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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the RANP #75 meeting, the study idem on NR-based Access to Unlicensed Spectrum was agreed [1]. And one of the objectives in this SID was:
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands.
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier;
This contribution mainly discusses on the listen before talk mechanism for coexistence of NR unlicensed band.

2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
A lot of progress has occurred since then with the introduction of the LAA and eLAA features. As the cellular industry enters its next phase of evolution with the study of a wider bandwidth waveform under the NR project, it is also time to incorporate those lessons into the evolution of the LAA feature. We call this “NR-based access to unlicensed spectrum” [1]. 
Coexistence methods are key points on unlicensed spectrum. Since every terminals with the same RAT or different RATs should have the equal rights to access the channel. The new RAT access should not influence the previous RATs access seriously. In study item of LAA, the coexistence is considered as the LAA operation in unlicensed band not impact deployed Wi-Fi more than an additional Wi-Fi network. Besides, coexistence methods must be accordance with regulatory requirements. 
So, listen before talk based channel clear access has been agreed to coexist with Wi-Fi deployment in LAA specifications. Defer time period, slot duration, maximum contention windows size, random contention window generation with back off, HARQ-ACK based back off and CCA mechanism for carrier aggregation are all designed on comparable numerology and similar methods with Wi-Fi system. In this way, LAA becomes a good neighbour to Wi-Fi that not impacts more than an additional Wi-Fi. 
Coexistence on lower frequency band
For lower frequency band, e.g. 5GHz, NR-based operation on unlicensed band should consider coexistence both with Wi-Fi network and LAA network. LAA CCA procedures are good baseline for NR unlicensed CCA design. When the same mechanism of CCA and comparable numerology are specified in NR unlicensed, the affection of deployed NR RAN will perform like an LTE RAN, as NR and LTE have similar frame structure. So from Wi-Fi or LAA stationary’s view, interference from NR nodes and interference from LTE nodes are undistinguishable.
As NR has flexible subcarrier spacing, OFDM symbol duration is flexible as well according to subcarrier spacing. In LAA, subcarrier spacing is 15KHz, and defer time of 25us is shorter than one OFDM symbol. However, if subcarrier spacing is 60KHz in NR for example, then defer time of 25us is larger than one OFDM symbol. Defer time is chose for coexistence and should be independent from subcarrier spacing. Hence, no matter what subcarrier spacing is in NR, slot duration and defer time should be comparable with them in LAA.
Proposal 1: LAA CCA procedures are baseline for NR unlicensed CCA design, slot duration and defer time in NR unlicensed are comparable with them in LAA .

Hidden node and expose node issues
Listen before talk is a fair coexistence method in unlicensed band. Before transmitting signals, a node should evaluate the channel clear or not. Fair coexistence means that the transmitting of one node should not impact the receiving of existing transmission, i.e. not introduce impactive interference at receiver side. A transmitter is hard to sensor the environment around target receiver or potential affected receivers. Hence, the evaluation is produced at transmitter side namely CCA procedures, thanks to the benefit of coarse reciprocity between downlink and uplink. With the help of reciprocity, measurement at transmitter side usually implies interference level at receiver side. 
Figure 1a show one example of listen before talk on unlicensed band. Red circle and blue circle represent the coverage of Tx1 and Tx2. In Figure 1a, Tx1 and Tx2 cannot hear each other, so their transmission will not be blocked by each other. When Rx1 and Rx2 locate in non-overlapping area, there is no collision from other node. However, when Rx1 and Rx2 locate in overlapping area as figure 1b shows, simultaneous transmission from Tx1 and Tx2 are collided at receiver sides and result in high interference level. Collision avoidance can be improved by measurement reporting at receiver side. In figure 1b, if Tx1 is transmitting to Rx1, then Rx2 can measure a high level interference and report to Tx2. Tx2 may stop scheduling Rx2 to avoid potential collision. Whereas, the measurement reporting has its own boundedness as figure 1c shows. If Tx2 is transmitting firstly, Tx1 may stop scheduling due to reporting from high interference level of Rx1. But if Tx1 is transmitting firstly, Tx2 is still going to transmit even with the reporting of Rx2. In this case, collision cannot be avoided. It is called hidden node problem.



Figure 1a, LBT for collision avoidance.


Figure 1b, Hidden node problem.


Figure 1c, Hidden node problem.

Figure 2a show another example of listen before talk on unlicensed band. In Figure 2a, Tx1 and Tx2 can hear each other, so any of them will block the other. When Rx1 and Rx2 locate in overlapping area, LBT mechanism will avoid collision and perform well. However, when Rx1 and Rx2 locate in non-overlapping area as figure 2b shows, Tx1 and Tx2 will block each other due to LBT even though the simultaneous transmission is allowed. It is called exposed node problem.



Figure 2a, LBT for collision avoidance.


Figure 2b, Exposed node problem.

In LAA, hidden node problem can be mitigated through measurement reporting implicitly. And expose node problem may not reduce system performance enormously, as an optimized CCA threshold will decrease the probability of expose nodes. In NR unlicensed on lower frequency band, e.g. 5GHz, LAA methods can be baseline. Whereas, when frequency becomes higher, it will face on different situation.
Coexistence on higher frequency band
When frequency becomes higher, directional beam forming is used to compensate large pass loss attenuation. Directional beam forming is different from omnidirectional broadcasting, which new hidden node and exposed node issues are introduced. 
Figure 3 shows one example of collision in directional beam forming. Tx1 is transmitting to Rx1 firstly. Both Tx2 and Rx2 cannot hear Tx1, so Tx2 can transmit to Rx2 simultaneously. At Rx1 receiver side, two beams power added and interference is high for omnidirectional receiver. However, when receiving beam forming is adopted as figure 3 shows, Interference Rejection Combination (IRC) gain can be achieved to mitigate interference level. When transmitting beams are within the receiving beam resolution as figure 4 shows, receiver beam forming cannot mitigate interference and collision will reduce system performance. In figure 4, measurement reporting can help to avoid collision implicitly. But, CSI measurement in this case needs more CSI resources because more directions need to be listened. It’s not a big problem in licensed band, but frequent measurement signal transmitting in unlicensed band may cause collision or interference to other users or other systems. It could be unfair with others and be a bad neighbour for frequent signal transmitting, on the other hand hard to trace real time channel quality for seldom signal transmitting. Meanwhile, beam based interference likes searchlights which vary quickly, so slow measurement could have nothing to do with hidden node problem. A one shot fast channel assessment should be introduced to evaluate interference rapidly for collision avoidance. 



Figure 3, Rx beam forming collision mitigation


Figure 4, Directional hidden node problem.


Figure 5, Directional exposed node problem.

Figure 5 shows another case of directional beam forming issue. Omnidirectional transmitting like figure 2a, each Tx nodes can hear each other. Even though exposed node problem could happen on particular deployment scenario, the reduction of performance is limited. For example as figure 2b shows, when Tx1 is transmitting firstly, exposed node problem happens when Rx2 is out of Tx1’s coverage. In this case, exposed node area couldn’t be very huge. However in directional case as figure 5 shows, when Tx1 is interfered by Tx2, almost all other directional transmissions are blocked due to omnidirectional LBT. In this case, exposed node area could be so huge that may obviously reduce system performance. Hence, in study item of NR-based Access to Unlicensed Spectrum, RAN1 should study directional LBT mechanism and coexistence for higher frequency band on where directional beam forming is adopted.
Proposal 2: Directional LBT mechanism in NR unlicensed should be studied for higher frequency band, e.g. 37GHz or 60GHz.

3 Conclusion
In this contribution, we provided our views on the listen before talk mechanism for coexistence of NR unlicensed band and we propose that:
Proposal 1: LAA CCA procedures are baseline for NR unlicensed CCA design, slot duration and defer time in NR unlicensed are comparable with them in LAA .
Proposal 2: Directional LBT mechanism in NR unlicensed should be studied for higher frequency band, e.g. 37GHz or 60GHz.
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