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1 Introduction

At the last RAN1 meeting, some progress was made towards the definition of a NR frame structure. Generally, the discussions can be separated into two categories. First, how a subframe is composed (e.g., DL transmission part, UL transmission part, switching guard) which can be referred to as a subframe structure. And secondly, the timing relationships that can be defined between the transmissions that can occur in said subframe structure. This is also clearly mirrored in the RAN1 agreements. With respect to a subframe structure, the following was agreed at RAN1 #85:
	· 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

· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals

· FFS length(s) of time interval X

· FFS: other characteristics of time interval X

· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay

· 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



Similarly, with respect to the timing relationships, RAN1 agreed that: 
	· 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.

· NR design should strive at least to enable the possibility for

· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission

· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment

· Corresponding retransmission shortly (in the order of Z µs) after the end of acknowledgement reporting

· Note: may depend on e.g. UE capability/category, payload size, etc

· FFS: X, Y, Z in the order of a few tens of or hundreds of micro sec is feasible

· Other mechanisms/configurations in addition to fast/short corresponding acknowledgement are needed

· For example to provide coverage or enable TD-LTE coexistence

· Note: RAN1 will continue investigations about UE complexity, implementation processing time, interleaving applicability




In this contribution, we present our views on both these topics and try to further drive progress such that discussions on the detailed channel and signal design can commence. 
2 Frame structure design for NR
In LTE, a subframe is a time interval of fixed length, regardless of the numerology, and defined as an integer multiple of a basic time unit Ts. Consequently, different numerologies result in a different number of OFDM symbols per subframe. For example, for 15kHz subcarrier spacing and normal CP, one subframe comprises 14 OFDM symbol, however, if the CP length is increased to accommodate larger cell sizes, only 12 OFDM symbols fit into the LTE subframe due to the additional CP overhead. LTE Rel. 8 also defines 7.5kHz subcarrier spacing with extended CP in which case only half as many symbols fit into one subframe, namely 6 OFDM symbols. For the NB-IoT UL with 3.75kHz subcarrier spacing, things are somewhat different though and only slots are defined but no subframes. Similarly, when different numerologies are multiplexed within the same subframe, e.g., normal CP in the non-MBSFN region of a MBSFN subframe and extended CP in the MBSFN region of a MBSFN subframe, some samples may be undefined within a subframe as OFDM symbols of one numerology are aligned with the beginning of a subframe and others of a different numerology with the end of a subframe. Notwithstanding, a subframe, if defined, is always 1ms long. 
For the NR subframe definition, such an approach may not be desirable. In LTE, all synchronization signals and common channels for initial access are defined for the same subcarrier spacing, namely, 15kHz. In other words, while LTE supports multiplexing of different numerologies in the time domain (MBMS, NB-IoT) as well as the frequency domain (NB-IoT), all UEs support 15kHz subcarrier spacing at least in the DL and hence, attach to a cell always using this numerology. 
For NR, TDM and FDM of different numerologies are equally being discussed, but here, standalone operation of different numerologies is not precluded. For example, a standalone mMTC network could operate in the DL with a subcarrier spacing smaller than 15kHz and hence, initial attach of mMTC UEs would require synchronization signals and common channels defined for this numerology. Conversely, a standalone URLLC network may operate with a subcarrier spacing significantly larger than 15kHz in order to reap latency reductions through the shortened OFDM symbol durations resulting from the increased subcarrier spacing. Last but not least, a single service/application/vertical such as mobile broadband could be operated in a standalone fashion using different subcarrier spacings, e.g., 15kHz at sub-6GHz carrier frequencies and 60kHz at above-6GHz. Hence, it may be cumbersome to define a specification in which the equivalent of a subframe, viz., 14 OFDM symbols, may never last 1ms for a given vertical or numerology yet a subframe is defined by a fixed duration of 1ms as is the case in LTE. Rather a subframe could be defined by the number of OFDM symbols it comprises, at least for the case where all OFDM symbols are of identical length. Here, the length of an OFDM symbol is understood as a qualitative measure (e.g., normal, extended, ..) and identical length does not preclude that some OFDM symbols, e.g., the first symbol in each slot may have slightly longer CP duration as is the case for LTE. Moreover, such a definition is not meant to preclude configurations, where different OFDM symbol durations are multiplexed within one subframe, e.g., as is the case for LTE MBSFN subframes with PMCH transmissions or as in discussions on URLLC/MBB multiplexing in LTE. Rather the objective is to introduce a counting reference that scales with the numerology. In summary, the counting reference in LTE is a subframe of fixed duration. For NR, the counting reference is proposed to be a fixed multiple of OFDM symbols such that the actual subframe duration naturally scales with the subcarrier spacing. In other words, if for a given subcarrier spacing numerologies are multiplexed within a subframe duration of a fixed number of symbols in this numerology, this would not change the subframe duration from a specification point of view. As an example, in LTE a subframe could be defined as 14 OFDM symbols for normal CP and 12 OFDM symbols for extended CP. The subcarrier spacing of 7.5kHz that is defined in LTE for dedicated MBMS carriers would then no longer have 1ms subframes with 6 OFDM symbols but 2ms subframes with 12 OFDM symbols, i.e., regardless of the subcarrier spacing the subframe duration is 12 OFDM symbols and halving the subcarrier spacing results in a doubling of the subframe duration. Yet a subframe duration of 14 OFDM symbols for normal CP would not preclude certain subframes, namely MBSFN subframes to have less than 14 OFDM symbols and undefined samples as at the end of the non-MBSFN region in a MBSFN subframe or as at the end of a NB-IoT slot would still be allowed with such a definition. This would, we believe, be a preferable avenue for the NR subframe definition as unlike LTE, initial access may not always rely on a single numerology as in LTE and hence NR specifications should be more independent of the configured numerology such that some deployments, e.g., mMTC, URLLC, and MBB, that do not use 15kHz subcarrier spacing do not have to rely on a fixed subframe duration of 1ms which is clearly derived with a 15kHz subcarrier spacing in mind.
Proposal 1: A NR subframe is defined by a fixed number of OFDM symbols given a CP length and a subcarrier spacing

· This does not preclude multiplexing of different numerologies within one subframe
Proposal 2: A NR subframe is defined as a counting reference, e.g., to map signals and channels to time-frequency resources 

Furthermore we propose that a time interval X, as defined above, becomes a NR subframe. The agreement states that a time interval X can contain one or more DL transmission parts, guards, and UL transmission parts. In our companion contribution in [1] we give several examples where a MBB subframe with 15kHz subcarrier spacing and a resulting subframe duration of 1ms has multiple guards to facilitate multiplexing of MBB DL transmissions with URLLC UL transmissions. These guards also partition the MBB subframe into multiple DL and UL transmission parts. Hence, there is no contradiction with such a definition.
Proposal 3: A time interval X is a NR subframe

As a consequence of proposal 1 a time interval X thus scales in duration with the subcarrier spacing.
Proposal 4: A time interval X thus scales in duration with the subcarrier spacing

A transmission time interval (TTI) can be defined independently of the subframe definition and can in principle be any integer number of OFDM symbols [2]. In the general case, a TTI may coincide with the subframe duration but no such assumption should be made. Rather the TTI duration would be indicated by the scheduling DCI similar to the case how the NB-IoT DL works. For URLLC type of applications, the TTI duration could be an integer number of OFDM symbols whereas for MBB type of applications, the TTI duration may be an integer number of subframes. However, even for the MBB scenario an integer number of OFDM symbol may be advantageous [2]. Some examples are given in Figure 1 below and additional examples can be found in our companion contributions [1], [2] and [3].
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Figure 1: Examples of subframe structures
Figure 1 also illustrates how different subframe structures can be dynamically be composed from the three atomic building blocks: DL transmission part, guard, UL transmission part. PDCCH occasions can be defined via search spaces, the DCI transmitted on PDCCHs in these search spaces can trigger reference signal transmissions (CSI-RS, SRS, …), schedule data transmissions (PUSCH, PUCCH) or provide timing relationships for HARQ ACK/NACK feedback. These time relationships are in principle independent of the underlying subframe structure and a subframe structure as illustrated in Figure 2 does not entail that assignment, data and HARQ ACK/NACK feedback are necessarily transmitted within one subframe duration. 

These timing relationships are the focus of the next section. 
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Figure 2: So-called "self-contained" subframe structure
3 NR timing relationships
Figure 3 and Figure 4 illustrate the processing times at the eNB and UE that would be required to make a self-contained subframe a reality. As can be seen, the guard interval has to absorb two times the propagation delay as well as all physical layer processing latencies at both the eNB and UE. At the last RAN1 meeting, it was agreed to study the feasibility of these processing times as well as to strive for a NR design that enables these processing times to the extent possible.
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Figure 3: Processing requirements for the self-contained DL subframe
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Figure 4: Processing requirements for the self-contained UL subframe
A careful feasibility study of self-contained subframes where assignment, data and HARQ ACK/NACK are transmitted within one subframe requires detailed knowledge about the NR physical channel design. The NR reference signal design, codeblock segmentation, channel coding scheme and many more aspects all factor into the processing times required at the eNB and UE as illustrated above. Hence, until these have sufficiently progressed in RAN1 such a feasibility study may not be possible. In particular, a conclusion in the foreseeable future does not appear realistic. RAN1 can commence with the NR channel and signal design and once the overall processing chain with all its requirements and complexities is available and understood, RAN1 can resume feasibility analysis of self-contained subframes. Nevertheless, RAN1 can and should strive towards enabling such a feature wherever deemed possible. 
4 Conclusion

In this contribution we discussed NR frame structure design. The following is proposed: 
Proposal 1: A NR subframe is defined by a fixed number of OFDM symbols given a CP length and a subcarrier spacing

· This does not preclude multiplexing of different numerologies within one subframe
Proposal 2: A NR subframe is defined as a counting reference, e.g., to map signals and channels to time-frequency resources
Proposal 3: A time interval X is a NR subframe subcarrier spacing

Proposal 4: A time interval X thus scales in duration with the subcarrier spacing
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