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1 Introduction

In this contribution, we discuss the methods and spec impacts of carrier selection, as well as the hidden node problem for LAA. 
2 Discussion
2.1
Carrier selection
Carrier selection is motivated by the large number of available channels on the unlicensed band and the dynamic interference condition for each channel. In order to support carrier selection, RSSI measurement on the unlicensed carrier frequency is needed. RSSI measurement could be used as a general method considering LAA co-existence with both WIFI and other LAA networks. Further discussion is needed on the required time/frequency resources for the RSSI measurement, e.g. whether clear channel assessment as defined for LBT is sufficient for RSSI measurement purpose.
For co-existence scenarios with multiple LAA networks, it is also beneficial for an LAA eNB to detect signals from other LAA cells on multiple carriers to facilitated better carrier selection. For example, an LAA eNB can detect the PSS/SSS on each unlicensed frequency and select the carrier with the least amount of detected cells (and hence highly likely with the least interference) for transmission. Other schemes for carrier selection requiring interaction between LAA and WIFI have also been proposed, e.g. LAA eNB detects WIFI beacons or transmits pseudo WIFI beacon signals. These approaches can be possible if implemented by eNB. However, we don’t think any specification changes should be required for them.
Slower carrier selection for LAA can be supported by long term eNB measurements, e.g. RSSI or number of detected LAA cells, followed by the existing Scell reconfiguration or activation/deactivation procedure. Faster carrier selection can be supported when multiple secondary serving cells are activated for the UE and if the eNB has sufficient information and capability to select an unlicensed carrier for data transmission in ms or a few ms level. From the UE perspective, feasibility and specifications to support subframe level or multi-subframe level on/off should be discussed, in order to support fast carrier selection. 
For co-existence scenarios with multiple LAA networks, it may be beneficial to coordinate the resource utilizations on the unlicensed band shared by multiple operators, with either slower or faster coordination time scale. Further studies are needed on the feasibility of the coordination and the signaling support.

Proposal 1: To support carrier selection in LAA, additional specification work may be needed especially to support fast carrier selection. Resource coordination schemes among multiple LAA operators can be further considered. 
2.1 Hidden node problem

The hidden node problem is illustrated in Figure 1, the two eNBs/APs are out of the range of carrier sensing, but has overlapped coverage. As in the example, when UE1 receives downlink transmission from LAA eNB of operator 1, the nearby AP or LAA eNB of another operator may cause interference. In IEEE 802.11, the hidden node problem is mitigated by introducing the RTS/CTS procedure. With this procedure, the receiving node could reserve the channel to avoid the potential interference from nearby hidden nodes.
In case of LAA system, in general the hidden node problem can also be solved by a similar approach, i.e. eNB and UE can reserve the channel to avoid interference. If both eNB and UE have WIFI capability, the WIFI RTS/CTS procedure can be utilized to aid the LAA transmission. However, this approach requires very tight integration of WIFI and LAA module in the eNB and UE implementation, so the feasibility of this approach could be further studied. Another approach is to introduce the RTS/CTS like procedures into LAA design, with the cost of specification efforts.
As another direction, it is also possible to consider identifying the hidden node by existing LTE functionalities, for example UE CSI reporting. With instantaneous CSI measurement and reporting, the interference from the hidden node near the receiving UE can be measured, and this is not significantly different from the existing inter-cell interference. Then the eNB can avoid scheduling the UE during the time with low CQI reporting. If the hidden node near the UE keeps causing interference, the UE could hardly be served with high data rate. Then it is more preferable to schedule the UE on another carrier frequency, e.g. by carrier selection.
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Fig 1 Hidden node interference for LAA DL

Proposal 2: It is possible to alleviate the hidden node problem in LAA, with existing CQI measurement and reporting mechanisms. The introduction of new mechanisms for solving the hidden node problem should be further studied and compared with the existing solutions.
3 Conclusion
In this contribution, we discuss several aspects including carrier selection and hidden node problem for LAA and we have following proposals.
Proposal 1: To support carrier selection in LAA, additional specification work may be needed especially to support fast carrier selection. Resource coordination schemes among multiple LAA operators can be further considered. 

Proposal 2: It is possible to alleviate the hidden node problem in LAA, with existing CQI measurement and reporting mechanisms. The introduction of new mechanisms for solving the hidden node problem should be further studied and compared with the existing solutions.
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