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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC, and mMTC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE [1]. The NR frame structure is expected to be more flexible than LTE and designed in such a way that should ensure forward compatibility to avoid unnecessarily complex or restricted operation of different features/services when they are introduced.    

This document provides an overview of key frame structure design requirements.

2 NR Frame Structure Design Requirements
During RAN1#84bis meeting the following agreements were reached:
Agreements:
· Study frame structure(s) supporting at least 

· FDD duplex arrangement

· TDD duplex arrangement

· Downlink transmission

· Uplink transmission

· Sidelink transmission

· Access link

· Backhaul/relay link

· Standalone operation in licensed band

· Non standalone operation in licensed band

· Licensed-assisted operation in unlicensed band
An important design goal for the NR frame structure therefore is the ability to support multiple types of links (e.g. DL/UL/Backhaul/Sidelink) simultaneously operating on an NR carrier. Even initial NR deployments are expected to require this capability on a dynamic basis in order to adapt to varying traffic patterns in the case of eMBB (e.g. dynamic TDD) or very flexible and granular resource allocation for URLLC traffic (e.g. slot or mini-slot based). One straightforward approach is to design the NR frame structure (including control/data channels and reference signals) and multiple access schemes within a common framework which can accommodate different link requirements. Of course specific optimizations may be introduced for different link types to accommodate unique requirements while not impacting legacy UEs (ensuring forward compatibility). 
Two important scenarios where this forward compatibility of the initial NR frame structure design should be studied is for operation of Integrated Access and Backhaul (IAB) and coexistence of LTE and NR and implications on the design requirements are given.
2.1 Integrated Access and Backhaul (IAB) Requirements
Integrated Access and Backhaul (IAB) is a beneficial feature for enabling flexible and very dense deployment of NR cells without the need for densifying the wired transport network proportionately [2]. In RAN1#86 it was agreed to further study efficient mechanisms for supporting IAB:

Conclusions:
· Mechanisms for joint operation of backhaul link and access link should be studied by NR, including

· Study dynamic resource allocation among backhaul and access links, including TDM and FDM and SDM approaches under half-duplex constraint 

· Study multi-hop backhauling and multi-site connectivity in backhauling 

· Mechanism for integration of new TRPs/RNs carrying integrated backhaul and access functionalities

· Mechanisms for discovery and management of backhaul links for the connected TRP/relay nodes (if supported) with integrated backhaul and access links

· Other aspects/functionalities such as forward compatibility to study full duplex operation on backhaul and/or access links are FFS

· RAN1 should strive for a common mobility handling and beam management framework for mobile TRP/relay nodes (if supported) carrying joint operation of backhaul and access functionalities and the usual UEs

· Note: No assumption on particular RAN architecture

As mentioned in the RAN1 conclusion the the duplex constraint at the relay is an important factor when considering how to multiplex access and backhaul links in a dynamic fashion. This consideration becomes even more critical as we support multiple hops of backhaul link each with a similar duplex constraint. Specifically, the latency/overhead introduced by orthogonal partitioning of resources in either time or frequency should be carefully considered. In Figure 1, TDM partitioning is shown where gaps for switching are required between both the backhaul directions as well as the DL and UL subframes of the access links while a guard band is introduced between backhaul subframes in the case of FDM. An additional approach is a hybrid of the two, where access may be deployed as FDD while the backhaul operates in a TDD manner (utilizing the UL spectrum opportunistically). 
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Figure 1: TDM/FDM of access and backhaul links
Due to the need for adapt to the amount of backhaul traffic, frequent switching between DL and UL directions as well adaptation of the transmission durations is expected. Semi-static adaptation approaches such as the TDD configurations supported by LTE would impose potentially severe scheduling restrictions between DL and UL transmissions/receptions on the access and backhaul links and would also limit forward compatibility. As a result it is beneficial to support dynamic TDD for NR.
Proposal 1: NR frame structure design should support dynamically assigned transmission directions and durations.
2.2 LTE and NR Coexistence Requirements
One possible solution for deploying NR and LTE in the same spectrum is to have a partitioning between technologies as shown in Figure 2. Over time the partition may be updated (e.g. as more NR-capable devices enter the network). Utilizing SCell activation and deactivation of LTE is one backwards compatible method for achieving this sharing [3].
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Figure 2. Co-Existence of NR and LTE
However, other even more dynamic mechanisms may also be supported for NR to utilize resources not occupied by LTE transmissions on the same carrier. For example an eNB may utilize regions of the LTE frame structure which do not necessarily contain transmissions of any physical signals and channels for NR transmissions instead. Examples of such configurations include LTE MBSFN subframes and LTE UL subframes. This LTE/NR multiplexing can be more dynamic than SCell activation/deactivation since it is handled by the eNB scheduling and the NR frame structure is expected to be more flexible and ‘self-contained’ than LTE, but it does imply some level of interworking between the NR/LTE resource allocation configurations. In addition, the level of synchronization required between LTE and NR eNBs should be further studied.

Such a per-TTI dynamic sharing can be done by coordinating the LTE and NR transmissions via three different mechanisms:

A. Co-locating the NR and LTE scheduling 

B. Via the X2 interface (or the evolved version of the X2 interface in the new RAN architecture)

C. Over the air

Of these, A) and B) do not impact any RAN1 specification where C) does requires RAN1 specification. Also, over the air coordination is a desirable feature since this does not require LTE and NR scheduling and transmission to be handled by a single eNodeB, nor does it require an ultra-low latency transport between them, thereby providing much more flexibility in their deployment. This can even allow NR and LTE to be deployed on different tiers (e.g. macro and pico) and share the same channel. 

Since one motivation for this feature is the smooth transition of spectrum from LTE to NR, the required frame structure design functionality should be present from early releases of NR.

Proposal 2: Resource allocation mechanisms and scheduling granularity for NR should support dynamic or semi-static (e.g. RRC configured) adaptation/configuration and coordination of time and frequency resources including system bandwidth.
3 Conclusion
This contribution analyzed the requirements for support of wireless backhaul/relays for NR and the implications on the overall frame structure design. The following proposals were made:

Proposal 1: NR frame structure design should support dynamically assigned transmission directions and durations.
Proposal 2: Resource allocation mechanisms and scheduling granularity for NR should support dynamic or semi-static (e.g. RRC configured) adaptation/configuration and coordination of time and frequency resources including system bandwidth.
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