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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 this contribution the principles of UL channel access for LAA would be discussed. 

2 Principles of UL channel access for LAA
In the study item, four kinds of candidate LBT categories as listed below have been considered [2]. 
-
Category 1: No LBT

-
Category 2: LBT without random back-off

-
Category 3: LBT with random back-off with a contention window of fixed size

-
Category 4: LBT with random back-off with a contention window of variable size

It is recommended that a Category 4 LBT mechanism is the baseline for LAA DL transmission bursts containing PDSCH. For UL transmission on the LAA SCell, channel access mechanism should firstly be considered.  The following agreements are reached in the previous RAN1 #80 meeting.

· 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
According to the agreements, eNB centralized scheduling or configuration in the current specification should be retained for UL transmission in LAA. The following three options for UL channel access could be considered at the UE side.
Option 1: No LBT for UL channel access

Without LBT at the UE side, the UE could perform UL transmission every time a corresponding UL scheduling grant is received. However, LBT mechanism is mandatory requirements in some regions like in Europe and Japan, which make the option infeasible as a global solution for UL channel access. 
In the LBT regulation-free regions, it is possible to allow the eNB to perform LBT for the UE before scheduling. For example, once the eNB senses that it is allowed to occupy the channel over the unlicensed carrier, the eNB transmits UL scheduling information to its served UEs and holds the channel until the UE transmits. UE will not do LBT anymore before transmission. Nevertheless, the eNB has to transmit some reservation signal even if there is no DL data for deliver which results in inefficient spectrum usage. The following Fig. 1 is an example for the UL channel access without LBT at the UE side.
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Fig. 1 No LBT for UL channel access
In addition, there may be hidden node near the UE which could not be sensed by the eNB. Then despite that the eNB determined the channel to be idle, the UL transmission at the UE side may be much interfered by the hidden node. As illustrated in the following Fig. 2, node 1 is out of CCA range of node2 while the node2 is near to the UE served by the node1. The UL transmission would be interfered by the node2 since the node1 is not conscious of the node2 transmitting.
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Fig. 2 Hidden node problem without UE LBT for UL transmission
Therefore, option 1 is only applicable in the LBT regulation-free regions and could not be a global solution for UL channel access. Furthermore, inefficient spectrum usage and hidden node problem make the option 1 infeasible.
Option 2: LBT with random back-off with a contention window is performed for UL channel access

The UL transmission is based on the eNB centralized scheduling or configuration. The UL transmission occasion is determined by the time relationship between UL scheduling and the corresponding UL transmission. The eNB may have little expectation about the LBT results at the UE side. With the random back-off mechanism in this option, it is hard to guarantee the LBT procedure is finished at the scheduled UL transmission moment. If the UE finishes the CCA before the scheduled UL transmission moment, some reserved signal may be needed to hold the channel. While even if the channel is assessed as idle a little later than the scheduled UL transmission moment, the UE should give up this transmission.

In addition, to support multiplexing of multiple UEs in a single subframe it is preferred the multiple UEs could finish the LBT procedure at the same time to avoid the interference among the UEs. With option2, it is possible that one UE LBT procedure would be impacted by another UE which finishes the LBT procedure and starts transmitting earlier than it. One possible situation for multiple UE UL scheduling in one subframe and the LBT procedure with option 2 is illustrated in Fig. 3.
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Fig. 3 UE LBT with random back-off with a contention window
As a result, LBT mechanism with option 2 is not proper for UL channel access in LAA especially when multiplexing of multiple UEs in a single subframe is supported.
Option 3: LBT with short duration is performed for UL channel access

As discussed above, UL transmission is based on the eNB centralized scheduling or configurations while the UL transmission occasion is determined by the time relationship between UL scheduling and the corresponding UL transmission. So it is better for the UE to perform LBT just before the UL transmission occasion with deterministic duration. With the deterministic LBT duration, the UE could decide whether the channel is available at the scheduled UL transmission occasion and then determines whether to transmit UL data according to the eNB scheduling or give up the scheduled transmission. If multiplexing of multiple UEs in a single subframe is supported, the multiple UEs could also finish each LBT procedure at the same at the beginning of the subframe. LBT with short duration just before UL transmission and multiplexing of UEs in one subframe is illustrated in Fig. 4 below.
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Fig. 4 UE LBT with short duration just before UL transmission
In addition, if LBT with deterministic duration is performed before UL transmission, no channel reservation signal is needed so the UL transmission could use the maximum allowed channel occupancy time.
In summary, option 3 is better to be the LBT mechanism for UL channel access in LAA.

3 Conclusions
In this contribution, the principles of UL channel access for LAA are discussed. There is the following proposal:

Proposal: It is preferable that the UE performs LBT with short duration just before UL transmission.
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