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1 Introduction

In RAN1 #78bis meeting, the required functionalities and design targets for Licensed-Assisted Access Using LTE (LAA-LTE) were discussed and it was agreed that [1]:
· 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
In this contribution, the candidate approaches to support carrier selection and listen-before-talk (LBT) focused on the scenario of DL only transmissions in the unlicensed spectrum are discussed.
2 Carrier selection
As analyzed in [2], there are wide spectrum resources in the unlicensed band, thus carrier selection can be designed to achieve good coexistence between multiple systems in terms of interference avoidance in the heavy loaded carriers. Both semi-static carrier selection and dynamic carrier selection can be considered. Sensing is needed to detect the channel availability for both options.
Option1: 
For semi-static carrier selection, eNB performs Scell addition/activation semi-statically by sensing and configuring one or multiple carriers to UEs by the CA mechanism. Then the eNB schedules the UE on the semi-statically selected Scell. The discontinuous transmission or LBT can be performed over the selected carrier until eNB chooses another carrier or other carriers as the serving cell(s).
For semi-static carrier selection, the sensing for selecting carrier(s) can be distinct from the CCA procedure defined for LBT. Semi-static carrier selection can be based on the eNB sensing of the averaged interference level, traffic load level over the carriers, with relatively longer time scale.
Option2:

For dynamic carrier selection at least as fast as subframe-level, eNB can perform Scell addition or activation semi-statically. Then eNB can sense large amounts of activated carriers during a short period of time and schedule the UE on the dynamically selected Scell(s). Dynamic carrier selection can be performed considering discontinuous transmission and LBT simultaneously. For example, during the CCA period for LBT, eNB can sense the multiple configured carriers and select the suitable one(s) for transmission. The channel occupancy time over the scheduled carrier is aligned with the one specified for LBT. After this channel occupancy time, eNB can perform carrier selection again during the next CCA period.
Dynamic carrier selection can be regarded as an extension of dynamic small cell on/off over the frequency domain. Recalling the discussion on ideal, dynamic small cell on/off schemes in LTE Rel-12 [3], it was concluded that reduced transition time of small cell on/off can increase the performance. It is expected that dynamic carrier selection could also provide similar level of performance gain. In addition, since the fast bandwidth extension/reduction has been supported for WiFi (e.g. 802.11ac) [4], from the aspects of fairness to use the unlicensed spectrum, dynamic carrier selection should also be supported for LAA-LTE.
Proposal 1: dynamic carrier selection at least as fast as subframe-level with sensing should be supported for LAA-LTE.
3 LBT
3.1 Overview of main PHY designs with LBT

With LBT mechanism, equipments apply instantaneous channel sensing before transmission, and occupy the channel with limited duration after successful access. This provides an opportunistic channel access mechanism to guarantee the fair co-channel coexistence among different nodes over unlicensed spectrum. 

For LAA-LTE design, since the key factors of LBT regulation (CCA procedure and channel occupancy time) are not always aligned with LTE frame boundary, it would be necessary to adjust the TTI start and end times to meet the LBT requirement. Furthermore since LBT and discontinuous transmission regulate the maximum channel occupancy time in different regions, it would be beneficial to adopt fast LAA Scell on/off for the efficient operation.  In addition, UE behaviours to support synchronization and measurement with opportunistic transmission should also be considered. 
Therefore the main physical designs with LBT can be studied at least from the following parts:

· Frame structure modifications with respect to LBT

· Fast LAA-LTE SCell on/off 
· LAA-LTE synchronization and measurement
In this contribution, the frame structure modification with respect to LBT especially for DL transmission is discussed. Other considerations and analysis, focusing on fast LAA SCell on/off and LAA-LTE synchronization and measurements can be found in a companion contribution [5]. It is noted that the later two aspects are also applicable tocarrier selection.
3.2 Frame structure modifications with respect to LBT
In Europe, two kinds of LBT mechanisms are defined [6], i.e. Frame Based Equipment (FBE) and Load Based Equipment (LBE). The LAA-LTE frame structure modifications based on the two LBT mechanisms will be discussed in this section.
3.2.1 Frame structure modification with respect to FBE

As discussed in [6], the Fixed Frame Period of FBE consists of Channel Occupancy Time and Idle Period. Before starting transmissions on an Operating Channel, the equipment shall perform a CCA check towards the end of the Idle Period using "energy detect" for the duration of the CCA observation time to judge whether the operating channel is occupied. If the Operating Channel is considered occupied, the equipment shall not transmit on that channel during the next Fixed Frame Period. The minimum Idle Period shall be at least 5 % of the Channel Occupancy Time used by the equipment for the current Fixed Frame Period. Figure 1 depicts one example of timing for FBE.
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Figure 1: Example of timing for Frame Based Equipment [6]
Two options to adjust the LTE frame structure to match the FBE requirement can be considered. 
Option 1 for FBE: DL only structure

In this case, DL only transmission occurs on the unlicensed cell. Consecutive TTIs can be bundled as the Fixed Frame Period and some OFDM symbols can be the Idle Period including CCA, the remaining OFDM symbols are the Channel Occupancy Time. One example is shown in Figure 2.
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Figure 2: LTE frame structure modifications with FBE: DL only
Option 2 for FBE: TDD frame structure

In this case, both DL only transmission and DL/UL transmission can occur on the unlicensed cell. For DL only transmission, silent uplink intervals as well as GP can be used by eNB as the idle period and CCA window. One example can be found in Figure 3 for DL only transmission.
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Figure 3: LTE frame structure modifications with FBE: TDD
The biggest advantage for FBE is having clear frame timing over the unlicensed Scell, which can be synchronized with the licensed Pcell. Therefore the potential starting time of transmission may be known in advance especially with assistance of the licensed Pcell. This will save synchronization effort and decrease the UE detection complexity on the unlicensed spectrum. However the relatively fixed CCA window will restrict the opportunity of eNB to occupy the unlicensed spectrum. This would result in unfairness to use the unlicensed spectrum when LAA-LTE competes with other systems that can continuously sense the unlicensed spectrum and therefore have a higher probability to access the channel. 
Furthermore FBE may also lead to unfair usage or severe interference between LAA-LTE eNBs. For example, assuming two synchronized eNBs are deployed closely and apply the same fixed frame period. They will occupy the unlicensed spectrum simultaneously as depicted in Figure 4-(a), which will cause interference to each other. On the other hand, as depicted in Figure 4-(b), if two eNB are unsynchronized and the traffic load of the eNB which occupies the unlicensed spectrum in advance is relatively heavy, the other eNB may not obtain the opportunity to access this channel for a long time. This will especially happen among operators who deploy co-channel LAA-LTE in the same region.
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Figure 4: Example of interference/unfair usage over the unlicensed spectrum for FBE 
3.2.2 Frame structure modification with respect to LBE

For LBE, CCA check can be performed at any time if there is a demand of data transmission. If the equipment finds the Operating Channel to be clear, it may transmit immediately and can transmit continuously at most for Maximum Channel Occupancy Time. 
Two options to adjust the LTE frame structure to match the LBE requirement can be considered.

Option 1 for LBE: no subframe alignment between licensed Pcell and unlicensed Scell
In this case, the subframe boundary between licensed Pcell and unlicensed Scell is not aligned. The data transmission can occur as long as the eNB accesses the channel successfully. One example is shown in Figure 5. If the UE has to monitor the unlicensed cell all the time to detect the potential transmission, i.e. the UE should attempt to decode the PDCCH at each potential starting time with all the possible CFI values, the UE detection complexity and power consumption will be unreasonably high. Therefore the case where the unlicensed cell is totally misaligned with licensed cell is undesirable. Certain level of timing alignment between licensed Pcell and unlicensed Scell, e.g. OFDM boundary alignment, can alleviate this issue.
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Figure 5. No subframe alignment between licensed Pcell and unlicensed Scell
Option 2 for LBE: subframe alignment between licensed Pcell and unlicensed Scell
In this case, the subframe boundary between licensed Pcell and unlicensed Scell is aligned. The data transmission over the unlicensed Scell can only begin at the subframe boundary which is aligned with the licensed Pcell. One example is depicted in Figure 6. In order to align the subframe boundary between Pcell and Scell, certain early transmission may be needed between the instance when eNB assesses that the channel is available and when the eNB starts data transmission. Overhead caused by early transmission, as well as the UE detection complexity and power assumption need to be considered. 
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Figure 6. Subframe alignment between licensed Pcell and unlicensed Scell
In summary, according to the above analysis, design principles for frame structure modification with respect to LBT (including LBE and FBE) include
· Reasonable UE detection complexity as well as power consumption 
· Fairness to access the unlicensed spectrum between LAA-LTE and WiFi, as well as LAA-LTEs
· High efficiency over the unlicensed spectrum, considering interference, overhead, and etc.
Proposal 2: Design principles for frame structure modification with respect to LBT include reasonable UE detection complexity and power consumption, fairness to access the unlicensed spectrum, high efficiency (considering interference, overhead, etc) over the unlicensed spectrum.
4 Conclusion

In this contribution, the candidate approached to support carrier selection and LBT especially for only DL transmission are discussed. According to the analysis, some proposals can be obtained for further evaluation of LAA-LTE.

Proposal 1: Dynamic carrier selection at least as fast as subframe-level with sensing should be supported for LAA-LTE 
Proposal 2: Design principles for frame structure modification with respect to LBT include reasonable UE detection complexity and power consumption, fairness to access the unlicensed spectrum, high efficiency (considering interference, overhead, etc) over the unlicensed spectrum.
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