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1   Introduction
Agreements have been reached related to the measurements in LAA system, as the followings [1]: 
· 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
This contribution discusses the impact of discontinuous transmission on measurement operations in LAA system, and analyses the feasibility of enhancing the measurement procedures in RAN2 specifications.
2   Discussion
2.1   DRS in Release12
Before performing RRM measurement on a cell, a UE needs to synchronize to the cell based on the detection of PSS/SSS. Periodical Discovery Signals have been introduced in R12 to allow for discovery of cells in OFF state. As depicted in Figure 1, the 6ms DRS transmission window occurs in every DMTC period. The DRS includes PSS/SSS, CRS, and optional CSI-RS. It can be transmitted in multiple consecutive subframes (1 to 5 depending on configuration) within the DRS transmission window. DRS of inter-frequency neighbor cells can be measured only when it is overlapped with measurement gap.  
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Figure1: DRS transmission pattern for FDD
2.2   DRS based measurement
· Though the “Rel-12 DRS can be the starting point for at least RRM measurement including cell identification”, periodic DRS may not always be possible, if LAA cell doesn’t have opportunity for transmission, due to the restriction of discontinuous transmission in compliance with LBT requirement. The following discusses RAN2 impact, when three options are considered for the transmission of DRS in a unlicensed cell.

· Option 1: LBT exempted DRS transmission using SCS

In ETSI Standard EN 301 893 [2], Short Control Signaling Transmissions are defined so that certain management and control frames (e.g. ACK/NACK signals) can be sent without sensing the channel for the presence of other signals. SCS Transmissions shall have a maximum duty cycle of 5 % within an observation period of 50 ms.

Considering DRS is transmitted with limited duration (1 to 5ms) in every DMTC period (40ms to 160ms), the LBT exempted mechanism for SCS could be used to transmit DRS. This could ensure the same periodicity of DRS transmission in LAA cell as on licensed carrier. Then, Rel-12 DRS design can be reused in LAA system without impacting RAN2 specifications on measurement. 
However, the regulations in Japan are different, as LBT-exempt transmission is not allowed in Japan even for very low duty cycle transmission. Hence, LBT exempted DRS transmission using SCS may not be a single global solution for DRS transmission in LAA system.
· Observation 1: If the LBT exempted mechanism for SCS could be used to transmit DRS in an LAA cell, Rel-12 DRS measurement procedure can be reused without much impact on RAN2 specifications.

· 
Option 2: DRS transmission with increased transmission occasions
· If DRS transmission is not to be exempted from LBT requirement in LAA system, an LAA cell may not be able to transmit signals in a DRS occasion. In case a channel was busy for several consecutive DRS occasions, there may not be sufficient signal samples for UE to acquire to meet measurement accuracy requirement. In order to reduce the impact of discontinuous transmission on DRS measurement, DRS can be transmitted with increased occasions by reducing DMTC period or extending DMTC window. 

· 
Shorter DMTC period:

By reducing DMTC period, there will be more DRS occasions in a time duration. Even if some DRS occasions are not utilized due to the channel unavailability, there may still be sufficient DRS transmissions for UE to measure.
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Figure 2: Reduced DMTC period
· 
Extended DMTC window:
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Figure 3: Extended DRS window

As shown in Figure 3, when the channel is not available in a legacy DRS window, the DRS window can be extended to provide more opportunity for DRS transmission. When DRS can not be transmitted in the legacy DRS window, an LAA cell can transmit DRS in the extended DRS window if the channel becomes available then. 
There would be need of more inter-frequency measurements if shorter DMTC period or extended DRS window is applied to DRS transmission in LAA system. As LAA system operates on a different band from legacy LTE cells, a separate RF branch may be needed. In case that LAA secondary cell is not configured, or LAA cells operate within the bandwidth of the LAA RF branch, no additional measurement gap would be needed. In general, however, more frequent or longer measurement gaps would need to be configured, for UE to measure DRS in shorter DMTC period or extended DRS window, if the operating frequencies of different LAA cells can’t be covered by a single RF circuit branch.

Observation 2: If DRS transmission can’t be guaranteed at fixed timing location, the measurement accuracy requirement may be met by configuring UE with more frequent or longer measurement gaps to acquire sufficient signaling samples.

· 
Option 3: Scheduled DRS transmission 

Rel-12 DRS transmission window restricts the location where a DRS signal can be transmitted. In a LAA system, it’d be more flexible if a DRS signal can be transmitted at any time when the channel becomes available. This may be made possible by scheduling DRS transmission on an LAA cell through its paired licensed spectrum. Different LAA cells on the same frequency may acquire their channel at different time instances. If measurement gap is needed, a UE may not be able to measure these LAA cells in one gap. This may require more measurement gaps to measure the LAA cells on the same frequency. On the other hand, cell IDs can be provided when DRS are scheduled, so that UE may make the full use of the measurement gap to only measure those active LAA cells.
Observation 3: RRM measurement may also be helped by indicating the DRS availability of an LAA cell through the paired licensed spectrum, and enacting the measurement gap only when the DRS of an LAA cell is transmitted.
2.3   Enhanced RRM measurement for LAA cell
In addition to the CRS/CSI-RS transmitted in DRS, some other CRS/CSI-RS are also expected in the LAA frame burst. As depicted in figure 4, the CRS/CSI-RS transmitted in LAA frame bursts could also be used for RRM measurement.  This requires that eNB inform to UE the start and end of LAA frame burst. As with the scheduled DRS transmission, the existence of the paired licensed spectrum can be taken advantage to provide UE with the indication of the presence of LAA frame burst. 
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Figure 4: Enhanced RRM measurements for LAA cell

Observation 4:  The RRM measurement may be further enhanced by configuring UE to also measure the CRS/CSI-RS transmitted in LAA frame bursts, whose presence can be indicated through the paired licensed spectrum.

2.4   CSI measurement for LAA cell 
The discontinuous transmission on LAA cell also presents challenges in the use of the CSI report of SCell on licensed spectrum. As depicted in the Figure 5, the existing CSI reporting mechanism would not have a valid CSI report available in LAA cell until the 5th subframe of the LAA frame burst. Though CSI report is used mainly for scheduling reference to select proper MCS level for DL transmission (which is mainly of RAN1 concerns), it has been assumed that RLF on SCell can also be detected in network from CSI report. Hence, UE is not required to perform RLM monitoring on SCell, and the network is assumed capable of detecting the failure of UE in tracking the timing and frequency on the SCell from CSI report.
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Figure 5: LAA frame burst and CSI report
When LAA cell stops transmission due to the channel unavailability, all UEs will report invalid CQI value. Then, an eNB would not be able to differentiate a UE experiencing RLF from another UE still keeping valid tracking of the frequency and timing for downlink transmission. 
Observation 5: Discontinuous transmission on LAA cell may present challenge in assuming that SCell RLF can be detected from CSI report.
3   Conclusion
In this contribution, we discussed the impact of discontinuous transmission on measurement related operations in LAA system, and made the following observations:
Observation 1: If the LBT exempted mechanism for SCS could be used to transmit DRS in an LAA cell, Rel-12 DRS measurement procedure can be reused without much impact on RAN2 specifications.
Observation 2: If DRS transmission can’t be guaranteed at fixed timing location, the measurement accuracy requirement may be met by configuring UE with more frequent or longer measurement gaps to acquire sufficient signaling samples. 

Observation 3: RRM measurement may also be helped by indicating the DRS availability of an LAA cell through the paired licensed spectrum, and enacting the measurement gap only when the DRS of an LAA cell is transmitted.
Observation 4: The RRM measurement may be further enhanced by configuring UE to also measure the CRS/CSI-RS transmitted in LAA frame bursts, whose presence can be indicated through the paired licensed spectrum.
Observation 5: Discontinuous transmission on LAA cell may present challenge in assuming that SCell RLF can be detected from CSI report.
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