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1. Introduction & Background

In RAN#75, the study item of NR based access to unlicensed spectrum was agreed [1].  The progress in LAA and eLAA shows that unlicensed spectrum can serve as a complementary too for operator to augment their service offering. Now it is the time to evolve the access to the unlicensed spectrum to the new radio. The wider bandwidth in NR unlicensed spectrum will reduce the implementation complexity for gNB and UE compared to the carriers with smaller bandwidth. The extremely flexible NR frame structure with variable subcarrier spacing, transmission unit length (slot, mini-slot), and non-fixed DL/UL switch point makes it more suitable for unlicensed spectrum access.
In this contribution, we will discuss the feasibility of NR frame structure for NR unlicensed spectrum operation.
2. Frame structure in NR unlicensed band
1.1. Variable numerologies and burst length
NR provides very flexible frame structure to fulfill the requirements of various services. Different slot length can be realized by applying different subcarrier spacing (SCS). In LTE, the sunframe is fixed to be 1 ms, but in NR, the slot length varies from 0.125 ms (120 kHz SCS) to 1 ms (15kHz SCS). In LTE-LAA, in order to reduce the channel reservation time after the catogary 4 LBT, an additional starting position is added. The flexible slot length in NR is more suitable for unlicensed band transmission and can achieve similar or even better performance than the LTE-LAA as shown in Figure 1. For example, using slot based transmission with 30 kHz SCS can achieve similar performance as LTE-LAA with one additional starting position. Using slot based transmission with 60 kHz SCS can achieve even better performance than LTE-LAA since it has four transmission starting positions within 1ms, which is double of that in the LTE-LAA. The average channel reservation time can be reduced by half.
In addition, since the mini-slot can start from any symbol within a slot, if the mini-slot transmission is applied in the unlicensed band transmission, the channel reservation time can be further reduced to less than one symbol as shown in the bottom of Figure 1. Whenever the channel is sensed to be idle, the gNB reserves the channel till the next symbol and starts to transmit with mini-slot.
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Figure 1: Frame structure for NR
Observation 1: The flexile data transmission in the unlicensed spectrum can be realized by deploying the variable slot length in NR.

1.2. Self-contained slot
Besides the variable numerology and burst length, NR also supports self-contained slot, which contains both DL symbols and UL symbols. The self-contained slot leads to more flexible and efficient usage of the resource in time domain in unlicensed spectrum.
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Figure 2: self-contained slots

In self-contained slot operation, the UE can share the MCOT of the gNB if the gap between DL and UL portions is sufficiently small. When the gNB senses the channel to be IDLE and starts to transmit after a gap or channel reservation signal, the UE can perform fast feedback or transmit PUSCH in the UL symbols in the self-contained slots as shown in Figure 2. One shot LBT is performed at the UE side before the UL transmission for the shared MCOT case. When the channel is sensed to be IDLE, UE transmits the PUCCH or PUSCH. Multiple DL/UL switch points should be supported within one MCOT of the gNB. 
Observation 2: The self-contained slot makes it easier for the UE to share the MCOT of the gNB.
Proposal 1: NR frame structure can be directly applied to the unlicensed spectrum.
3. Conclusion

In this contribution, we discussed the feasibility of the NR frame structure in NR unlicensed spectrum. The following observations and proposal are given:

Observation 1: The flexile data transmission in the unlicensed spectrum can be realized by deploying the variable slot length in NR.
Observation 2: The self-contained slot makes it easier for the UE to share the MCOT of the gNB.

Proposal 1: NR frame structure can be directly applied to the unlicensed spectrum.
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