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Discussion
In Rel-15 NR, carrier aggregation and NR and multi-RAT dual connectivity are introduced for UE to receive and/or transmit data in more than 1 serving frequency in RRC Connected.  This can be taken into consideration for the case where slices are available in different frequencies so that simultaneous usage of those slices are possible, as contrast to current assumption that simultaneous usage of slices can only occur for slices in the same frequency.  In order to take into the use of carrier aggregation and dual connectivity, there is a need to know the deployment and the UE radio capability during slice selection.

In Rel-15/16 design, slice selection is performed in UE while generating the Requested NSSAI (at the beginning of the procedure) or at the network while deciding on the Allowed NSSAI at the AMF/CN (after Step 3).
As mentioned in the previous paragraph, in order to take carrier aggregation and dual connectivity into account, 2 information is needed during slice selection:

a. Deployment of the slices in the different carrier frequency (i.e. the slice availability in each carrier frequency)
b. UE radio capability
Method #1: Slice selection at UE

In this method, the main issue is on how to provide the information a) to the UE. There are 2 approaches to provide the slice availability in each carrier frequency to the UE:

i) Broadcast to the UE by RAN over RRC signalling
ii) AMF/CN over NAS signalling
For i), the slice availability of the serving frequency can be provided either in SIB1 or in SIB3, while the slice availability of inter-frequency cells can be provided in SIB4.  Upon receiving the slice availability per carrier frequency, the UE AS forward the information to UE NAS and UE NAS can use this information during slice selection. 

For ii), the slice availability per frequency is provided to UE via NAS signalling (e.g. when providing the Configured NSSAI) during Update Configured NSSAI procedure (similar as proposed in solution #29). AMF/CN can get the local information of the RAN capability and deployment during NG Setup. With this information, the AMF/CN can provide the slice availability per carrier frequency to the UE NAS. 

Together with the UE radio capability, the UE NAS can decide whether concurrent usage of slices is possible during slice selection and only request slices that UE is able to perform concurrent usage. 

Observation 1: Method 1 has UE impact, the Rel-15/16 legacy UE cannot be supported.

Method #2: Slice selection at Network

In this method, the main issue is on how RAN provides the filtered requested NSSAI to the AMF/CN based on the slice availability in each carrier frequency in the deployment and the UE radio capability.

In Rel-15, the Allowed NSSAI from the AMF/CN (as in Step 5 of Figure 1 below) is based on the UE subscription, local configuration, and other locally available information including RAN capabilities in the current Tracking Area for the UE or load level information for a Network Slice instance provided by the NWDAF. The local configuration and other locally available information including RAN capabilities in the current Tracking Area for the UE is known to the AMF/CN via NG Setup and RAN Configuration Update procedure. As the slice availability per carrier frequency is not known to the AMF/CN, it is not possible currently for the AMF/CN to perform slice selection based on the slice availability per carrier frequency.  This can be added to NG Setup and RAN Configuration Update.  However, it is still not sufficient for the AMF/CN whether simultaneous usage of the slices is possible for the case the requested slices are in different carrier frequency unless it knows the UE radio capability related to its CA/DC capability. Currently, the UE radio capability is only a transparent container to the AMF/CN (as it is not required to know). One implementation method is that AMF/CN also takes UE radio capability into account in slice selection. 
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Figure 1
A more appropriate method is that the RAN (where the UE radio capability is well understood to provide the different radio features) provides the filtered requested NSSAI to the AMF/CN based on the slice availability in each carrier frequency in the deployment and the UE radio capability. RAN knows the slice availability in each carrier frequency in the deployment. However, the UE radio capability is only known to RAN either after RAN request from the UE (via Step 6 in Figure 1) during first Registration or after AMF/CN provides it during Initial UE Context Request in subsequent connection (via Step 5 in Figure 1). Some further changes in message exchange between the RAN and the AMF/CN are thus needed.

With the “indication” in Step 3 of Figure 1 to indicate to the AMF/CN that the RAN can perform slice-filtering based UE radio capability, AMF/CN does not provide the PDN session setup info in Step 4, as like in the case SRB only connection is established. This allows RAN to perform slice filtering during Initial UE Context Setup procedure and provides the filtered Requested NSSAI to the AMF/CN in the Initial UE Context Setup Response or in a new NGAP indication message. With the filtered Requested NSSAI from the RAN in Step 8 of Figure 1 from the RAN, the AMF/CN can derive the Allowed NSSAI and RFSP index which can be provided to the RAN in subsequent Downlink NAS Transport (for the case of Registration is the sending of the Registration Accept) as in Step 5 of Figure 2. If not, UE Context Modification procedure can be initiated to provide both the RFSP Index and the Allowed NSSAI. Annex C shows some examples of additional signalling in some of the existing messages required for this case.

Other than taking into account of the radio capability for the filtering of requested NSSAI, the filtering can also take into consideration of the user preference of the requested slices (e.g. priority order of the requested NSSAI).  This will allow the RAN to consider which requested slice should be filtered if slice requested are in different carrier frequencies while the UE radio capability can only handle a limited number of carrier frequencies.  An example is Slice S1 is in Frequency F1, Slice S2 is in Frequency F2 and Slice S3 is in Frequency F3 and UE requested for all 3 slices but can only do CA or DC for 2 frequency layers either F1 and F2 or F2 and F3 or F1 and F3.  With the knowledge of the user preference, the RAN can filter the best option for the UE.  The RAN can get user preference information from the AMF via the Initial UE Context Request or from the UE via the RRC Setup message.

Another alternative (described in Figure 2) is that, since the Requested NSSAI is provided from the UE over AS and NAS simultaneously, RAN provides the filtered Requested NSSAI (based on slice availability per frequency) directly over the NGAP Initial UE Message. The AMF can know, based on the Requested NSSAI over NAS and the filtered one over the NGAP Initial UE Message, that not all PDU sessions for the slices in the Requested NSSAI can be established in the RAN and can only trigger PDU session setup for those in the filtered Requested NSSAI (or a subset thereof). The Allowed NSSAI can still be based on the Requested NSSAI forwarded over NAS (i.e. not filtered by the RAN), so that information wise nothing is lost and the existing behaviour can be intact. Once the UE capability is known, the RAN may further decide to establish a PDU session for a slice that was filtered from the Requested NSSAI.
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Figure 3

Observation 2: Method 2 has no UE impact and can be applied to legacy UE.
Observation 3: Alternative 1 of method 2 allows for the RFSP to be considered before RAN filtering the Requested NSSAI. 
* * * * Start of Changes* * * * 

6.0
Mapping Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues

	Solution#'s
	Solution Titles
	Key Issue#'s

	1
	PCF measurement based Network Slice SLA control for Maximum Number of UEs parameter
	1

	2
	Max number of UEs per Network Slice control at registration
	1

	3
	AMF/NSSF based counting of UEs in a Network Slice
	1

	4
	NWDAF enhancements for supporting of network slice quota on the maximum number of UEs
	1

	5
	NWDAF enhancements for supporting of network slice quota on the maximum number of PDU Sessions
	2

	6
	PCF-based counting of PDU Sessions in a Network Slice
	2

	7
	Support of Network Slice SLA for Maximum Number of PDU sessions parameter
	2

	8
	AMF and O&M based solution
	1, 2 & 4

	9
	Monitoring multiple quotas of number of UEs/PDU Sessions per S-NSSAI at NWDAF
	1, 2 & 4

	10
	Max number of PDU Sessions per Network Slice control via NSQ function
	2

	11
	Handling maximum number of sessions using NF status
	2

	12
	NSQ assisted dynamic adjustment of data rate per slice via NAS signaling
	5

	13
	Limitation of data rate per network slice in UL and DL per UE
	3

	14
	UE-Slice-AMBR adjustment to meet the limitation of data rate per Network Slice
	5

	15
	Using Back-off timer
	1

	16
	Slice data rate enforcement and dynamic adjustment
	5

	17
	Support of radio spectrum attribute by CN assisted RAN control
	7

	18
	Proactive Slice Quota Management in AMF
	1, 2, 4, 5

	19
	Support of network slice quota control and enforcement
	1, 2 & 5

	20
	Reusing existing QoS model to ensure that to limit the Maximum throughput UL/DL in a Network slice is not exceeded
	3 & 5

	21
	Limitation of data rate per network slice in UL and DL per UE without RAN involvement
	3

	22
	Solution on limitation of data rate per Network Slice in UL and DL per UE
	3

	23
	Network slice quota event notification
	4

	24
	NSQ assisted dynamic adjustment of data rate per slice via user plane adjustment
	5

	25
	Enforcement of MBR UL/DL per S-NSSAI
	5

	26
	Network controlled enforcement of simultaneous usage of network slices based on user preference
	6

	27
	Network slices simultaneous usage incompatibility support
	6

	28
	Constraints on simultaneous use of the network slice
	6

	29
	Providing Operating Band Information in the Configured NSSAI
	7

	30
	Preferred frequency bands in Configured NSSAI
	7

	31
	Steering the UE to a network slice in a different frequency band
	7

	xx
	RAN filtering the Requested NSSAI
	7


* * * * Second Change * * * * 
6.X
Solution#X: RAN filtering the Requested NSSAI
6.X.1
Introduction

This solution is for Key Issue #7, "Support of 5GC assisted cell selection to access network slice". The solution is based on the following architectural assumption:
-
Slice corresponding to a FB is homogeneously supported within a TA/RA.

6.X.2
High-level Description

During Registration procedure, RAN indicates to AMF that RAN can perform slice-filtering based UE radio capability, AMF/CN does not provide the PDN session setup info in Initial Context Setup Request message, as like in the case SRB only connection is established. This allows RAN to perform slice filtering during Initial UE Context Setup procedure and provides the filtered Requested NSSAI to the AMF/CN in the Initial UE Context Setup Response or in a new NGAP indication message. With the filtered Requested NSSAI from the RAN, the AMF/CN can update the Allowed NSSAI and RFSP index which can be provided to the RAN in subsequent Downlink NAS Transport (for the case of Registration is the sending of the Registration Accept).
6.X.3
Procedures
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Figure 6.X.3-1: RAN filtering Requested NSSAI

Changes on top of existing procedure:
Step 3: RAN indicates its capability to filter the Requested NSSAI. With the “indication” to indicate to the AMF/CN that the RAN can perform slice-filtering based on UE radio capability, AMF/CN does not provide the PDU Session establishment info in Step 5, as such SRB only connection is established. This allows RAN to perform slice filtering during Initial UE Context Setup procedure and provides the filtered Requested NSSAI to the AMF/CN in the Initial UE Context Setup Response or in a new NGAP indication message.
Step 7: RAN generates a filtered Requested NSSAI based on the Requested NSSAI from UE, UE radio capability and deployment.
Step 8: RAN sends the filtered Requested NSSAI to AMF.

Step 9: AMF updates the Allowed NSSAI based on the filtered Requested NSSAI.

6.X.4
Impacts on services, entities and interfaces

AMF:

-
Updates the Allowed NSSAI based on the filtered Requested NSSAI from RAN.
-
Does not provide the PDU Session establishment info in Initial Context Setup Request when receiving the RAN indication of filtering the Requested NSSAI.
RAN:

-
Indicates its capability to filter the Requested NSSAI.
-
Generates a filtered Requested NSSAI based on the Requested NSSAI from UE, UE radio capability and deployment.
* * * * End of Changes * * * * 
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