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1 Introduction

In RAN plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1], which is to study the LTE system in unlicensed band as a complement to LTE system in licensed band. As a requirement, fair coexistence between LTE and other technologies such as WiFi as well as between LTE operators is seen as necessary. 
According to [1], a UE must operate in a carrier aggregation mode, i.e., a LAA cell is configured as an Scell, and Pcell operates in licensed spectrum and can be either LTE FDD or LTE TDD. So far, CA with same or different duplex modes for the configured cells is supported. Therefore, in this contribution we discuss the possible impacts by introducing a LAA Scell.  
2 Discussion
To maximize reusing what is specified by LTE CA until now, a LAA cell must have 1ms subframe structure and is aligned with Pcell subframe timing. From UE side, the maximum time difference between Pcell and Scell is about 30us. Due to the uncontrolled interference condition caused by other wireless systems, such as WiFi, it is preferable that DL/UL grant is transmitted on Pcell; hence, cross-carrier scheduling is an important feature for LAA operation. 
A FDD Pcell can do cross-carrier scheduling in each DL subframe, so it could support flexible Scell operations. However, for a TDD Pcell, cross-carrier scheduling must result in some limitations for Scell operation. The Scell subframe corresponds to a UL subframe on TDD Pcell cannot be scheduled for downlink transmissions, so it is improper if such subframe(s) belongs to the channel occupation time. Further, as “listen-before-talk (LBT)” was identified as one essential scheme for LAA according to the discussion in last RAN1 meeting, a LAA device may not need to do LBT if the next subframe(s) cannot be scheduled by Pcell. 
According to European regulation, there exist two kinds of LBT schemes, e.g. FBE and LBE [2,3]. Considering cross-carrier scheduling, the impacts on FBE operations and LBE operations by a TDD Pcell are discussed in the following sections. 
2.1 FBE with TDD Pcell
FBE operates in periodic manner on the basis of a fixed frame period, CCA detection is only done in fixed timing. If CCA detection indicates channel is idle, a LAA device can occupy the channel with a maximum of 10ms; otherwise, the LAA device has to skip the transmission in this frame period. 
Figure 1 shows the possible impacts of TDD Pcell to FBE operation on a LAA Scell. It assumed that Pcell has UL-DL configuration 1, and the length of frame period for FBE is 4ms. 
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Figure 1: FBE with TDD Pcell

The following observations are made,
1) Pcell UL subframe(s) may correspond to subframe(s) in the centre of an occupation period, e.g. FBE frame A. In this case, it is questionable if the device can resume DL transmission at the 4th subframe with any signal transmissions in the 2nd and 3rd subframe. If signal power has to be continuous in time domain, it seems the device has to send some dummy signal for channel occupation, but it is just overhead.
2) Pcell UL subframe(s) may link to the subframe(s) in the back of an occupation period, e.g. FBE frame B & C. It seems OK for such cases since anyway no DL transmission can be scheduled and the LAA device just release the channel earlier than the regular maximum occupation period.
3) Pcell UL subframe(s) may be the first subframe(s) in an occupation period, e.g. FBE frame D & E.  This case is similar to bullet 1) but is more severe. If dummy signal for whole subframe is not desired, the LAA device has to give up the channel occupation for a FBE frame completely though CCA detection passed. 

According to the above observations, the improper FBE frame length and the timing for CCA detection will result in inefficient use of the LAA resource. Further, different TDD UL-DL configurations can have different UL/DL subframe allocations, so the proper values for FBE parameters may depend on TDD UL-DL configuration too. 
Observation 1: 

· With a TDD Pcell, the frame length and the timing for CCA detection should be carefully selected considering UL-DL configuration of a TDD Pcell.  

2.2 LBE with TDD Pcell
As to LBE, CCA detection of a device can happen anywhere, whenever there is ongoing data in its buffer. A device must perform extended CCA (ECCA) before its real channel occupation. Since the interference from neighbor devices, especially those from WiFi devices are uncontrollable, a device cannot know beforehand for the exact start timing for channel occupation. 

The TDD frame structure enforces further limitations on LBE operations. An example on LBE based LBT is provided in Figure 2, assuming TDD Pcell also use UL-DL configuration 1.
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Figure 2: LBE with TDD Pcell

The following can be observed,
1) For occupation time A, when a device finds the channel can be used by ECCA, it is right on the timing of a Pcell UL subframe. Though certain preamble signal can be inserted to occupy the channel until next valid DL subframe, the preamble can be longer than one subframe for occupation time A, which seems too wasteful. Occupation time A shows the similar issue as FBE frame D & E in Figure 1.  
2) Occupation time B is another example and seems much acceptable, since ECCA is just followed by valid DL subframe and the Pcell UL subframe only corresponds to the tail subframes of this channel occupation period. However, this is the ideal case, and it is usually impossible considering the random nature of ECCA.
3) Finally, Occupation time C provides a similar unfavourable condition as FBE frame A in Figure 1. It happens Pcell UL subframe corresponds to centre subframe during a channel occupation time. Unless dummy signals are inserted, it seems the last subframe in the occupation period cannot be used. 
According to the above observations, LBE results in similar problems as FBE, and the random nature of ECCA further complicates the problem. Again, the proper LBE operation may also depend on the exact TDD UL-DL configurations on Pcell.  
Observation 2: 

· With a TDD Pcell, LBE has similar problem as FBE, and the random nature of ECCA further complicate the issue. 
3 Conclusions
In this contribution, we discuss the potential impact by Pcell duplex mode, considering cross-carrier scheduling is applied, and make the following observations. 
Observation 1: 

· With a TDD Pcell, the frame length and the timing for CCA detection should be carefully selected considering UL-DL configuration of a TDD Pcell.  

Observation 2: 

· With a TDD Pcell, LBE has similar problem as FBE, and the random nature of ECCA further complicate the issue. 
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