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1 Introduction

This contribution discusses the issue of hidden nodes, i.e. whether anything is needed for LAA to be able to cope with such nodes as well as some potential solutions. In particular, the contribution discusses the use of an RSSI measurement that may be used for other purposes also.
2 Discussion

In the context of LAA, there has been some discussion about hidden nodes. A node that is hidden to the eNB concerns a node that would not be detected when the eNB performs Listen Before Talk (LBT). As a result, the eNB considers the channel to be free and thus initiates transmissions to some UE(s). The node may however be visible to the UE that is intending to receive the eNB transmission. In case the concerned hidden node is also unable to detect the eNB transmissions, the transmissions of the two nodes may collide. In case of such collision, it is likely that the UE will not be able to receive the eNB transmission.

A further question is whether a) it is acceptable for a colliding transmission to occur as long as such collisions do not persist, or whether b) colliding transmissions should be avoided completely. In case collisions are to be avoided completely, hidden nodes should be detected before the eNB initiates a potentially colliding transmission i.e. a proactive mechanism is required. If this is not required, the eNB could take action after a (first) collision was detected i.e. a reactive mechanism.

We understand that WLAN specications include a pro-active mechanism i.e. before actually transmitting user data, the network may perform a check by sending the Request-To-Send (RTS). In such cases, the user data is transmitted upon receipt of the Clear-To-Send (CTS) messages). We understand that in the field the RTS/ CTS mechanism is not commonly used. As in other failure cases, the user data may however be retransmitted.

We may consider the possibility to re-use the WLAN approach, but should consider that there are some important differences between the radio architectures of LAA and WLAN. One difference concerns the fact that we have network controlled mobility (i.e. the eNB decides which LAA cell is configured as SCell, based on UE measurement reports). More relevant, may be that in LAA we aim for enhanced performance by using centralised scheduling (i.e. in LAA the eNB schedules transmissions to/ from the UEs under its control). Considering these differences, the WLAN mechanism to combat hidden nodes seems less suitable/ optimal for LAA.

Another approach, that may better fit the LAA requirements, would be to use RRM measurements to proactively detect hidden nodes that may interfere with the transmission to a particular UE. Upon receipt of such measurement report from a UE affected by a hidden node, the eNB would select another channel for the LAA transmissions. Some further remarks regarding what kind of RRM measurement may facilitate detection of hidden nodes:

· 
It seems difficult for the eNB to derive from an average RSRP/ RSRQ/ RSSI value reported by the UE whether there may be a hidden node i.e. as a difference in the value compared to the value measured by the eNB may also be due to different pathlosses towards other/ interfering nodes. To determine the presence of an interfering node, we think the UE should report some kind of time-line information. I.e. if the UE experiences a level of interference affecting its reception at a time the eNB experiences none, this clearly is due to a hidden node.
· 
One potential way to provide such time-line information would be for the UE to report the percentage of time the received power (RSSI) on the channel was above a particular level. In case, for a given period of time, the percentage reported by the UE is very different from the percentage observed by the eNB, it seems likely that the UE is affected by nodes hidden to the eNB. It is further noted that this channel occupancy type of measurement may also be useful for other purposes e.g. for load based channel selection.

· 
If such measurement were introduced, the eNB may request the UE to perform it in a one-shot fashion prior to configuring a candidate LAA cell as SCell. As the situation may change over time due to mobility, the measurement may need to be repeated after some time.

We think it would be good for RAN2 to to consider introducing RRM measurement support for detecting hidden nodes, in particular if such RSSI measurement may serve other useful purposes also. Hence our proposal is as follows:

Proposal
RAN2 is requested to consider detection of hidden nodes when introducing RRM measurement support for LAA, in particular when considering the introduction of an RSSI measurmenent.
3 Conclusion & recommendation
This contribution discussed the issue of hidden nodes, i.e. whether anything is needed for LAA to be able to cope with such nodes as well the use of a channel occupancy type of RSSI measurement. RAN2 is requested to discuss and conclude the following proposals:

Proposal
RAN2 is requested to consider detection of hidden nodes when introducing RRM measurement support for LAA, in particular when considering the introduction of an RSSI measurmenent.
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