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1 Introduction
The new Study Item on Licensed-Assisted Access (LAA) which was approved at RAN#65, includes the following objectives relevant to RAN1 [1]:

1) Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where a low-power SCell operates in unlicensed spectrum and is either DL-only or contains UL and DL (using time-division multiplex between UL and DL), and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]

2) Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 

· Document the relevant existing regulatory requirements for unlicensed spectrum deployment in the 5GHz bands [RAN4]

· Document considerations of introducing licensed-assisted access to unlicensed spectrum whilst highlighting the continued importance/need for licensed spectrum allocations [RAN4]

· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band. [RAN1, RAN4]
3) Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band [RAN1]
In this contribution, our objective is to discuss potential solutions for the LAA DL functionalities identified thus far in our companion contribution [2]. The pertinent DL functionalities considered here are Listen-Before-Talk (LBT), maximum transmission duration control, time and frequency tracking at the UE. 
2 Discussion
2.1 Fast SCell ON/OFF for LBT
LBT on the  LAA SCells involves performing a clear channel assessment (CCA) prior to a new transmission. If the medium is sensed to be already occupied, the transmission is deferred and an extended CCA is performed until the channel is deemed to be idle. The additional regulatory constraint of a maximum channel occupancy time together with LBT implies that LAA SCells will operate in an ON/OFF manner. The ON/OFF switching must be performed as fast as possible, preferably at the subframe level, in order to capitalize on transmission opportunities and to vacate the channel quickly after completion. 
An example of a candidate solution is shown in Figure 1, assuming that the LBT is performed at the start of a subframe, the initial plus extended CCA time can span up to 3 OFDM symbols, and the maximum duration of a transmission burst is 4ms. Here, the LAA SCell was OFF in subframe n-1, and its CCA in subframe n finds the channel to be idle. The SCell then switches ON and immediately transmits DL up to OFDM symbol #2, followed by PDSCH/EPDCCH from OFDM symbol #3. The transmission burst continues until subframe n+3, after which the SCell moves to the OFF state and may recommence LBT if necessary. Note that the transmission burst may be smaller than 4ms depending upon the buffer status. Furthermore, the SCell remains completely silent in the OFF state, i.e., no reference signals are transmitted when OFF.
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Figure 1: SCell ON/OFF with LBT and maximum transmission burst duration of 4ms.

New L1 procedures for SCell ON/OFF switching were discussed extensively for small cell enhancements in Rel-12, without any eventual consensus. However, these discussions are a possible starting point for enhanced procedures for fast SCell ON/OFF switching in LAA. The above discussion leads to the following proposal.
Proposal: Fast SCell ON/OFF switching is used for enabling LBT and transmission burst duration control in LAA.
It is noted that the aforementioned candidate solution based on fast ON/OFF switching extends naturally to the UL. An example to illustrate overall DL and UL operation is shown in Figure 2.
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Figure 2: DL and UL operation with LBT and maximum transmission burst duration of 4ms.

2.2 Discovery signal for time and frequency tracking

The LAA deployment scenarios of interest include both co-located PCell/SCells and non-colocated PCell/SCells. In both cases, the LAA SCells are likely to operate under a fast ON/OFF regime as discussed above. Thus, periodic transmission of reference signals by the SCells that can be used for UE time and frequency synchronization, channel estimation filter adjustment, and AGC tuning is no longer guaranteed. This raises the question if PCell reference signals can be utilized for at least coarse time-frequency synchronization and AGC adjustment on the SCells. While coarse timing synchronization may be possible using the PCell RS in a co-located scenario, AGC adjustment would not be feasible due to the PCell potentially operating on a carrier (for e.g., 2GHz) that has substantially different characteristics and path loss compared to to the LAA SCells in the 5GHz band. This difference in long-term channel properties also rules out using PCell RS for channel estimation filter adjustment on LAA SCells. 
Therefore, it is proposed to provide some assistance for time-frequency acquisition and tracking on ON/OFF LAA SCells. The Rel-12 DRS comprising at least PSS/SSS/CRS that was designed for small cell PHY enhancements can serve as a starting point. For the long term properties of the channel, the RS for demodulation in the SCell subframe with (E)PDCCH/PDSCH can be QCL with the signals providing time-frequency tracking assistance. 
Proposal: Time-frequency tracking assistance is provided on LAA SCells. Rel-12 DRS can be a starting point for such assistance.
3 Conclusion

In this contributions we discussed potential solutions for the LAA functionalities which have been identified so far. The above discussion is summarized with the following proposals:
Proposal: Fast SCell ON/OFF switching is used for enabling LBT and transmission burst duration control in LAA.

Proposal: Time-frequency tracking assistance is provided on LAA SCells. Rel-12 DRS can be a starting point for such assistance.
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