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1. Introduction
The release 16 work item proposal for NR-based Access to Unlicensed Spectrum was approved in RAN-82 in December, 2018 [1], and is scheduled to be completed by the end of 2019. Moving forward, we see several NR-U extensions and enhancements that could be addressed in release 17.
2. NR-U for 52.6GHz and Above

NR-U operation in the 60GHz band has triggered quite some discussions in release 16 study item phase, and eventually got deprioritized due to schedule limitation. As NR has developed functionalities that enable it to operate in the higher frequency band, it is reasonable for NR-U to follow suit, and develop the corresponding features that allows it to operate at higher frequency bands, such has 60GHz band. In order to achieve such goal, the following enhancements and topics should be studied.
2.1. Directional Carrier Sensing

LBT is a spectrum sharing mechanism that works across different RATs. However, it suffers from the hidden node and exposed node problems. The well-known issues are due to the fact that coverages of the nodes in a network are different. The problem becomes more severe and complicated when the coverage of sensing and the coverage of transmitting are different. This may occur when an omnidirectional antenna pattern is used for carrier sensing while a directional antenna (or array) pattern is used for transmission, leading to higher chance of the node’s being exposed. Figure 1a shows that a device A senses the carrier using omnidirectional antenna pattern and overhears the transmission from device C to D. Device A subsequently refrains from transmitting to its targeted receiving device B, which is an unnecessary move since transmission from A to B using highly directional beams (Figure 1b) does not interfere with the transmission from C to D.
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Figure 1: (a) Omnidirectional carrier sensing, (b) two concurrent directional communication links

2.2. Channel Access based on Message Exchange

If the nodes in the network are of the same RAT and can therefore exchange short control messages (which are themselves subject to LBT) before the long data transaction, the problems of hidden and exposed nodes can be better managed. The Request To Send (RTS) and Clear To Send (CTS) protocol in WiFi is a simple example. RTS/CTS protocol is not currently adopted in LAA/eLAA. However, it may be worthy of reconsideration in NR unlicensed access since the hidden node and exposed node problems become more severe in directional link as mentioned above.

Figure 2 shows an example of RTS/CTS resolving exposed node problem when device A is attempting to transmit to device B. In the figure, solid line denotes transmit beam while dashed line denotes receive beam. Before A transmits its data to B, it sends a short RTS carrying the identities of the source (A) and destination (B) along with the expected duration of the data transmission. The RTS is heard by both its intended target B as well as a third device C. Upon receiving the RTS of its source node A, device B transmits a CTS, which is heard by A but not by C. After receiving the CTS from B, A understands that the medium is available and has been reserved by the RTS/CTS exchange for a certain duration. It then starts transmitting to B. Since device C never hears a CTS within an expected short interval, device C realizes its being an exposed node and may transmit to D. Two concurrent directional links can thus be established without interfering each other.
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Figure 2: RTS/CTS in directional links

2.3. Low PAPR Waveform

In order to improve coverage, and to achieve maximum PA power efficiency at high frequency band, it is necessary to consider low PAPR waveforms for NR-U operation at 52.6GHz and above. Several candidates could be considered, including SC-QAM and other DFTS-OFDM based waveforms (e.g., TC-DFTS-OFDM).
2.4. Co-existence

For 60GHz unlicensed band operation, the co-existence between NR-U and other technologies, such as 802.11ad, is very important. Specifically, channel access fairness should be carefully defined, and how to ensure fair channel access between different technologies needs to be further studied.
3. UE Power Saving for NR-U

For NR operation in the licensed band, an UE typically spends more than 50% of time in sleep modes (including deep sleep, light sleep, and micro sleep mode), depending on traffic type. When in sleep modes, an UE consumes little power since the RF unit is either turned off or operating at a lower clock rate. Switching mechanism between sleep modes and active modes is determined via DRX configurations. With NR DRX, an UE could achieve significant power saving when operating in the licensed band. Similarly in NR-U, in order to reduce UE power consumption, NR DRX could be used with minor modifications. Specifically, a separate set of DRX parameters needs to be designed for NR-U, taking into account the effect of LBT on various traffic models. In addition, during the DRX on-time, the UE should be monitoring the initial signal first to detect the starting position of the transmission burst before PDCCH monitoring. This would further reduce the UE receiver complexity and also provide some degree of UE power saving.

Due to LBT, NR-U traffic tends to be more dynamic as compared to that of NR operating in licensed bands. In such case, we may be forced to increase the on-duration of DRX to achieve the best trade-off between UE power saving and DL transmission efficiency and latency, leading to less UE power saving for NR-U operation. In fact, our initial simulation result shows that for NR-U, the UE power consumption is increased by 20% as compared to that of NR. Furthermore, since DRX configurations are semi-static, it is not clear if current DRX framework along could cope with such highly dynamic traffic. One possible solution is to introduce an additional dynamic DL indicator, or wake up signal (WUS), which informs the UE of incoming DL transmission. Specifically, this indicator could be transmitted with a certain periodicity at pre-configured locations known to the UE. Using the WUS, together with DRX, the UE will be able to achieve significant UE power saving. Note that similar mechanisms has been proposed for NR, and are currently being worked on as part of the UE power saving feature.
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