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1 Introduction
In the last RAN1 meeting [1], the following agreements were made: Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included



























This contribution discusses the details of the agreed study points and other aspects related to the frame structure for NR-U:
· Numerology
· Waveform 
· Self-contained COT
· Variable starting position
2 Numerology
NR supports multiple numerologies that are based on exponentially scalable sub-carrier spacing (SCS) f = 2µ × 15 kHz with µ={0,1,3,4} for SS/PBCH block and µ={0,1,2,3} for other channels (RACH has 1.25 kHz and 5 kHz in addition). Note that Normal CP (NCP) is supported for all sub-carrier spacings, Extended CP (ECP) is supported only for µ=2. 
For LTE unlicensed operation (LTE-LAA) where target operating frequency range is limited to 5GHz unlicensed band, the 15kHz SCS with normal CP is only supported. For NR, it is quite obvious that at least the same SCS should also be supported to provide comparable performance (e.g. coverage, throughput, etc.) in 5 GHz unlicensed band. Furthermore, supporting a larger SCS is beneficial for NR-U to increase channel access opportunities while minimizing transmission of unnecessary signal for channel reservation. 
The specification work to support NR-U for >52.6GHz (e.g. 60 GHz unlicensed spectrum) is still unclear, but it can be argued that in principle a larger SCS is beneficial for NR-U to support very large available channel bandwidth (e.g. 2.16 GHz channel) in 60GHz unlicensed spectrum. Therefore, SCS(s) larger than 120kHz can be further considered for 60GHz unlicensed spectrum.
Proposal 1: NR-U supports only normal CP for sub7 GHz.
Proposal 2: NR-U supports the following candidate subcarrier spacing values. Further down-selection for a given band and a given channel/signal is not precluded.
	NR-U sub7 GHz
	NR-U over52.6 GHz

	SS/PBCH block
	PRACH format
	RMSI/OSI/paging
	Others
	SS/PBCH block
	PRACH format
	RMSI/OSI/paging
	Others

	15 kHz,
30 kHz,
60 kHz
	15 kHz,
30 kHz,
60 kHz
	15 kHz,
30 kHz,
60 kHz
	15 kHz,
30 kHz,
60 kHz
	240 kHz
FFS: >240kHz
	240 kHz
FFS: >240kHz
	240 kHz
FFS: >240kHz
	240 kHz
FFS: >240kHz



Note: Detailed analysis on the candidate SCS of SS/PBCH block and RMSI/OSI/paging is in our accompanied contribution [2], and detailed analysis on the candidate SCS of PRACH format is in our accompanied contribution [3].  
3 Waveform
In order to operate NR in unlicensed spectrum, unlicensed spectrum regulations need to be satisfied, such as occupied channel bandwidth (OCB) regulation, and power spectral density (PSD) regulation in addition to LBT. Occupying the whole BWP or carrier bandwidth can meet the regulation requirement, but the transmission efficiency would be degraded, especially for the uplink transmission wherein the whole BWP is fully occupied by a single UE. 
NR supports CP-OFDM for DL transmission and both DFT-based and CP-OFDM for UL transmission. For CP-OFDM PDSCH/PUSCH, by delicate resource allocation type 0, the DL/UL transmission can spread over the bandwidth with proper transmission power by gNB scheduling. For DFT-based PUSCH, only contiguous resource allocation is supported for licensed band. In Rel-14 eLAA, interlaced resource allocation is introduced to meet the OCB and PSD requirement and improve the UL transmission power efficiency as well as UL multiplexing. The same principle of interlaced resource allocation should be extended for NR-U design with necessary modification with NR-specific features. 
To support DC and SA operation mode, PUCCH and PRACH is also transmitted on unlicensed band. Both PUCCH and PRACH need to reshape to scatter over the active BWP. The interlaced waveform would be the most straightforward solution and simpler to multiplex between different UL channels [3]. 
Proposal 3: NR-U shall support the interlaced resource allocation at least for PUSCH/PUCCH/PRACH to meet the OCB requirement.
4 Self-contained Channel Occupancy Time
Besides the DL-only and UL only slot structures, NR licensed also supports the self-contained slot structures wherein the HARQ-ACK feedback is transmitted in the same slot as the DL or UL data transmission. The self-contained structure can also be supported by NR-U, such that there can exist one or multiple DL/UL switching points within the channel occupancy time (COT). The self-contained COT can be followed by a successful CAT-4 LBT at the gNB side; and depending on the ending position of LBT and the COT duration, the starting slot and/or ending slot within the self-contained COT can be mini-slot(s) with less than 14 symbols. In addition, a single-shot LBT (e.g. 25μs/8μs duration for 5 GHz/60 GHz bands) can be performed at each DL/UL switching point. The single-shot LBT can also be not required if the gap between the start of DL (UL) transmission and the end of previous UL (DL) transmission is less than 16μs and 3μs for 5 GHz and 60 GHz bands respectively. Figure 1 illustrates an example of the downlink-centric self-contained COT, wherein an UL transmission part (e.g., HARQ-ACK feedback) is allowed at the end of every N () slots.


Figure 1. Example of self-contained COT
The self-contained COT structure for NR-U allows more efficient resource utilization in the unlicensed band and faster link adaptation based on HARQ/ACK feedbacks, especially when there are multiple DL/UL switching points within the self-contained COT. In addition, supporting multiple DL/UL switching points within the self-contained COT can also enable more flexible contention window size adaptation for CAT-4 LBT, reduce the hidden node issue of NR-U with directional transmissions/receptions, and facilitate the handshake mechanism between gNB and UE [4]. By contrast, if only a single DL/UL switching point is allowed, the potential LBT failure can cause the UL control information (e.g., HARQ/ACK feedback for all PDSCHs within the COT) unable to be reported. Therefore, multiple DL/UL switching can be supported by the self-contained COT structure of NR-U.  
Proposal 4: NR-U shall support self-contained COT, and allow multiple DL/UL switching points within the COT.
5 Variable Starting Position
For LTE-LAA, a starting position for downlink transmission can be changed according to the outcome of channel access. However, due to the fixed reference signal position (i.e., CRS) and complexity, the number of candidate positions is fixed and limited to each of slot boundaries in a subframe. Therefore, the channel may not be fully utilized for control/data transmission. Unlike LTE, NR is able to support flexible starting positions by non-slot based transmission. Because a DMRS position can be located at the first symbol scheduled for PDSCH/PUSCH and a UE can be configured to monitor CORESET with a short periodicity (e.g., per symbol), PDSCH/PUSCH can be transmitted immediately after accessing the channel. However, to fully utilize these features to lighten the impact of LBT, additional complexity such as UE blind detection overhead and/or power consumption should be carefully considered. In addition, if flexible starting positions for PDSCH/PUSCH depending on the outcome of channel access are supported, gNB/UE may be required to prepare multiple PDSCH/PUSCHs because there may not be enough time for gNB/UE to regenerate the data according to the outcome of LBT. 
For Rel-15 LAA, a UE may start uplink data transmission from the second slot boundary in a scheduled subframe depending on the outcome of channel access. When the transmission starts at the second slot, the first slot of a subframe is punctured. For NR, this approach can be a baseline for supporting flexible starting position. The data punctured due to failure of LBT could be recovered by CBG-based retransmission in NR. 
Proposal 5: NR shall support flexible starting position(s) for downlink/uplink transmission.
6 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: NR-U supports only normal CP for sub7 GHz.
Proposal 2: NR-U supports the following candidate subcarrier spacing values. Further down-selection for a given band and a given channel/signal is not precluded.
	NR-U sub7 GHz
	NR-U over52.6 GHz

	SS/PBCH block
	PRACH format
	RMSI/OSI/paging
	Others
	SS/PBCH block
	PRACH format
	RMSI/OSI/paging
	Others

	15 kHz,
30 kHz,
60 kHz
	15 kHz,
30 kHz,
60 kHz
	15 kHz,
30 kHz,
60 kHz
	15 kHz,
30 kHz,
60 kHz
	240 kHz
FFS: >240kHz
	240 kHz
FFS: >240kHz
	240 kHz
FFS: >240kHz
	240 kHz
FFS: >240kHz



Proposal 3: NR-U shall support the interlaced resource allocation at least for PUSCH/PUCCH/PRACH to meet the OCB requirement.
Proposal 4: NR-U shall support self-contained COT, and allow multiple DL/UL switching points within the COT.
Proposal 5: NR shall support flexible starting position(s) for downlink/uplink transmission.
References
[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #92, Sanya, China, April 16th –20th, 2018.
[2] R1-1806759, Downlink signal and channel design for NR-U, Samsung
[3] R1-1806760, Uplink signal and channel design for NR-U, Samsung
[4] R1-1806761, Channel access procedure for NR-U, Samsung
[bookmark: _GoBack][5] ETSI EN 302 567 V2.1.1. 


Microsoft_Visio____1.vsdx
CAT-4 LBT

gNB
UE


COT


...
slot
slot





...
slot
slot
...



image1.emf
CAT-4 LBT

gNB

UE

COT

...

slot slot

...

slot slot

...


