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1. Introduction
An objective of the LAA SI [1] is to find a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. LAA Study Item description provides also some guidance on the preferred solutions [1]: 

· The identified enhancements should reuse the features of LTE as much as possible. It should be avoided to duplicate work done in other LTE work/study items.
· The study will cover both single and multi-operator scenarios, including the case where multiple operators deploy LTE in the same unlicensed spectrum bands. 

· High priority should be on the completion of the DL only scenario.
It was agreed in RAN1 #78bis that Listen-before-talk (Carrier Sensing) and Discontinuous transmission on a carrier with limited maximum transmission duration are among functionalities identified to be required for an LAA system to meet regulatory requirements in some regions/bands 
LAA Ad-hoc Meeting reached the following agreements on UL multiplexing and frequency reuse:  
· Target the support of UL multiplexing of multiple UEs in one subframe by

· Multiplexing in frequency domain

· The supported resource assignment (e.g. number and location of allocated RBs) is FFS

· Multiplexing by MU-MIMO

· Enabling frequency reuse for transmission by neighbor LAA cells of the same operator is one target of LAA design
· Above should be taken into account for design of LBT.

In this contribution we indetify candidate solutions for Listen-Before-Talk (LBT) and channel access based on ETSI rules defined in [3]-[5], focusing on the UL/DL scenario. This is a resubmission of R1-151842.
2. Listen-Before-Talk for UL

As discussed in many contributions there are many reasons for promoting FBE operation for LAA UL scenario:

·   Following the current LTE UL operation, the UE can transmit only with the permission of the eNB. In order to reuse features of LTE as much as possible this principle should be maintained also with LTE LAA. 

·   Based on the agreement from LAA AdHoc meeting, a design target for LAA is the support of UL multiplexing of multiple UEs in one subframe by FDMA and MU-MIMO. 
· LBT/CCA must be synchronous between UEs on the same 20MHz carrier. Otherwise, the first UE would reserve the operating channel and the other UEs would see it as occupied, which would basically prevent any FDMA and MU-MIMO in UL. 

· Operation according to rules defined for FBE is the most straightforward design option to synchronize LBT/CCA between UEs in order to facilitate FDMA and MU-MIMO. 
·   Based on the agreement from LAA AH, another design target for LAA is that frequency reuse for transmission by neighbor LAA cells of the same operator is enabled. This should be taken into account for design of LBT. 
· As discussed in [11], operation according to rules defined for FBE is the most straightforward design option to synchronize LBT/CCA between UEs in neighboring cells order to facilitate frequency reuse (reuse 1).
·   From both UE’s and eNB’s viewpoint, utilization of fractional subframe shortened from the beginning in combination with variable starting timing can be challenging especially in the UL scenario. 
· FBE operation applies fixed timing regardless of the subframe type of the first transmission. Transmission can start with full subframe or with fractional subframe (such as UpPTS).   
· Hence, following rules defined for FBE operation allows maintaining efficient resource usage without extra complexity introduced by variable starting times. 
Based on these arguments we make the following proposals:

Proposal #1: Frame Based Equipment operation according to ETSI rules should be considered as a baseline for LTE LAA Uplink operation.
3. Frame structure for UL/DL operation
From procedure point of view, a node operating according to LBT rules performs the following operations on unlicensed spectrum:
· Listening phase (Rx) 
· Rx-Tx transition (GP)

· Transmission phase (Tx)

· Tx-Rx transition (GP)

It is noted that very similar operations are supported already by Frame structure type 2 defined for LTE TDD.  Furthermore, it is stated in [1] that LAA enhancements should reuse the features of LTE as much as possible. Hence, it makes sense to utilize Frame structure type 2 and especially Special subframe functionality as much as possible when constructing LBT support for LTE.
Observation #1: Frame structure type 2 building blocks can be used to facilitate LBT.  
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Figure 1. Frame structure type 2 (from TS 36.211). 

In the following we depict the an example of LTE LAA UL operation based on ETSI rules defined for FBE.
· UE transmissions follows rules defined for FBE:
·    Fixed Frame Period is set to be 10 ms (i.e. 10 subframes) in the current example
· Maximum Channel Occupancy Time includes of 9 full subframes + 1 fractional subframe (similar to DwPTS block but in the UL) with 7 SC-FDMA symbols
· Idle Period (GP) consists of 7 SC-FDMA symbols. Duration of Idle Period is 5.26% of the Channel Occupancy Time
· LBT/CCA takes place at the end of the Idle Period (i.e. before the start of the subframe boundary).
· Fully flexible UL/DL adaptation
· UE can transmit only with the permission of eNB (inline with normal UL operation)
· UL transmission can start only at the beginning of Fixed Frame Period (FFP)
· eNodeB may schedule UE (UL) in 0 – 10 subframes from the beginning of each FFP.
· Subframes not scheduled for UL in the given FFP can be used for DL according to eNB’s scheduling decision.
· Providing time for CCA and DL/UL switching
· DL subframe preceding the first UL subframe contains GP to facilitate UEs’ CCA measurement as well as Rx-Tx (DL-UL) switching. DwPTS or Special subframe can be used to provide this functionality. 
· Timing Advance principle used in LTE TDD facilitates UE’s Tx-Rx (UL-DL) switching.
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Figure 2. Example of LAA UL operation according to rules defined for FBE.
Generally speaking, LAA UL operation following ETSI rules defined for FBE operation can be illustrated by two semi-static and cell specific parameters:

·   Length of the Fixed frame period, TFFP, in terms of number of subframes (TFFP = 5 in the example of  Figure 2). This can be seen as the periodicty of CCA opportunities for the UE.
·   Timing of the Fixed frame period w.r.t. certain Radio Frame timing, TFFP_OFFSET. This is defined in terms of number of subframes when UL transmission starts with a full subframe (TFFP_OFFSET =2 in the example shown of Figure 2).
These parameters define time instants when a UE in the cell is supposted to perform Listen Before Talk provided that it has a valid scheduling grant for an UL subframe in the FFP. 
Proposal #2: LAA UL operation is characterized by two semi-static parameters, length of Fixed frame period (TFFP) and Timing of the Fixed frame period w.r.t. certain Radio Frame timing (TFFP_OFFSET)
Figure 3 shows a few examples of the LTE LAA configurations and related eNB’s scheduling decisions for UL. LTE LAA operates according to DL only scenario in the case when LAA UL operation is not defined. This is shown in Figure 3a. In other cases, LTE LAA is configured to UL/DL operation with different Fixed frame periods (TFFP = 2, 4, 5, 10) and with timing TFFP_OFFSET=2.
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Figure 3. Example of flexible LTE LAA configuration.
4. Facilitating Flexible UL/DL operation for LAA
Seven different UL-DL configurations with 5ms or 10 ms DL-to-UL Switch-point periodicity have been defined for Frame structure type 2. Taking into account regulatory limitations related to LBT (such as burst length) and the need for fully flexible UL-DL split, it can be noted that the currently available UL-DL configurations cannot facilitate efficient DL and UL resource usage in LTE LAA. Hence, there is a need for a LTE LAA optimized solution.     

Observation #2: Frame structure 2 as such is not a sufficient solution for LTE LAA UL-DL operation.
As discussed in [11], and based on the learning from Rel-12 eIMTA work, we think that an LTE LAA network supporting UL and DL operation as well as frequency reuse should also support aligning at least some of the DL and UL subframes between nearby cells in order to mitigate cross-link interference across cells. LTE LAA subframe configuration can be used to facilitate eIMTA-type of interference coordination within LTE LAA network. The principle shown in Figure 4 illustrates an exemplary UL/DL subframe configuration with TFFP = 2, and the corresponding eNB’s scheduling decisions. There are three subframe types similarly as in the case of eIMTA:
·   Fixed DL subframes, which can be used to facilite e.g. DRS transmission opportunities without any UL-to-DL interference from neighbournig cells following similar configuration.
·   Flexible subframes, which can be used to facilitate flexible UL/DL configuration.
·   Fixed UL subfames, which can be used to facilitate e.g. SRS/PRACH without without any DL-to-UL interference from neighbournig cells following similar configuration.
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Figure 4. Example of UL/DL configuration for LAA.
It is up-to eNB to configure different subframes types based on the scenario of interest. For example, in DL-only scenario there are just fixed DL subframes. Both UE and neighboring eNBs (at least within an operator) would be aware of the semi-statically configured subframe types. This kind of signaling: 

·   Allows smooth coexistence between DL only and UL/DL capable UEs
·   Enables eIMTA –type of interference coordination within an LTE LAA network

· Support for up-to two PC subframe sets

· Support for up-to two CSI subframe sets

·   Supports fully flexible UL/DL traffic adaptation 

·   Allows reduced (E)PDCCH blind detection at the UE side: there is no need for (E)PDCCH blind detection e.g. from fixed UL subframes.  
Proposal #3: Define three semi-static subframe types (1) fixed DL, (2) fixed UL and (3) flexible UL/DL with sufficient signaling in order to support efficient LAA DL/UL operation

In addition to semi-static subframe types, it might be beneficial to have dynamic signalling which would indicate the actual UL/DL split corresponding to flexible subframes, and defined by eNB for a given reconfiguration period (e.g. 10 ms). This would be similar to UL-DL reconfiguration indication used in eIMTA and it could be used to assist e.g. CSI measurement and UE blind detection. However, it is noted that current signalling as such is not a sufficient solution for LTE LAA since it supports only existing UL-DL configurations. Furthermore, it makes sense to consider LAA specific issues such as LBT when defining such signalling.
Proposal #4: Consider LAA-specific dynamic signaling, which would indicate the actual UL/DL split of flexible subframes.
5. Summary
In this contribution we have discussed candidate solutions for Listen-Before-Talk (LBT) and channel access based on regulatory rules defined by ETSI. Based on the discussion we make the following observations and proposals:
Observation #1: Frame structure type 2 building blocks can be used to facilitate LBT.  
Observation #2: Frame structure 2 as such is not a sufficient solution for LTE LAA UL-DL operation.
Proposal #1: Frame Based Equipment operation according to ETSI rules should be considered as a baseline for LTE LAA Uplink operation.
Proposal #2: LAA UL operation is characterized by means of two semi-static parameters, length of Fixed frame period (TFFP) and Timing of the Fixed frame period w.r.t. certain Radio Frame timing (TFFP_OFFSET)
Proposal #3: Define three semi-static subframe types (1) fixed DL, (2) fixed UL and (3) flexible UL/DL with sufficient signaling in order to support efficient LAA DL/UL operation.
Proposal #4: Consider LAA-specific dynamic signaling, which would indicate the actual UL/DL split of flexible subframes
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