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1. Introduction

One of the 5G CIoT work item objectives is to “Support for infrequent small data transmission via NAS, including potential optimizations for the N1 NAS signalling to reduce NAS message overhead” (see CP-190198).
Furthermore, CT1 has discussed and agreed several optimizations related to Control Plane Service Request (CPSR) message that are summarized in the table below indicating an approximate reduction of 30 octets in the CPSR message size:
	Optimization / Agreement
	Number of Octets Saved

	No repeated headers due to initial NAS message protection
	13 

(assuming 5G-S-TMSI was in CPSR)

	No 5G-S-TMSI in CPSR message
	9

	Data is not sent in a 5GSM message which has its own headers
	4

	Use of CIoT small data container IE
	4


Other potential optimizations are still pending, and these optimizations have been deemed to be important for reduction in UE power consumption especially for NB-IoT devices that are typically configured by the RAN to perform repeated lower layer transmissions. As such, larger NAS messages will unsurprisingly require additional lower layer transmissions when the NAS message does not fit into one transport block size (see for example previous discussion in C1-194234 describing how a 4 additional octets can lead to numerous lower layer transmissions).
Optimizations for the N1 NAS signalling to reduce NAS message overhead need not be restricted to NAS messages that only carry data over control plane. NAS signalling should also be subject to optimizations as NB-IoT UEs may use user-plane CIoT 5GS optimization for which the CPSR message is not sent. However, this does not mean that such devices cannot benefit from NAS message size reduction, and hence reduced power consumption, when possible.
This document discusses further optimizations of N1 NAS signalling for IoT devices where the NAS messages are not restricted to the transmission of data. Specifically, optimizations regarding signalling of NSSAI information are discussed and proposed for IoT devices.

2. Discussion

2.1 Inefficient signalling of NSSAI information

The Requested NSSAI (R-NSSAI) IE can contain up to 8 S-NSSAI entries and therefore can have a maximum size of 74 octets. After initial registration, the UE always includes the R-NSSAI in the Registration Request message except when it is performed for periodic update. Furthermore, when the registration procedure is not triggered due to change of slices, the R-NSSAI will be based on the Allowed NSSAI (A-NSSAI) which in turn leads to the AMF sending the same A-NSSAI back to the UE (if no change as occurred in the AMF side). Note that this is true even if the UE did not into move into a new registration area.
Observation 1a: when a registration procedure is not triggered:

(a) to request different slices; 

(b) for periodic update; or

(c) due to mobility into a new registration area; 
if the slice information has not changed in the network, then the R-NSSAI and A-NSSAI exchanged will have the same contents as before.
Observation 1b: up to 74 octets will be sent in the Registration Request and Registration Accept message unnecessarily.

Additionally, the UE can be configured to operate with a certain NSSAI inclusion mode based on which different NSSAI information is provided to the lower layers as shown below from TS 24.501. Note that the table only focuses on registration procedure that is not for initial registration or periodic registration.
Table 4.6.2.3.1: 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 "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


Again, when the UE is not performing a registration procedure to change its slices, the UE will provide the same NSSAI information to the lower layers since the R-NSSAI will be based on the values of the A-NSSAI.
Observation 1c: for some NSSAI inclusion modes and conditions presented in observation 1a, the same NSSAI information is provided at the NAS layer and the lower layers i.e. NSSAI information is repeated in both layers.

With the observations above, the question then arises as to why the same (i.e. unchanged) information must be exchanged in the NAS and especially if the same information is also provided to the lower layers for most of the NSSAI inclusion modes? The need for optimization is thereby evident especially for NB-IoT devices.
2.2 NSSAI efficient signalling

NSSAI efficient signalling (NES) can be achieved by defining a bitmap like the PDU session status IE where a bit corresponds to an S-NSSAI entry in the A-NSSAI. The AMF provides this bitmap along with the A-NSSAI during initial registration.
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Optimized NSSAI information element
During subsequent registration procedures, the UE sends the optimized requested NSSAI with the bitmap information in the Registration Request message instead of the R-NSSAI. Similarly, if the slices that are allowed for the UE have not changed then the AMF can send an optimized allowed NSSAI in the Registration Accept message instead of the A-NSSAI.

When 8 S-NSSAIs are allowed for a UE, the size of NSSAI information conveyed with NES is reduced from 74 octets to 3 octets i.e. the NAS message size is reduced by 71 octets which is equivalent to at least twice of the optimization that has been achieved with CPSR.
Observation 2a: when 8 S-NSSAIs are allowed for a UE, NES enables a reduction in the size of the Registration Request and Registration Accept by 71 octets This is equivalent to at least twice of the optimization that has been achieved with CPSR.
Even with 2 S-NSSAIs allowed for the UE, the size of NSSAI information conveyed with NES is reduced from 20 octets to 3 octets i.e. the NAS message size is reduced by 17 octets which is equivalent to at least half of the optimization that has been achieved with CPSR.
Observation 2b: when 2 S-NSSAIs are allowed for a UE, NES enables a reduction in the size of the Registration Request and Registration Accept by 17 octets. This is equivalent to at least half of the optimization that has been achieved with CPSR.
The association between the bitmap in the optimized NSSAI information can change as described below:

· If the slice information changes at the network, then the AMF simply provides the new A-NSSAI together with the optimized allowed NSSAI and the UE then considers the new bitmap to correspond to the new A-NSSAI
· Similarly, if the UE requests to use a different set of slices, the UE sends the R-NSSAI instead of the optimized requested NSSAI

· If the AMF decides to not use (or stop using) NES, then the AMF simply does not include the optimized allowed NSSAI in the Registration Accept message

· If the UE deregisters or moves from N1 mode to S1 mode, then the association is deleted.
As expected, the use of NES should be negotiated by the UE and the network during the registration procedure (except for periodic update).

3. Conclusion
This document discussed the cases during which the UE includes the R-NSSAI in the Registration Request message and the maximum size of the NSSAI information that is exchanged during the registration procedure for which the following observations were made:
Observation 1a: when a registration procedure is not triggered:

(a) to request different slices; 

(b) for periodic update; or

(c) due to mobility into a new registration area; 

if the slice information has not changed in the network, then the R-NSSAI and A-NSSAI exchanged will have the same contents as before.

Observation 1b: up to 74 octets will be sent in the Registration Request and Registration Accept message unnecessarily.

Observation 1c: for some NSSAI inclusion modes and conditions presented in observation 1a, the same NSSAI information is provided at the NAS layer and the lower layers i.e. NSSAI information is repeated in both layers.

NSSAI efficient signalling, if supported by the UE and the network, enables the size of the Registration Request and Registration Accept to be reduced by a significant number of octets while not losing any information with respect to slicing. 

Observation 2a: when 8 S-NSSAIs are allowed for a UE, NES enables a reduction in the size of the Registration Request and Registration Accept by 71 octets This is equivalent to at least twice of the optimization that has been achieved with CPSR.

Observation 2b: when 2 S-NSSAIs are allowed for a UE, NES enables a reduction in the size of the Registration Request and Registration Accept by 17 octets. This is equivalent to at least half of the optimization that has been achieved with CPSR.

CT1 has discussed optimization of CPSR over 3 meetings for which approximately 30 octets have been reduced in the NAS message size. The benefits of CPSR optimization, although good, can only be yielded when sending data over NAS (i.e. when the UE is using control plane CIoT 5GS optimization). However, other messages such as those related to the registration procedure can significantly benefit from similar optimizations. 
Furthermore, optimizing NAS signalling messages would also benefit IoT devices (especially NB-IoT devices) that use any type of CIoT optimization.
Based on the arguments presented in this document, it is proposed to adopt a solution that enables NSSAI efficient signalling – see C1-196412.
