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1. Introduction
The Study Item “Study on Licensed-Assisted Access using LTE” [1] aimed at determining 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. A subsequent WI, “Work Item on Licensed-Assisted Access to Unlicensed Spectrum” [2] was approved at RAN#68 in June 2015. 
Although the approved WI on LAA only specifies support for LAA SCells operating with only DL transmissions, the UL functionality to be introduced later need to be taken into account as well. This is captured in the approved WID [2] in the following way: 

· ”When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design.” 

In this contribution we discuss LBT desing and provide LBT Cat 2 design for LAA UL operation. 
2. LBT procedure for UL

RAN1 #81 reached the following agreements on UL LBT procedure:

· LAA supports UL LBT at the UE.

· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities

· Other considerations including multiplexing of multiple UEs in a single subframe

· Possibly other considerations

As discussed in many contributions during the SI phase there are many reasons for promoting Frame Based Equipment (FBE)/Cat. 2 type of LBT 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 in March 2015, 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/Cat. 2 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 [2], operation according to rules defined for FBE/Cat. 2 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/Cat. 2 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/Cat.2 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 (Cat 2) should be considered as a baseline for LTE LAA Uplink operation.
3. Feasibility of Frame structure type 2 for LTE LAA
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 functionality and especially Special subframe 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). 

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.

4. LBT FBE (Cat 2) design for LAA UL operation
In the following we depict an example of LTE LAA UL operation based on ETSI rules defined for FBE (Cat 2).
· UE transmissions follow 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 = 10 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 supposed to perform Listen Before Talk provided that it has a valid scheduling grant for an UL subframe in the FFP. 

Observation #3: LAA UL operation (LBT Cat 2) could be 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)

Necessary forward compatibility mechanism:
It was stated in the approved LAA WID [2] that UL LBT should support “the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design”.
Figure 3 shows a few examples of the LTE LAA configurations and related eNB’s scheduling decisions for PUSCH. It can be noted that the solution has inbuilt support for forward compatibility mechanism:

·   LTE LAA operates according to DL only scenario in the case when LAA UL operation is not defined. This is shown in Figure 3a. 
·   Different UL/DL scenarios can be configured with proper parametrization of TFFP and TFFP_OFFSET.  Figures 3b – 3e illustrate LTE LAA UL/DL operation different Fixed frame periods (TFFP = 2, 4, 5, 10) and with timing TFFP_OFFSET=2.
·   There is no need for defining UL/DL configurations similarly as in TD-LTE. The actual subframe usage depends on the eNodeB scheduling decision
· eNodeB may schedule a number of UL 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.
Observation #4: LTE LAA DL/UL operation does not require definition of TDD UL-DL configurations

Observation#5: Later introduction of FBE-type of UL operation does not necessarily require standardization of any specific forward compatibility mechanisms in Rel-13.  
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Figure 3. Example of flexible LTE LAA configuration.
5. Summary
In this contribution we have discussed candidate solutions for Listen-Before-Talk (LBT) and channel access for LAA UL. We also provided LBT Cat 2 design for LAA UL operation. Based on the discussion we make the following observations and proposal:
Proposal #1: Frame Based Equipment operation (LBT Cat 2) according to ETSI rules should be considered as a baseline for LTE LAA Uplink operation.
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.
Observation #3: LAA UL operation (LBT Cat 2) could be 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)
Observation #4: LTE LAA DL/UL operation does not require predefined TDD UL-DL configurations
Observation#5: Later introduction of FBE-type of UL operation does not necessarily require standardization of any specific forward compatibility mechanisms in Rel-13.  
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