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1 Introduction
During RAN#71, a study item (SI) [1] on New Radio (NR) Access Technology was approved.

One objective of the SI is to aim at a single technical framework that supports all identified usage scenarios, requirements and deployment scenarios including enhanced Mobile BroadBand (eMBB), massive Machine-Type Communications (mMTC) and Ultra-Reliable and Low Latency Communications (URLLC).

The SI assumes that work will use a phased approach whereby Phase II specifications should build on the outcome of Phase I. Work related to Phase I should thus be forward looking. Phase II shall meet all requirements for NR.

For RAN2, work is expected on progressing the design of the radio interface protocols and procedures as well as aspects related to the RAN architecture. In particular, the SI description (SID) lists the study of different options for “fronthauling-based” protocol split between a central unit (CU) and a remote unit (RU), the interfacing with the Core Network (CN), the impact of network slicing as well as other aspects such as the evolution of QoS concepts, SON and support for Sidelink for D2D.

The SID further mentions that support for tight interworking with LTE as well as standalone NR operation should be studied. Finally, NR should support efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum.

This contribution further discusses high-level architectural aspects with focus on LTE and NR interworking.
2 Overall Architecture for LTE and NR Interworking
This section further discusses high-level architecture aspects mainly from the perspective of different deployments in relation to the characteristics of the fronthaul interface. The fronthaul interface impacts different aspects of the system design as it can be considered to be located between:

1) The applicable L3 control plane (LTE RRC or NR-RRC) functions and at least some of the user plane depending on the split (if any);

2) The centralized unit and the remote unit, e.g. the LTE eNB and the RU/RRH in case of LTE+NR interworking and between the NR-CU and the NR-RU/RRH in case of the stand-alone NR deployment;

3) Between different parts of the user plane processing depending on the split (if any).

The fronthauling interface can vary in terms of latency (e.g. of up to 250µs [2]), jitter and reliability. It can be ideal (negligible but possibly nonzero delay, jitter and loss rate) or non-ideal (non-negligible delay, jitter, and loss rate).

2.1 Design Considerations

The SID clearly states that a single technical framework should support all identified usage scenarios. However, TR 38.913 [2] also requires that both stand alone NR operation and tight integration of NR with LTE using dual connectivity be supported. RAN2 should strive to avoid designing two separate systems; rather, RAN2 should aim to maximize commonalities of the NR components for both modes of NR operation, while minimizing changes to the LTE protocols. When possible, maximizing the reuse of existing LTE procedures at least in phase I should be considered for LTE+NR interworking. 

Proposal 1:
As a design principle, protocols and procedures designed to support NR operation should have as much commonalities as possible between the interworking mode and the stand-alone mode.

Proposal 2:
As a design principle, impacts to existing LTE protocols and procedures should be minimized as much as possible to support tight interworking between LTE and NR.

Furthermore, much of RAN2’s work and progress have clear dependencies with work in the scope of other 3GPP WGs. For example, many aspects of the NR-MAC will be impacted by RAN1’s design of the NR-PHY at least in terms of control channel(s) and related UE operation for resource allocation, framing and numerology. Other aspects of the NR-MAC will be impacted by SA2’s discussions on core network design at least in terms of bearer modelling and QoS handling. Similarly, possible additional impacts to the layer 2 protocols may be identified as a consequence of the discussions on the fronthaul interface and how to enable a flexible layer 2 protocol split for the logical separation of the NR-eNB between centralized unit processing (NR-CU) and the remote unit (NR-RU/RRH).
Observation 1:
The work in scope of RAN2 has many dependencies on the outcome of discussion in other working groups. Care should be taken to initially start with aspects that do not require (too many) assumptions related to these discussions.
2.2 Deployments under Consideration

Figure 1 below illustrates a general view of the LTE+NR interworking system in terms of areas of further study.
RAN2 has to define the L3/L2 protocols for NR. A control component (labelled NR-RRC in figures 1, 2 and 3 below) collocated with the NR-PHY in case of a split in a RU/RRH may have to be further considered as discussed in [3].

The fronthaul part is being addressed in both RAN2 and RAN3 with unclear impacts to layer 2 protocols, if any [4]. The collocated LTE and NR case can be modelling using an ideal fronthauling interface in-between.
RAN2 should consider what parts of the LTE layer 2 protocols can be reused for the LTE+NR interworking. For example, the LTE RLC, PDCP and RRC could be used with minor modifications (if needed) for supporting at least the eMBB used case in Phase 1 until the complete NR layer 2 protocol stack is defined for phase II and to complete the support of the remaining use cases e.g. URLLC. 
Much of the work related to the NR-MAC will have obvious dependencies on the RAN1 work.
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Figure 1 – LTE+NR Interworking
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Removing the part related to LTE in figure 1 can reduce the system to the user plane for NR stand-alone operation.

2.2.1 Collocated or Non-Collocated with Ideal (fronthaul) Interface

In case where the LTE eNB and the NR RU/RRH are collocated or linked by an ideal interface, both an architecture based on LTE Carrier Aggregation (single MAC instance) or LTE Dual Connectivity (separate MAC instances) are possible. TR 38.913 [2] states that interworking shall be realized at least by Dual Connectivity principles without ruling out tighter integration.

Figure 2 below illustrates a possible view of the LTE+NR interworking system using the carrier aggregation approach.
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In case of an ideal fronthaul, an implementation-based protocol split can be used – unless support for flexible inter-vendor interoperability is required. In this case, any type of protocol split approach can be used.

With an approach based on carrier aggregation, only an interface between the LTE MAC and the NR portion of the system needs to be considered i.e. little work should be further needed for other existing L2 protocols. Furthermore, the impacts to the LTE MAC can be minimized by a design that introduces a separate MAC component for NR that abstracts the NR-PHY layer to the LTE MAC – the NR low MAC in the figure above. 

With an approach based on carrier aggregation, performance benefits may be expected compared to using an approach based on dual connectivity. The use of a single network scheduler can maximize power control and power allocation in the UE, spectrum usage and the efficiency of resource allocation in the system. The use of a single UE MAC can benefit QoS handling for uplink transmissions as well as minimizing overall UE power consumption. Otherwise, tight coordination between the existing LTE MAC and a new NR-MAC would have to be studied to achieve similar benefits.
Finally, a design based on carrier aggregation may enable support for both the eMBB and URLLC use cases already in Phase I, which aspect should be further studied.

Observation 2:
For the collocated and/or ideal fronthaul case, performance benefits of carrier aggregation principle for tight LTE+NR integration over dual connectivity principles are expected especially in terms of UE power savings, power control and allocation, spectrum usage and resource allocation efficiency as well as QoS handling. 

Furthermore, our view is that the carrier aggregation approach considering an ideal fronthaul interface should be taken as a baseline for the work.
Proposal 3:
As a baseline, the design of tight LTE+NR interworking should consider an ideal fronthaul interface.

Proposal 4:
As a baseline, design of tight LTE+NR interworking should be based on carrier aggregation principles.

Objectives of the design of the NR Low MAC should:

· maximize the potential for its reuse for the Dual Connectivity approach and the stand-alone NR system, possibly with minimal additions;

· minimize the changes to the LTE MAC in support for NR-PHY.

For example, the NR-PHY may be seen as one or more Transport Channel(s) from the perspective of LTE MAC. A URLLC service could be seen as a separate logical channel from the perspective of the LTE MAC.

2.2.2 Non-Collocated with non-Ideal (fronthaul) Interface

In case where the LTE eNB and the RU/RRH with NR-PHY are non-collocated and linked by a non-ideal interface, an architecture based on LTE Dual Connectivity (separate MAC instances) is possible.

Figure 3 below illustrates a possible view of the LTE+NR interworking system using the dual connectivity approach.
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In this case, the fronthaul interface may be X2-like at least for one of the fronthaul split option i.e. a split under the PDCP entity.

With an approach based on dual connectivity, the same approach as for the split bearers (i.e. architecture 3C …) could be supported similar for the LTE DC for the eMBB use case not excluding having a single path active at any time. LTE-based DRBs configured as SCG-only bearers (i.e. architecture 1A …) over the NR Uu can also be supported for eMBB. 

For URLLC, a protocol split across the fronthaul interface is not desirable and may not be possible with a non-ideal interface. In this case, LTE-based DRBs configured as SCG-only bearers (i.e. architecture 1A …) over the NR Uu can also be used for URLLC e.g. to enable such use case as part of the Phase II work. In addition, further study should be made regarding a possible need for additional control components in the NR RU (NR-RRC or NR Low MAC) as discussed in [3].
Similar to the carrier aggregation approach and excluding any possible impacts related to the discussion on the fronthauling-based protocol split, only an interface between the LTE MAC and the NR portion of the system (NR-PHY in figure 3) needs to be considered i.e. little work should be further needed for other existing L2 protocols. Here also the impacts to the LTE MAC can be minimized by the proper design of the NR low MAC. 

3 Other Protocol-related Considerations
The RAN3/RAN2 discussions on fronthauling and flexible L2 protocol split options may impact progress on L2 protocols design and study in RAN2 for the DC-like architecture discussions (non-ideal interface). There should however be no impacts for the CA-like approach (ideal interface) except if inter-vendor interoperability is required for this case.

Figure 4 below illustrates a possible view of the stand-alone NR system.

It should be possible to start with a design for the NR LOW MAC as an adaptation between the existing LTE MAC and the NR physical layer such that it can be applicable to both the carrier aggregation and the dual connectivity approach in Phase I. It could be later augmented with the necessary functionalities to enable the stand-alone deployment e.g. by adding a NR High MAC component.

For example, it should be studied whether LTE current LCP procedure, BSR framework and SR methods can be reused for the eMBB case in Phase I. Similarly, depending on RAN1’s design for the control channels and the numerology, the current LTE DRX algorithm may be applicable with minimal changes at least for eMBB. The current SCell activation/deactivation can be applicable as well.

The NR Low MAC could be designed to include functions and processing that would 1) significantly differ from LTE and 2) be specific to the NR physical layer. Such functions could include random access (NR-RACH), HARQ-related functions for NR and resource allocation e.g. grants and assignments. PCH/BCH reception would not be needed. Many aspects are still FFS given that there is a dependency with RAN1 progress.


[image: image4.emf]NR-PHY

NR Low MAC

NR L2

NR High MAC

NR Uu

Figure 4 – Stand-alone NR

NR-RRC

IP


Finally, NR High MAC could support all remaining functions specific to NR e.g. functions not supported by NR Low MAC as well as additional functions that may be needed to support NR-PHY.

Proposal 5:
Consider the design of a MAC component – the NR Low MAC - that can interface with the LTE MAC and that supports the NR physical layer which component shall have as much commonality as possible for deployments based on LTE+NR carrier aggregation, LTE+NR dual connectivity and stand-alone NR.

4 Conclusion

RAN2 should discuss the above, use the following observations and agree to the following proposals as working assumptions for further work studying New Radio in R14:
Proposal 1:
As a design principle, protocols and procedures designed to support NR operation should have as much commonalities as possible between the interworking mode and the stand-alone mode.

Proposal 2:
As a design principle, impacts to existing LTE protocols and procedures should be minimized as much as possible to support tight interworking between LTE and NR.

Observation 1:
The work in scope of RAN2 as many dependencies on the outcome of discussion in other working groups. Care should be taken to initially start with aspects that do not require (too many) assumptions related to these discussions.
Observation 2:
For the collocated and/or ideal fronthaul case, performance benefits of carrier aggregation principle for tight LTE+NR integration over dual connectivity principles are expected especially in terms of UE power savings, power control and allocation, spectrum usage and resource allocation efficiency as well as QoS handling. 

Proposal 3:
As a baseline, the design of tight LTE+NR interworking should consider an ideal fronthaul interface.

Proposal 4:
As a baseline, design of tight LTE+NR interworking should be based on carrier aggregation principles.

Proposal 5:
Consider the design of a MAC component – the NR Low MAC - that can interface with the LTE MAC and that supports the NR physical layer which component shall have as much commonality as possible for deployments based on LTE+NR carrier aggregation, LTE+NR dual connectivity and stand-alone NR.
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