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1 Introduction
Frequency reuse is a key designed feature of LTE to enable high spectrum efficiency. In RAN1#80 meeting, the frequency reuse for LAA was mentioned in several contributions [1 - 4].
Naturally, it would be highly desirable to maintain this benefit for LAA. In this contribution, we share our views on it.
2 Necessity of frequency reuse
In frequency reuse, two or more LAA sites can use the same unlicensed carrier (almost) at the same time. This is different with current WiFi deployment where only one node (AP or station) can occupy the entire unlicensed carrier. Typically, frequency reusing targets a dense deployment of LAA system where high spectrum efficiency is most desirable. For example, airport, train station and exhibition hall, etc. are places suitable for frequency reusing LAA. There are several motivations for LAA frequency reuse. 
2.1 To improve spectrum efficiency of unlicensed carrier
Frequency reuse has been a key feature for several generations of technology developed in 3GPP. For example, the usual equivalent frequency reusing factor is 1/3, 1/4 or 1/7 for GSM system. For WCDMA system, the frequency reusing factor can be one when each nearby sector applies different scrambling code (PN sequences). LTE has been designed from the very beginning to support frequency reuse of factor one. The frequency reusing factor one brings higher total area throughput.
For a specific site that provides a chance for other site(s) to reuse the same frequency, its throughput might be reduced due to interference caused by frequency reuse. But for all sites within an area, the total throughput is increased. In another word, the spectrum efficiency is improved.
Here, we give some simulation results in Figure 1 to show the performance impact of the frequency reusing when two LAA networks coexisted in an outdoor scenario. Simulation assumptions are according to [5]. Frequency reuse is applied only among LAA eNBs of the same operator. 
Frequency reusing can be performed via coordinated or uncoordinated operation. For coordinated frequency reusing, all sites are synchronized (i.e. aligned with the same subframe boundary when in transmission). For uncoordinated frequency reusing, subframe alignment is not required and, the transmission from one site might overlap with idle period of another site. Note that according to [5], synchronization among sites is not assumed. For instance, uncoordinated frequency reusing can be implemented by adjusting CCA threshold, which is applied in this simulation. It is worth noting that coordinated frequency reusing may have better performance.
It can be observed that for different system load, with the increment of CCA threshold to some extent, frequency reuse factor is closing to one. The mean UPT is increased as well. Clearly, frequency reuse can improve spectrum efficiency.
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Figure 1 Simulation results on frequency reusing (UPT)
2.2 To improve user’s QoE
A user’s QoE is another important performance metric which can also be improved when frequency reuse is applied.  For example, with frequency reusing, two or more LAA sites can reduce traffic delay and improve traffic throughput. Hence, the user’s QoE is improved. Here, we give another simulation results in Figure 2 to show the performance impact of the frequency reusing in terms of packet latency. It can be observed that the packet latency is reduced after frequency reusing.
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Figure 2 Simulation results on frequency reusing (packet delay)
2.3 To better coexist with WiFi
According to the simulation results in [6], it is indicated that LAA will be a good neighbor with WiFi. With frequency reusing, LAA can better coexist with WiFi. Figure 3 shows another simulation results. With the increment of CCA threshold (i.e., frequency reuse factor is closing to one), the mean UPT of WiFi is almost not affected while the LAA has some improvement of UPT (the CCA threshold for WiFi is always fixed at -62dBm/20MHz while the CCA threshold for other LAA is increased).
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Figure 3 Simulation results on frequency reusing (UPT)
2.4 Multiple carrier utilization
Due to the sharing nature of unlicensed spectrum, as the number of unlicensed carrier increase, the probability of an LAA node to occupy multiple unlicensed carriers at the same time decreases dramatically. In WiFi, if one AP wants to utilize one 40 MHz channel (i.e., 2 x 20MHz), it must perform CCA on these two 20 MHz channels at the same time. Only if both of these two CCAs are successful, this AP can transmit on the whole 40 MHz channel. For an evenly distributed and dense deployment, it is not easy to have two or more successful CCA checks on different channels at the same time. However, frequency reuse may allow an LAA node to utilize multiple unlicensed carriers to improve peak performance with a simple CCA check. Note that, the trade-off between peak performance of multiple carrier aggregation and other nodes (whether LAA or WiFi) should be studied carefully.
3 Support of LAA frequency reuse
In this section, we discuss several issues and possible ways of how to support LAA frequency reuse. 
According to ETSI LBT regulatory, before starting transmissions on an unlicensed channel, equipment shall perform a clear channel assessment (CCA) using “energy detect”. The channel shall be considered occupied if the energy level in the channel exceeds the predefined CCA threshold. Otherwise if the detected energy level does not exceed the threshold, the channel is thought to be clear, and the equipment can start transmission on the channel. Multiple CCA thresholds should be defined for frequency reusing so that LAA nodes can further distinguish whether the sensed signal on the channel is from other LAA nodes or from other RATs, e.g. Wi-Fi. If the sensed signal comes from other RATs, the channel should be considered as occupied. If the sensed signal comes from other LAA nodes, the channel may be considered as clear for frequency reuse.
According to [7], the initial transmission signal (reservation signal) maybe transmitted for detection of the LAA downlink transmission (including cell identification). If the transmission point information (i.e., cell identification) should be included, then the best way is that the initial transmission signal (reservation signal) should be reused in frequency domain so that multiple LAA eNBs can indicate to UEs that the unlicensed carrier is reserved for those LAA eNBs. For example, the initial transmission signal (reservation signal) from different sites can occupy different RE in frequency (RE shift). If they must use the the same RE, then (quazi-) orthogonal sequences should be applied for different sites.
After one site successfully occupied the unlicensed carrier, this site can broadcast some information for reusing this unlicensed carrier via X2 or over the air. The frequency band, channel number, bandwidth, COT should be broadcasted. Furthermore, some information to facilitate frequency reuse such as TX power allocation of each LAA eNB can be broadcasted.
4 Conclusion
In this contribution, we discussed the motivations for and several aspects of frequency reuse. We have the following proposal:
· RAN1 should take frequency reuse into consideration when designing LAA.
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