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1. Introduction 
In RAN1#84bis, the discussion on NR new radio access technology started to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC and so on [1]. The NR will consider frequency ranges up to 100 GHz, and target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913. In order to meet the broad range of use cases, it was agreed that the NR support multiple numerologies as follows.

	Agreements:
· For the study of NR, RAN1 assumes that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range
· Note: RAN1 does not assume to apply very low value of subcarrier spacing to very high carrier frequency


Not only the numerology, but also the frame and subframe structure of NR needs to be able to support the broad range of NR use cases. In order to achieve this goal, it is proposed that the subframe structure of NR is built of smaller building blocks that can be combined into subframe structures. At this stage of the study, RAN1 should determine the basic building blocks used to create subframes and the constraints that motivate how those building blocks can be combined. At a later stage of the study (e.g. at and beyond RAN1#86), RAN1 can combine them and determine how subframes are constructed.

This document firstly considers the basic building blocks of NR and how they can be used to create subframes that are flexible and forward compatible. The document then considers how scalable NR subframes that can created that are compatible with LTE subframes.   
2. NR Building Blocks
LTE is composed of “slots” and “subframes”. The “slots” are building blocks (referred to in this document as “chunks”) out of which subframes are created. The building blocks create containers into which contents are inserted. The combination of the container and the content forms a subframe. In LTE the subframe’s contents are inserted into slot “containers”. In this document, we propose that NR is similarly constructed from containers and contents.
Containers: chunks of resource
The basic structure of NR is built around chunks. In an example, the chunk consists of two OFDM symbols (the minimum size of the chunk should be small enough to satisfy the tightest NR requirements). The size of the chunk
 may be different for different numerologies and there may be different numbers of OFDM symbols per chunk in the same numerology. For the sake of simplicity, in this document a single chunk size and single numerology are considered. Example chunks have the following functionalities:

· Data REs and reference REs

· Reference REs only

· Data REs only

· Blank

· Synchronisation REs

The chunks can be defined in both the time domain and the frequency domain. Example NR chunks defined in the time domain are illustrated in Figure 1. Other chunks can also be defined.
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Figure 1 – Example NR chunks in the time domain
Structures: concatenated chunks
The NR chunks can be concatenated to create various structures (which are akin to the physical resources that comprise subframes in LTE). Example structures are shown in Figure 2. Again, this set of examples is not exhaustive.
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Figure 2 – Example structures built from NR chunks: FDD
The NR chunks can also be used to create bidirectional structures, e.g. used for TDD. Figure 3 shows a bidirectional structure type used when fast ACK / NACK signalling is possible and a case where UL resources precede DL resources (for a small cell case where measurements on the UL reference signals / pilots can be used by the eNodeB to derive precoding weight vectors for a subsequent MIMO transmission (using reciprocity)). 
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Figure 3 – Example structures built from NR chunks: bidirectional TDD
The structures can be designed to be self-contained for both TDD and FDD. An FDD self-contained structure does not rely on the presence of surrounding structures in order to be decodable. A TDD self-contained structure does not rely on surrounding structures and may additionally contain chunks for both link directions (in FDD, it would also be possible to define some association between chunks in UL and DL directions in order to create self-contained structures, but this may rely on some known timing relationship between UL and DL carriers).When the structures are self-contained, it is much easier to provide for forward compatibility.
Super-structures

In the general case, the structures can be concatenated further to create super-structures. For example for a DL-centric TDD scenario where ACK/NACK latency is not critical, several “normal DL” structures from Figure 2 can be concatenated into super-structures consisting of multiple “normal DL” structures followed by a “fast ACK / NACK” bidirectional TDD structure, as shown in Figure 4.
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Figure 4 – Example bidirectional TDD super-structure built from bidirectional TDD structures
Contents applied to Subframes
Subframes are composed of structures (“containers”) and functionality is applied to those structures (i.e. contents are inserted into the containers). 

The following functionalities are identified:

· scheduling

· data transmission

· pilot transmission

· switching

· synchronisation

The same structure may be used for different subframe types. For example, a “normal DL” structure (Figure 2) could be used to provide any of (as shown in Figure 5):

· Scheduling and data (cf. an LTE subframe containing PDCCH and PDSCH)

· Data only (e.g. a semi-persistently scheduled subframe)

· Broadcast information (cf LTE PBCH)
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Figure 5 – Normal DL structures used to implement different subframe types

In the general case, the same subframe type can be assigned to different structure types (for example “scheduling and data” subframes can be mapped to either “normal DL” structures or “high velocity DL” structures).

In the current work in RAN1, it is necessary to determine the NR chunks. Once the NR chunks have been determined and the constraints on NR have been determined (e.g. latencies, functionalities, requirements on reciprocity, which functionalities have to be combined into entities etc), these chunks can be combined into structures (and potentially super-structures) and subframe functionality can be assigned to those structures.
Proposal 1: At the current stage of the SI, RAN1:

· Determines the basic physical building blocks (NR chunks) of NR

· Identifies the constraints on NR: latencies, functionalities (e.g. feedback, scheduling), reciprocity requirements

Proposal 2: Once the basic building blocks and constraints of NR have been determined, create subframe structures that satisfy the identified NR constraints.
Forward compatibility

In addition, when NR subframes and structures are composed of NR chunks, new structures can be created in the future to create subframe types and structures that are compatible with future requirements. Hence the NR chunk approach inherently supports forwards compatibility.

3. Scalability of subframe for NR
For the frame structure design in NR, the scalability of the subframe for NR is an important feature in order to support different requirements for TTI length. The scalable subframes for NR can be designed to be aligned with LTE subframe types, e.g. for the cases where tight interworking with LTE is required. For example, the NR building blocks can be combined into structures that are either common divisors of the LTE subframe length (e.g. for URLLC) or are multiples of the LTE subframe length (e.g. for mMTC). If this is to be realised, the length of the NR chunk needs to be a common divisor of the LTE subframe length and the subframes that are eventually created for URLLC, mMTC and eMBB. This is illustrated in Figure 6. 

Note that it is not a requirement that NR subframes and structures are aligned with LTE subframes, and this might not be desirable in some cases (for example operation in unlicensed spectrum and operation in spectrum adjacent to other spectrum with stringent coexistence requirements).
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Figure 6 – Example of scalable NR subframes

Proposal 3: The basic physical structure of NR should allow the creation of NR subframes of a length that is either an integer multiple of the LTE subframe length or a common divisor of the LTE subframe length.

4. Conclusion

The frame and subframe structure of NR needs to be able to support the broad range of NR use cases. In order to achieve this goal, it is proposed that the subframe structure of NR is built of smaller building blocks that can be combined into subframe structures. At this stage of the study, RAN1 should determine the basic building blocks used to create subframes and the constraints that motivate how those building blocks can be combined. At a later stage of the study (e.g. at and beyond RAN1#86), RAN1 can combine them and determine how subframes are constructed.

The document makes the following proposals:

Proposal 1: At the current stage of the SI, RAN1:

· Determines the basic physical building blocks (NR chunks) of NR

· Identifies the constraints on NR: latencies, functionalities (e.g. feedback, scheduling), reciprocity requirements

Proposal 2: Once the basic building blocks and constraints of NR have been determined, create subframe structures that satisfy the identified NR constraints.
Proposal 3: The basic physical structure of NR should allow the creation of NR subframes of a length that is either an integer multiple of the LTE subframe length or a common divisor of the LTE subframe length.
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� LTE subframes have “slots” as containers. This document proposes that NR is composed of “chunks”. In this document, we do not reuse the LTE term “slot” when discussing NR, in order to emphasise that the physical characteristics (e.g. time duration, numerology) of an NR chunk can be different to that of an LTE slot.
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