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Abstract of the contribution: Recommends a “bolder” SID text focusing on clean slate “5G” system design that is optimised for extreme scalability. Proposes to revisit important EPS concepts in the light of improved scalability. Interworking with legacy EPS with minimum “legacy baggage” in the new system should be possible using “dual radio” operation. Regardless of how RAN work phasing is defined, the SA2 study should proceed with design of the new system architecture for the case where the “5G” RAT is defined as a standalone RAT.
1
Introduction
The definition of the Evolved Packet System (EPS) in 3GPP Rel-7/8 was confronted with several major qualitative requirements e.g.:

-
a packet-only system with fallback to, or service continuity with, the legacy circuit switch system (CSFB and SRVCC, respectively),

-
a generic integration framework for non-3GPP accesses including inter-system mobility with IP address preservation (both host-based and network-based),
-
“off path” QoS signalling architecture to support an IETF protocol variant for the Evolved Packet Core, etc.

In contrast, the 5G requirements seem to be mostly of quantitative nature.

The International Mobile Telecommunication vision for 2020 and beyond (IMT-2020) has been recently released by the ITU-R [1]. The expectations from the new IMT-2020 system in terms of traffic capacity, connection density, peak rate, latency, etc. are summarised in Figure 1.1.
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Figure 1.1 IMT-2020 system capabilities and expectations (from [1])

In comparison to the IMT-Advanced requirements that were used as the basis for the definition of 3GPP EPS/LTE (a.k.a. “4G”) standards one can see that several key system capabilities are expected to improve by one or two orders of magnitude (e.g. 10-fold increase for the experienced user data rate, 100-fold increase for traffic, or 10-fold increase for connection density.
Such a dramatic increase promises both a “data storm” (mostly from eMBB use cases) and “signalling storm” (mostly from Massive MTC use cases) in the new system.
Therefore improving the system design to make it extremely scalable should be one of the main architecture goals.
2
Potential scalability bottlenecks in EPS
There seems to be a general consensus that the new system architecture should have “native” support for Network Function Virtualisation (NFV) and Software Defined Networking (SDN). The NFV/SDN architecture has intrinsic scalability benefits due to the separation of C-plane and U-plane functionalities, allowing them to scale separately. However, NFV/SDN techniques can be (and already are) applied to the existing EPS and by themselves will not resolve scalability issues that are intrinsic to the EPS design.

Potential scalability bottlenecks in the current EPS design include the following (non-exhaustive list):

-
EPS bearer and “bearer binding” concept: If the new system is to be designed from scratch, it is questionable why there is a need for per-bearer state throughout the system (Uu bearer, S1-U bearer, S5 bearer). The network U-plane interfaces (like S1-U, S5-U) could evolve in a similar direction as the PMIP-based S5 i.e. they should focus on the traffic backhauling function towards an IP anchor. Any prioritisation in the backhaul (if needed at all, given the increasing use of fibre in the transport network) could be done on per-packet basis. With the use of S5-PMIP the “bearer binding” function was moved from PGW to SGW. It is questionable why the “bearer binding” function shouldn’t be moved further into the eNB, resulting in one “big fat pipe” per UE (or per PDN connection) on S1-U.
-
QoS concept: QoS is currently associated with the EPS bearer (and, also, with the Radio Bearer). It is questionable why IP flows requiring the same QoS, but belonging to different PDN connections should use different EPS and RB bearers, given that the IP address could be used to discriminate between the two. It is questionable why IP flows (both GBR and non-GBR) using unacknowledged mode RLC over radio should be segregated in distinct RB pipes and why UE needs to go through an intermediate step of “Prioritised Bit Rate + RB priority”-based scheduling instead of scheduling packets at IP layer, using per-flow QoS information.
-
PDN connection concept: The PDN connection today is always associated with one IP address/ prefix and is always requested by UE. It is questionable why a PDN connection should not be able to support multiple IPv6 prefixes on the same PDN connection (note that it is a basic IPv6 functionality to have multiple IPv6 prefixes associated with the same layer-2 interface) and why the network would not be able to initiate a PDN connection (which may be as simple as adding a new IPv6 prefix on an existing PDN connection). One can easily see the potential benefits of such a network-initiated PDN connection in the context of SIPTO or Mobile Edge Computing (MEC).
-
Service continuity concept: Service continuity in EPS was often considered synonymous with IP address preservation. However, an increasing number of applications and/or transport protocols are able to survive an IP address change (e.g. peer-to-peer SIP-based applications, HTTP-based adaptive streaming, Multi-Path TCP, etc.). By exploiting this fact the new system architecture could allow for coordinated relocation of the IP anchor, so that it always remains close to the UE current location. This in turn would contribute to better scalability due to traffic offload from 3GPP defined nodes onto an IP routed architecture. The e2e delay would also be reduced due to increased use of IP routing instead of layer-2 tunnelling hairpins.
-
NAS Session Management: this is a consequence of the previous. If the bearer, QoS or PDN connection evolve significantly, NAS session management will be impacted. We think that even the location of the NAS SM termination (RAN vs CN) is worth revisiting.
The list above is far from being exhaustive. The elements we list above are mostly related to the expected “data storm” in the user plane and it is hinted to the possibility of moving towards a “bearer-less” EPS architecture, not only in the core network, but also on the radio interface. An obvious advantage of such a move is the dramatic reduction of number of bearers throughout the system, which also implies reduced amount of signalling for bearer establishment/release and decreased number of bearer contexts stored in the network nodes.

The reason for singling out these items is that they may be particularly painful for interworking with the legacy EPS in case they differ significantly from today. The interworking aspect is further discussed in the next clause of this paper.

NOTE: It is noted that the need for per-packet priority handling has already been identified by SA2 in work items like ProSe or UPCON. The ProSe UE-to-Network Relay is an example where interworking is needed between per-packet QoS (on PC5) and per-bearer QoS (on Uu). As part of UPCON, the Flow Priority Indicator (FPI) was discussed for per-packet prioritisation of downlink traffic within the same EPS bearer.

Regarding the expected “signalling storm” caused by Massive MTC devices it is worth revisiting the UE mobility states for “5G” by e.g. consider re-introduction of URA_PCH state types (which is perceived as connected mode from EPC perspective) and UE-based mobility mechanisms (e.g. Cell Update) which existed in 3G/UMTS and are also occasionally being re-discussed as part of MTC/CIoT-related work items. The re-introduction of URA_PCH and/or Cell Update (possibly adapted to the distributed architecture of the future “5G” RAN) should help reducing the signalling burden in both the RAN and the EPC. Nevertheless, these two mechanisms being specific to the new RAT, they may not be very relevant for the interworking with legacy EPS and will not be considered further.
3
Interworking with legacy EPS and relation to RAN work phasing
Revisiting important EPS concepts like the one mentioned previously and making radical changes in the new system architecture may raise valid concerns about interworking between the new system and the legacy EPS. Fortunately though, there seems to be willingness to minimise the interworking between the “5G” system and the legacy systems. For instance, as part of the SMARTER work [3] it is being proposed that seamless handover need to be supported only with LTE, but not with 2G or 3G. In their 5G Initiative White paper [2] the Next Generation Mobile Network (NGMN) alliance suggest that interworking with 2G and 3G should be minimised, in particular with the circuit-switched network. Similar view is supported by 4G Americas [5] who state that in the 2020 timeframe interoperation with 3G/2G is not usually considered.
In this section we focus on interworking with the legacy EPS (i.e. only the packet-switched part of it) and discuss several interworking options, taking into account the potential “5G” work phasing in RAN. The goal is to show that it may be relatively easy to interwork the new system by using “dual radio” operation. This would allow for both a revolutionary “5G” design and minimisation of “legacy baggage” in the new system.
In their 5G Initiative White paper [2] the NGMN have considered three migration options as illustrated in Figure 3.1:
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Figure 3.1: NGMN migration options (from [2])
· Option 1 assumes that the new 5G RAT connects to the existing EPC network. While this option may be useful for enabling rapid 5G deployments, it obviously makes a difficult case for any “revolutionary” changes in the Core Network (CN).

· Option 2 assumes that the new 5G RAT connects to a new 5G CN that may be significantly different from the EPC. In contrast, when UE moves to a legacy RAT (e.g. due to non-ubiquitous 5G coverage), the UE connects to the EPC. Note that by “legacy RAT” it is typically referred to the “4G” RAT (i.e. LTE). While Option 2 is more friendly towards a “clean slate” design for the 5G CN, it raises questions about the legacy baggage (e.g. bearer model, QoS model, NAS protocol, network interface protocols, etc.) that may need to be carried over into the 5G CN design in order to enable interworking with the legacy system.

· Option 3 assumes that the legacy (4G) radio access network nodes are upgraded to support connection to either EPC or to the new 5G CN. The connection to the EPC is needed to support legacy UEs. In contrast, 5G-capable UEs would always connect to the new 5G CN, even when camping on a 4G radio access network. In their 5G White Paper [2] the NGMN alliance indicates that Option 3 is the preferred approach.

In the 5G Radio Access Network workshop [4] for the first time in 3GPP contributions were presented discussing candidate 5G radio access technologies and work planning. The workshop demonstrated a general agreement that the normative work should be carried out in two phases, with Phase 1 addressing a subset of the IMT-2020 requirements, and Phase 2 addressing the rest.

While there was no consensus in the workshop on the actual content of the two phases, there were several contributions proposing that Phase 1 would be focused on a non-standalone 5G RAT operating in Dual Connectivity (DC) mode as a booster cell controlled by an LTE-based anchor cell, as illustrated in Figure 3.2.
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Figure 3.2: Possible Phase 1 with non-standalone 5G RAT
By anchoring the 5G booster cell at an LTE anchor, the core network perceives an LTE cell, which is why it can be supported with the existing EPC network with minimal or no changes. It is noted that 3GPP Rel-13 work provides similar examples (e.g. Licensed Assisted Access (LAA) or LTE-WLAN Aggregation (LWA)) where “booster cells” of an alternative technology are anchored at an LTE cell, and from EPC perspective there is hardly any reason (apart maybe for charging purposes) for the Core Network to know whether the UE is served by a booster cell and of which particular type (i.e. LTE, LAA, LWA or “5G”).

The approach depicted in in Figure 3.2 is similar to the NGMN Option 1 in that the 5G RAT eventually connects to the existing EPC network, noting though that the depiction used by NGMN in Figure 3.1 does not go into details on the 5G RAT type: standalone vs non-standalone.

Depicted in Figure 3.3 is a possible Phase 2 deployment for the case where non-standalone 5G RAT was used in Phase 1. It is assumed that Phase 2 will define provisions for a standalone 5G RAT that connects to a new 5G CN. It is further assumed that some of the 5G cells deployed in Phase 1 (but not necessarily all) will be upgraded to support dual mode operation i.e. either as a booster cell to an LTE anchor with connection to the EPC, or as a stand-alone cell connected to the new 5G CN.
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Figure 3.3: Possible Phase 2 (when non-standalone 5G RAT was used in Phase 1)
Phase 1 UEs are obviously steered to a booster mode of operation (or to plain LTE), whereas Phase 2 UEs need to be capable to support both booster and standalone mode of operation. Booster mode is used for Phase 2 UEs only when they are in coverage of a 5G booster cell that has not been upgraded for dual-mode operation.

In comparison with the NGMN options in Figure 3.1, the Phase 2 deployment described in Figure 3.3 can be perceived as NGMN Option 2 with a fallback to NGMN Option 1, the latter referring to the case where a Phase 2 UE is served by a Phase 1 booster cell.

As mentioned earlier, the NGMN Option 2 raises the question about the legacy baggage that may need to be carried over into the new 5G CN to support tight interworking with EPC. The same question also applies to the Phase 2 deployment depicted in Figure 3.3. One solution to this problem could be “dual radio” operation, which is a 3GPP jargon that requires some explanation. When the Evolved Packet System (EPS) was defined by 3GPP in their Rel-8 specifications, it was assumed that interworking between 3GPP-defined radio access technologies (GSM/GPRS, UMTS/UTRA, 4G/LTE) is of the “single radio” type i.e. at any instant the UE is connected to only one RAT type. In contrast, interworking with EPC-connected non-3GPP radio access technologies (e.g. WLAN) also allows for “dual radio” operation where the UE can simultaneously be connected to both a 3GPP RAT and to a WLAN. The main benefit of “dual radio” operation is that it allows for very loose coupling between the two access systems, in that each access system can have its own authentication, mobility management, session management, QoS and bearer schemes, while still allowing for IP address continuity when UE moves traffic from one access system to the other. Moreover, existing MAPCON and NBIFOM concepts can be re-used directly.
In reference to Figure 3.3, the only convergence point between the two access systems that are interworked in “dual radio” mode is the HSS (which stores the user’s subscription that is common for all accesses) and optionally the Packet Data Gateway (PGW). A common PGW is needed only if IP address preservation is required when traffic is moved from one access system to another. As discussed earlier in this paper, with the expected evolution of applications and their increasing capability to survive IP address changes, the need for IP address preservation may not be considered as important as it is today. This is why a “common PGW” for the EPC and the new 5G CN is considered optional.

It is worth noting that in the migration scenario between the deployments depicted in Figure 3.2 and Figure 3.3 it is a subset of the 5G cells deployed in booster mode (Phase 1) that need to be upgraded to operate in dual mode (booster or standalone) for Phase 2 deployment. This should be contrasted to the NGMN Option 3 depicted in Figure 3.1 which assumes upgrade of the legacy LTE radio access network nodes.

Depicted in Figure 3.4 is a possible migration scenario for the case where 3GPP decides to define a 5G RAT standalone cell starting from Phase 1.
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Figure 3.4: If a standalone 5G RAT is used in Phase 1
In this case again the interworking with the legacy Evolved Packet System (EPS) can be facilitated with the use of “dual radio” operation, thus allowing for more radical evolutions on the 5G access system side while minimising the legacy baggage that is carried over in the new 5G CN.

In summary, the objective of this clause was to show that “dual radio” operation seems to be a promising approach for interworking of potentially radically different “5G” system with the legacy EPS. It also allows SA2 to proceed with the new “5G” system design independent of how work phasing is done in RAN.
4
Conclusion and proposal
Based on the previous discussion it is noted that:

-
The “5G” requirements seem to be mostly of quantitative nature.

-
Several key system capabilities are expected to improve by one or two orders of magnitude (e.g. 10-fold increase for experienced user data rate, 100-fold increase for traffic density, 10-fold increase for connection density).
-
This promises both a “data storm” and a “signalling storm” in the new system, which is why extreme scalability should be one of the main objectives in the new system design.
-
Important EPS concepts such as EPS bearer, bearer binding, QoS, PDN connection, service continuity, NAS session management and UE mobility states (non-exhaustive list) need to be revisited in the study of the new generation system architecture, given that they impact scalability directly.
-
Even if the new “5G” system design presents a major departure from the existing EPS, it should be possible to interwork the two in a relatively easy way, while minimising the legacy baggage on the new system, by using “dual radio” operation.
Based on the previous observations it is proposed to agree a “bolder” SID text focusing on the design of a “5G” system architecture that is optimised for extreme scalability.
While interworking with the legacy EPS is important, it is proposed to focus on a clean slate system design optimised for extreme scalability as the primary goal, with little regards about interworking with the legacy EPS during the design of the new system architecture. In particular, existing EPS concepts (such as those listed above) should not be perpetuated in the new system architecture on the sole pretext of facilitating the interworking with the existing EPS.
Interworking with the existing EPS should be considered only after the contours of the target system architecture are agreed. As illustrated in clause 3 of this contribution, it should be possible to interwork a radically different system with the legacy EPS in a way that keeps the new system design almost completely independent of the previous one.

While the RAN work phasing is not known at this point, it is proposed to proceed with design of the new system architecture for the case where the “5G” RAT is defined as a standalone RAT.

Any “5G” system architecture features that are applicable to EPS/LTE may be considered for introduction in EPS as part of a parallel “EPC evolution” track.
Other requirements (not related to improved scalability) from the SA1 SMARTER shall also be taken into account to drive the study.
NOTE: The recommendations and proposals summarised in this clause have been implemented in S2-153387 with revision bars on top of the study item description circulated by China Mobile (S2-153334). Intel is happy to volunteer as a co-rapporteur for this study.
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