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1   Introduction
A study item [1] on Licensed Assisted Access for LTE (LAA-LTE) was agreed in RAN#65. The objectives of the SI include identifying design targets and defining requirements for coexistence of LAA-LTE with other unlicensed spectrum deployments, and identifying and evaluating physical layer options and enhancements to LTE to meet the design targets and requirements. RAN1 is also expected to define possible scenarios and evaluation methodologies to study the identified physical layer options.

In this document, we briefly discuss possible physical layer options for supporting synchronization and measurements on LAA-LTE carriers. One of objectives of the document is to also derive some early guidance for RAN1 discussions on evaluation methodology (i.e., what aspects require RAN1/RAN4 evaluation).
2   Discussion

In RAN1#78bis, it was agreed that that at least the following functionalities are required for LAA system to meet the regulatory requirements in the context of a single global framework. 

· Listen-before-talk or LBT (Clear channel assessment) 
· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection (DFS) for radar avoidance in certain bands/regions 
· Carrier selection
· TPC
Our initial view is that existing Rel12 eNB (UE physical layer signalling is sufficient to enable LTE UE operation satisfying DFC and TPC requirements at least for DL only case.

LBT and discontinuous transmission requirements are mandatory in some countries/regions. Some modifications to (eNB (UE) physical layer signalling/assumptions (compared to Rel12) may be required to operate LAA-LTE UEs in unlicensed spectrum with such requirements. The modifications will also help in improving LAA-LTE ((Wi-Fi coexistence on the same unlicensed carrier. 
2.1 Synchronisation and Measurements for LAA-LTE 

For LAA-LTE, Pcell is on a licensed carrier, and the unlicensed carrier is configured as a Scell. Since the UE is connected to the Pcell, before attempting to achieve synchronisation on the unlicensed carrier, the UE is aware of symbol/subframe time boundaries of Pcell. 

For operation in licensed spectrum (i.e., non LAA-LTE Scell), the eNB operating the Scell transmits at least the following 

· If the Scell does not support on/off, it transmits - PSS/SSS with 5ms periodicity and CRS in every subframe
· If the Scell supports on/off, it transmits - Discovery signal (PSS/SSS +CRS, and optionally CSI-RS) with longer periodicity (e.g. 40/80/160ms) 

From the UE perspective, it can use the transmitted discovery signals at least for coarse time/frequency synchronization and RSRP/RSRQ measurements. 
For LAA-LTE, interference from other RAT devices (e.g. Wi-Fi AP/STA ( UE) and the need to adhere to LBT requirements can affect the ability of UEs to perform cell discovery or measurements assuming periodic transmission of discovery signals. RAN1 should evaluate whether it is feasible to use Rel12 discovery signals for Scell acquisition and measurements on unlicensed carrier, or whether additional mechanisms are needed (e.g. dynamic Pcell signalling indicating the presence/absence of discovery signal transmission).  
Proposal 1 -   RAN1 should evaluate whether it is feasible to use Rel12 discovery signals for Scell detection and measurements on LAA-LTE carriers.

LTE Rel12 UEs are allowed to transition their Scell receiver to a low power state when the Scell is in deactivated state. When data has to be scheduled on the Scell, the UEs are allowed to assume CRS transmissions for a few (at least 2) subframes which they may use for settling AGC loop and time-frequency tracking filters before PDSCH reception on the Scell. For LAA-LTE, RAN1 should evaluate whether it is feasible to allow the LAA-LTE UEs to make the same assumption considering discontinuous transmission and LBT requirements, and Wi-Fi coexistence. RAN1 should also involve RAN4 at an early stage to determine if LAA-LTE UEs can achieve reasonable performance if they are allowed to assume a smaller amount of CRS transmission (e.g. 1 or 2 symbols) between reception of activation command and onset of PDSCH demodulation on the Scell.

Proposal 2 - RAN1 should evaluate whether it is feasible to allow UEs operating on LAA-LTE Scells to make the same Scell activation related assumptions as that of operation on Rel12 Scells.

Proposal 3 - RAN1 and RAN4 should evaluate whether LAA-LTE UEs can achieve reasonable PDSCH demodulation performance if they are only allowed to assume a smaller amount of CRS transmission (e.g. 1 or 2 symbols instead of >2 subframes) between reception of activation command and onset of PDSCH demodulation on the LAA-LTE Scell.
3   Conclusions

In this document, briefly discuss possible physical layer options for supporting synchronization and measurements on LAA-LTE carriers, and propose that the following aspects should be considered for LAA-LTE evaluations. 
Proposal 1 -   RAN1 should evaluate whether it is feasible to use Rel12 discovery signals for Scell detection and measurements on LAA-LTE carriers.

Proposal 2 - RAN1 should evaluate whether it is feasible to allow UEs operating on LAA-LTE Scells to make the same Scell activation related assumptions as that of operation on Rel12 Scells.

Proposal 3 - RAN1 and RAN4 should evaluate whether LAA-LTE UEs can achieve reasonable PDSCH demodulation performance if they are only allowed to assume a smaller amount of CRS transmission (e.g. 1 or 2 symbols instead of >2 subframes) between reception of activation command and onset of PDSCH demodulation on the LAA-LTE Scell.
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