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1 Introduction

In the RAN Meeting #68, a new work item on Licensed-Assisted Access to Unlicensed Spectrum is approved. According to [1], one objective of this WI includes:
The work item should only specify support for LAA SCells operating with only DL transmissions. 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 [2], the principles of UL channel access in the future releases for LAA is discussed. This contribution will investigate the possible DL design aspects that have impacts for forward compatibility to support UL of LAA SCells.
2 LAA DL design impacts for forward compatibility with LAA UL 
To support UL transmission on the same unlicensed carrier, two options for the frame structure have been discussed. One is to reuse the existing TDD DL/UL configurations for the frame structure and the other is the DL and UL subframe could be switched at any subframe. In the previous RAN1 # 81meeting, it was agreed that: 
· 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
That is to say that a certain subframe could dynamically be used as DL subframe or UL subframe. It is discussed in [2] that the UE should decide UL transmission through UL grant transmitted by the eNB and decide the UL subframe based on the predefined timing relationship between the UL grant and the corresponding PUSCH. So the eNB has the right to decide one subframe to be a DL subframe or UL subframe. When a UE is indicated to perform UL transmission in a UL subframe, the UE should perform LBT detection to decide whether the transmission could be operated [2]. When a UE does not receive UL grant for a UL subframe, the UE may have no idea about whether the subframe is a UL or DL one. Then the UE would perform PDCCH/EPDCCH or reference signal detection in this UL subframe. Certainly, nothing would be detected while the UE power consumption is wasted. From this point of view, the UE should at least be indicated whether a subframe is a DL subframe. 
On the other hand, it is proposed in [3] that the candidate starting position of DL transmission burst should be indicated to the UE considering the complexity of PDCCH/EPDCCH or reference signal detection with the opportunity transmission condition. With this indication, the UE can assume no DL detection is needed except in the candidate DLstarting positions and DL transmission bursts. Then the UE meaningless DL detection in the UL subframes which it is not scheduled UL transmission could be avoided. 
Therefore, introducing candidate starting position of DL transmission burst indication and DL transmission burst indication is beneficial to support UL for LAA SCells in the future releases to avoid UE power consumption for meaningless DL detection. This could be illustrated with the following Fig. 1. Without the indication, the UE should always perform DL blind detection except in those subframes which it is scheduled for UL transmission. While with the indication, meaningless DL blind detection in the DL subframes the eNB would not accessed and the UL subframes which the UE is not scheduled could be avoided.
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Fig. 1 UE perform DL detection without/with indication of DL transmission burst

Proposal 1: Introducing candidate starting position of DL transmission burst indication and DL transmission burst indication is beneficial to support UL for LAA SCells in the future releases to avoid UE power consumption for meaningless DL detection.
The UE channel access mechanism is discussed in [2]. It is observed that when UL grant is received, the UE would perform LBT with short duration before the corresponding UL transmission. If DL transmission is followed by a scheduled UL subframe, the eNB should try to release the channel occupancy at the UE LBT moment in order to increase the probability for the UE to successfully access the channel. Therefore, when UL transmission is introduced in the future releases, the DL transmission burst should consider the impact for the possible UL CCA slot, so that the UE LBT result is not impacted by the DL transmission. For example, the last DL subframe may be shortened to allow UE performing the LBT with short duration just before the scheduled UL transmission as discussed in [2]. Furthermore, if the short CCA for UL transmission is less than one OFDM symbol, transmitting some reserved signal is beneficial to hold the channel for the UL transmission till the LBT moment. This illustrated in the following Fig. 2.
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Fig. 2 DL subframe followed by scheduled UL subframe is shortened to allow UE performing UL LBT
As discussed in [3], the DL transmission burst should be indicated to the UE. The UE could determine the end position with the indication. Therefore, with this DL transmission burst indication the UE could identify the length of the shortened subframe (i.e. the last subframe of the DL transmission burst).
Proposal 2: To support UL for LAA SCells in the future releases, the last DL subframe of the DL transmission burst should be shortened to allow for the UL LBT period.

3 Conclusions
The possible DL design aspects that have impacts for forward compatibility to support UL of LAA SCells are analyzed in this contribution. There are the following proposals:
Proposal 1: Introducing candidate starting position of DL transmission burst indication and DL transmission burst indication is beneficial to support UL for LAA SCells in the future releases to avoid UE power consumption for meaningless DL detection.
Proposal 2: To support UL for LAA SCells in the future releases, the last DL subframe of the DL transmission burst should be shortened to allow for the UL LBT period.
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