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1. Introduction
In RAN1#78bis, the following functionalities are agreed as required at least to meet regulatory requirements in some regions/bands for an LAA system [1].

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
These functionalities can be considered as minimum functionalities to be introduced for LAA for coexistence with various types of networks since those functionalities are directly or indirectly mandated in some regions/bands in 5GHz unlicensed spectrum. 

Based on the identified functionalities, this contribution discusses synchronization and measurement aspects for LAA system. Particularly, this contribution discusses potential design of synchronization and measurement signals in unlicensed-band (U-band) carrier and transmission mechanism of those signals. 
2. Discussions
2.1. Synchronization signals
As agreed in RAN1#78bis [1], the deployment scenarios of LAA include both co-located ad non-collocated between assisted licensed (L-band) and U-band carrier which can be aggregated via carrier aggregation. For carrier aggregation scenarios, up to 33us downlink/uplink reception/transmission timing difference at the UE is allowed. In other words, the received timing between PCell (licensed) and SCell (unlicensed) can be different up to 33us, particularly for non-collocated scenarios. Thus, it is necessary to consider transmitting synchronization signals for SCell independently from synchronization signals of PCell. For co-located scenario, synchronization signals can be omitted. Given diverse scenarios, it could be beneficial to allow configurability of synchronization signals in LAA.
Proposal 1: U-band carrier should be able to transmit synchronization signals independently from the assisted L-band carrier.

Given the different regulatory requirements of U-band carrier such as the requirement on the occupied bandwidth and LBT operation, it requires further study whether the current synchronization signals such as PSS/SSS or DRS can be reused [2]. At least, extension of PSS/SSS to wideband such as 5Mhz needs to be considered. For time/frequency-synchronization, synchronization signals in LAA can be based on either PSS or PRS. As discussed in 2.2, we consider that measurement signals in LAA can be based on discovery signals for small cell on/off operation. As DRS is based on PSS, it seems straightforward to start with PSS/SSS for synchronization signals in LAA. 
Proposal 2: Further study is needed in design of synchronization signals in U-band carrier. The design of LAA synchronization signals can be based on the existing PSS/SSS design.
2.2. Measurement signal
To support hand-over, SCell configuration, CoMP operation, etc, a UE performs both intra- and inter-frequency measurement on serving cells and neighbour cells. Even in LAA, we consider that measurement on serving and neighbour cells should be supported. In LAA, however, there are some unique issues which deserve further investigations as the followings. 

· Discontinuous measurement RS transmission: regardless of whether LBT is used or a type of TDM approach is used between LAA and Wi-Fi, as agreed, a U-band cell should support discontinuous transmission on a carrier with limited maximum transmission duration, and thus, even the activated serving cell may not be able to occupy the medium continuously and may not be able to transmit measurement RS continuously. Therefore, it is natural to assume discontinuous measurement RS transmission in LAA.

· Measurement on inter-operator cells: as both intra and inter-operator cells may coexist in the same frequency, handling on inter-operator cell measurement needs to be determined. For example, whether to apply the same measurement or different measurement for intra and inter-operator cells. Depending on coexistence mechanisms between inter-operator cells, the same measurement could be challenging, particularly, for inter-frequency inter-operator cell measurement. If different measurement is applied, a mechanism to differentiate the operator is needed, for example, a UE is configured with a list of cell IDs for intra-operator cells. 
· Various interference sources: since Wi-Fi and inter-operator cells can coexist with intra-operator cells in one frequency, a mechanism to effectively measure interference from difference source could be useful for coexistence mechanisms. For example, if Wi-Fi interference is strong, the UE may be hand-overed to a different frequency. At least, differentiation of interference from intra-operator cells and from other devices could be useful for coexistence mechanism. To support this, interference measurement (IM) resource which can be muted by all cells of the same operator (and thus a UE can observe interference from non-intra-operator cells/devices) can be considered. Furthermore, IM resource may be useful for measurement by the eNB. For example, when eNB determines the channel (e.g., idle channel), the identified interference from non-intra-operator cells could be useful such that the same-operator eNBs may select the same frequency if there is no other available idle channel. 

· Wideband availability: as U-band offers wideband such as 160Mhz availability, if the current inter-frequency measurement is reused, a UE may have to search at least 8 frequencies to cover 160Mhz, which seem to increase the UE complexity considerably. Thus, further study on enhancement of inter-frequency measurement on U-band is necessary. 
Proposal 3: Neighbour cell signal strength and/or interference measurement should be supported in U-band
Proposal 4: Consider introducing a mechanism to differentiate interference between intra-operator cells and other cells/devices. 

Proposal 5: Further study the mechanisms to effectively handle the wide U-band for inter-frequency measurement.  
2.3. Transmission of synchronization and measurement signals

As mentioned by companion contribution [3], we consider LBT operation should be considered in designing of LAA system. For synchronization and measurement signals, though EU regulation [4] allows short control signalling transmission which can be transmitted without LBT, as Japan regulation [4] may not allow transmission without LBT, these regional requirements should be taken into account for a global solution. 

As it is also designed to support discontinuous synchronization and measurement RS transmission, we consider that DRS (discovery signals) designed for small cell on/off can be used for LAA with necessary enhancements to address the requirements. Currently, a UE can assume that DRS is transmitted periodically. In LAA, to support periodic transmission of DRS, potentially two approaches can be considered as the followings
· DRS transmission without LBT: such as in EU regulation, short control signal transmission without LBT can be utilized for DRS transmission. If it is not allowed such as in Japan, this option may not be used. 

· DRS transmission with LBT: if LBT is applied for DRS transmission, it is possible that the eNB may not acquire the channel at DRS transmission timing. In such a case, two approaches, either delay DRS transmission or drop DRS transmission, can be considered. If the first approach is considered, it may increase the UE complexity as it may require blind search of DRS within a search window, and potentially, the search window (i.e., the delayed latency due to channel sensing/acquisition) can be large. Indication from licensed carrier can be also considered which however may increase complexity in both eNB and UE. This approach may work for serving cell measurement. However, for intra/inter-frequency measurements, the indication may be more challenging. Without indication, if blind detection of a UE is used, the UE complexity can increase. This option can be further considered with careful considerations of trade-offs between benefits, and performance impacts and UE complexity. The second approach, dropping DRS, can be also further considered. As DRS can be dropped which is different from receiving bad signal from change of channel condition, a mechanism to handle dropped DRS such as indication of droped/skipped DRS is necessary. It can be done via UE blind detection or indication by assisted licensed carrier.
Proposal 6: Periodic DRS transmission with or without LBT are considered for measurement/synchronization signals in LAA. 

Proposal 7: Periodic DRS transmission can be omitted with LBT if the channel is busy at the DRS transmission timing. Consider enhancement to handle dropped DRS in this case. 

To support efficient inter-frequency measurements, alignment of DRS transmission from cells at least from intra-operator cells seems necessary. It is desirable that intra-operator cells are synchronized and aligned in terms of DRS transmission. 
In LAA, a UE may not be able to assume that DRS will be transmitted periodically with or without LBT. If LBT is not used for DRS transmission, a UE may experience high interference at DRS reception from Wi-Fi or inter-operator cells (if DRS transmission among intra-operator cells is coordinated). Thus, the quality of DRS could be unpredictable, and possibly UE may not be able to detect DRS due to low SINR in some cases. If LBT is used, DRS transmission may be omitted as the channel is busy. This could impact UE behaviour for time/frequency tracking and channel estimation as synchronization signals may not be transmitted periodically. Further investigation and analysis of the impact and solutions are needed to address this issue. One potential consideration is to allow opportunistic transmission of synchronization signals for example transmitting synchronization signals in every transmission opportunity while kind of periodic DRS occasion is supported for measurement in parallel.  
Proposal 8: Further study the necessity of opportunistic transmission of synchronization signals for channel estimation purpose in addition to periodic DRS transmission.
3. Conclusions

This contribution discusses issues related to synchronization and measurement signals in LAA. The followings summarize the proposals. 
Proposal 1: U-band carrier should be able to transmit synchronization signals independently from the assisted L-band carrier.

Proposal 2: Further study is needed in design of synchronization signals in U-band carrier. The design of LAA synchronization signals can be based on the existing PSS/SSS design.

Proposal 3: Neighbour cell signal strength and/or interference measurement should be supported in U-band

Proposal 4: Consider introducing a mechanism to differentiate interference between intra-operator cells and other cells/devices. 

Proposal 5: Further study the mechanisms to effectively handle the wide U-band for inter-frequency measurement.  
Proposal 6: Periodic DRS transmission with or without LBT are considered for measurement/synchronization signals in LAA. 

Proposal 7: Periodic DRS transmission can be omitted with LBT if the channel is busy at the DRS transmission timing. Consider enhancement to handle dropped DRS in this case. 

Proposal 8: Further study the necessity of opportunistic transmission of synchronization signals for channel estimation purpose in addition to periodic DRS transmission.
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