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1. Introduction

At the RAN1#79 meeting, issues related to UE measurements and synchronization were discussed and agreed as below [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
In addition, subframe-level or multi-subframe-level on/off functionality on the LAA SCell was discussed [2]. However, RAN1 could not reach a consensus on such the functionality due to concerns regarding synchronization and AGC aspects.

In this contribution, we discuss issues related to measurement and synchronization in LAA.
2. Discussion on RRM Measurement for Unlicensed Carriers
In LTE system, some reference signals, such as PSS/SSS/CRS, are transmitted periodically for the synchronization and RRM measurement including the cell identification. In Rel-12 SCE discussion, the discovery signal (DRS) is introduced for the same purposes in the small cell on/off operation. At the last meeting, Rel-12 DRS has been agreed as the starting point for at least RRM measurement including cell identification. Considering the different regulatory requirements in different regions, two possible approaches for RRM measurement can be considered and discussed as follows.

LBT-exempt transmission of DRS 

For the purpose of fast cell discovery, tracking, UE synchronization and measurement, it is better that signals for those purposes are transmitted periodically by LAA eNBs even when there is no packet data transmission and/or when the LBT result is busy. We can call those signaling as LBT-exempt transmission. The benefits of introducing LBT-exempt transmission are obvious. Many of UE implementations for synchronization and measurement in LTE can be reused for LAA since the UE can assume the periodic transmission of reference signals from eNB as in LTE.
In European requirements, Short Control Signaling (SCS) are specified so that some management and control frames (e.g., ACK/NACK signals) can be transmitted without sensing the channel. The limit is that SCS transmission shall have a maximum duty cycle of 5% within an observation period of 50 ms. Therefore, in some regions, LBT-exempt transmission of DRS can be supported for LAA. However, the periodicity/duration/density of DRS should be re-considered.  An example of LBT-exempt transmission of DRS with frame-based equipment (FBE)-based LBT is shown in Fig. 2-1. In order to meet the overhead requirement of SCS, DRS in LAA needs to be configured with 40/80/160 ms periodicity and 1/2 ms duration. To avoid the measurement performance degradation due to smaller duration of DRS, the DRS density in a single period may need to be increased. Moreover, the transmission of DRS alone may not be sufficient to avoid interception by Wi-Fi which has a short CCA time slot. Therefore, some channel/signal may need to be transmitted together with DRS to fill all OFDM symbols. 
For LBT-exempt transmission of DRS, another problem is the UE measurement accuracy since the signal strength and the interference strength fluctuate for each measurement sample in idle or busy state. As shown in Fig. 2-2, the measured RSSI in idle subframes may be comprised of high signal strength (data and RS) and low interference strength, while the measured RSSI in busy subframes may be comprised of low signal strength (e.g., RS only) and high interference strength. In addition, the RSRP measurement in busy subframe would suffer from high interference strength. Therefore, the restricted measurement related to channel state (idle/busy) may be needed to increase the accuracy of UE measurement. For example, after identifying the channel idle/busy state, UE may perform separate measurements and report for the two states.
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Figure 2-1: Example of LBT-exempt transmission of DRS
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Figure 2-2: Different measurement condition in LBT-exempt transmission of DRS
L1 signaling indication of measurement timing  

The regulatory requirements are different in other regions. For example, in Japan, the LBT is required even for very low duty cycle transmission, which means that LBT-exempt transmission is not allowed. In this case, an opportunistic transmission of signals for cell discovery and measurement may happen according to the channel sensing result at eNB. For example, some of periodic DRS transmissions are dropped or the timing of DRS transmission varies due to LBT busy, i.e., both periodic and aperiodic transmission of DRS can be considered. Then, how to make UE aware of the appropriate measurement timing becomes an important issue since the measurement accuracy might be severely degraded if UE generates a measurement report taking samples not containing DRS into account. 

In Rel-12 SCE discussion, DRS measurement timing configuration (DMTC) was extensively discussed and the signaling of DMTC was introduced. The signalling of DMTC is also suitable for LBT-exempt transmission of DRS. However, if DRS is opportunistically transmitted according to the sensing result, an enhanced method may be needed. Considering the fast and frequent change between idle/busy states, some methods discussed in Rel-12 SCE fast on/off operation can be considered for the identification of appropriate measurement timing. For example, the L1 signalling indication from licensed PCell is one of the possible approaches for measurement timing indication. As discussed in Rel-12 SCE, since UE monitors PCell at every non-DRX subframes anyway, it is possible for the UE to monitor dynamic L1 signaling from PCell to determine whether there is a DRS subframe or a DRS occasion in the unlicensed carrier, as shown in Fig. 2-3. The detailed DCI design can be further investigated in the LAA WI. 
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Figure 2-3: Example of opportunistic transmission of DRS and measurement timing indication
Proposal 1: Following two approaches for RRM measurement in unlicensed carrier should be further studied. Considering Japanese regulatory requirements, Alt. 2 is preferable.
· Alt. 1: LBT-exempt transmission of DRS
· The periodicity/duration/density of DRS needs further discussion.
· The separate measurements related to the channel state may be necessary.
· Alt.2: Opportunistic transmission of DRS
· A solution to inform UE the appropriate measurement timing may be necessary.
3. Discussion on Subframe/Multi-subframe Level On/Off on LAA SCell
Assuming that LBT is applied in LAA system, the discontinuous transmission on LAA SCell shall be supported considering the busy state and the maximum channel occupancy time limitation. Unless UE can start data reception immediately or within a few subframe after eNB starts the transmission of burst, LAA cannot efficiently work in the region where LBT and limited maximum channel occupancy time are required. Therefore, we believe that subframe level or multi-subframe level on/off, including fast synchronization, time/frequency estimation for demodulation and AGC procedures, is an essential functionality for LAA with LBT.
We can deduce that dynamic on/off should be further investigated to assist the frequent back and forth transition between on and off status. Hence, the dynamic on/off schemes discussed in Rel-12 SCE WI should be considered as a starting point.
In Rel-12 SCE discussion, both subframe-level and multi-subframe-level on/off were proposed for dynamic on/off, and we should refer corresponding discussion to achieve efficient transmission on unlicensed SCell. For example, two methods were proposed to indicate SCell on/off state. One is an explicit L1 signalling method, the other is an implicit method based on the blind detection of the reference signal on SCell. For the new L1 procedure, some concerns expressed in previous discussion should be investigated further. For example, the acceptable off-to-on transition time needs to be defined. In addition, a solution to reduce the transition time should also be studied. Anyway, since the dynamic on/off is the essential functionality for LAA with LBT, it is strongly recommended that the feasibility study of dynamic on/off should be done within this LAA SI.

Proposal 2: Subframe-level or multi-subframe-level on/off is required to achieve efficient work of LAA with LBT. The feasibility study should be done within this LAA SI.
4. Conclusion 

In this contribution, we discussed the issues related to measurement and synchronization in LAA, especially RRM measurement for unlicensed carriers and subframe/multi-subframe level on/off functionality on LAA SCell. Based on the analysis above, we had following proposals.

Proposal 1: Following two approaches for RRM measurement in unlicensed carrier should be further studied. Considering Japanese regulatory requirements, Alt. 2 is preferable.
· Alt. 1: LBT-exempt transmission of DRS
· The periodicity/duration/density of DRS needs further discussion.
· The separate measurements related to the channel state may be necessary.
· Alt.2: Opportunistic transmission of DRS
· A solution to inform UE the appropriate measurement timing may be necessary.
Proposal 2: Subframe-level or multi-subframe-level on/off is required to achieve efficient work of LAA with LBT. The feasibility study should be done within this LAA SI.
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