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Abstract of the contribution: Discusses the questions provided by RAN2 in LS S2-1906863/R2-1908190 and proposed answers.
1.
Discussion
RAN2 has requested feedback from SA2 in incoming LS on support for flow based QoS & slicing for NB-IoT & eMTC connected to 5GC (S2-1906863/R2-1908264).
In order to answer RAN2 questions, the following aspects should be considered:

1.1
NB-IoT QoS
1.1.1 
Discussion for NB-IoT QoS
The NB-IoT requirements regarding QoS were established in Rel-13 for the case of EPC C-IoT. The QoS requirements have not changed in the context of 5G C-IoT. 

As background, the following QoS characteristics apply to NB-IoT connected to EPC:

1. Dedicated EPS bearers are not supported in NB-IoT, only the default EPS bearer context for each PDN connection. 

2. NB-IoT only supports up to 2 DRBs, and support of 2 DRBs is explicitly indicated by the UE, i.e. a maximum of 2 PDN connections are supported. 

3. When the UE moves to NB-IoT, if the UE had dedicated bearers or more than 2 PDN connections, the UE and MME deactivate locally and sync up during TAU to meet the NB-IoT restrictions and requirements. 

From TS 23.401: 
“Dedicated bearers are not supported over NB-IoT. The PDN GW uses the RAT Type to ensure that no dedicated bearers are active when the UE is accessing over NB-IoT. In case of inter-RAT mobility from WB-EUTRA to NB-IoT, the UE and MME indicate local deactivation of non-default EPS bearers at TAU as specified in TS 24.301 [46].”
Although the QoS model was changed for 5GC, requirements equivalent to the NB-IoT connected to EPC can be defined.

The equivalency of NB-IoT QoS requirements can be summed up as follows:
	NB-IoT connected to EPC
	NB-IoT connected to 5GC

	Dedicated EPS bearers are not supported in NB-IoT, only one default EPS bearer context for each PDN connection.
	The default QoS rule shall be the only QoS rule of a PDU Session for a UE connected to 5GC via NB-IoT. 

· This means multiple QoS flows for a PDU session is not supported over NB-IoT connected to 5GC.

	Only 2 DRBs maximum are supported over NB-IoT, UE indicates or not support of multiple DRBs (up to 2). This means a maximum of 2 PDN connections (1 DRB per default EPS bearer)
	Only 2 PDU sessions maximum can be supported for NB-IoT connected to 5GC. The UE indicates support or not of multiple DRBs (up to 2).

	When the UE moves to NB-IoT, if the UE had dedicated bearers, the UE and MME deactivate locally the dedicated bearers and sync up during TAU to meet the NB-IoT restrictions and requirements
	In case of a UE moving to NB-IoT connected via 5GC, from e.g. eMTC connected to 5GC, and a PDU session has more than one QoS rule, only the default QoS rule can survive, and other QoS rules need to be removed. 
There are no means for quick sync up of QoS flows (only at PDU session level) during registration procedure, therefore the SMF needs to initiate PDU session modification procedure when it detects the UE is camping in NB-IoT to remove any non-default QoS rule.


1.1.2 
Proposed answers

Given the table above, we propose the following answers to RAN2 questions regarding QoS in NB-IoT connected to 5GC:
RAN2 Question 1)
Whether the 5GC QoS framework is supported for NB-IoT connected to 5GC?

Proposed SA2 Answer 1: 5GC QoS framework applies to NB-IoT with the following restriction: 

-
The default QoS rule shall be the only QoS rule of a PDU Session for a UE connected to 5GC via NB-IoT. This means there is only one QoS flow (corresponding to the default QoS rule)   
RAN2 Question 2)
If 5GC QoS framework is supported for NB-IoT connected to 5GC, what should be the maximum number of 5GC QoS flows supported when NB-IoT UE is connected to 5GC?

Proposed SA2 Answer 2: As per SA2 answer 1, there is one QoS flow per PDU session. SA2 agreed the support of a maximum of 2 PDU sessions with active user plane resources for NB-IoT connected to 5GC. Therefore, a maximum of 2 QoS flows with active user plane resources is supported for NB-IoT connected to 5GC. Note the UE can have more than 2 PDU sessions, with one or more PDU sessions using Control Plane CIoT 5GS Optimisation for small data transmission.
RAN2 Question 3)
 If 5GC QoS framework is supported for NB-IoT connected to 5GC, how mapping between 5GC QoS flows and NB-IoT DRBs is expected to work?

Proposed SA2 Answer 3:  Each PDU session only has one QoS rule (the default QoS rule) associated with one QoS flow. And different PDU sessions cannot share DRBs. Therefore, there is a one-to-one mapping between a DRB and the QoS flow of the default QoS rule of a PDU session, i.e. one DRB per PDU session. There is a maximum of 2 DRBs given the restrictions mentioned in the previous answers.
RAN2 Question 4)
If 5GC QoS framework is supported for NB-IoT connected to 5GC, how does QoS mapping is expected to work in case of inter RAT idle mobility between NB-IoT connected to 5GC and other RATs (eMTC, LTE, NR) connected to 5GC?

Proposed SA2 Answer 4: In case of a UE moving to NB-IoT connected via 5GC, from e.g. eMTC connected to 5GC, and a PDU session has more than one QoS rule, only the default QoS rule is maintained, and other QoS rules need to be removed. The SMF initiates PDU session modification procedure when it detects the UE is camping in NB-IoT to remove any non-default QoS rule.

1.2
NB-IoT and Network Slicing
1.2.1
Discussion for NB-IoT and Network Slicing
One issue with Network Slicing, especially for devices that support NB-IoT and other RATs, e.g. WB-E-UTRA or NR, is that the UE could potentially be configured with many S-NSSAIs, in which case Requested NSSAI can be rather large, having very detrimental signalling overhead.
Note that each S-NSSAI may be of size up to 4 octets (32 bits) in RRC signalling (1 octet for SST only or 4 octets for SST+SD).
In NAS, because each S-NSSAI requires an octet of IEI and one octet for Length, each S-NSSAI, and a mapped HPLMN S-NSSAI may be needed, each S-NSSAI may add up to 10 octets (80 bits) if SST+SD and mapped HPLMN SST+SD is needed. The Requested NSSAI IEI and Length add 2 octets.  

As an example, if the UE has 4 S-NSSAIs to send, all with mapped HPLMN S-NSSAI, and all erquiring SST+SD, then the signalling overhead of sending the Requested NSSAI would be:

·  At NAS: 2 + 4*10 = 42 octets (336 bits!) 

· At RRC: 4*4 = 16 octets (128 bits!)
· Total = 464 bits total overhead for 4 S-NSSAIs!
This amount of overhead for network slicing should be considered prohibitely large for NB-IoT.  

Observation: There needs to be means to keep the signalling overhead over NB-IoT due to network slicing as small as possible. 

This can be addressed differently in different layers:
Signalling reduction in RRC:

TS 23.501 5.15.9 clause already captures a means for reducing Network Slicing signalling in RRC:
“During the Registration procedure, the AMF may provide to the UE in the Registration Accept message, an Access Stratum Connection Establishment NSSAI Inclusion Mode parameter, indicating whether and when the UE shall include NSSAI information in the Access Stratum Connection Establishment -e.g. an RRC connection Establishment defined in TS 38.331 [28]) according to one of these modes:

…

d)
The UE shall not provide NSSAI in the Access stratum of 3GPP access.”
For the case of NB-IoT, the over-the-air signalling overhead reduction is more important than the capability of selecting an AMF based on Requested NSSAI. 
Even though mode d) is the default, an operator may want to configure the UE with a mode other than mode d) e.g. mode a) for WB-E-UTRAN or NR. However, in that case if the UE moves to NB-IoT, it would provide all S-NSSAIs in RRC and in NAS. 
Proposal 1: The UE shall not provide NSSAI in the Access stratum for NB-IoT. The AMF may still provide the Access Stratum Connection Establishment NSSAI Inclusion Mode parameter while the UE is camping on NB-IoT.  In that case the UE ignores it while camping in NB-IoT, but the UE uses de mode received in the Access Stratum Connection Establishment NSSAI Inclusion Mode parameter in case of inter-RAT idle mobility to a different RAT, e.g. WB-E-UTRAN or NR.
Signalling reduction in NAS: 
The UE still needs to provide the Requested NSSAI in NAS. As mentioned above, each additional S-NSSAI included in Requested NSSAI adds a potential 10 octets (80 bits) of overhead if SD and mapped HPLMN SST/SD are included (example: 336 bits in NAS for 4 S-NSSAIs). 
SA2 should define a maximum amount of S-NSSAIs that should be sent by the UE in Requested NSSAI over NB-IoT. For instance, if the maximum number of S-NSSAI in the Requested NSSAI is 2, then we can limit to a maximum of 2+2*10=22 octets (176 bits) of NAS signalling overhead due to network slicing. 

Proposal:  

· It is proposed that the UE restricts the number of S-NSSAIs to 2 in the Requested NSSAI. How the UE reduces to 2 S-NSSAIs if needed is up to UE implementation. 

1.2.2
Proposed answers for NB-IoT and Network Slicing
RAN2 Question 5)
Whether slicing is applicable for eMTC and NB-IoT devices connected to 5GC?

Proposed SA2 answer 5) Network slicing is applicable to eMTC and NB-IoT devices.
RAN2 Question 6)
If slicing is supported, what is the maximum number of slices to be supported simultaneously for NB-IoT and eMTC UEs connected to 5GC?

Proposed SA2 answer 6)

There is no restriction for the number of slices particular to eMTC, i.e. 8 slices is the maximum. 

For NB-IoT, the UE shall not provide NSSAI in the Access stratum of 3GPP access. The AMF provided Access Stratum Connection Establishment NSSAI Inclusion Mode parameter is used by the UE in RATs other than NB-IoT
Furthermore, the UE shall restrict the number of S-NSSAIs to 2 in the Requested NSSAI in NAS signalling. How the UE reduces to 2 S-NSSAIs if needed is up to UE implementation. 

RAN2 Question 7)
If slicing is supported, will S-NSSAI be used by the ng-eNB in addition to the indications of the supported 5G CIoT optimizations for AMF selection?

Proposed SA2 answer: Yes, for eMTC. For NB-IoT the UE shall not provide NSSAI in the AS, therefore the nb-eNB does not use NSSAI for AMF selection.
1.3
Proposal

It is proposed to provide SA2 answers to RAN2 as above, which is captured in S2-1906925.

It is also proposed to capture the normative text in line with the above answers as captured in S2-1906926.
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