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1 Introduction

NR-based access to unlicensed spectrum in 5GHz, 37GHz and 60GHz will be studied in R-15[1]. Frame structure of NR unlicensed (NR-U) is an important study item for fair coexistence with other RATs and better performance, e.g. higher spectrum efficiency, reliability, and lower latency. Since unlicensed spectrum is usually a complement to licensed spectrum, frame structure in NR-unlicensed should mostly inherit the agreements in current NR discussions in licensed band.
In this contribution, we discussed the NR frame structure in unlicensed band. We first overviewed the current agreements in NR frame structure. Then we focused on the frame structure design for unlicensed spectrum in NR, including bi-directional slot/MCOT and more frequent start/ending points in unlicensed for NR. This contribution is revised from R1-1800040. 
2 NR frame structure in licensed band
NR has already achieved some important agreements in licensed band. Three of the most important features that newly supported in NR are bi-directional structure, mini-slot and mini-slot/slot aggregation. The former one feature enables fast scheduling/feedback/measurement and the latter two features are beneficial for more flexible time-domain resource usage. As a reference, the corresponding agreements are listed below.
For bi-directional frame structure, it was agreed in RAN1#86 that
Agreements:

· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}

· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain
For mini-slots, the following agreements were made in RAN1#88bis:
Agreements:
· Mini-slots have the following lengths

· At least above 6 GHz, mini-slot with length 1 symbol supported

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· FFS whether DL control can be supported within one mini-slot of length 1 

· Lengths from 2 to slot length -1

· FFS on restrictions of mini-slot length based on restrictions on starting position 

· For URLLC, 2 is supported, FFS other values 

· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions

· Can start at any OFDM symbol, at least above 6 GHz

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot
RAN1#86 also agreed the slot-aggregation:
Agreements:

· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots
In RAN1 AH in Jan. 2017, the following agreements on scheduling and HARQ timing were also made:

Agreements:

· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values

· The set of values is configured by higher layer

· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values

· The set of values is configured by higher layer

· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE

· FFS the value for the timing
Based on above agreements, we discuss the frame structure for NR-unlicensed.
3 Bi-directional MCOT/slot for NR unlicensed
Maximum Channel Occupancy Time (MCOT) is defined in the ETSI BRAN regulation as the total time that an equipment makes use of an Operating Channel in the unlicensed band, after which the device shall perform a new extended CCA (e.g. LBT CAT4). The concept of MCOT (also known as TXOP in IEEE) is further extended in 3GPP eLAA and IEEE 802.11 HCCA which enables bi-directional transmission between eNB(AP) and UE(STA) without LBT CAT4 in MCOT. As MCOT may start at any time with variable duration, the frame structure design in NR should be flexible and efficient enough to make use of MCOT. 

As we reviewed previously, bi-directional frame structure has already been supported by NR in licensed band. Therefore, bi-directional transmission can be implemented in NR-unlicensed. The slot duration can also be configured for different scenarios. It provides more flexibility to construct bi-directional MCOT which includes bi-directional transmission as plotted in figure 1. 
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(a) MCOT with one DL/UL switch
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(b) MCOT  with multiple DL/UL switch points

Figure 1 Examples of bi-directional slot/MCOT

Option (a) has one DL/UL switch point within MCOT, similar as eLAA. It allows gNB to receive acknowledgement for the DL transmission and granted UL transmission within the same MCOT, which can be regarded as frame structure with bi-directional MCOT. It also has the advantage of less overhead from only one DL/UL switch point and avoiding multiple LBTs between successive DL only slots. However, it is risky for the gNB to schedule an UL transmission far apart considering the uncertainty of channel availability. The HARQ timing is also complex considering the variable MCOT duration and DL/UL configuration. 

On the contrary, bi-directional slots in option (b) allow for immediate acknowledgement of DL transmission in the same slot, which simplifies HARQ timing. Besides, fast and frequent UL/DL switching simplifies the procedure of feedback in unlicensed band. For instance, the immediate UL response for UL grant ensures the channel availability in UL transmission. Moreover, the bi-directional slot also has better forward compatibility. Sidelink and grant-free transmission can easily reuse the DL dominant slot type within MCOT. 
Meanwhile additional overhead on the frequent DL/UL switching and multiple LBTs between slots are still required. The requirement for short processing delay also prohibits the smaller subcarrier spacing and longer slot which are beneficial for high throughput. Therefore, the tradeoff between fast direction switching and overhead should be further studied in possible use cases. One possible solution is to configure the portion of DL and UL in each slot which enables hybrid usage of option (a) and option (b). Other solutions could also be investigated. An open issue may be how to support MCOT identifying in NR since this can benefit CSI measurement, LBT type judgment as well as UE power saving, similar to (e)LAA.
Proposal 1: NR-U should strive to fulfil the HARQ feedback/response to UL grant in the same MCOT. The number of switch points per MCOT should be further studied.
4 More frequent start/ending points in NR unlicensed
In LAA/eLAA/FeLAA, both DL and UL transmission should start and end at certain fixed points. To be more specific, using frame structure type 3, both DL and UL transmission could start at slot boundaries of every 0.5ms. Since LBT generally ends at any time instance not matching symbol/slot/slot boundaries, the time period (max 0.5ms) between the end of LBT and start of PDCCH/PUSCH transmission is wasted. The case is better for the ending points where more OFDM symbol positions (symbol #[2 5 8 9 10 11 13] for DL and symbol#[6 12 13] for UL) are used as partial slot ending points, but it is still not flexible enough. Therefore, NR-unlicensed should provide more frequent start/ending points than LAA/eLAA/eUS for more flexible transmission. In other words, NR-unlicensed should support smaller time-resource unit for data transmission.
Currently, mini-slot has been already defined as a shorter time-resource unit than slot in NR, and one of its use cases is for NR-unlicensed. Mini-slot could provide channel access opportunity as frequently as every OFDM symbol if mini-slot is allowed to start at any OFDM symbol. The length of mini-slot changes with its starting point (“mini slot a” in figure 2) because it is preferred not to exceed the slot boundaries. However, the overhead of control channel and RS is high when the length of mini-slot is small, e.g. one symbol mini-slot. UE is also required to monitor DCI on each OFDM symbol if DL control signal is assumed at the beginning of each mini-slot. How to find the actual starting position needs further study since there is no always-on signal in NR such as CRS in (e)LAA.
A tradeoff can be achieved by limiting the start point and length variation of mini-slot. As plotted in “mini-slot b” in figure 2, the mini-slot can start at every 2 OS. The time gap between the end of LBT and the next slot boundary could be filled with aggregation of multiple 2 OS mini-slot. In uplink, UE can also benefit from being scheduled with multiple consecutive mini-slots because it has more chances to access the channel. 

The finer granularity of channel access can also be achieved with higher SCS. Assuming the mini slot of 7 OS with 60KHz SCS, gNB can start DL transmission at every 125us. Compared with LAA, it increases the channel access opportunities in DL by 3 times with trivial standardization efforts. The partial slot at the end of MCOT in LAA may not be necessary considering the finer time granularity for each scaled slot. In uplink, the number of OS reserved for LBT varies depending on the LBT categories, e.g. 2 OS is required for 25us LBT, i.e. CAT.2. Short symbol duration of 60KHz SCS can also reduce overhead on the DL/UL switch. 
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Figure 2: channel access mechanisms in unlicensed band
In the figure 3, we analyzed the time portion wasted after LBT within MCOT according to theoretical calculation. It is assumed that ending of LBT conforms to uniform distribution within a slot. Both mini slot and 60 KHz SCS can reduce the wasted time period. The additional flexibility of mini-slot starting from any symbol (scheme a or scheme d) does not provide significant gain over the schemes with mini-slot with fixed start point and length (scheme b) or 7OS mini slot with 60KHz SCS (scheme c), especially for large MCOT values. 
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Figure 3:  Portion of wasted time for slot and mini-slot
In figure 4, we provide SLS results in DL comparing the schemes plotted in figure 2. The simulation assumptions are provided in the Appendix I. In the evaluation, we also take the control and RS overhead into account in Appendix II. It is observed that schemes with 60KHz SCS outperforms that with 15KHz SCS. While single wideband CC with 60KHz SCS has similar overhead of guard tones compared with 4 CC CA with 15KHz SCS, it benefits from reduced reservation signal and short round trip time in HARQ. However, further increasing access flexibility by starting from any symbol of mini-slot brings only marginal gain.
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Figure 4:  SLS result of mini-slot and slot
Observation 1: The UPT of DL transmission in unlicensed bands can benefit from increasing channel access opportunity within unit time. Either slot with higher SCS or mini-slot can achieve performance gain compared with LAA in DL unlicensed band channel access.
Observation 2: The performance gain from mini-slot starting any symbol is marginal especially when the subcarrier spacing is large.
Proposal 2: NR-U should study to increase the possible starting points compared with LTE LAA for both downlink and uplink data transmission.
Proposal 3: NR-U should consider the following schemes to increase channel access opportunities in unlicensed band.

· Starting from every 7OS when higher SCS and NCP is adopted, e.g. 60KHz

· FFS: starting from every or every 2OS when subcarrier space is small, e.g. 15KHz
5 Conclusions
In this contribution, we discussed the frame structure in NR-unlicensed band based on current agreements for NR licensed band, and have the following observations and proposals: 

Observation 1: The UPT of DL transmission in unlicensed bands can benefit from increasing channel access opportunity within unit time. Either slot with higher SCS or mini-slot can achieve performance gain compared with LAA in DL unlicensed band channel access.
Observation 2: The performance gain from mini-slot starting any symbol is marginal especially when the subcarrier spacing is large.
Proposal 1: NR-U should strive to fulfil the HARQ feedback/response to UL grant in the same MCOT. The number of switch points per MCOT should be further studied.
Proposal 2: NR-U should study to increase the possible starting points compared with LTE LAA for both downlink and uplink data transmission.
Proposal 3: NR-U should consider the following schemes to increase channel access opportunities in unlicensed band.

· Starting from every 7OS when higher SCS and NCP is adopted, e.g. 60KHz

· FFS: starting from every or every 2OS when subcarrier space is small, e.g. 15KHz
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Appendix I: assumptions of system level simulation

	Simulation scenario
	Parameter

	Layout for RRU
	Indoor hotspot, 120m * 50m

Two operators deploy 6 small cells each in the single-floor building.

	Number of UEs
	10 UEs per RRU, total 120

	System Bandwidth
	80 MHz single wideband for 60KHz SCS 
4*20 MHz CA for 15KHz SCS  

	Carrier frequency 
	5.0GHz

	Total BS TX power
	23dBm

	Antenna configuration
	2T*2R

	Transmission schemes
	TM9

	Traffic model
	FTP3 with packet size of 0.5Mbyts, lamda = 0.8

	Receiver type
	MMSE-IRC

	Energy detection threshold
	-72dBm

	MCOT
	8ms


Appendix II: NR RS/Control overhead calculation

The front-loaded RS pattern is shown in figure A.1 with a density of 1/3.
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Figure A.1 RS pattern
Assuming that bandwidth is 4*20MHz CA, 15kHz SCS, aggregation level is 1, and each UE uses a CCE of 6 REG (72 REs), so total RS/control overhead could be:

[image: image7.png](72 X Nyg + 4 X 106) X 4
4% 106 X 12 X N,.





Where 
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 is the number of scheduled UE, 
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 is the number of OS in slot/mini-slot.

In case of 60kHz SCS, total RS/control overhead could be:
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