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Discussion and decision
1
Introduction
Today non-3GPP technologies are integrated into all handsets and are used by many 3GPP operators. Based on this experience, it is reasonable to assume that the next generation devices are likely to have both 3GPP and non-3GPP radio technologies and that the next generation 3GPP networks are likely to interwork with non-3GPP technologies. Wi-Fi and GPS are two good examples of non-3GPP technologies used widely today, which are expected to continue being relevant in the next generation networks.

This view is also backed by the NGMN 5G White Paper [1] and 3GPP SA1 SI on Feasibility Study on New Services and Markets Technology Enablers - Network Operation [3].

In the past, integrating non-3GPP technologies into LTE was not an easy process. Therefore, we believe it would be beneficial to design the next generation 3GPP network in general and RAN in particular for smooth integration with non-3GPP technologies and networks from the beginning.

2
Discussion

Today’s mobile devices are equipped with a plethora of non-3GPP radio technologies, in addition to 3GPP ones. This includes at least GPS, Wi-Fi and BT. The users rely on these technologies and are likely to expect next generation devices to support these. In fact, NGMN expressed a similar view in their White Paper on “Next Generation Mobile Networks” [1]: “It is expected that a terminal may be connected to several RATs (including both new RATs and LTE) at a given instant, potentially via carrier aggregation, or by layer 2 (or higher) bandwidth aggregation mechanisms. This combination of RATs may involve also non-3GPP RATs, e.g., IEEE 802.11ax (High Efficiency Wi-Fi).”
Observation 1: Next generation devices are likely to have both 3GPP and non-3GPP radio technologies.

At least some of the non-3GPP technologies mentioned above play an important role in today’s 3GPP network. It is reasonable to assume that it will continue to be the case also in next generation network as well.  NGMN White Paper [1] lists a number of related requirements, specifically:
“

· The user application should be always connected to the RAT or combination of RATs and/or access point (or other user equipment in case of D2D) or combination of access points providing the best user experience without any user intervention (context-awareness);

· Further, the requirement above should be achieved in a seamless way from a user perspective. By defining the service interruption time as the time during which the user is not able to receive any user plane data, including inter-system authentication time, this requires:

· Inter-RAT mobility service interruption time, including between 3GPP and non-3GPP RATs, shall be possible to be unnoticeable by the user (possibly depending on the user subscription).

· Intra-RAT mobility service interruption time shall be possible to be unnoticeable by the user (possibly depending on the user subscription). 

· Seamless inter-system authentication, including between 3GPP and non-3GPP RATs.

· From the network perspective, the network shall be able to control the access points (or other user equipment in case of D2D) and RATs the user device will connect to, based on operator preferences and user’s subscription;

· In addition, 5G should provide new and more efficient connection management functionalities without the need to use legacy connection functions (e.g., Access Network Discovery and Selection Function - ANDSF).

Observation 2: Next generation 3GPP networks are likely to interwork with a non-3GPP radio technologies.

IEEE technologies continue to evolve with the introduction of 802.11ax and 802.11ay. IEEE are currently working on enhancing the microwave Wi-Fi standard as part of 802.11ad. We expect that the next generation 3GPP access will have to interwork with these technologies in the future too.
Based on the above observations we believe that it would be beneficial to design the next generation network with non-3GPP technologies in mind from the beginning.

Proposal 1: to design the next generation network with non-3GPP technologies in mind from the beginning and to include a requirement for the next generation network on “integration and interworking with  non-3GPP technologies”.
By the nature of these activities, they require coordination between different 3GPP working groups and with other SDOs, e.g. IEEE and WFA. 
SA1 have already started looking into this topic and “Enablers - Network Operation” [3] already contains a number of relevant requirements, in particular:

· “The 5G system will connect to multiple non-3GPP and 3GPP access networks in order to allow the operator to improve the efficiency in the exploitation of the network infrastructure and to provide the best capabilities to an end-user.”

· “For UEs simultaneously connected to the network via different access (both non-3GPP and 3GPP), the network shall support data transmissions that leverage these accesses.”

· “The 5G system shall be able to aggregate the UE data transfer via one access or a combination of accesses to provide the best user experience during an ongoing data transmission.”

RAN and SA1 should coordinate to align their requirements. At some point in time RAN and SA should agree which requirements are better served by tight interworking solution(s) (likely to be standardized in RAN) and which requirements are better served by loose interworking solutions(s) (likely to be standardized in SA).

Proposal 2: RAN and SA should coordinate to align their requirements related to non-3GPP technologies. RAN and SA should agree which requirements are better served by tight interworking solution(s) (likely to be standardized in RAN) and which requirements are better served by loose interworking solutions(s) (likely to be standardized in SA).
There are a number of related ongoing activities in other SDOs, e.g. IEEE and WFA. For example, in the 2015 July IEEE meeting a tutorial titled “IEEE 802.11 as a ‘component’” was presented and received many comments [2].  A more detailed contribution was presented in the 2015 Sep IEEE meeting. It seems that there is a desire in the IEEE community to work on improving the usage of WLAN as a component in 3GPP systems, which is a good opportunity that should be exploited. 
Observation 3: IEEE are discussing the “IEEE 802.11 as a ‘component’” proposal, which is a good opportunity for 3GPP and IEEE to design their respective next generation networks so that 3GPP and non-3GPP technologies to co-evolve together.
For LTE, 3GPP have defined a large number of WLAN interworking options in both RAN and CN, including LWA, LWIP, RCLWI, RAN-assisted 3GPP/WLAN interworking, S2a, S2b, ANDSF and others. Even though it is unlikely that a single interworking option can serve all possible use cases, it would be good to limit 3GPP-non-3GPP interworking options to a reasonable number. This is a good design principle that applies to all features, not just interworking with non-3GPP technologies.
Even though we focus on WLAN as an example of non-3GPP technology that should interwork with the next generation 3GPP network, we should not preclude other non-3GPP technologies. This aspect may need further study.
3
Proposals
The document discussed the requirements for the next generation networks regarding inter-working with non-GPP technologies.  
Observation 1: Next generation devices are likely to have both 3GPP and non-3GPP radio technologies.

Observation 2: Next generation 3GPP networks are likely to interwork with a non-3GPP radio technologies.

Proposal 1: to design the next generation network with non-3GPP technologies in mind from the beginning and to include a requirement for the next generation network on “integration and interworking with  non-3GPP technologies”.
Proposal 2: RAN and SA should coordinate to align their requirements related to non-3GPP technologies. RAN and SA should agree which requirements are better served by tight interworking solution(s) (likely to be standardized in RAN) and which requirements are better served by loose interworking solutions(s) (likely to be standardized in SA).
Observation 3: IEEE are discussing the “IEEE 802.11 as a ‘component’” proposal, which is a good opportunity for 3GPP and IEEE to design their respective next generation networks so that 3GPP and non-3GPP technologies to co-evolve together.
4
Text Proposal

8.3
Requirements for integration with non-3GPP systems

8.3.1
General

It is expected that the next generation mobile devices will have non-3GPP technologies and the next generation access network will interwork with non-3GPP access network. Therefore, the next generation 3GPP network in general and access network in particular shall have provisions for easy integration with non-3GPP systems and networks. The air interface protocols, RAN network protocols and overall architecture shall support integration and interworking, allowing smooth addition of non-3GPP systems and technologies listed in the following sub-clauses.

8.3.2
Connectivity

The next generation access network shall support tight integration with the 802.11 devices and networks. The framework shall support integration of different 802.11 technologies.
The framework shall address at least the following:

· Maximize peak user throughput and system capacity when using both 3GPP and non-3GPP accesses.

· Minimize delay and prevent service interruption during inter-system mobility.
· Support UE data transfer via one access or aggregation over a combination of accesses dynamically during the data transmission session to improve user experience and overall system performance. 
· Support operator control over non-3GPP network usage (when applicable).

Ideally, a single framework covering all use cases should be defined. 

NOTE: it is possible that tightly-coupled RAN based integration solutions will cover certain use cases, whereas loosely-coupled CN based will cover different use cases.
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