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Abstract of the contribution: This contribution discusses the notions of “loose” and “tight” interworking and proposes to liaise the RAN groups asking them to study the feasibility of “dual radio / dual attach” solutions.
1	Introduction
The interworking solutions currently documented in TR 23.799 can be categorised in four levels of interworking, starting for “loosest” to “tightest”, as follows:
Level 1 (“loosest”): EPC and NG Core have interface to a “common HSS” only (S6a-like interfaces). No IP address preservation. Service continuity can be achieved using “upper layer” mechanisms (SIP, DASH, etc.), as described in Service Continuity solution 6.1. An example is the IWK solution depicted in Figure 6.18.4.1-2 (without the “PGW / IP anchor”; refer to the Annex of this paper). If NR in the UE can temporarily operate in parallel with the legacy radio allowing the UE to attach on the target side while remaining attached on the source side (a.k.a. “dual radio / dual attach”), service continuity can be achieved in “make-before-break” manner. Otherwise, service continuity may still be provided in “break-before-make” manner, but the service break may not be acceptable to some services. 
Level 2 (“looser”): EPC and NG Core have interfaces to a “common HSS” (S6-like interfaces) and a “common PGW / IP anchor” (S5-like). IP address preservation is supported. An example is the IWK solution depicted in Figure 6.18.4.1-2 (including the “PGW / IP anchor”). If NR in the UE can temporarily operate in parallel with the legacy radio (a.k.a. “dual radio / dual attach”), service continuity with IP address preservation can be achieved in “make-before-break” manner. Otherwise, service continuity with IP address preservation may still be provided in “break-before-make” manner, but the service break may not be acceptable to some services (note that the service break time is still lower than with Level 1 interworking due to IP address preservation).
Level 3 (“tighter”): EPC and NG Core have interfaces to a “common HSS” (S6-like), a “common PGW / IP anchor” (S5-like), and have an “inter-MME” (S3/S10-like) interface in common, including a U-plane interface for data forwarding. An example is the IWK solution depicted in Figure 6.18.2.1-2, and possibly the solution in Figure 6.18.5.1-1. The former proposes to anchor all NG UEs in the NG Core, but other variants may also exist (e.g. anchoring the UE in the CN to which it initially attaches). Handover preparation and data forwarding between the two systems is possible, similar to inter-RAT handovers between LTE and 3G today. Details need to be studied related to QoS mapping, security context transfer, etc.
Level 4 (“tightest”): In this approach the E-UTRAN is upgraded to support dual-radio stack (i.e. simultaneous support for both S1 and NG2/NG3 in the same cell). This approach corresponds to NGMN Option 3 and is also illustrated in Figure 6.18.2.1-1 and Figure 6.18.4.1-1. In this approach the NG UE is always anchored in the NG Core and “S1-type” handover is used for mobility between NR and eLTE (in this case both radio access networks are considered as NG RAN).
2.	Discussion
Level 4 IWK may be considered the target architecture in that it allows for consolidation of all NG UEs on the NG Core, regardless whether they connect via NR cell or LTE cell. Mobility is handled with “S1 type” handover and there is no need for QoS mapping. It also has zero impact on the NG Core. The drawback of this approach is that it may require significant initial investment for the upgrade of the legacy E-UTRAN.
Level 1 and Level 2 IWK have minimum impact on the NG Core. Context transfer and QoS mapping between EPC and NG Core is not needed because mobility is handled using either “upper layer” mechanisms for service continuity (Level 1) or “Handover Attach” (Level 2). In either case the solution would benefit from “dual radio / dual attach” operation whereby the UE is temporarily connected in parallel via both systems in order to minimise the service break. As a bonus, Level 1 and Level 2 interworking (if feasible at radio level) would also allow for service continuity with 2G/3G, including the CS domain of 2G/3G (by using existing DRVCC procedures).
Level 3 IWK solutions require an overhaul of the EPC for support of C-plane interworking interface between the MME and the CP functions (à la S3/S10), as well as a U-plane interworking interface for data forwarding between the SGW and the UP functions. If this approach is standardised, and if Level 4 IWK is considered as the target architecture, it turns out that the migration to NG Core may result in the overhaul of both EPC and E-UTRAN, and will also bring significant legacy baggage in the NG Core! In our view this type of IWK options should be avoided, if possible.  
3	Proposal
As outlined in the discussion section of this contribution, Level 1 and Level 2 IWK approaches have minimum impact on EPC and NG Core and are forward-compatible with the target architecture (Level 4 IWK) that assumes an upgrade of the legacy E-UTRAN. It also provides service continuity with 2G/3G, including the 2G/3G CS domain. However, to minimise the service break, Level 1 / Level 2 IWK would greatly benefit from “dual radio / dual attach” operation.
From SA2 perspective the “dual radio / dual attach” operation is not a mystery – it has been used since Rel-8 for the purpose of 3GPP-WLAN interworking and is based on the “Handover Attach” procedure, that allows for retrieval of the PGW via the HSS. The common “PGW / IP anchor” controls the QoS handling independently on the source and target side and there is no need for QoS mapping anywhere in the downstream.
Dual radio interworking has also been defined for CSFB to 1xRTT (refer to TS 23.272 Annex B) with sub-flavours, such as Dual Rx / Single Tx or Dual Rx / Dual Tx.
(As a side comment, it is also noted that non-standard “dual radio / dual SIM” terminals exist on the market, which proves the feasibility of such solutions even for 3GPP access on both sides. This said, it should be clear that “dual SIM” is outside the scope of this discussion.).
Given the desirable characteristics of Level 1 / Level 2 type of interworking it is proposed to liaise the RAN groups asking them to study the feasibility of such solutions. SA2 should consider not rushing into conclusions in favour of Level 3 IWK until the RAN groups reply.
[bookmark: _GoBack]A draft liaison is provided in S2-164776.
ANNEX	Figures illustrating the four IWK levels

Level 1 (“loosest”): Figure 6.18.4.1-2 without the “PGW / IP anchor”.
Level 2 (“looser”): Figure 6.18.4.1-2 including the “PGW / IP anchor”.



Figure 6.18.4.1-2: Architecture for loose interworking between GERAN, UTRAN or non-evolved E-UTRAN and NG RAN
Level 3 (“tighter”): Figure 6.18.2.1-2. The architecture in Figure 6.18.5.1-1 may also fall in this category, but we are not sure given that it is not described in sufficient detail.


Figure 6.18.2.1-2: Architecture for interworking scenario I2. 



Figure 6.18.5.1-1: Architecture to support migration scenarios for NG UEs

Level 4 (“tightest”): Figure 6.18.2.1-1 and Figure 6.18.4.1-1.


Figure 6.18.2.1-1: Architecture for interworking for scenario I1




Figure 6.18.4.1-1: Architecture for tight interworking between upgraded E-UTRAN base (supporting options 5, 7 and legacy LTE) and NG RAN anchored on NR (options 2, 4)
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