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1. Introduction
At RAN#70, the initial plenary-level study for next generation Access Technologies (NextGen RAN or 5G new RAT saying below) was kicked off and the relevant technical findings in terms of deployment scenarios, use cases and requirements were captured in [1]. At RAN#71, the proceeding WG-level study for NextGen RAN was approved as captured in [2], which is targeting for a single technical framework addressing all usage scenarios, requirements and deployment scenarios.
Among all SID objectives, there is one bullet for studying that: “Tight Interworking between the new RAT and LTE…”, hence in this contribution, we shall shed some comprehensive thoughts on the interworking scenario aspects between NextGen NW and LTE in practice.
2. Discussion
The LTE system shall continue serving many subscribers for long term, and it is required to interwork with NextGen NW, especially in the form of tight interworking with NextGen RAN in 5G era. As required in [1], the tight interworking shall be built on LTE dual connectivity based architecture for both collocated and non-collocated deployments. Per experiences obtained from Rel-13 LWA, for collocated scenario, there is normally much less standardized work except the radio interface; while for non-collocated scenario, the so-called X2new interface is normally required to be specified like Xw interface in addition to standardized work also on radio interface, therefore we shall take more complicated non-collocated case for comprehensive analysis regarding their scenarios below.

Before NextGen Core gets deployed in field, the NextGen RAN may need to be anchored on MeNB as shown in Mode 1-1 below; in such case, the DRBs can be split over X2new-U just like LWA mechanism. Since NextGen RAN may also support S1-U interface as shown in Mode 1-2, hence the DRBs can also be switched over S1-U just like DC 1a mechanism. It is worth noting that NextGen RAN is not supposed to support S1-C interface connecting directly with EPC. The advantages for Mode 1 (EPC based) are that NextGen RAN does not need to support standalone operation; hence it does not need support CP-NFs over radio interface, such as Paging, Broadcasting, and other RRC etc.
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Figure 1: Mode 1 EPC based, no NextGen Core deployed
After NextGen Core gets initially deployed in field, the NextGen RAN may anchor on both MeNB and its own Core as shown in Mode 2-1/2 below; in such case, so-called Snew interface is required to be specified in order to support direct connection with NextGen Core. In Mode 2-1, MeNB takes the primary control role and NextGen RAN takes the offloading role, while in Mode 2-2, NextGen RAN takes the primary control role and SeNB takes the offloading role. The DRBs can be either split over X2new-U just like LWA mechanism, or switched over S1-U/Snew-U just like DC 1a mechanism. It is worth noting that eNB is not mandated to support Snew-C/U interface connecting directly with NextGen Core. The advantages for Mode 2 (Separate EPC and NextGen Core based) are that NextGen RAN can operate in standalone manner; hence it needs support both UP-NFs and CP-NFs over radio interface.
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Figure 2: Mode 2 Separate EPC and NextGen Core based and deployed
After NextGen Core gets further deployed in long term and EPC gets displaced, the eNB can anchor on both NextGen Core and NextGen RAN as shown in Mode 3-1/2 below; in such cases, the Snew interface is also required to be specified in order to support direct connection with eNB. In Mode 3-1, MeNB takes the primary control role and NextGen RAN takes the offloading role, while in Mode 3-2, NextGen RAN takes the primary control role and SeNB takes the offloading role. The DRBs can be either split over X2new-U just like LWA mechanism, or switched over Snew-U just like DC 1a mechanism. It is worth noting that eNB may or may not support Snew-C/U interface connecting directly with NextGen Core. Compared with Mode 2, Mode 3 has integrated NW Core, hence the tight interworking may not depend on X2new interface.
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Figure 3: Mode 3 NextGen Core based, no EPC, Snew-C/U deployed
In the same context as Mode 3 above, it cannot be excluded that some legacy eNBs may still be in operation in field (e.g. infrastructure preservation), but they cannot be upgraded to support either Snew or X2new interfaces, so they can only anchor on NextGen RAN with legacy X2 interface. Such unusual scenario requires NextGen RAN to support X2-C/U as well, and legacy SeNB always takes the offloading role.
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Figure 4: Mode 4 NextGen Core based, legacy X2 deployed
Based on above comprehensive analysis, we see four main different types of interworking mode scenarios for tight interworking between NextGen NW and LTE, namely:
Mode 1: EPC based, no NextGen Core deployed
Mode 2: Separate EPC and NextGen Core based and deployed
Mode 3: NextGen Core based, no EPC, Snew-C/U deployed
Mode 4: NextGen Core based, Legacy X2 deployed
Proposal 1: To acknowledge and study above four different types of mode scenarios for tight interworking between NextGen NW and LTE, and capture them in TR 38.801 if necessary.
To facilitate quick commercial introduction of NextGen RAN deployed in field, Mode 1 involves lest specification work, so should have the highest priority than others. 
Proposal 2: Mode 1 should have the highest priority aiming for 5G early phases.
Mode 2/3 have similarly equal importance in 5G late phases, so should have medium priority. Mode 4 may not be widely deployed, hence needs further clarification.
Proposal 3: Mode 2/3 should have medium priority aiming for 5G late phases.
Proposal 4: Mode 4 case (Legacy eNB) needs to be confirmed by operators.
The advantages and disadvantages for above four different modes are summarized in table 1 below:

	Deployment Scenario
	advantages
	disadvantages
	Priority

	Mode 1
	Independent of NextGen Core, NR does not need to support CP-NFs over radio.
	Dependent of MeNB, NR cannot work in standalone manner.
	High

	Mode 2
	NR can work in standalone manner, and NR can take the “Master role”.
	Dependent of NextGen Core, need to support CP/UP-NFs over radio interface.
	Medium

	Mode 3
	Integrated NW Core, tight interworking may not depend on X2new interface.
	eNB needs to support Snew.
	Medium

	Mode 4
	Integrated NW Core, eNB does not need to support X2new.
	Dependent of NR, eNB cannot work in standalone manner.
	Low?


Table 1: Summary
Various performance requirement have been captured in [1], however, it is not crystal clear whether those requirement is valid only for standalone NextGen NW case or also valid for tight interworking case. Taking “User plane latency” requirement quoted from [1] for example:

--------------------------------------------------- from TR 38.913 start------------------------------------------------------

7.5
User plane latency

The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
--------------------------------------------------- from TR 38.913 end------------------------------------------------------

Since the overall UP-latency performance requirement shall impact the detailed mechanism for tight interworking; hence RAN should clarify whether and how those performance requirement impacts tight interworking schemes.
Proposal 5: RAN should clarify whether and how those performance requirement in 38.913 impacts tight interworking scheme design.
3. Conclusion
Here we kindly propose follows:
Proposal 1: To acknowledge and study above four different types of mode scenarios for tight interworking between NextGen NW and LTE, and capture them in TR 38.801 if necessary.
Proposal 2: Mode 1 should have the highest priority aiming for 5G early phases.
Proposal 3: Mode 2/3 should have medium priority aiming for 5G late phases.

Proposal 4: Mode 4 case (Legacy eNB) needs to be confirmed by operators.
Proposal 5: RAN should clarify whether and how those performance requirement in 38.913 impacts tight interworking scheme design.
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