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In the previous meeting, RAN1 discussed functionalities for LAA and reached the following agreements [1]:
	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


In this contribution, we present the design of reference signal(s) for the LAA RRM measurement. We also provide our views about the other functionalities with taking our approach to the reference signal(s) into account.

Design of reference signal(s) for RRM measurement
It was agreed Rel-12 DRS is the starting point for the design of reference signal used in RRM measurements on the unlicensed band. Based on Rel-12 DRS design, the eNB is required to transmit PSS/SSS/CRS (and CSI-RS) at fixed intervals without exception. It can be achieved without any problem because the eNB uses the assigned licensed band resources to transmit the DRS. However, in contrast to the licensed band, more than one radio systems/nodes could share the unlicensed band. In addition to sharing the unlicensed band, each system use LBT (listen before talk) to avoid collisions which is required in some countries/regions. Therefore, in our view LBT is required when DRS is transmitted on the unlicensed band. 
One design aspect is to consider whether LBT should be a mandatory function or not. LBT is a mandatory function in EU and Japan, but EU regulation allows the transmission of management and controlling frames without sensing the frequency for the presence of a signal i.e., Short Control Signaling Transmission [2]. According to the EU regulation, the Short Control Signalling Transmissions of Adaptive equipment shall have a maximum duty cycle of 10 % within an observation period of 50 msec. Based on the above requirement if the DRS transmission satisfies the conditions, the LTE eNB can transmit DRS on the unlicensed band without performing the LBT. However, we believe the LBT should be mandated because it helps to obtain fair coexistence with the other systems and avoid collisions. The LBT mandate could also be viewed as a simple design and provide one universal solution for all the regions where LAA is expected to be deployed.
Proposal 1:
RAN1 should agree to apply LBT functionality to the Rel-12 DRS based LAA DRS transmissions.

If Proposal 1 is accepted as an agreement, the LBT functionality does not allow the eNB to transmit its DRS on the unlicensed band if a busy channel is detected (See Figure 1). As a consequence, the measurement accuracy requirement may not be satisfied when the eNB does not transmit DRS during some of the DRS transmission opportunities. According to the current definition of RSRP measurement the UE shall measure RSRP in the subframes configured as discovery signal occasions [3]. It means UE must monitor the configured radio resources and may include those resources’ results in the final measurement result regardless of whether DRS were actually transmitted or not in those resources. 
In addition, the number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled [3]. Therefore, there is a possibility that the reported RSRP could be highly inaccurate. The combination of UE implementation based RSRP measurements and unavailability of some of the DRS transmissions due to eNB’s LBT functionality results into a problem where the UE is unable to provide an accurate unlicensed band’s radio environment information to the eNB.
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Figure 1: Listen failure before the DRS transmission

We believe the above issue must be addressed in RAN4. One approach is RAN1 sends a request LS to RAN4 to perform a study to verify if the current measurement accuracy requirement is satisfied by the existing specification. In case the current specification does not satisfy the accuracy requirement then new solutions can be considered. The following are some of the candidate alternatives: 
Alternative 1: eNB broadcast/unicast a DRS measurement indication on the licensed band. 
In this alternative, the eNB inform the UE(s) via the licensed band about the conditions under which subframe RSRP should be calculated. During the RSRP calculations, the UE is expected to adopt and modify its DRS measurements in accordance to the information provided by the eNB about the RSRP measurement conditions on the unlicensed band. FFS: when and how the eNB can provide this information to the UEs.

Alternative 2: To define a CRS (included in DRS) based RSRP measurement for LAA.
In this alternative, some limitation is applied how a UE performs the DRS measurements to determine RSRP. For example, UE should send one measurement result per one DRS burst. Since eNB is aware which DRS was transmitted on the unlicensed band, the eNB can determine if the received measurement report from a particular UE is reliable or not. 
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Figure 2: LAA DRS RSRP measurement 
Proposal 2:
If Proposal 1 is accepted as an agreement, RAN1 should send a LS to RAN4 requesting if the measurement accuracy requirement is satisfied by the existing specification.

Analysis of functionalities for LAA
Unlike RRM measurement, the reference signals for supporting other functionalities were not addressed in the previous meeting. If proposal 1 is accepted as an agreement, then the Rel-12 DRS with LBT should be the starting point for other functionalities as well. We believe the AGC setting, coarse synchronization and the CSI measurements can be performed using the above DRS for LAA. It could be a baseline solution; however, further study is needed for the case when the eNB does not transmit DRS during some of the DRS transmission opportunities. As discussed before this situation is similar to the RRM measurement. 
On the other hand, fine frequency/time estimation for at least demodulation may not be achieved if eNB cannot transmit DRS more than the current specified maximum DRS interval. The existing specification is not guaranteed the DRS interval longer than 160 msec. We discuss this issue further in the next section.
Proposal 3:
The LAA DRS based on Rel-12 DRS with LBT should also be used for AGC setting, coarse synchronization and the CSI measurement.

Synchronization signal design
As mentioned before the LBT based transmission is needed in the unlicensed bands in various countries/regions; therefore, there is a possibility that eNB may not be able to transmit DRS on the unlicensed band for a long period of time due to the presence of other transmissions by the neighboring nodes sharing the same band. One approach is to set a fix maximum limit for the duration between the two DRS transmissions, for example 160 msec. If eNB cannot transmit DRS a longer time than the maximum limit, it should be assumed fine frequency/time estimation is not guaranteed. However, it also possible due to interference a UE was unable to detect/decode some of the DRS transmissions correctly. This situation forces us to consider providing another synchronization signal within the data transmissions in addition to the DRS transmissions. One solution is the eNB transmits the synchronization signals (LAA sync) in the symbols located before the data region (e.g., the first symbols of a subframe). This approach is very similar to the D2D synchronization signal design. In that case, UE achieve a coarse synchronization using the DRS and achieve finer frequency/time estimation using the above LAA sync. If this solution is applied, AGC setting is performed based on the LAA sync instead of the DRS as the LAA sync is located next to the data region within the first subframe received at the UE.
We propose the current Physical control channel regions should be replaced by LAA sync. The number of resource elements used to transmit Physical control channels is changed according to e.g., the number of UEs scheduled in the subframe. In case of low-traffic conditions it is possible Physical control channel regions is not fully occupied resulting in low resource element density and consequent low transmit power over the OFDM symbol resulting in higher miss-detection by the neighboring nodes. This results in the collisions as the neighboring nodes may assume the channel is available for their respective transmissions. To avoid the collisions, we propose Physical control channels should be removed from the unlicensed band transmissions and LAA sync should be transmitted as a replacement. Further study is needed how LAA sync is mapped on the right before data region.
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Figure 3: Existing channel mapping (left) / Example of proposing channel mapping (right)
Proposal 4:
The current Physical control channels region should be replaced by this LAA sync.

Conclusions
Proposal 1:
RAN1 should agree to apply LBT functionality to the Rel-12 DRS based LAA DRS transmissions.
Proposal 2:
If Proposal 1 is accepted as an agreement, RAN1 should send a LS to RAN4 requesting if the measurement accuracy requirement is satisfied by the existing specification.
Proposal 3:
The LAA DRS based on Rel-12 DRS with LBT should also be used for AGC setting, coarse synchronization and the CSI measurement.
Proposal 4:
The current Physical control channels region should be replaced by this LAA sync.
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