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[bookmark: _Ref301342314]Introduction
It is well known as more access points share the same channel the more system throughput performance is degraded. For fair coexistence between the Wi-Fi and the LAA services, it is proposed that the similar Wi-Fi mechanisms need to be introduced for LAA operation such as Listen-before-talk (Clear channel assessment) and discontinuous transmission on a carrier with limited maximum transmission duration. Therefore, it is assumed throughput performance degradation cannot be avoided as long as LAA cell share the same band with other access points.
On the other hand, it’s worth studying the coordination mechanism between the LAA services of different operators. The coordination mechanism consists of channel selection and channel sharing between multi-operator LAA services. This coordination could result into better interference management. In this contribution, we present a mechanism for the tight coordination mechanism between more than one LAA services, in particular the LTE Beacon, the LTE Header and a new UE measurement report.

Possible functionalities of LTE Beacon
It is preferable if the LAA cell (re)select the lowest loaded channel for its operation. In order to achieve this aim the LAA cell should be aware of the radio environment of unlicensed band. We propose that the unlicensed spectrum usage information is shared with the neighboring nodes by broadcasting the information. This broadcast information is delivered over the “LTE Beacon”. The neighboring LAA services can detect neighboring LTE Beacons and then select a channel using that information and set their own LAA parameters appropriately. After receiving the above information the neighboring eNBs can also broadcast their own beacon as well. One of the candidate contents of LTE Beacon is the traffic load information of unlicensed spectrum, the number of LBT failures or the number of usage channels. 
In addition, LTE Beacon can also be used for sharing one unlicensed spectrum CC by more than one LAA service. It can be assumed different operator LAA cells share the same channel in the time division manner. The configurations of unlicensed spectrum’s synchronization signal and/or reference signal are provided on the proposed LTE Beacon resulting in a tighter coordination. A study is needed for the transmission timing of the LTE Beacon. In our opinion, it should be transmitted on the same subframe in which the synchronization signals are transmitted. This is very much similar to concept of Broadcast channel (PBCH) which is located on the same subframe along with the PSS/SSS. An example of LTE Beacon transmission is shown in Figure 1. FFS if the LTE beacon should be transmitted with every transmission opportunities of synchronization signal.
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Figure 1: An example of LTE Beacon transmission 

Proposal 1:
The unlicensed spectrum usage information should be broadcasted to other operators over LTE Beacons.

Possible functionalities of LTE Header
In this section we consider further sharing of LAA cell’s resource allocation information resulting in further efficient usage of the unlicensed spectrum. For example, if the LAA cell is aware of the data transmission duration of the other LAA cell then eNB can suspend LBT during that duration. Therefore, we propose RAN1 should study if some level of resource allocation information on the unlicensed spectrum should be broadcasted as well. This information should be conveyed over the “LTE Header” and transmitted in a header located at the beginning of the data burst. It’s assumed the LTE Header has a similar function as the current Rel-8 PDCCH. This header can be read by the neighboring LAA cells to obtain resource usage information by the transmitting eNB. We show the example how LAA Header maps in Figure 2. Figure 2 is also shown the LAA sync, which we are proposing in [2]; however it’s out of scope of this contribution. FFS the location of LAA Header 
[image: ]
Figure 2: Example of LAA Header

Proposal 2:
[bookmark: _GoBack]RAN1 should study if some level of resource allocation information on the unlicensed spectrum should be broadcasted in a header signal.
UE Measurement enhancement
RAN1 should study if the hidden node problem should be taken into account when designing the channel selection procedures/schemes. To deal with the hidden node problem, we propose to introduce a new UE measurement report mechanism. In the measurement report, UE report the detecting Cell ID and signal power on the unlicensed band in addition to the current RRM measurement result. In our view, UE can detect the non-serving cell’s DRS (including other operator’s LAA) and calculate the DRS RSRP by itself. The eNB that receives this report from the UE can take appropriate action needed to mitigate the hidden node problem.
Proposal 3:
New UE measurement report mechanism should be introduced that allows a UE to report the detected non-serving LAA cell’s information.
In addition, there is a potential issue if the same PCI is used by multiple operators. Same PCI should not be allocated to the neighboring cell. Within an operator’s network, it can be achieved by cell planning or SON function. However, the problem remains when the same PCI is used by other operators located in the proximity of the first operator. In our opinion, either UE assisted or eNB based PCI collision avoidance mechanism in unlicensed spectrum should be introduced.
Proposal 4:
PCI collision avoidance mechanism in unlicensed spectrum should be introduced.

Conclusions
Proposal 1:
The unlicensed spectrum usage information should be broadcasted to other operators over LTE Beacons.
Proposal 2:
RAN1 should study if some level of resource allocation information on the unlicensed spectrum should be broadcasted in a header signal.
Proposal 3:
New UE measurement report mechanism should be introduced that allows a UE to report the detected non-serving LAA cell’s information.
Proposal 4:
PCI collision avoidance mechanism in unlicensed spectrum should be introduced.
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