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1 Introduction

In 3GPP TSG RAN #70 meeting, the work item of “New Work Item on enhanced LAA for LTE” was approved for Release 14 study [1]. The objective within this work item is to specify UL support for LAA SCell operation in unlicensed spectrum and one of the detailed objectives is to specify support for the following functionality: 
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]
In this contribution, we give the views on the design of frame structure 3 to support both DL and UL transmission in the unlicensed spectrum.
2 Discussions
2.1 Overview of frame structure discussion for LAA in Rel-13
During SI phase for Rel-13 LAA, how to support DL and UL over the same unlicensed carrier for LAA was discussed. One straightforward approach is to reuse the existing TDD radio frame including eIMTA mechanisms. However from the aspects of channel occupancy opportunity and transmission efficiency, it is not effective to follow the TDD radio frame including the TDD DL-UL configurations. Instead DL and UL transmission burst(s) should be allowed to start at any subframe and finish at any subframe as necessary according to the traffic demands, as long as the regulation requirements are satisfied. This provides more flexibility for both DL and UL transmission burst(s).
Based on the discussion, in RAN1 #81 meeting, the following agreements were achieved [2]:
· In case of a eNB operating DL+UL LAA over the same unlicensed carrier, DL transmission burst(s) and UL transmission burst(s) on LAA can be scheduled in a TDM manner over the same unlicensed carrier

· Any instant in time can be part of a DL transmission burst or an UL transmission burst
According to the agreement, frame structure type 3 is specified for Rel-13 LAA focusing on DL transmission. That is
· The 10 subframes within a radio frame are available for downlink transmissions. Downlink transmissions occupy one or more consecutive subframes, starting anywhere within a subframe and ending with the last subframe either fully occupied or following one of the DwPTS durations in Table 4.2-1
For eLAA, when both DL and UL transmission are supported, the previous agreements should be inherited. That is flexible DL+ UL configuration which is different from current TDD or eIMTA configuration should be supported.
Proposal 1: Flexible DL+ UL configuration should be supported, which is different from current TDD or eIMTA configuration.
2.2 Concerns on frame structure design when supporting flexible DL+ UL configuration
Firstly, when supporting flexible DL+ UL configuration over the same unlicensed carrier, how to design this new frame structure should be considered. Some design principles should be considered at least including:
· Limited D2U switching between DL and UL transmission.

From the aspect of design complexity, limited D2U switching between DL and UL transmission should be ensured. That means if one transmission burst including both DL and UL transmission, only one D2U is needed. During the interval between DL transmission and UL transmission, UL LBT can be performed and furthermore D2U switching can be done if UL LBT for the first scheduled UL subframe during the UL transmission succeeds. The LBT mechanisms for eLAA UL was discussed in a companion contribution [3]. Moreover taking into account the intra-cell blocking issue among occupying UEs and contending UEs as discussed in [3], that is, the UE occupying two consecutive UL subframes may block the UE contending for the second UL subframe, idle SC-FDMA symbols can be reserved to avoid intra-cell blocking among transmitting UEs and contending UEs. In addition, whether the idle symbols are required, or the positions of the idle symbols can be dynamically indicated to UEs. One example is depicted in Figure 1, where the idle symbols at the end of each subframe except the last subframe during the UL transmission was assumed to be reserved to avoid intra-cell blocking issue. 
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Figure 1. DL + UL over the same unlicensed carrier
· DL or UL transmission duration can be varied between different transmission bursts

From the aspect of flexibility, the duration for DL or UL can be varied between transmission bursts according to traffic demands, as long as the regulation requirements are satisfied. One example is depicted in Figure 2. 


[image: image2.emf]CCA for DL

Including CCA for UL 

and D2U switching

DL transmission UL transmission

DL burst UL burst

Subframe Subframe

Transmission burst

Subframe Subframe

Transmission burst

DL burst UL burst

……

Idle symbols


Figure 2. Different DL/UL duration in different transmission burst
· The number of DL subframes should take the scheduling design for eLAA into account

Associated with scheduling design for eLAA as discussed in a companion contribution [4], if only the self-carrier scheduling for the unlicensed carrier is considered, the number of DL subframes (including partial subframe) within one transmission burst containing DL and UL cannot be less than 4 to carry UL grant for the following UL subframes . On the other side, if the cross-carrier scheduling for the unlicensed carrier is considered, there is no limitation on the number of DL subframes within one transmission burst as long as the regulation requirements are satisfied. In the extreme case, there is no DL subframes during one transmission burst if eNB has no DL traffic over the unlicensed carrier. 
Proposal 2: The following design principles are proposed to support flexible DL+ UL configuration.

· Limited D2U switching between DL and UL transmission.
· DL or UL transmission duration can be varied between different transmission bursts

· The number of DL subframes should take the scheduling design for eLAA into account.

· for self-carrier scheduling, transmission burst with both DL and UL should contain at least 4 DL subframes (including partial subframe) 
· for cross-carrier scheduling, there is no limitation on the number of DL subframes within one transmission burst
Secondly, when supporting flexible DL+ UL configuration over the same unlicensed carrier, how to indicate the DL and UL subframes should be considered. 
In Rel-13, it was agreed that UE may assume that OFDM symbol#0 containing CRS-port 0+1 (or CRS-port 0) is transmitted in every subframe of the transmission bursts [5]. Therefore UE can detect the existence of DL subframe by CRS blind detection. On the other hand, the existence of the potential UL subframe could be determined by UL grant. From this aspect, it may be unnecessary to support explicit indication of UL subframes. Instead, the expected duration of DL and UL transmission burst could be informed to the UE to save blind detection effort, especially on the UL subframes where the UEs are not scheduled.
Proposal 3: The expected duration of DL and UL transmission burst could be informed to the UE in DCI format 1C for power saving.
3 Conclusion
In this contribution, the design of frame structure 3 to support both DL and UL transmission in the unlicensed spectrum is discussed. According to the analysis, the following proposals were achieved.

Proposal 1: Flexible DL+ UL configuration should be supported, which is different from current TDD or eIMTA configuration.

Proposal 2: The following design principles are proposed to support flexible DL+ UL configuration.

· Limited D2U switching between DL and UL transmission.

· DL or UL transmission duration can be varied between different transmission bursts

· The number of DL subframes should take the scheduling design for eLAA into account.

· for self-carrier scheduling, transmission burst with both DL and UL should contain at least 4 DL subframes (including partial subframe) 
· for cross-carrier scheduling, there is no limitation on the number of DL subframes within one transmission burst
Proposal 3: The expected duration of DL and UL transmission burst could be informed to the UE in DCI format 1C for power saving.
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