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Introduction
Since NR is a new RAT [1], fundamental definitions such as TTI, subframe and frame structure are being revisited for NR [2]. A tightly correlated issue with those fundamental definitions is the signalling timing framework for NR. In this contribution, we present our views on the issues. We note the following agreements which should be taken into account particularly for signalling timing for NR.

Agreements:
· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:
· Strive for
· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
· Blank resources can be used for future use
· Minimizing transmission of always-on signals
· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource
Discussion on TTI, subframe and signalling timing for NR
1 
2 
1.1 TTI definition for for NR
In LTE, TTI essentially defines the time interval for mapping of a transport channel. The same definition can be retained for NR. A TTI can correspond to a full subframe, a partial subframe or multiple subframes depending on the usage scenarios.

Proposal 1: NR TTI defines the time interval for mapping a transport channel (same as LTE). 

1.2 Subframe definition for NR
The notion of subframe would be useful for NR. Similarly to LTE, subframe for NR can be the basic time unit for describing the mapping of physical channels and physicals signals to resource grid, as well as the basic time unit used for describing the timings of various UE procedures, such as DL/UL scheduling, DL/UL feedbacks (ACK/NACK/CSI), response to timing advance command, Msg3 response to RAR, etc. This basic definition of subframe should be no different for DL, UL and SL, and for TDD and FDD, although the actual physical channels/signals mapping and the actual timings of procedures may still have dependencies on the link types and duplexing modes (just like LTE). The subframe types can be broadly classified as DL subframe, UL subframe, mixed DL/UL subframe (for TDD), and SL subframes (see further details in [5]). Additional types may need to be defined for specific use cases such as for backhaul in the case of wireless relay [4]. For efficient/convenient co-existence with LTE particularly at sub-6GHz, NR subframe duration should scale as 1/M*1ms or M*1ms where M is a positive integer.  

Proposal 2: NR subframe is the basic time unit for describing the mapping of physical channels and physicals signals to resource grid, as well as the basic time unit used for describing the timings of various UE procedures.

There are views expressed by some companies in the email discussion [2] that ‘subframe’ for NR that should be a ‘self-contained’ time unit such that for DL, a subframe would contain a DL assignment, the corresponding data (including the demodulation RS), and the corresponding ACK/NACK; and for UL, a subframe would contain a UL grant and the corresponding UL data transmission. 

Several potential issues have been identified with the ‘self-contained subframe’:
· Implementation feasibility
· Reduced spectral efficiency due to the increased overhead (by the DL-UL switching time gap)
· Coverage of UL control signalling vs. UL control signalling overhead
· Full-duplex interference issues when different length-TTIs are FDM’ed

These potential issues are explained more in detail below. 

Implementation feasibility: The implementation feasibility of ‘self-contained subframe’ requires further study as there is a strong dependency on aspects such as UE decoding latency (both control and DL data), which in turns depends on channel coding design, demodulation RS mapping and channel RE mapping, as well as UE processing capability to prepare the required UL response (UL data or ACK/NACK). For UL ACK/NACK, coverage due to the very short transmission duration can also be an issue [3]. The most important advantage of ‘self-contained subframe’ seems to be that it is a convenient way to co-exist with LTE and with future RAT (forward compatibility); however there are other options that can be considered as further discussed in section 2.3.
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Figure 1. Traditional vs Self-contained subframe structure

Figure 1 compares traditional vs. self-contained subframe structures. 

Increased DL-UL switching gap overhead: As shown in the figure, if “self-contained subframes” are used in every subframe, a significant overhead (5x in the figure) may be introduced owing to the DL-UL switching time gap. As typically the DL-UL switching gap “G” is determined as a function of cell size, the potential overhead further increases as the cell size increases. 

UL control signalling coverage: UL signalling coverage can only be ensured if sufficient number of OFDM symbols can be used for the UL transmission, as UE is power limited. In the traditional frame structure, UL control signalling coverage is ensured because a full subframe is available for UL transmissions. In such a case, a system can use FDM or CDM to multiple different UEs’ UL control signals, and at the same time UEs can use all the OFDM symbols in a subframe for the UL control signalling. In contrast, the number of OFDM symbols available for UL control signalling is limited by the nature of “self-contained subframes”, which causes UL control coverage problems. On the other hand, if a large number of OFDM symbols are provisioned for the UL control signalling, this can resolve the UL coverage issue but it creates another issue, which is additional overhead. 
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Figure 2. Full-duplex interference issues

Full-duplex interference issues: Figure 2 illustrates the full-duplex interference issues arising when long & short TTIs are FDM’ed in different subbands, e.g., to support eMBB and URLLC in a single carrier. For the BS operation, multiplexing of UL reception and DL transmission in the same time resources should be avoided, as it introduces large interference to UL reception at the LNA (low-noise amplifier), caused by the high-power transmitted DL signal, which will make UL decoding practically infeasible. 

Observation: Potential issues with “self-contained subframe” include:
· Implementation feasibility
· Reduced spectral efficiency due to the increased overhead (by the DL-UL switching time gap)
· Coverage of UL control signalling vs. UL control signalling overhead
· Full-duplex interference issues when different length-TTIs are FDM’ed

1.3 Signalling timing for NR
As expressed by several companies in the email discussion on frame structure [2], an important discussion that should take place is the signalling timing for NR, particularly the scheduling timing and ACK/NACK timing. It was agreed in the last meeting to strive for a transmission framework that supports flexible and confined spectrum utilization for ensuring forward compatibility and compatibility of different features. As mentioned in the previous section, the benefit of ‘self-contained subframe’ is the convenience to co-exist with LTE and with future RAT (forward compatibility). However, there are other alternatives of scheduling timing and ACK/NACK timing for NR that can achieve the same benefit of forward compatibility without the downsides of “self-contained subframe” elaborated in the previous section.

On the timing between a DL assignment and the corresponding DL data, the following alternatives should be considered:
Alt 1: DL data is transmitted in the same subframe as the DL assignment
Alt 2: DL data is transmitted in a subframe after the DL assignment
· Alt 2a: Semi-persistent scheduling
· Alt 2b: Dynamic scheduling
 
Alt 1 is the current LTE design. Alt 2 includes a sub-alternative of semi-persistent scheduling (Alt 2a) which is supported in LTE for VoIP applications. For additional scheduling flexibility, Alt 2 can be enhanced to support dynamic scheduling (Alt 2b) if timing information for DL data (subframe) can be carried in the DL assignment. In general, Alt 2b can allow better control of control channel loading across subframes without tight coupling with the data timing. Alt 2b can also be beneficial for a mixed DL/UL subframe type where a subframe may consist of only a DL control region followed by a gap and a UL region. Other use case includes support for wireless relay as discussed in [4]. There can be a unifying framework of Alt1 and Alt 2 if the subframe timing of DL data can be controlled by the network (dynamically or semi-statically). 

In addition, it should be possible for the scheduled DL data to span one or more subframes. DL data assignment to multiple subframes is beneficial for transmission of large data size (either as one transport block or as multiple transport blocks) with small control overhead (eMBB).

On the ACK/NACK timing, the following alternatives have been proposed.
Alt i: ACK/NACK after the end of DL data within the same subframe
Alt ii: ACK/NACK after x subframes from the corresponding DL data
· Alt ii-a: x is fixed timing
· Alt ii-b: x can be signalled

The motivation for Alt i is to enable ‘self-contained subframe’. However, as mentioned in the previous section, UE implementation feasibility and coverage problem should be considered before adopting it as a NR design principle. On the other hand, Alt ii would allow more flexible UE implementation and sufficient coverage. There are two sub-alternatives for Alt ii. Alt ii-a is the current LTE design but is generally considered too rigid for NR for ensuring forward compatibility. This can be resolved with Alt ii-b which aims to provide flexibility for the network to control the ACK/NACK transmission timing from the UE while alleviating UE implementation constraints at the same time.

On the timing between a UL grant and the corresponding UL data transmission, similar alternatives as the ACK/NACK timing are possible:
Alt A: UL data is transmitted after the UL grant in the same subframe
Alt B: UL data is transmitted after y subframes from the UL grant
· Alt B1: y is fixed timing
· Alt B2: y can be signalled

The consideration factors are similar as those for the ACK/NACK timing. Similar to the DL, it should be possible for the scheduled UL data to span one or more subframes for low control overhead.

Based on the above discussions, we have the following proposals to support flexible and confined NR transmission framework desired for ensuring forward compatibility and compatibility of different features:
Proposal 3: DL data can be signalled to be received in the same subframe as the DL assignment or in a subframe after the DL assignment.
Proposal 4: UL ACK/NACK is transmitted after x subframes from the corresponding DL data, where x can be signalled.
Proposal 5: UL data is transmitted after y subframes from the corresponding UL grant, where y can be signalled.
Proposal 6: Scheduled DL/UL data can be mapped to one or more subframes.

Conclusions
In this contribution, we presented our views on TTI definition, subframe definition and the signalling framework for NR. 

Our observations on ‘self-contained subframe’ are as follows.
Observation: Potential issues with “self-contained subframe” include:
· Implementation feasibility
· Reduced spectral efficiency due to the increased overhead (by the DL-UL switching time gap)
· Coverage of UL control signalling vs. UL control signalling overhead
· Full-duplex interference issues when different length-TTIs are FDM’ed

In order to support flexible and confined NR transmission framework for ensuring forward compatibility and compatibility of different features, we have the following proposals.

Proposal 1: NR TTI defines the time interval for mapping a transport channel (same as LTE). 
Proposal 2: NR subframe is the basic time unit for describing the mapping of physical channels and physicals signals to resource grid, as well as the basic time unit used for describing the timings of various UE procedures.
Proposal 3: DL data can be signalled to be received in the same subframe as the DL assignment or in a subframe after the DL assignment.
Proposal 4: UL ACK/NACK is transmitted after x subframes from the corresponding DL data, where x can be signalled.
Proposal 5: UL data is transmitted after y subframes from the corresponding UL grant, where y can be signalled.
Proposal 6: Scheduled DL/UL data can be mapped to one or more subframes.
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