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1. Introduction

3GPP CT1 have worked on the Signalling Improvements for Network Efficiency (SINE) feature in Rel-12 [1] and the Retry restriction for Improving System Efficiency (RISE) feature in Rel-13 [2] to improve the network efficiency in EPS. The SINE/RISE work in EPS was also to implement the requirements from GSMA Terminal Steering Group (TSG) based on their Smartphone Network Efficiency (SNE) work item in which the "Signalling Loops and Aggressive Retries" issues were identified.
This paper attempts to summarize the SINE/RISE work done in EPS and further to analyze the necessity of the equivalent and even enhanced work required in 5GS. Finally it proposes a new Rel-16 WID proposal for 5GS in CT1.

2. Discussion

2.1 The main SINE/RISE work done in EPS
Back to 2013, based on the input from GSMA, originally CT1 intended to cover all required work in the single Release timeframe, i.e. Rel-12. However, as work progress in CT1, finally the whole work was split into two WIDs and finished in Rel-12 SINE and Rel-13 RISE respectively.
As outlined in [1] and [2], and CT1 standard work done for NAS protocols in Rel-12/Rel-13, the main SINE/RISE work done in EPS can be summarized into two mechanisms:

(1) The back-off control mechanism; and 

(2) The retry restriction mechanism.

The back-off control mechanism was mainly done under SINE work in Rel-12. It is to clearly define the UE behaviour to restrict the UE repeatedly requests the PDN connectivity/EPS bearer resource allocation/EPS bearer resource modification to the same APN in the same system, after an ESM reject with some ESM cause values, e.g. #8, #27, #32, #33 etc (see TS 24.301 subclause 6.5.1.4.3, 6.5.3.4.3, and 6.5.4.4.3). The main issue to be resolved is due to the current 3GPP specifications leave “too much freedom” for device implementations in some reject cases which opens the door for UE aggressive retry to create large and frequent signalling to the mobile network. This severely wastes the network resources as well as drains the battery of smart devices. Unlike the back-off mechanism for NAS level congestion control, this mechanism will only back-off UE’s retry attempt in the current system, not impact other systems.
The retry restriction mechanism was mainly done under RISE work in Rel-13. It is to clearly define the UE behaviour on whether the UE is allowed to retry in other PLMNs (including EPLMN) or other RATS once the UE ESM request was rejected in the current PLMN for E-UTRAN access (see TS 24.301 subclause 6.5.1.4.3, 6.5.3.4.3, and 6.5.4.4.3). This also attempts to resolve the similar issues as the back-off control mechanism.

The SINE/RISE work in EPS involves standard work in TS 24.301 for NAS protocol and in TS 24.368 for NAS MO definition.

Observation#1: SINE/RISE work in EPS provides back-off control mechanism and retry restriction mechanism to restrict UE retry attempts in order to improve the network efficiency.

2.2 The equivalent or even enhanced SINE/RISE work required in 5GS
3GPP intends to define a next generation 3GPP system (i.e. 5GS) as justified in [3] as below:

"The 3GPP network operators are striving to accommodate continuously fast increasing data traffic demand. In addition, new services such as IoT, Cloud-based services, industrial control, autonomous driving, mission critical communications, etc., are emerging. Such services may require massive connectivity, extreme broadband, ultra-low latency and ultra-high reliability. Those requirements differ dramatically from the ones that defined current network traffic and service models and pose great challenges for existing networks.

…

For the agile introduction of new technology, one driver is to allow independent evolution of radio and the core network. Another driver is to facilitate architecture convergence between the 3GPP access and other access technologies."
One can see 5GS will provide massive accesses for larger device types than 4G, hence there should be more use cases in which the 5G UE can aggressive retry and finally to create the similar or even larger signalling load to the mobile network. As a system evolution, 5GS needs to provide an equivalent or even enhanced feature as SINE/RISE in EPS to improve the network efficiency as well.

Observation#2: Similar or even worse UE retry situation may happen in 5GS and the equivalent or even enhanced SINE/RISE work is required in 5GS.

2.3 New 5G features required SINE/RISE work in 5GS
5GS supported the concept of network slicing. For session management, this is also a big enhancement than EPS that the established PDU session in 5GS needs to be assoicated to a slice identified by an S-NSSAI. When the UE requests a new PDU session establishment for a specific slice but it was rejected by the SMF with a 5GSM cause value, e.g. #32/#33, then similar as SINE work done for APN/DNN based back-off mechanism, the network should also provide a slice based back-off mechanism to restrict UE repeated retry to the same slice.

5GS also provided common but independent procedures between 3GPP access and non-3GPP access. Hence, for a 5G UE registered to the same PLMN over both 3GPP access and non-3GPP access, once it was rejected for a PDU session establishment over one access type (e.g. 3GPP access), similar as retry restriction done in RISE work, whether the network allows the UE to retry the same request over another access type (e.g. non-3GPP access). We called this as inter-access type retry restriction.
Observation#3: Slice based back-off mechanism and inter-access type retry restriciton are required in 5GS.

2.4 Enhanced RISE work required in EPS for 5GS interworking
As 3GPP system evolves to 5GS, some enhancements are required for EPS evoluation in order to support 5GS interworking.

So far as done under RISE work in EPS, the inter-RAT retry restrictions only cover 2G and 3G. Now, for a UE supports both the S1 mode and the N1 mode, the inter-RAT retry restrictions in EPS should also cover 5GS as well. When a UE gets a reject for a PDN connection request for an APN in EPS, whether it can retry the PDN session establishment for the same DNN in 5GS? Note that as no interworking is supported betwen 5GS and 2G/3G, then the inter-RAT retry restrictions in 5GS needs cover EPS only.

Also, the related NAS MO defined for inter-RAT retry restrictions in EPS needs to be updated to cover 5GS as well.
Observation#4: The RISE work in EPS needs to be enhanced to cover the inter-RAT retry in 5GS.
3 Proposal
As discussed and observed in section 2, similar as done in EPS, we believe it is better to create a dedicated WID proposal to cover all required work under the same umbrella in 5GS as well. As SINE/RISE work in EPS have paved a good way for the required work in 5GS, we think it is feasible to complete all required work in a single Release, i.e. Rel-16 in 5G phase 2 timeframe. Hence, we propose to name this single WID as "SINE_5G" but we are open with other better name for the WID.
Proposal: similar as done in EPS, it proposes to create a dedicated WID "SINE_5G" to cover all required work under the same umbrella in 5GS.

Also, for SINE/RISE work in EPS, even originally it was triggered by signalling overload created by smartphone, but during the standard work, this feature does not limit to any specific device type (e.g. smartphone). Hence, similarly in 5GS, even it supports the access for more device types than EPS, the SINE_5G work will not limit to any device types.
4. Conclusion
This paper summarized the SINE/RISE work CT1 have done in EPS and further analyzed the necessity of the equivalent and even enhanced work required in 5GS.
Based on the discussion, below observations were provided:
Observation#1: SINE/RISE work in EPS provides back-off control mechanism and retry restriction mechanism to restrict UE retry attempts in order to improve the network efficiency.

Observation#2: Similar or even worse UE retry situation may happen in 5GS and the equivalent or even enhanced SINE/RISE work is required in 5GS.

Observation#3: Slice based back-off mechanism and inter-access type retry restriciton are required in 5GS.

Observation#4: The RISE work in EPS needs to be enhanced to cover the inter-RAT retry in 5GS.
Based on these observations, we propose:
Proposal: similar as done in EPS, it proposes to create a dedicated WID "SINE_5G" to cover all required work under the same umbrella in 5GS.

The proposal was captured in a new WID C1-185222.
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