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Introduction
In RAN1 #85 the following agreements was made [1] toward the notion of self-contained subframes.
· 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
· Note: may depend on e.g. UE capability/category, payload size, etc
· FFS: X and Y 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

Additionally, another agreement went toward the notion of single interlace.
· NR design should strive to enable the possibility for
· Corresponding retransmission shortly (in the order of Z µs) after the end of acknowledgement reporting
· FFS: Z in the order of a few tens of or hundreds of micro sec is feasible

An illustration of how such design can impact frame structure was mentioned in [2]. An example of UL grant to data transmission and HARQ retransmission timeline are illustrated in Figure 1.

[bookmark: _Ref462859724][bookmark: _Ref462859719]Figure 1. Control intervals of UL data bursts (timing advance shown)
 
UL Processing Timeline Considerations
For UL centric self-contained subframe, the critical timeline is the reception and processing of UL grant and preparation for the start of the UL data transmission.
[bookmark: _Ref458722650]Guard periods
One of the basic requirements for the guard period in a TDD system is to allow time for RF hardware to switch its direction. Based on the state-of-the-art, it is believed that sub-10us is practical for RF switching in NR context. Another component that the guard period has to accommodate is the round-trip delay (RTD). UE may be required with a timing advance to account for propagation delay.
As an example, the minimum amount of time for UL-to-DL switching could be 6 microseconds. And if 1km cell edge should be supported, the RTD is about 6.67 microseconds. This means from the UE’s perspective, the UL-to-DL switch time would need be approximately (6+6.67) = 12.67 microseconds.
For frame structure specification, the guard period is typically defined as an integer number of symbols. So with timing advance this can be split nominally across the DL-to-UL switching, and UL-to-DL switching. If the overall guard period is one symbol (e.g., 35.677 microseconds assuming subcarrier spacing = 30kHz), our example leaves about 23 microsecond for DL-to-UL switch time on the UE side for DL grant to UL data transmission in UL centric subframe.
Use of only the guard period for self-contained grant to UL data turn-around within the same subframe may be very tight in terms of timeline. Rx processing techniques and Tx processing techniques could be considered to reduce the transmission preparation timeline.
Front-loaded DMRS, data padding and Tx Pipelining
For Tx data processing, the principle of “on-the-fly” / symbol-by-symbol processing needs to be adopted, in order to efficiently pipeline the workload. PDCP/RLC/MAC processing should be simplified and be performed with the sustainability requirement of “one symbol processed (i.e. constructed) in one symbol time”. Frequency-first interleaving would be necessary to support such symbol-by-symbol processing.
Another solution is to populate the first Tx symbol with DMRS, and it further may be possible to define DMRS such that it can be pre-processed. Even if it cannot be due to being UL grant dependent, DMRS waveform construction should be relatively lighter than data symbol waveform construction, and requires less processing time. During transmission of DMRS, construction of the first data symbol can take place; Afterwards, the pipeline is set up and the processing time for the next symbol can be hidden under current symbol’s transmission time, until there is no more symbol to process.
In case upper layer PDCP/RLC/MAC processing still could not be completed after the transmission of DMRS, data padding is needed to allow upper-layer turn-around. “Timing relationship between UL assignment and corresponding UL data transmission can be signaled to UE semistatically or dynamically (implicitly or explicitly).” Implicitly depending on UE MCS/TBS, etc. the amount of data padding (hence the timing relationship between UL assignment and corresponding UL data) can be changed dynamically and/or semistatically to ensure self-contained turn-around.
Proposal 1: Uplink reference signal and data channel should be designed to facilitate symbol-by-symbol processing on the UE. This study should extend up the protocol stack to ensure there is no roadblock and to identify potential cross-layer optimizations. Data padding and/or other techniques can be applied when turn-around time becomes tight.
Proposal 2: UL burst channel structure should be designed with considerations for processing timeline to feedback ACK/NACK. Data padding and/or other techniques can be applied when turn-around time becomes tight.
[bookmark: _Ref458635835]Scaled numerology downlink control channel design 

 Figure 2. An uplink-centric self-contained subframe structure control and data relationship
As shown [2], scaled numerology downlink control channel could enable efficient UE/eNB turn-around for self-contained UL grant to data and UL single interlace back-to-back HARQ process.
In short, using just one symbol control would make a fast retransmission a very challenging task for the eNB since there is potentially not enough time to process the acknowledgement reporting from the previous subframe and transmit the HARQ-related information in a duration that is shorter than one symbol. Using two symbols for control could result in an excessive overhead, considering the very large bandwidth that will be available in the 5G new radio. This problem can be addressed if a scaled numerology downlink control channel is supported which comes with the following benefits:
· It keeps the downlink control overhead to one symbol and achieves a similar performance to the one symbol control channel due to the low SINR operating point of the control channel.
· It can streamline one-interlace UL HARQ processes:
· Non-data-processing-dependent information (e.g. RS for control, etc.) and processing-time-critical information (e.g., RB allocation) is transmitted in the first scaled numerology symbol, 
· Data-processing-dependent and non-processing-time-critical information is transmitted in the second scaled numerology symbol, e.g., NDI, MCS, etc.
· It improves UE waveform preparation timeline for fast grant to data transmission turn-around.
· It relaxes eNB data processing timeline for data reception to retransmission grant preparation.

 Figure 2 and Figure 3 illustrate two examples of a downlink-centric and an uplink-centric subframe with 14 symbols respectively, where 
· the control channel is transmitted using two scaled numerology symbols,
· only one symbol is consumed for guard,
· only the second scaled numerology symbol carries the processing-dependent information. 









[bookmark: _Ref462865201]Figure 3. Uplink-centric subframe with scaled numerology control for fast grant to data and HARQ trun-around
 DL control channel performance results
We now present link-level numerical results that compare the control decoding BLER in a TDL-C channel with 300 and 1000 nsec RMS delay spread for control channel. More details on the simulation parameters appear in Table 4 and results are shown in Figures 7 and 8. As with the previous numerical results, for channels with 300 nsec and 1000 nsec RMS delay spread, the one-symbol downlink control uses 30 KHz SCS and 15 KHz SCS respectively and the scaled numerology symbols downlink control use 30 KHz and 60 KHz SCS respectively.
	Simulation Config
	one symbol
	scaled numerology two symbols
	one symbol
	scaled numerology two symbols

	Channel Profile
	TDL-C with 300ns RMS delay spread
70Hz Doppler
	TDL-C with 1000ns RMS delay spread
70Hz Doppler

	SCS
	30KHz
	60KHz
	15KHz
	30KHz

	Pilot Config
	2 port RS with 120KHz per-port spacing
	2 port RS with 60KHz per-port spacing

	CP
	2.3437us
	1.1719us
	4.6875us
	2.3437us

	Subframe Duration
	500us

	Control BW
	15.36MHz

	Control Payload
	48 bits (CRC-16 included)

	CCE config
	1CCE=32Tones; REGs within a CCE is equally spaced

	Tx Mode
	2-port SFBC; QPSK

	nRxAntenna
	2

	AggLevel
	AL1: Rate=48/64      AL2: Rate=48/128     AL4:Rate=48/256    AL8:Rate=48/512
Native rate-1/3 TBCC is used. Rate<1/3 is achieved by repetition.


Table 4: Main link-level simulation parameters for comparing the one symbol vs. two scaled numerology symbols downlink control performance
[image: ][image: ]
Figure 7 TDL-C 300ns RMS DS                                         Figure 8 TDL-C 1000ns RMS DS

Observation 2: A scaled numerology downlink control channel could provide a more efficient eNB-turnaround and enable back-to-back single interlace UL HARQ transmission.
Observation 3: A scaled numerology downlink control channel could provide a more efficient UE-turnaround and enable self-contained grant to UL data transmission.
Proposal 3: NR should adopt the usage of scaled numerology for the downlink control channel by scaling up SCS (i.e., scaling down symbol duration).
Subframe Timeline Discussion
Immediate UL transmission after grant
It is clear that the Rx processing and Tx Processing techniques can be applied to reduce this latency on the order of 1 OFDM symbol (and on the order of 10s of us) as well. Unlike the DL data channel reception case, it is possible for the downlink control channel to be transmitted at a higher SCS for better timeline processing, without hurting the control channel capacity of coverage, since the required SINRs are low.
Back-to-back single interlace UL HARQ operation
Both of the cases above mainly pertained to UE processing timeline enhancements, but these could similarly be applied to the base station side as well. The only other remaining timeline optimization is the speedup of the scheduling, or possible simplification of scheduling optimization, which can possible allow for single interlace operation. Such optimization are outside the scope of this contribution. 
Overall we have the observation that for self-contained uplink and downlink subframes, the following may be feasible in NR depending on the design of the physical layer channels.
Observation 4: Self-contained subframe operation may be feasible with gaps on the order of ~1 OFDM symbol, and equivalently with X and Y on the order of 10s of us.
Proposal 4: Downlink control and data channels should be designed with flexibility to support single-interlace transmission to allow time-critical processing on the eNB side for immediate ACK processing and potential retransmission.
[bookmark: _Ref378529477]Conclusions
Proposal 1: Uplink reference signal and data channel should be designed to facilitate symbol-by-symbol processing on the UE. This study should extend up the protocol stack to ensure there is no roadblock and to identify potential cross-layer optimizations. Data padding and/or other techniques can be applied when turn-around time becomes tight.
Proposal 2: UL burst channel structure should be designed with considerations for processing timeline to feedback ACK/NACK. Data padding and/or other techniques can be applied when turn-around time becomes tight.
Observation 2: A scaled numerology downlink control channel could provide a more efficient eNB-turnaround and enable back-to-back single interlace UL HARQ transmission.
Observation 3: A scaled numerology downlink control channel could provide a more efficient UE-turnaround and enable self-contained grant to UL data transmission.
Proposal 3: NR should adopt the usage of scaled numerology for the downlink control channel by scaling up SCS (i.e., scaling down symbol duration).
Observation 4: Self-contained subframe operation may be feasible with gaps on the order of ~1 OFDM symbol, and equivalently with X and Y on the order of 10s of us.
Proposal 4: Downlink control and data channels should be designed with flexibility to support single-interlace transmission to allow time-critical processing on the eNB side for immediate ACK processing and potential retransmission.
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