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1 Introduction

NR targets to the usage scenarios of enhanced mobile broadband (eMBB), massive machine-type-communication (mMTC), and ultra-reliable and low-latency communication (URLLC) with a single technical framework [1]. Operations on both licensed and unlicensed bands ranging up to 100GHz are in the scope of current study items. Although study on unlicensed band operations is low priority in phase I due to time limitation, forward compatibility should still be taken into account at initial stage. In this contribution, we discuss the potential usage of unlicensed bands in NR, requirement from regulation affecting RAN1 design, and some considerations on forward compatibility from the perspective of channel bandwidth, frame structure and numerology.
2 Usage scenarios for unlicensed operations of NR 
NR usage scenarios (eMBB, mMTC, and URLLC) are defined by ITU-R for IMT 2020 and beyond [2]. The potential unlicensed bands under 100GHz suitable for the service deployments include sub-1GHz, 2.4GHz, 5GHz and 60GHz. Many non-3GPP systems also provide similar service on these bands. 
Sub-1GHz and 2.4GHz bands have better propagation characteristic which ensures large coverage. Considering relative narrow channel bandwidth, it is more suitable for mMTC traffic. IEEE 802.11ah/ LoRa on sub-1GHz bands and Bluetooth on 2.4GHz bands are typical systems supporting massive IoT connections with coverage of hundreds of meters. In Rel-13/14, LAA/eLAA already verified the possibilities to use 5GHz unlicensed bands for eMBB offloading. NR should strive to further improve channel access efficiency without the restriction of backward compatibility to LTE. Continuous attention should be paid on the coexistence with emerging new WiFi technologies, such as IEEE 802.11ax. 60GHz is another new unlicensed spectrum NR should investigate. As well as 57~66GHz, FCC extended the available spectrum to 71GHz in July 2016. Additional 5GHz above 71GHz is still under discussion. Considering the larger bandwidth and relatively less interference due to directional transmission, it can provide extreme high data throughput for eMBB traffic. Besides, larger subcarrier spacing and shorter scheduling unit in high frequency would be beneficial to reduce latency. Thus, 60GHz unlicensed bands would also be promising for URLLC services. Fair spectrum sharing with IEEE 802.11ad/ay system should also be considered.
Proposal 1: NR should study the operations on the unlicensed bands including sub-1GHz, 2.4GHz, 5GHz and 60GHz.

3 Impacts from regulation
There are some typical regulations on the unlicensed band which should be considered for the forward compatibility design, for example, occupied channel bandwidth (OCB), maximum channel occupancy time (MCOT) and listen before talk (LBT).
According to the ETSI regulation, the OCB shall be between 80% and 100% of the declared Nominal Channel Bandwidth on 5GHz band while may be between 70% and 100% of that on 60GHz [3]. OCB is a frequency domain requirement, which would impact the forward compatibility of the NR designs on channel bandwidth and physical channel especially in UL. In eLAA, interlaced resource allocation is introduced for UL transmission to meet the OCB requirement. However, there is no such restriction in US. A minimum of 2MHz transmission with UL OFDMA is supported in the latest 802.11ax specification.  NR should keep the flexibility conforming to the evolving regulations.
In time domain, the MCOT of Load Based Equipment (LBE) shall be less than 1.625ms to 13ms in Europe while MCOT of the transmitting burst shall be no more than 4ms in Japan on 5GHz. For 60GHz, MCOT with less than 9ms is still under discussion [3]. MCOT should be considered in the frame structure designs to keep the better forward compatibility for unlicensed operations. 
LBT is a necessary and efficient coexistent manner among different unlicensed systems, which needs some time resource to sense the channel utilization. It utilizes at least energy detection to determine the presence or absence of other signals, and consequently it is not always possible to transmit immediately if the intended channel is occupied. The sensing time expense and unreliability of channel access will impact on signal and procedure designs, which need the licensed forward compatible considerations. 
Proposal 2: At least the following requirements from regulation should be considered when studying forward compatibility for unlicensed band operations
· Channel bandwidth and occupied channel bandwidth (OCB) 
· maximum channel occupancy time (MCOT)
· Listen before talk (LBT)
4 Forward compatibility considerations on the unlicensed bands operation 
The use of unlicensed spectrum in NR is a significant leverage because it is one of the features that are necessary to enable the NR to meet the usage scenarios of eMBB, mMTC, URLLC. The requirement of peak data rate for eMBB calls for large transmission bandwidth, whereas the key KPI for mMTC is extended coverage with lower data rate and massive connections, which is suitable for narrow transmission bandwidth. For different services requirements, the channel bandwidth could be extremely wide for eMBB or extremely narrow for mMTC.
In order to guarantee fair co-existence with other systems using unlicensed spectrum, such as 11ah device in sub-1GHz band, 11n/ac device in 2.4GHz/5GHz band, 11ad/ay device in 60GHz band, the channel bandwidth of NR unlicensed operation should take existed channelization of unlicensed bands into account. Thus, the 1/2/4/8/16MHz channel bandwidth in sub-1GHz, the 20/40/80/160MHz channel bandwidth in 2.4GHz/5GHz, and the 2.16GHz channel bandwidth in 60GHz need to be considered for NR unlicensed design. In unlicensed spectrum, channel availability cannot always be guaranteed. Considering wide transmission bandwidth (i.e. 80MHz in 2.4GHz/5GHz), the available transmission bandwidth may vary from time to time due to interference from other systems. It is natural to adopt transmission bandwidth dynamically according to the LBT result. The forward compatibility is needed to support the flexible utilization of channel bandwidth caused by the unreliability of channel access in unlicensed bands. 
Proposal 3: Flexible channel bandwidth considering coexistence should be supported for different unlicensed bands.
LBT is required before transmission in unlicensed bands in some regions by the regulatory. LBT generally ends any time instance not matching symbol/slot/ subframe boundaries. In LAA, DL transmission could only start at slot boundaries of every 0.5ms. In eLAA, UL transmission is only scheduled from subframe boundaries of every 1ms (the 1st DFT-s-OFDM symbols may be blanked in some cases). Thus, reservation signal is required to fill the gap between the end of LBT and start of PDCCH/PUSCH transmission in order to block other systems taking the channel. One other type of reservation signal was supported in LAA in a form of padding signal, which allows the eNB to transmit padding signal in unused OFDM symbol within discovery reference signal (DRS) occasion. The introduction of the padding signal is to reserve the channel within DRS occasion, because the DRS for LAA is reused from licensed spectrum which does not use all the OFDM symbols in a DRS subframe. Both kinds of reservation signals result in the radio resource and energy waste.
In NR, we should strive to improve the efficiency of channel access by minimizing the reservations signal. For example, with the reference numerology of 60kHz subcarrier spacing, the scaled slot duration is 125us. Compared with LAA, it increases the channel access opportunities in DL by 3 times. The concept of mini slot can also be used where it provides access opportunities of every one/two OFDM symbol. To minimize the padding signal would imply that the DRS, or generally named as eNB beacon signal, may be enhanced targeting time continuity with each symbol containing essential information, potentially in a form of shortened subframe.
Proposal 4: NR should strive to minimize reservation signal in unlicensed band transmission in the frame structure and reference signal design.
Maximum Channel Occupancy Time (MCOT) is defined in the regulation [4] as the total time that an equipment makes use of an Operating Channel in 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. If the response (A/N for PDSCH and PUSCH corresponding to UL grant) cannot finish within the MCOT, the traffic might be unpredictably deferred because the channel might not be available shortly. As MCOT may start at any time with variable duration, the frame structure design and timing relationship in NR should be flexible and efficient enough to make use of MCOT.
A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part} [5]. All of them can be used to construct a bi-directional MCOT as plotted in figure 1. Option (a) has one DL/UL switch point within MCOT. It allows eNB to receive acknowledgement for the DL transmission and granted UL transmission within the same MCOT. It has advantage of less overhead from only one DL/UL switch point and avoids multiple LBTs between successive DL only subframes. However, it is risky for the eNB to schedule UL transmission far apart considering the uncertainty of channel availability. Self-contained subframes in option (b) allows immediate acknowledgement of DL transmission in the same subframe which simplifies HARQ timing (at least for transmission where the processing time can be kept low). The immediate UL response for UL grant also ensures the channel availability. The immediate UL response for UL grant also ensures the channel availability. The self-contained subframe has better forward compatibility. Sidelink and grant-free transmission can easily reuse the DL dominant subframe type within MCOT. Meanwhile additional overhead on the frequent DL/UL switching and multiple LBTs between subframes is still required.
Proposal 5: NR should support flexible timing relationship to ensure the following transmission and reception finishing within same MCOT.

· DL data reception and corresponding acknowledgement  

· UL assignment and corresponding UL data transmission.
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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 MCOT
5 Conclusions
In this contribution, we discuss the forward compatibility on the unlicensed operations of NR, and have the following proposals: 

Proposal 1: NR should study the operations on the unlicensed bands including sub-1GHz, 2.4GHz, 5GHz and 60GHz.
Proposal 2: At least the following requirements from regulation should be considered when studying forward compatibility for unlicensed band operations

· Channel bandwidth and occupied channel bandwidth (OCB) 
· maximum channel occupancy time (MCOT)
· Listen before talk (LBT)
Proposal 3: Flexible channel bandwidth considering coexistence should be supported for different unlicensed bands.
Proposal 4: NR should strive to minimize reservation signal in unlicensed band transmission in the frame structure and reference signal design.
Proposal 5: NR should support flexible timing relationship to ensure the following transmission and reception finishing within same MCOT.

· DL data reception and corresponding acknowledgement  

· UL assignment and corresponding UL data transmission.
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