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Introduction
[bookmark: _Toc448503925]The Study Item on New Radio (NR) Access Technology agreed to study frame structure supporting Licensed-assisted operation in unlicensed band in RAN1#84bis [1]:
· Study frame structure(s) supporting at least 
· Licensed-assisted operation in unlicensed band
In this contribution we discuss the numerology and design targets for a frame structure enabling an efficient implementation of NR in unlicensed spectrum. Such an efficient implementation may consist of a number of elements: NR Numerologies in unlicensed band selected from the basic numerologies set designed in licensed band, alignment of transmission burst with the subframe boundary to reduce the reservation signal overhead; flexible bi-directional transmission within Maximum Channel Occupancy Time (MCOT); massive device transmission in both downlink and uplink; transmission of beacon signals from UE side, etc. The discussion should lead to define a common NR frame structure supporting both licensed and unlicensed spectrum.
[bookmark: _Ref129681832]Design targets for NR-Unlicensed Frame Structure
In this section, the numerology and design targets for NR-Unlicensed are discussed, including avoidance of reservation signal transmission, flexible bi-directional MCOT, Massive Device Transmission and possible support of user-centric network. The relation to NR-Licensed frame structure is also discussed. The discussion especially considers the techniques in LTE LAA/eLAA [2].
The licensed spectrum with NR will play a critical role providing high quality service of cellular networks, while the unlicensed spectrum with NR-Unlicensed will be a complement to licensed spectrum. Therefore a common NR frame structure supporting both licensed and unlicensed spectrum would be preferred in order to simplify the standardization/implementation effort. 
Numerology
In [3], a set of numerologies is proposed for NR for different usage scenarios. MBMS working in sub 6GHz requires smaller subcarrier spacing (e.g. 7.5KHz) and longer subframe (e.g. 2ms) for the purpose of coverage. eMBB and mMTC should ensure the throughput and efficiency with regular subcarrier spacing (e.g. 15KHz) and subframe length (e.g. 1ms). uRLLC requires larger subcarrier spacing (e.g. 60KHz) and shorter subframe (e.g 0.25ms) for short latency. Even Larger subcarrier spacing (e.g. 480 KHz) is designed for high frequency (~70GHz) operation in order to balance the cost of implementation. 
NR can reuse the numerologies of sub 6GHz and 70GHz in unlicensed bands considering the similar carrier frequency. The numerology should also consider the channel access in unlicensed band. For example, using shorter OFDM symbol can alleviate the performance degradation from the transmission of reservation signals or partial symbols. It also simplifies the design of DL/UL switch points and gaps within the TXOP. The subcarrier spacings of 15KHz/60KHz in 5GHz band and 480KHz in 60GHz band can be the candidates. 
Minimization of Reservation Signal Transmission
One type of reservation signal was supported in LAA in a form of initial signal, which allows the eNodeB transmits some signal for channel reservation purpose and not containing any essential information for the UE to decode (See Figure 1). The reservation signal is transmitted before the PDSCH start position, i.e. the slot boundary, to align the channel sensing ending time and allowable PDSCH start time. The introduction of the initial signal is because PDSCH is allowed to transmit at limited positions in a subframe while channel sensing typically could finish at arbitrary time in a subframe. Transmission of this kind of initial signal would be a clear waste of the channel occupancy time and shall be minimized for NR-Unlicensed, which would imply that flexible start time positions may be considered [4].


Figure 1. Reservation signal/Initial signal for LAA

One other type of reservation signal was supported in LAA in a form of padding signal, which allows the eNodeB 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 DRS for LAA is reused from licensed spectrum which does not use all the OFDM symbols in a DRS subframe. Similarly the padding signal provides non-essential information and would be a waste of the channel occupancy time, and hence shall be minimized for NR-Unlicensed. To minimize the padding signal would imply that the DRS, or generally named as eNodeB beacon signal, may be enhanced targeting time continuity with each symbol containing essential information, potentially in a form of shortened subframe.
Support of Flexible bi-directional MCOT
Maximum Channel Occupancy Time (MCOT) is defined in the regulation [5] 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. 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. 
In the [6], 3 types of subframe i.e. DL only, UL only and mixed DL/UL are proposed for unpaired spectrum. The self-contained subframe is also discussed. The subframe duration can also be configured for different scenarios. It provides more flexibility to construct MCOT as plotted in figure 2. 


(a) MCOT with one DL/UL switch


(b) MCOT  with multiple DL/UL switch points
Figure 2 Examples of bi-directional MCOT
Option (a) has one DL/UL switch point within MCOT, similar as eLAA. 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. The HARQ timing is also complex considering the variable MCOT duration and DL/UL configuration. 
On the contrary, self-contained subframes in option (b) allows immediate acknowledgement of DL transmission in the same subframe which simplifies HARQ timing. 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. The requirement for short processing delay also prohibits the smaller subcarrier spacing and longer subframe which are beneficial for high throughput. 
It is also possible to configure the portion of DL and UL in each subframe which enables hybrid usage of option (a) and option (b). The subframes of variable duration can simplify the design to fill the fractional MCOT.

Support of efficient Massive Device Transmission
Channel sensing mechanism, e.g. LBT, may result in different devices not transmitting simultaneously due to its contention avoidance design. However, it may be not preferred in the practical networks where multiple device transmission especially from the same operator could deliver significant performance improvement, given the advanced interference handling techniques used in LTE, and also considered in NR. Hence LAA/eLAA has considered supporting multiple device transmission, i.e. frequency reuse in downlink and frequency division multiplexing in uplink.
One related technique to support multiple device transmission in LAA/eLAA is transmission time alignment by self-deferral. The device, after CCA counter reaches ZERO, performs self deferral (i.e. transmit nothing while perform channel sensing) until the transmission start time of PDSCH/PUSCH (See Figure 3). In this way one device already reaching counter ZERO will not impact another device performing CCA. 


Figure 3. TX transmission alignment by self deferral
Possible Support of Network Assisted User Centric Network
One candidate NR network architecture is network assisted user centric network, where the uplink transmission is potentially not always scheduled and jointly processed by several network nodes [7]. One example of supporting user centric network is that the network node measures the UE beacon signals in order to be attached to a UE. This would imply NR-Unlicensed frame structure supports opportunistic transmission subject to LBT in a configured window for UE beacon signal. See Figure 4.
The UE beacon signal would also target time continuity with each symbol containing essential information to minimize the reservation signal overhead, similarly as eNodeB beacon signal. 



Figure 4. One example of sending UE beacon signal
Conclusions
Numerology and design targets for NR-Unlicensed frame structure are discussed enabling an efficient implementation of NR in unlicensed spectrum. Such an efficient implementation may consist of reusing the basic NR numerology, allowing LBT friendly operation and consideration of user centric network. It is proposed:
Proposal 1: NR Numerologies in unlicensed band should be selected from the basic numerologies set designed in licensed band.
Proposal 2: NR-Unlicensed frame structure should support LBT-friendly operation, including minimum reservation signals, simplified LBT within flexible bi-directional MCOT and massive device transmission.
Proposal 3: Support of network assisted User Centric Network should be studied for NR-Unlicensed frame structure.
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