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1 Introduction
In 3GPP RAN1 #78bis, main functionalities for LAA are identified for fair coexistence with respect to Wi-Fi and other LAA services [1].

Agreements:

· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· 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

Measurement will be the basis for LBT, DFS, and Carrier selection. In this contribution, we discuss some details of measurement for LAA and present our proposals.
2 Measurement for LAA
In last RAN1 meeting, main functionalities of LAA are identified to include: LBT, DTX, DFS, TPC and carrier selection. Measurement of LAA nodes and other systems are fundamental for LBT, DFS and carrier selection.
Measurement of LAA can be categorized into intra-RAT measurement and inter-RAT measurement. Inter-RAT measurement is usually performed through energy detection of unknown signal. If LAA nodes can identify signals from other system, coherent detection and accordingly measurement can also be carried out. For intra-RAT measurement, Rel-12 small cell discovery signal measurement can be a start point. As the transmission of discovery signal might not be guaranteed when the node doesn’t acquire the channel, i.e. the measurement signal may not be transmitted or only a few signals can be transmitted. How to transmit more measurement signal while comply with the regulatory and accordingly UE behaviour need to be considered.
Measurement of LAA can also be categorized into two phases: measurement in non-occupying duration and measurement in occupying duration. Before the LAA nodes acquire the channel, i.e. in non-occupying duration, at least RSSI is measured by the LAA nodes and/or UEs. The measured RSSI is mainly used for Channel Availability Check (CAC), Clear Channel Access (CCA), and carrier selection. With this measurement result, the LAA nodes can find candidate clear carriers/channels and select the best one for use. After the LAA nodes acquire the channel, i.e. in occupying duration, CAC, CCA and carrier selection are still needed. If the operation channel of the LAA node is degraded or is forbidden to use, the LAA node can switch to other available channel with good condition. Besides CAC and carrier selection, traditional LTE CSI measurement and RRM measurement is also important for the LAA scheduling and data transmission. LAA nodes should transmit necessary reference signal, e.g. PSS/SSS, CRS, CSI-RS, thus UEs under coverage can measure these nodes. Furthermore, if the Unlicensed Carrier Discovery Signal is allowed to be transmitted in non-occupying duration, CSI and RRM measurement can also be measured in non-occupying duration.
In the following section, channel available check, carrier selection, unlicensed carrier discovery signal, and UE measurement will be discussed.
2.1 CAC/CCA

According to DFS regulatory, LAA nodes should perform either a Channel Availability Check (CAC) or an Off-Channel CAC to ensure that there are no radars operating on any selected channel. If no radar has been detected, the channel(s) becomes an Available Channel(s) and remains as such until a radar signal is detected during the In-Service Monitoring. CAC can be performed at LAA eNB side or at UE side then report to LAA eNB.  E.g. UEs with low activity or some representative UEs of different geographic location can be good candidates for CAC check. The result can be report via PCell or Scell if UL is allowed on unlicensed carrier.
Once the LAA node has started operations on an Available Channel, then that channel becomes an Operating Channel. According to [2], before starting transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using "energy detect". The equipment shall observe the Operating Channel(s) for the duration of the CCA observation time which shall be not less than 20μs. The CCA observation time used by the equipment shall be declared by the manufacturer. The Operating Channel shall be considered occupied if the energy level in the channel exceeds the predefined threshold. If the equipment finds the Operating Channel(s) to be clear, it may transmit immediately. The “energy detect” in Wi-Fi is implemented through RSSI measurement. For LAA nodes, RSSI measurement can also be an indicator of whether the operating channel is occupied. 
As LTE nodes can share the same channel with coordination, LAA nodes need to distinguish whether the signal transmitted on the channel is from LAA system or from other system. A natural way is coherent detection of the transmitted signal.  If unknown signal is detected, the operating channel shall be considered occupied. Otherwise if LTE signal is detected; it means that the operating channel is occupied by LAA nodes. With coordination, the channel can be shared between several LAA nodes. Another way for distinguish intra-system/inter-system interference is simultaneous muted at all LAA nodes when performing CCA. With pre-defined period, all LAA nodes stop transmitting any LAA signal, the measured RSSI at this period is interference from other system.
Proposal 1: UE assisted DFS can be considered in LAA.
Proposal 2: LTE CCA should distinguish the intra-system/inter-system interference.
2.2 Carrier Selection
For multi-carrier scenarios, LAA nodes can use channel selection (CS) mechanism (e.g. energy detection and carrier sensing) to select the cleanest carrier for LAA services. CS mechanism is especially suitable for sparse deployment scenarios of LAA and Wi-Fi with more available carriers. With CAC and CCA measurement, LAA nodes can get a list of all available and clear carriers and then select the most suitable ones for data transmission. However, as LTE support multiple channel bandwidths, e.g. 20MHz, 10MHz, 5MHz, 1.4MHz, the list might be huge and complicated. A LAA node may choose the most suitable channel from the list either in a semi-static manner or in a dynamic manner. If the LAA node is lightly loaded and the channel condition is not so bad, the LAA node can go through a big list of available carrier and select the clearest carrier within certain time duration. Otherwise if the LAA node is highly loaded and the channel condition gets worse suddenly, the LAA node must choose a new clear carrier as soon as possible. Obviously, it’s difficult for a LAA node to check a large number of carriers in a short period of time. 

Another way is use dynamic CS on the basis of semi-static CS. At first, for all available unlicensed carriers in the target band, long term energy detection and carrier sensing are performed by LAA nodes. Based on the long-term statistical result, some carriers which are seldom used by LAA/Wi-Fi nodes can be selected. Then LAA node can transmit Unlicensed Carrier Discovery Signal on these carriers. UEs or other LAA nodes can measure these signal and get estimation for the channel condition of these carriers. With these measurement results, the clear carriers set are further narrowed down and form a semi-static updated candidate carrier set. If there are UEs which need services on the unlicensed carrier, the LAA node can quickly choose a carrier out of this set and activate the Scell on that carrier by the PCell on licensed carrier.

Another issue in multi-carrier scenario is the maximum aggregation level. On unlicensed band, the maximum number of CCs to be aggregated, should not only fulfill the regulatory requirement, but also take the traffic and channel condition into account. Although it is beneficial to aggregate more CCs in order to achieve a comparable performance with Wi-Fi. It will reduce the opportunity for other system or other LAA nodes to get access to the carrier. Based on the long-term and short-term measurement of the carrier, if there are a lot of nodes trying to access the component carriers, the maximum number of aggregated CCs should be limited; otherwise if there are few nodes trying to access to the component carriers, the maximum number of aggregated CCs can be increased.

Proposal 3: both semi-static carrier selection and dynamic carrier selection should be supported.

Observation 1: The maximum aggregate level should be adaptive according to the channel condition.

2.3 Reference signal for LAA measurement
As aforementioned, inter-RAT measurement of LAA relies on energy detection of unknown signal or coherent detection if LAA nodes can recognize the beacon/preamble signal of other system. While intra-RAT measurement relies on measurement of reference signals transmitted by LAA nodes. The Rel-12 discovery signal is designed for cell detection, time/frequency tracking and RRM measurement in small cell deployment. Unlicensed Carrier Discovery Signal is also needed in LAA for the same purpose. But due to the uncertainty of the unlicensed carrier, periodic RS may not always have opportunity to be transmitted. Actually, the transmission of Unlicensed Carrier Discovery Signal from a LAA node might only be guaranteed in occupying duration of the LAA node. If Unlicensed Carrier Discovery Signal is only allowed to be transmitted in occupying time and UEs can only perform measurement after the LAA nodes acquire the channel. It will be a waste of the valuable occupying time of the carrier.

According to [2], Short Control Signaling (SCS) can be transmitted without LBT/CCA requirements. And the SCS transmission of adaptive equipment shall have a maximum duty cycle of 5% with an observation period of 50ms [2]. Obviously, it’s reasonable and beneficial to utilize the SCS for Unlicensed Carrier Discovery Signal transmission. There might be several ways to meet the SCS regulatory requirement. For instance, if there are few LAA nodes on the same carrier, Unlicensed Carrier Discovery Signal configuration can be coordinated before starting transmission. Or, if coordination between LAA nodes is not feasible, each LAA node should listen and calculate the Unlicensed Carrier Discovery Signal samples in an observation period. If the limitation of the regulatory is reached, no new LAA node will be allowed to transmit extra Unlicensed Carrier Discovery Signal. Otherwise if the limitation of the regulatory is not reached, more Unlicensed Carrier Discovery Signal can be transmitted. At last, if a LAA node wants to transmit more Unlicensed Carrier Discovery Signal beyond the regulatory limitation, CCA should be performed. Unlicensed Carrier Discovery Signal can be transmitted only if the carrier is identified to be idle after CCA.
Furthermore, if a LAA node can transmit CRS and CSI-RS before the occupying duration, UEs can acquire fine synchronization and report the CSI information to LAA node at the time when the LAA node acquires the channel. In that case, the LAA node can schedule the data transmission with accurate channel information. Thus, part of SCS should be reserved for CSI reference signal.
Proposal 4: SCS should be utilized for Unlicensed Carrier Discovery Signal and CSI RS transmission.

2.4 UE behavior for LAA measurement 

As discussed above, SCS can be used for Unlicensed Carrier Discovery Signal transmission and CSI RS transmission. With SCS in non-occupying duration, UE can identify the LAA nodes, acquire the T/F tracking, and perform the CSI and RRM measurement before the LAA nodes occupying the carrier. The measurement result can be report via PCell and then deliver to Scell. In that case, once the LAA node occupies the carrier, data transmission on Scell can be scheduled quickly.

If SCS is not allowed for Unlicensed Carrier Discovery Signal and CSI RS, or the node did not get opportunity to transmit any Unlicensed Carrier Discovery Signal or CSI RS, then UE can’t perform measurement in non-occupying duration. Once the LAA node acquires the channel, it should send the configuration of Unlicensed Carrier Discovery Signal and CSI RS to UEs and trigger the UEs to perform CSI measurement. Before the measurement result is reported, the LAA nodes have to transmit data with low MCS index. As the channel occupying time is very limit, the LAA nodes may not get a single report from UEs. So whether and how the LAA eNB can adjust the MCS before the UE reporting measurement result need FFS.

If SCS for Unlicensed Carrier Discovery Signal and CSI RS is not allowed, RRM measurement can only be performed in occupying duration as well. The samples in an occupying duration might not be enough for RRM measurement. So the measurement results have to be filtered through several occupying durations. However the channel condition might vary between these occupying durations. Whether the filtered measurement result is reliable is FFS. Otherwise, if SCS for Unlicensed Carrier Discovery Signal is allowed, RRM measurement can be performed both in non-occupying duration and in occupying duration. Usually, the channel condition of an occupying duration and adjacent non-occupying duration are relatively similar. On the other hand, the measurement result in occupying duration is more reliable than measurement result in non-occupying duration because more measurement samples are available in occupying duration. Whether and how to filter the measurement result in non-occupying duration and measurement result in occupying duration need FFS.

Observation 2: UE behaviour will dependent on whether the SCS can be utilized for Unlicensed Carrier Discovery Signal and CSI RS.
2.5 Standard impact of LAA measurement
For LAA measurement, the following issues may need the specification work:
· Specify the necessary measurement metric for CAC/CCA, measurement bandwidth and CAC/CCA thresholds

· Specify whether the UEs can participate in the measurement for DFS, if so, measurement and feedback.
· Specify the UE assumptions about the measurement reference signal if SCS can be used for reference signal transmission
· Specify the filter of RRM measurement result if both measurement on both non-occupying duration and occupying duration
3 Conclusion 
In this contribution, we have discussed some details of measurement for LAA, and have the following proposals and observations:
Proposal 1: UE assisted DFS can be considered in LAA.
Proposal 2: LTE CCA should distinguish the intra-system/inter-system interference.
Proposal 3: Both semi-static carrier selection and dynamic carrier selection should be supported.

Proposal 4: Unlicensed Carrier Discovery Signal is useful for LAA, and SCS should be utilized for Unlicensed Carrier Discovery Signal transmission.

Observation 1: The maximum aggregate level should be adaptive according to the channel condition.

Observation 2: UE behaviour will dependent on whether the SCS can be utilized for Unlicensed Carrier Discovery Signal and CSI RS.
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