3GPP TSG RAN WG1 Meeting #81
R1-153017
Fukuoka, Japan, 25th - 29th May 2015
Source:              ZTE
Title:                   Frequency Reuse on Unlicensed Carrier
Agenda Item:     6.2.4.3
Document for:   Discussion and Decision 
1 Introduction
During RAN1 Ad Hoc meeting in March, some agreements were reached as the following [1]:
Agreements:
· Enabling frequency reuse for transmission by neighbor LAA cells of the same operator is one target of LAA design

· Above should be taken into account for design of LBT
In RAN1#80bis meeting, several options to enable frequency reuse were discussed.
· At least the following options can be further studied to enable improved freq. reuse for LBE for DL LAA
1 CCA threshold adaptation

2 Tx start timing alignment

3 Signal subtraction from ED or modified ED
4 Combination of those options or other alternatives are not precluded.

In this contribution, we discuss some possible solutions to achieve the frequency reuse across LAA small cells of the same operator.
2 Frequency Reuse for LAA
Due to the current LBT mechanisms defined by ETSI, each transmitter on unlicensed spectrum has to individually perform CCA/ECCA check before data transmission. Thus, a transmission from a small cell may block neighboring small cells of the same operator if they are deployed close to each other. Therefore, the key issue of frequency reuse design for LAA is related to CCA/ECCA check.
2.1 Clear Channel Assessment (CCA)
According to ETSI LBT regulatory, before the start of transmissions on unlicensed carrier, an 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 assumed to be clear, and the equipment may transmit reservation signal or start data transmission on unlicensed carrier. 
2.1.1 CCA Pattern

In order to support frequency reuse, the sensing LAA node need to find ways to distinguish whether the interference observed on the channel is from intra-operator LAA nodes or from other operators’ LAA nodes and/or Wi-Fi nodes. One possible option is to mute certain subcarriers/PRBs for LAA nodes during its reservation and/or data transmission. Different operators could have different muting pattern. Correspondingly, the LAA nodes perform channel sensing on the pre-defined CCA pattern. With the same pattern within the same operator, the channel sensing will not include the transmission signal from the same operator and only measure inter-operator LAA and/or WiFi interference.
An example to illustrate the use of CCA and muting pattern to support frequency reuse is given. It is assumed that eNB1 and eNB2 belong to operator A, eNB3 belongs to operator B. eNB1 of operator A first detects the channel as idle and transmits reservation signal based on its own muting/CCA pattern (e.g. even resources in frequency domain). If eNB2 performs CCA check and finds the frequency domain resources corresponding to operator A’s CCA pattern are occupied while other frequency domain resources are idle, then eNB2 assumes it can reuse with eNB1. Similarly, if eNB3 performs CCA check and finds that the frequency domain resources (i.e., even resources in frequency domain) are occupied but not corresponding to operator B’s CCA pattern, then eNB3 assumes that the unlicensed carrier is unavailable.  
Proposal 1: In order to support frequency reuse, CCA and muting pattern should be considered.
2.1.2 CCA Threshold 
Multiple CCA thresholds should be defined for frequency reuse so that LAA nodes can further distinguish whether the sensed signal on unlicensed carrier 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 the simulation results in [2], with certain increment of CCA threshold (e.g., CCA threshold is adjusted to -52dBm/20MHz or higher) for LAA system, frequency reuse factor is closing to one. This means that LAA nodes can share the same carrier to improve intra-LAA system performance, especially for intra-operator deployment scenario. Figure 1 shows the performance impact of the frequency reuse when two LAA networks coexisted in an outdoor scenario.
1. 2. 

但如果在此同一时期内按照人均gdp增长速率来比较的话，那么日本表现比美国及欧元区要好（如图1所示）。 

Yet if judged by growth in gdp per person over the same period, then japan has outperformed america and the euro zone ( see chart 1).
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2. 3. 

如图1所示，服务器应用使用一个共用的工作队列来存放从远端的来源处到达的任务。 

As shown in figure 1, server applications use a common worker queue to hold short tasks that arrive from remote sources.
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3. 4. 

如图1所示，主要构成要素是一个堵漏装配，它能安装在已损坏的防喷器顶端，例如致使马孔多油井倾油的防喷器。 

As the first diagram shows, the main component would be a containment assembly that could fit on top of a damaged blowout preventer, such as the one from which the macondo oil poured forth.
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4. 5. 

把您的利益相关者如图1所示在我们的免费模板权力/兴趣象限方格上画出来并根据他们对您工作的权限以及对您工作的兴趣进行分类。 

Map out your stakeholders on a power/ interest grid on our free template as shown in figure 1, and classify them by their power over your work and by their interest in your work.
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Figure 1 UPT performance of frequency reuse when two LAA networks coexisted
For LAA and Wi-Fi coexistence scenarios, as shown in Figure 2, it can be clearly seen, with the increment of CCA threshold (i.e., frequency reuse factor is closing to one), the mean UPT of Wi-Fi is almost not affected while the LAA has some improvement of UPT (the CCA threshold for Wi-Fi is always fixed at -62dBm/20MHz while the CCA threshold for LAA is increased).
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Figure 2 UPT performance of frequency reuse when LAA coexisted with Wi-Fi
Proposal 2: In order to support frequency reuse and improve spectrum efficiency, multiple CCA thresholds should be considered.
2.1.3 Power adjustment
TPC is required to ensure that the transmitters stay within regulatory power limits and avoid interference to other radio devices. Beside the regulatory required maximum power, a transmitter’s transmissions may be subject to additional constraints that further reduce the maximum power. 
For example, dynamic power adjustment can be used to support the frequency reuse. One LAA site can broadcast some information after successfully sensing the channel, and neighboring LAA sites can adjust transmit power according to this information.
Proposal 3: In order to better support frequency reuse, dynamic power adjustment for LAA may be considered.

2.2 Reservation Signal 
Reservation signal can be used to reserve the channel during the time a node is permitted to transmit and the start of data transmission. Reservation signal should be used for AGC setting, detection of the LAA downlink transmission (including cell identification), time & frequency synchronization. In addition, reservation signal should also be utilized for operator identification [3]. 

Such design of operator and cell identification can facilitate frequency reuse among LAA nodes of the same operator.. For example, operator specific information could be contained in the reservation signal to help neighboring sites quickly find whether there is other LAA sites sharing the unlicensed carrier, and if frequency reuse is possible or not. Different reservation signal pattern can be used to identify different LAA sites. 
Proposal 4: Operator and cell identification in reservation signal should be considered for frequency reuse.
3 Conclusion
In this contribution, we mainly discuss some details of frequency reuse on unlicensed carrier. We have the following proposals:
· Proposal 1: In order to support frequency reuse, CCA and muting pattern should be considered
· Proposal 2: In order to support frequency reuse and improve spectrum efficiency, multiple CCA thresholds should be considered.
· Proposal 3: In order to better support the frequency reuse, dynamic power adjustment for LAA may be considered.
· Proposal 4: Operator and cell identification in reservation signal should be considered for frequency reuse.
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