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1 Introduction

Due to the sharply increased demand for wireless broadband data, unlicensed spectrum is considered by cellular operators as a complement to LTE system in licensed spectrum. However, unlicensed spectrum can never match the qualities of the licensed regime. Utilizing unlicensed spectrum as a complement to LTE platform is a possible choice for a good trade off. Therefore, in RAN1 plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1]. 
During RAN1#78bis the following required functionalities were identified for LAA:

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
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
Additionally, during RAN1#79, the following functionalities were also identified:

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 discuss implications of these functionalities on the physical layer for LAA, specifically the design and potential enhancements of DRS design and RRM measurement mechanisms. 

2 LAA Cell Discovery and RRM measurement mechanisms
According to the SID, LAA cell should be configured as a SCell which can be DL-only or can contain both DL and UL. Most of the features and procedures applicable to a legacy SCell such as activation/deactivation, cell/TP discovery/RRM measurement procedure should still be applicable for a LAA SCell. In this section we discuss potential solutions for LAA cell/TP discovery and RRM measurements. 
2.1 DRS Design
For the purpose of cell discovery on carriers utilizing unlicensed spectrum, a periodic RS with a low duty cycle would be an efficient mechanism with potentially without much additional specification effort since the discovery reference signal (DRS) introduced for Rel-12 SCE was considered as a starting point in RAN1#79. However, one major difference from the scenarios considered when designing DRS in Rel-12 is that the LBT operation on the unlicensed spectrum makes strictly periodic transmission of the DRS not always possible. Instead, DRS could be transmitted ‘on demand,’ by a cell to increase the probability of successful transmission to meet RRM measurement performance requirements. 
An aspect related to how the network transmits discovery signals is what potential assistance info would be needed for UE to detect the discovery signal on the unlicensed carrier.  Extending the DRS design to a LAA carrier, the network could utilize a configured DMTC as an opportunistic detection/measurement window for a UE. During the measurement window the UE would need to detect whether a cell was able to successfully access the channel and transmit a DRS occasion.  This could also increase the probability of successful DRS transmission for intra/inter-frequency multi-cell discovery and measurement. One potential issue is that PSS/SSS energy accumulation across DMTC would be complicated for the UE (the number of hypotheses of PSS/SSS locations increases exponentially with the number of DMTC windows); hence it would be beneficial to support ‘one-shot’ detection/measurement of DRS.
In addition to the periodicity of the LAA discovery signal, the composition of the discovery/measurement signal also needs to be discussed. When considering the DRS for this purpose, whether both the CRS and CSI-RS signals comprising the DRS could be utilized as measurement signals may depend on the underlying physical layer design. One advantage of performing cell/TP detection using the CSI-RS is the ability to measure many cells reliably in a short time window (due to high reuse factor of CSI-RS and ZP CSI-RS configurations by neighboring cells). However further study is needed on how multiplexing of CSI-RS resources between cells can be achieved on the unlicensed carrier such that this property can be maintained. It is also possible to consider a modified DRS for cell discovery and RRM measurement to support one-shot detection of the DRS and different LBT operation [2].  
Observation 1: One major difference from the scenarios considered for small cell discovery in Rel-12 is that utilization of the unlicensed spectrum may make strictly periodic transmission of the DRS not always possible.
Proposal 1: Potential enhancements to the DRS composition/periodicity and the introduction of assistance         signaling to accommodate LBT operation for LAA should be further studied, including:
· Periodically transmitted DRS with a fixed interval, or ‘on-demand’ 
· Configuration of DMTC as an opportunistic detection/measurement window for a UE
· DRS LBE/FBE structure and LBT parameters
· ‘One shot’ DRS detection 
2.2 RRM enhancements
A network can configure a UE to measure multiple cells to generate signal quality measurements such as RSRP and/or RSRQ of each cell for the purpose of RRM. Currently, a UE reports measurement results to a network when a reporting criterion is met, e.g. measurement reporting can be triggered when a RSRP/RSRQ value is greater than a threshold that can be configured by the network. This measurement framework can be very efficient since these measurements are based on the always-on transmission of channels and RS utilized for channel measurement and corresponding reports. However as mentioned in the previous section, the assumptions of the availability of signals for these measurements needs to be revisited considering LBT and other requirements on the LAA carrier.
1) RRM Framework
Similar to the discussion of cell discovery in the previous section, a low duty cycle periodic DRS would be beneficial for LAA RRM to ensure sufficient and reliable measurement opportunities. However, it needs to be evaluated under what circumstances a UE may expect the transmission of the DRS, and whether it is periodically transmitted with a fixed interval or in an aperiodic manner, depending on the channel access mechanism. 
As a result, mechanisms for the network to indicate which resources should be used by a UE for RRM measurement may be needed. In addition, the triggering and reporting framework may need to be enhanced for LAA as the availability of the measurement of reports may change depending on the current network state. For example, to support ‘on-demand’ transmission of the DRS, assistance signaling may be provided by the network, such as an aperiodic indication of the DMTC window, or the exact resources used for the current DRS occasion. 
2) Measurement Interval
One way RRM measurement is beneficial is to assist the network in load shifting for SCell activation/deactivation where a UE may additionally be configured with multiple LAA carriers and SCell candidates. For small cell deployments, the load and signal energy on each layer can vary with each transmission time interval (TTI). The extent of this time variation of signal energy observed at the UE receiver may also highly variable on unlicensed carriers where multiple nodes are opportunistically contending for the channel. 
Intuitively, a long measurement period tends to disregard this short-term time variation by averaging out the short term variation, producing a slow time-varying RSRQ. On the other hand, a shorter measurement period results in a faster time-varying RSRQ and may better reflect the short term signal energy fluctuation of a layer and allow faster adaptation to dynamic traffic load.

As noted during the Rel-12 SCE SI [3], a shortened measurement interval may enable faster adaptation to the load change across frequency layers. Since LAA transmission durations will likely be adaptive and responsive to system traffic, the measurement period may also need to be adaptive and take into account the underlying LBE or FBE structure and LBT parameters. The impact on RRM measurement accuracy in such dynamic conditions would need to be evaluated.

3) Interference measurement on other RATs
The capability of dynamic selecting frequency for LAA operation can also be important for co-existence with other RATs such as WiFi. For example, LAA should try to avoid frequencies that are more congested with WiFi APs/STAs. As discussed in greater detail in [4], from a RAN1 point of view, RRM measurements on a neighbour LAA cell and/or neighbour WiFi AP need to be considered to determine if any enhancement is needed to support such DFS/Carrier Selection functionalities.
For example, in the legacy LTE system, RSRP, RSSI and RSRQ are specified and only RSRP and RSRQ can be reported to eNB by a UE. RSSI can serve as a metric for interference and it is possible to infer RSSI from RSRP and RSRQ reports. However, if a LAA measurement signal is not transmitted on a carrier, RSRP and RSRQ reports would not be available for the carrier. For LAA, it should be further studied whether potential interference measurement enhancements such as extending the existing measurement procedure to include UE RSSI reports may be beneficial. 

Observation 2: The LAA RRM measurement framework depends on the underlying physical layer structure for LAA, governing the transmission of RS suitable for measurements, which may be used for multiple purposes.

Proposal 2: Signalling of the resources for aperiodic transmission of the DRS, adaptive measurement intervals, and enhancements of measurement reports to support interference measurements should be further studied. 

3 Conclusions
In this contribution, we discussed the possible solutions for LAA Cell Discovery, RRM and synchronization taking into account regulatory requirements and desired functionalities for LAA. Evaluations are necessary in order to understand if new performance requirements are required for LAA and to quantify the potential gain of enhancements to measurements. The following observations and proposals were made:
Observation 1: One major difference from the scenarios considered for small cell discovery in Rel-12 is that utilization of the unlicensed spectrum may make strictly periodic transmission of the DRS not always possible.
Proposal 1: Potential enhancements to the DRS composition/periodicity and the introduction of assistance         signaling to accommodate LBT operation for LAA should be further studied, including:
· Periodically transmitted DRS with a fixed interval, or ‘on-demand’ 

· Configuration of DMTC as an opportunistic detection/measurement window for a UE
· DRS LBE/FBE structure and LBT parameters

· ‘One shot’ DRS detection 
Observation 2: The LAA RRM measurement framework depends on the underlying physical layer structure for LAA, governing the transmission of RS suitable for measurements which may be used for multiple purposes.

Proposal 2: Signalling of the resources for aperiodic transmission of the DRS, adaptive measurement intervals, and enhancements of measurement reports to support interference measurements should be further studied. 
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