAN.
Solution 46 also allows the UE to request registration for S-NSSAIs outside of the Allowed NSSAI. In Solution 46, the RAN takes into account the Configured NSSAI and rejected S-NSSAIs when providing CellReselectionPriority list to the UE. The CellReselectionPriorities include bands of Rejected S-NSSAIs, if such bands are available in neighbour cells UE can access. 5GC needs no frequency deployment information.
As for Case#2, there is no solution currently.
As for Case#3, Allowed NSSAI only includes S-NSSAIs with common frequencies for Solution 17, 29 and 46. In Solution 30, 31 and 44, Allowed NSSAI can contain S-NSSAIs with different frequency bands. 
In Solution 30, the UE is allowed to register to multiple network slices which are accessible on different preferred frequency band(s) within the Registration Area. The solution mentions that secondary cell (e.g. Dual Connectivity) can be used in some scenarios, but this assumption is not valid in all scenarios (e.g. if the UE is registered to 3 slices that are not all available in the on a common operating band or if the UE is not capable of NR/NR DC). Solution 30 has an impact on the UE.
Editor's note:	Impacts on the cell selection/reselection mechanisms would require feedback from RAN WGs and CT WG1.
Solution 31 and solution 44 propose mechanisms to steer UEs to a 5G-AN (e.g. a specific frequency band) during the PDU Session establishment procedure. Both solutions assume that the network can be configured with preferred frequency band information for each slice but this information is not provided to the UE. The difference is in solution 31 the AMF decides to steer the UE to a target RAN Node while in solution 44 the RAN decides to steer the UE to the target RAN Node. There is no configuration coupling between the 5GC and the RAN in solution 44.
Solution 44 doesn't have any impact on the system. Solution 44 does not handle the case where the operator manages a different range of radio spectrums for some network slices (i.e. some network slices cannot be accessed via certain frequencies). So that, solution 44 needs to work with other solutions, which can handle the UE’s registration properly.
Solutions 30 and 31 do not explain how to handle the case where the UE attempts to maintain PDU Sessions in slices that are not all accessible in the same operating band. Both solutions propose to optionally use NR/NR Dual Connectivity in order to use different frequency bands simultaneously when the UE supports NR/NR Dual Connectivity. This is not possible in all scenarios (e.g. if the UE is registered to 3 slices that are available on a common operating band in the primary cell or if the UE is not capable of NR/NR DC).
As for Case#4, in Solution 45 the AMF provides Allowed NSSAI only including S-NSSAIs with compatible frequency band with respect to the UE capabilities. If some cells in current TA only support part of the frequencies listed in the Radio Spectrum, due to limited radio capability the UE may not be able to access the slice through these cells. Solution 45 does not handle this case. So that, solution 45 needs to work with other solutions, which can handle the PDU session establishment properly.
Table 7.7-21 summarized some differences between solutions 17, 29, 30, 31, 44, 45 and 464.
Table 7.7-12: Key Issue #7 Solution Comparison
	#
	Criteria
	Solution 17
	Solution 29
	Solution 30
	Solution 31
	Solution 44
	Solution 45
	Solution 46

	1
	When slice(s), to which the UE wants to register, are not available in a current cell, is the UE able to select a different cell/band that supports the  slice(s)?
(i.e. Is the UE aware of what slices are supported by each operating band?)
	No
UE can select a slice not available in current cell and get re-directed to wanted slice/TA
	Yes
Supported bands are provided in the Configured NSSAI. 
	Yes
Supported bands of the Serving PLMN are provided in the Configured NSSAI.
	No
Slice availability based on UP resources
	No
Slice availability based on UP resources
	No
It is not mentioned how the UE can be re-directed to another cell/TA in which the UE can access the slice it wants.
	No
RAN attempts to provide to the UE a Cell Reselection Priorities list in RRC Connection Release with bands that includes Rejected S-NSSAIs, if such bands are available in neighbour cells of the cell where the UE currently is.

	2a
	Can the UE have slices in its Allowed NSSAI that are not all available on some common operating band(s)?
FFS: The need of this Criteria depends on RAN feedback.
	No
	No
	Yes
	No
	No
	No
	No

	2b
	Does the solution allow the UE to simultaneously use all slices in the Allowed NSSAI (i.e. simultaneously maintain PDU Sessions in all of the Allowed slices per TS 23.501 [2], clause 5.15.5.1.1)?
FFS: The need of this Criteria depends on RAN feedback.
	Yes
	Yes
	Yes
Valid if all S-NSSAIs of the Allowed NSSAI operate common frequency band (e.g. in the primary cell).

	Yes
	Yes
	Yes
	Yes

	3
	How does 5GS steer UEs to a 5G-AN (e.g. a specific frequency band) that can support the network slices that the UE wants to use.
	RAN Redirects the UE when it detects, as per NSSAI and RFSP provided by AMF, that the UE wants to access a slice that is not available in the current band.
	The UE is told what operating bands will work with each slice. The UE in Idle mode selects a cell in the frequency band of the requested NSSAI.
The network can consider the Allowed NSSAI when determining what cell to handover the UE to
The network can consider the Allowed NSSAI when configuring the UE's cell selection priorities.
	The UE is told what operating bands will work with each slice. The UE in Idle mode selects a cell in the frequency band of the requested NSSAI.
The network can consider the Allowed NSSAI when determining what cell to handover the UE to
The network can consider the Allowed NSSAI when configuring the UE's cell selection priorities.
	RAN steers the UE based on the requested S-NSSAI provided by the AMF in the PDU Session Establishment Request procedure.
	RAN steers the UE based on the S-NSSAI provided by the SMF in the PDU Session Establishment Request procedure, and when activating UP resources.
	It is not mentioned
	RAN provides to the UE Cell Reselection Priorities list in RRC Connection Release with bands that includes Rejected S-NSSAIs, if such bands are available in neighbour cells.

	4
	What information does the 5G-AN need to steer UE to a proper 5G-AN.
	RAN uses the Target NSSAI and corresponding RFSP from the AMF
	Existing Mechanisms (i.e. RFSP Index and the RAN can consider the Allowed NSSAI)
	Existing Mechanisms (i.e. RFSP Index and the RAN can consider the Allowed NSSAI)
	RAN uses the S-NSSAI provided by the AMF in the PDU Session Establishment Request procedure
	RAN uses the S-NSSAI provide by the SMF in the PDU Session Establishment Request procedure and
Existing Mechanisms (i.e. RFSP Index and the RAN can consider the Allowed NSSAI) for subsequent steering.
	It is not mentioned
	RAN uses Allowed NSSAI, configured NSSAI and rejected S-NSSAIs received from the AMF.

	5
	What information should be provided to the UE to select a proper 5G-AN and how it is sent to the UE.
	No new information is sent to the UE.
	Supported bands are provided in the Configured NSSAI. 
	Supported bands of the Serving PLMN are provided in the Configured NSSAI.
	No new information is sent to the UE.
	No new information is sent to the UE.
	No new information is sent to the UE.
	Certain bands only support certain s-NSSAIs, and direct AMF selection information.

	6
	RAN Impacts
	Support getting additional Target NSSAI and RFSP Index for the Target NSSAI, and support moving the UE accordingly.
	None, the Allowed NSSAI is already provided to the RAN via N2.
	None, the Allowed NSSAI is already provided to the RAN via N2.
	RAN uses the S-NSSAI provided by the AMF in the PDU Session Establishment Request procedure to steer the UE.
	None, the Requested  NSSAI is already provided to the RAN via N2 SM message.
	RAN verifies the operating band  corresponding to the S-NSSAIs received from the AMF with respect to the UE radio capabilities
	Taking into account the Configured NSSAI and rejected S-NSSAIs when providing Cell Reselection Priority list to the UE.

	7
	UE Impacts
	No
	Yes
	Yes
(UE needs to support DC)
	No
(UE needs to support DC)
	No
(UE needs to support CA/DC)
	No
	No
(Legacy UEs ignore the additional information)

	8
	Can the UE change registration to network slices in CM-CONNECTED state?
	Yes
Assumes AMF supports the slices or can re-allocate to new AMF
	Yes
	TBD
	Yes
	Yes
	Yes
	Yes



Editor's note:	This table will need to be updated with new solutions from SA2#141e.

* * * * Second change * * * *
[bookmark: _Toc54638294][bookmark: _Toc54638788][bookmark: _Toc54639670][bookmark: _Toc54935816]8.7	Interim Conclusion for Key Issue #7
Editor's note:	The following is an interim conclusion for the KI#7 and are subject to change dependent on RAN WGs feedback, and on evaluation of the new solutions agreed in SA2#141e..
The existing capabilities of the 5GS, e.g. the ability to steer UEs to certain frequencies based on RFSP, Allowed NSSAI and activated UP, together with a suitable resource partitioning of the NG-RAN resources, enable the 5GS to support the case where the network operator prefers that certain network slices use certain frequencies (certain network slices may get dedicated resources by NG-RAN resource partitioning in preferred frequencies). The following interim conclusions are agreed:
Existing capabilities of the 5GS do not fully support the case where certain frequencies cannot be used to access a slice, in particular as described in clause 5.7 "how to select a particular cell that can be used to access the network slice(s) when the operator manages a different range of radio spectrums per network slice".
-	Existing (Rel-15/16) 5GS behaviour is that when the UE attempts to simultaneously register with slices that are not available in a common operating band, it is assumed that the some requested slices will be not allowed based on the network policies. The UE then can retry with a different Requested NSSAI if the current Allowed NSSAI is not suitable for its needs. This can result in several trials and errors till a stable state between UE and network is achieved. Or, if the S-NSSAI not allowed is provided as a Rejected S-NSSAI for the RA, the UE may wait to request the S-NSSAI until the UE moves out of the RA.
Existing capabilities of the 5GS do not fully support the case where a certain slice is only served by certain frequencies (including certain frequencies cannot be used to access a slice). The following interim conclusions principles are agreed:
-	Both registration and PDU session establishment should be included in the solution.
-	The UE radio capability should be taken into account.
-	In terms of radio frequency deployment, the 5GC and the RAN should be decoupled as much as possible.
Editor's note:	As per the statement GSMA statement "some terminals might be restricted in terms of frequencies to be used", the attribute may instead be understood as the vertical's terminal radio frequency support. It is FFS to clarify the GSMA's intention.
Editor's note:	It needs further clarification of the frequency deployment of the RAN slicing, in particular as described in clause 5.7 "how to select a particular cell that can be used to access the network slice(s) when the operator manages a different range of radio spectrums per network slice".

* * * * End of changes * * * *
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