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1. Introduction
RAN1 initiated the study item phase for Licensed-Assisted Access (LAA) [1] in RAN1#78bis. In RAN1#79bis, the following agreements were made with regard to possible options for RRM measurements in LAA [2]:
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In this contribution we provide our views on the sort of environment to be met by an LAA signal dedicated to RRM measurements.
2. Density of LAA nodes in a given carrier
With the expected proliferation of 802.11 devices with ever-larger bandwidths in the near future and the entrance of LAA in the market, the unlicensed bands over 5 GHz seem poised to become increasingly crowded. Under this premise, it may be a bit naïve to rely on nodes to be consistently able to find a mostly empty channel to carry on with their transmissions. 

Fortunately, LAA's inheritance from LTE makes it a robust system very capable of dealing with interference of other LAA nodes [3]. As this robustness is especially effective between synchronized nodes (intra-operator case), we expect to see deployments in which multiple LAA nodes of one operator use the same band(s).
In a given carrier, a case where the density of LAA nodes can be thought to be high in a given carrier is similar to the small cell case. Like in the small cell case, if a periodic signal is defined in LAA, that signal can be transmitted by multiple nodes in the same DRS occasion for resource efficiency.

Observation 1:

· Multiple LAA nodes of one operator are expected to be present in a given set of carriers.

3. RRM measurement on LAA carrier
In RAN1#79, it was agreed that Rel-12 DRS can be the starting point for at least RRM measurement including cell identification. In LAA, two options can be considered for the transmission of the DRS as follows.

· Option 1: Aperiodic transmission manner
· The DRS is transmitted only when the LAA node has data.

· Option 2: Periodic transmission manner
· The DRS is transmitted based on periodic occasions.

Regarding option 1, the DRS is transmitted depending on occasions of data transmission at each LAA node. The drawback is that a given LAA node cannot transmit DRS frequently enough if that node does not have data for a long period of time, while fine accuracy of the RRM measurement can be achieved when the node has data. Therefore the accuracy of the RRM measurement depends on the traffic load of the LAA node. However, because the RRM measurement results are utilized to optimize the LAA nodes selection, accurate RRM measurement is important, almost requiring little traffic.
Moreover the operation of the RRM measurement based on option 1 is more complex at the UE side. For the RRM measurement, the DRS have to be detected by not only the UE receiving the data but also UEs other than the UE receiving the data. Therefore the DRS should be received independently from the data for the UE. This means that the UE complexity becomes high since the UE needs to frequently monitor the DRSs which are transmitted aperiodically from the multiple LAA nodes if the DRS detection depends on a blind detection. This frequently monitoring affects the UE power consumption. On the other hand, if the presence of the DRS is indicated by the L1 signaling, the signaling overhead becomes large. In addition, some network scheduling and configuration may be restricted in order to support inter-frequency measurement.
Regarding option 2, the DRS is transmitted irrespective of data occasions at each LAA node. Therefore, multiple LAA nodes can transmit DRSs at the same DRS occasion in a coordinated manner. Considering the regulatory requirement in Japan, the LBT should be required for the DRS transmission. A periodic transmission of the DRS cannot be ensured, as the channel availability is a variable depending on how many resources are occupied by the other systems and/or operators. Therefore, the accuracy of the RRM measurement may degrade due to the dropping of some DRSs, especially in the case when many competitive nodes have high data traffics. However, this degradation happens not only in option 2 but also in option 1. In addition, considering the support of inter-frequency measurement, option 2 is compatible from the viewpoint of network scheduling and configuration.
In Table 1, we summarize Pros/Cons of option 1 and 2. As discussed above, option 2 is more suitable.
Table 1: Pros/Cons of aperiodic and periodic transmission manner for DRS

	
	Pros
	Cons

	Option 1: Aperiodic transmission manner
	· Fine accuracy of the RRM measurement when the node has data
	· Degrading accuracy of the RRM measurement if that node does not have data for a long period of time
· High complexity of the RRM measurement at the UE side due to frequent monitoring of the DRS if the presence of the DRS is blindly detected
· Large signaling overhead for the presence of the DRS if the presence is indicated by L1 signaling
· Some restriction of network scheduling and configuration in order to support inter-frequency measurement

	Option 2: Periodic transmission manner
	· Relaxed complexity of the RRM measurement at the UE side compared with option 1
· Expected accuracy of the RRM measurement can be reported in the low load case
· Multiple LAA nodes can be transmitted in the same DRS occasion in a coordinated manner
· Compatible for network scheduling and configuration in order to support inter-frequency measurement
	· Accuracy of the RRM measurement may be affected due to the dropping of some DRSs when many competitive nodes have high data traffics


Proposal 1:

· RRM measurement on LAA carrier should be based on opportunistic transmissions of periodic DRS.

Rel-12 DRS already has high flexibility with respect to periodicity and offset of DMTC, DRS occasion duration, and CSI-RS configuration. Therefore, we think it can be reused for LAA as it is. For example, the use of CSI-RS in the DRS enables multiplexing of DRSs from multiple LAA nodes in a single DRS occasion. Assuming the current Rel-12 DRS configuration, RRM measurement mechanism should be enhanced.
Proposal 2:

· Rel-12 DRS configuration is reused for LAA carrier as it is.

4. Conclusion
In this contribution we discussed about the environment to be met by a possible LAA signal dedicated to RRM measurements.
Observation 1:

· Multiple LAA nodes of one operator are expected to be present in a given set of carriers.

Proposal 1:

· RRM measurement on LAA carrier should be based on opportunistic transmissions of periodic DRS.

Proposal 2:

· Rel-12 DRS configuration is reused for LAA carrier as it is.
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Agreements:


Support at least the following functionalities in addition to the current LAA TR on the unlicensed band


RRM measurement including cell identification


AGC setting


Coarse synchronization


Fine frequency/time estimation for at least demodulation


CSI measurement, including channel and interference


Rel-12 DRS can be the starting point for at least RRM measurement including cell identification


The following functionalities are supported by legacy specifications and/or implementations


Transmit Power Control as per regulatory requirement


Dynamic frequency selection for radar avoidance at eNB in certain bands/regions


FFS: if the DFS for radar avoidance is needed to be supported in the UE








