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1. Introduction 
At RAN1#85, various agreements were made regarding elements of the frame structures that are to be evaluated and studied for NR [1]. 

It was proposed in [2] that the NR study considers the basic physical building blocks of NR and the constraints on NR, such as latencies, functionalities (e.g. feedback, signalling) and reciprocity requirements. Once these basic building blocks and constraints have been determined, subframe structures can be created that satisfy the identified NR constraints.
This document firstly recaps the building block / structure approach to NR and then shows how that approach is compatible with the RAN1#85 agreements. Our approach is that the study of NR should allow for a flexible and forwards compatible air interface that can meet the diverse requirements for NR and can be implemented at reasonable cost. This document then makes a set of proposals on the frame structure, building on the RAN1#85 agreements, that enables the diverse requirements of NR to be met.

The document also considers how scalable subframes can be supported by NR in order to support diverse NR use cases and allowing for tight interworking with LTE.

2. Recap of NR Building Blocks and Structures
In [2], it was proposed that the NR physical layer is built from building blocks into structures that can then be assigned to different subframe types (such as subframes supporting DL data, subframes supporting UL data, subframes supporting broadcast, bidirectional TDD subframes etc.). This approach is considered to be a flexible way of supporting diverse use cases and facilitates forwards compatibility. This section provides a short recap of the building blocks, structures and subframes that can be created. The next section shows how this approach is compatible with and can build on the agreements reached in RAN1#85.

In [2], it was proposed that the NR physical layer is built from smaller building blocks (chunks) of resource, the building blocks providing functionality such as sending DL data, channel estimation (through reference signals), synchronization, transmitting UL data, UL channel estimation and sounding etc. Some of the example building blocks are shown in Figure 1, for 15kHz and 30kHz numerologies (the 30kHz numerology building blocks are explicitly indicated as having the 30kHz numerology). The building blocks can support more than one type of functionality (such as DL reference signals and DL data, or DL data and blank) in order to flexibly support different requirements.

[image: image1]
Figure 1 – Example NR building blocks 
It was further proposed that these building blocks could be combined in various ways to create structures to which functionality could be applied (such as scheduling, data transmission, pilot transmission, switching and synchronization). The structures could either be defined through specification or signaled by the network, allowing a large degree of flexibility in the NR system, allowing for new use cases and aiding forward compatibility. Example structures are shown in Figure 2. This set of example structures is not exhaustive.
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Figure 2 – Example structures built from NR chunks: FDD
The NR building blocks 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 structure used to support the coherence block for MU-MIMO, where UL pilots allow precoding matrices to be determined for a subsequent MIMO transmission [3]). 
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Figure 3 – Example structures built from NR chunks: bidirectional TDD
The structures themselves can be concatenated to create super-structures for special use cases, such as TDD deployments that are latency tolerant and DL-centric. In this case, superstructures can be created, e.g. by concatenating normal DL structures and fast ACK / NACK structures, as shown Figure 4.


[image: image4]
Figure 4 – Example bidirectional TDD super-structure built from bidirectional TDD structures
3. Structures Supporting RAN1#85 Agreements 
In this section, we show how structures can be created from building blocks that are compatible with the agreements reached in RAN1#85. We also provide our views relating to open issues on the NR frame structure.
3.1 1ms subframe alignment
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The DL building blocks of Figure 1 have a duration of 2 OFDM symbols. For a 15kHz subcarrier spacing and OFDM symbol duration, 7 of these building blocks can be concatenated to create a 1ms duration structure (Figure 5). At higher subcarrier spacings, the OFDM symbol duration is shorter. For example, for a 30kHz numerology with 28 OFDM symbols per subframe, 14 of the building blocks shown in Figure 1 can be used to create a structure of 1ms duration. 
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Figure 5 – 1ms duration structures created from concatenating basic building blocks
3.2
Time domain structure within Interval-X
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The building block / structure approach that is discussed in section 2 is based on building blocks (atomic units) that are duplex agnostic and that are common between TDD and FDD. Structures that are applicable to both TDD and FDD can be built from the building blocks shown in Figure 1.
RAN1 needs to agree on what minimum and maximum timing relationships are required in NR. This is one of the reasons that we propose the building block / structure approach at this time. Until timing relationships have been agreed, it is very difficult to define subframes. For example, for the case of a bidirectional TDD structure, it is necessary to know the minimum time it takes to decode an amount of physical resource before providing an ACK / NACK. 

Hence at this time, RAN1 needs to decide on (1) the building blocks of NR and (2) the time to process the building blocks. Once these have been determined, the building blocks can be assembled into structures (e.g. covering an Interval-X) and functionality can be applied to those structures (e.g. scheduling, data transmission, pilot transmissiom, switching, synchronisation). The structures can be defined in the specification or created semi-statically. During the study item phase, it is only necessary to consider and evaluate a subset of structures.
Proposal 1: RAN1 agree on (1) basic atomic building blocks of NR and (2) the time to process the building blocks.
Proposal 2: During the NR study phase, RAN1 create some reference physical structures that are used for the purposes of evaluation.
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The building block / structure approach that we propose in [2] can support structures that span an Interval-X (e.g. 1ms) that supports DL transmission parts only, UL transmission parts only and combinations of DL, guard and UL transmission parts, as shown in Figure 6.

As stated in proposal 2, during the study item phase, RAN1 only needs to consider and evaluate some reference physical structures. In terms of the final NR specification, in order to create a flexible and forwards compatible air interface, our preference is that the supported structures can be indicated semi-statically.

Proposal 3: Combinations of building blocks that span an Interval-X should be signaled semi-statically. 
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Figure 6 – Structures consisting of DL transmission parts, UL transmission parts and DL/UL/guard transmission parts

Massive MIMO is an essential technology for achieving the requirements of NR. In many massive MIMO schemes, channel reciprocity is used to determine the precoding matrices to apply to DL transmissions [3]. It can hence be useful to transmit UL pilots before the DL massive-MIMO transmission, such that the UL and DL are transmitted within the coherence time of the channel. Hence, massive MIMO has requirements to support physical structures that are formed in the order UL -> guard -> DL, as shown in Figure 7. In this structure, the eNodeB determines precoding matrices during the guard building block. 
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Figure 7 – Example physical structure used to support massive-MIMO
In a TDD system, for the case that the UL is timing advanced, a guard interval can be applied at the end of an UL physical structure. For the case that the UL is not timing advanced (e.g. for the case of an unscheduled UL transmission [4]), it might be preferable to place a guard interval at the start of a DL physical structure, allowing for the propagation delay of the UL transmission.

The discussion above shows that there are various orders for the DL, UL and guard parts of a physical structure spanning an Interval-X. Hence we make the following proposals:

Proposal 4: The DL transmission part, guard and UL transmission part can exist in any order within an Interval-X. 
Proposal 5: Within an Interval-X, there can be a guard region after the uplink transmission region.
In terms of supporting DL control information, DL data transmissions and reference signals within the DL transmission part of an NR physical structure, our view is that these functionalities are somewhat separate to the definition of the physical structures themselves. Once physical structures (containers) have been defined, functionality (data transmission, control transmission etc.) can be applied to those containers.
Proposal 5: RAN1 decides on a set of functionalities that need to be supported by NR physical structures, including data transmission, control transmission, sounding pilots, broadcast transmission.
3.3
Timing Relationships
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For a bidirectional self-contained TDD subframe, there needs to be sufficient time between DL transmission and transmission of the accompanying ACK / NACK to allow for UE designs while maintaining reasonable UE complexity. Hence the number of guard building blocks used to create a bidirectional TDD subframe may be variable, depending on UE capability. Semi-statically defined physical structures allow the physical structures to cater for different UE capabilities (e.g. low capability UEs have multiple guard blocks between DL and UL; higher capability UEs have only a single guard building block between DL and UL).

For the massive-MIMO case considered in Figure 7 and [3], since the time required to determine the precoding matrices (the processing delay at the eNodeB) is dependent on the eNodeB capability, the eNodeB should be able to flexibly define the physical structure to support massive-MIMO (by inserting an appropriate number of guard building blocks). Hence it should also be possible for the eNodeB to semi-statically configure the NR physical structures.
Proposal 6: RAN1 evaluates UE and eNodeB timing constraints before defining bidirectional self-contained TDD physical structures (Interval-X).
When the response from one bidirectional TDD structure is transmitted in a subsequent bidirectional TDD structure, timing is less critical, but there still need to be some minimum timing relationships defined between data transmissions and ACK / NACK signaling.
3.4
RS Locations
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The building blocks outlined in Figure 1 can be used to create physical structures that support frontloaded reference signals, as per the RAN1#85 agreement. A frontloaded physical structure is highly suitable for a flexible forwards compatible system, in which the receiver synchronises to the transmitter using the frontloaded RS before demodulating the data. The frontloaded physical structure can be supported in the DL or the UL.
NR will need to support additional physical structures, such as structures with mixed reference signals and data (as per LTE) and structures consisting of alternating reference signal building blocks and data building blocks (e.g. for the support of high velocity UEs), as shown in Figure 8. These physical structures can be studied during the study item phase and signalled semi-statically during a final NR design.
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Figure 8 – Physical structures consisting of mixed reference / data, frontloaded RS and time-interspersed RS and data

4. Subframe scalability 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 whose lengths 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 building block 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 9. 

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).

[image: image14]
Figure 9 – Example of scalable NR subframes
Proposal 7: 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.

5. 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. 
This document considered how fundamental building blocks can be used to create physical structures to be used in the NR study and how this approach is compatible with the agreements from RAN1#85. Functionalities can then be supported by these physical structures (i.e. the physical structures can be used to support resource allocation, data transmission, feedback signalling, synchronisation, pilots etc.).

The following proposals are made:

Proposal 1: RAN1 agree on (1) basic atomic building blocks of NR and (2) the time to process the building blocks.
Proposal 2: During the NR study phase, RAN1 create some reference physical structures that are used for the purposes of evaluation.

Proposal 3: Combinations of building blocks that span an Interval-X should be signaled semi-statically. 

Proposal 4: The DL transmission part, guard and UL transmission part can exist in any order within an Interval-X. 
Proposal 5: Within an Interval-X, there can be a guard region after the uplink transmission region.
Proposal 6: RAN1 evaluates UE timing constraints before defining bidirectional self-contained TDD physical structures (Interval-X).
Proposal 7: 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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Working assumption:


In the case of subcarrier spacing 15 kHz and 14 symbols per 1ms, the following applies:


Baseline: Symbol boundary is aligned with LTE of normal CP


Agreement: For the numerology with 15 kHz and larger subcarrier spacing ,1 msec alignment is supported
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Agreements:


RAN1 strives for maximizing commonality between TDD and FDD


It is preferable that mechanisms to indicate the timing relation are duplex agnostic


Note: This does not preclude any optimization either for FDD only or TDD only








Agreements:


At least the following should be supported for NR in a frequency portion


A time interval X which can contain one or more of the following


DL transmission part


Guard


UL transmission part


FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically


Furthermore, the following is supported


The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals


Agreements: 


At least the following time domain structures should be studied/evaluated for NR


DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)


DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)


Other structures not precluded


Note: there is no assumption between the relationship of assignments and data in the above


FFS: there can be guard region after the uplink transmission region.


FFS: Study candidate solutions where 1 structure spans at most a time interval of 1 ms


FFS: Metrics for study/evaluation


Note: This does not preclude the same structure could span multiple 1 msecs
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At least the following is supported for NR frame structure 


Following timing relationships are indicated to a UE dynamically and/or semi-statically


Timing relationship between DL data reception and corresponding acknowledgement


Timing relationship between UL assignment and corresponding UL data transmission


Following timing relationship is FFS whether fixed and/or dynamically and/or semi-statically indicated


Timing relationship between DL assignment and corresponding DL data reception


For above two sub-bullets


Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc.


Default value, if any,  for each timing relationship is FFS.








Agreements:


At least the following is studied for NR in order to reduce decoding latency


RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped


Other additional RS design associated with data demodulation is not precluded
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