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1 Introduction

In the previous RAN1#82 meeting, the principles of UL channel access for LAA are discussed. The working assumptions in [1] for self-carrier scheduling were reached. After the meeting, there is an email discussion about UL LBT for LAA [83-06]. The email discussion is on-going and up to now the following working assumptions are to be discussed 
•      For self-carrier scheduling, the following UL LBT candidate procedures should be considered

–     A CCA duration of at least 25 us before the transmission burst

•      The sensing duration in a CCA slot can be less than the CCA slot duration

–     A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7}, 
•      FFS: The random backoff counter is generated at the eNB and is signaled to the UE

•      The UL maximum contention window size should be smaller than for DL category 4 LBT

•      Note that X = 7 can be revisited later after DL LBT discussions, if necessary
•      FFS: Whether and under what conditions the following option may be used. 

–     Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 µs between the two bursts
•      For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedure should be supported
–     A CCA duration of at least 25 us before the transmission burst
•      The sensing duration can be less than the CCA duration
–     A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 
•      FFS: The random backoff counter is generated at the eNB and is signalled to the UE
•      FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT

•      FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL

In this contribution the UL LBT schemes for LAA would be discussed.

2 Principles of UL channel access for LAA
The UL LBT schemes for LAA could be categorized as below
-
Option 1: No LBT 
-
Option 2: Category 4 LBT 
-
Option 3: One-short LBT 
For UL transmission on the LAA SCell, channel access mechanism should firstly be considered.  The following agreements were 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 three UL LBT options are discussed as below.
Option 1: No LBT 
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. If UL transmission without LBT is allowed when the UL transmission burst follows DL transmission burst with a small gap between the two bursts, the eNB has to transmit some reservation signal to hold the channel until the moment with the gap before the UE transmits even if the DL burst would not continue to that moment. This 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 release the channel and thinks the channel is idle at the UE transmission moment, the UL transmission at the UE side may be 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
In summary, option 1 is only applicable in the LBT regulation-free regions. Furthermore, inefficient spectrum usage and hidden node problem make the option 1 undesirable.
Option 2: Category 4 LBT
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 could not assume the LBT results at the UE side. With Category 4 LBT, 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 reservation signal may be needed to hold the channel, which is a waste of the UL transmission burst. 
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 reservation signal earlier than it. One example is illustrated in Fig. 1. The UE-1 and UE-2 are scheduled to be multiplexed in one subframe. The UE-1 firstly gets the channel occupancy and transmits reservation signal until the boundary of the scheduled UL subframe. The UE-1 reservation signal and UL transmission would block the UE-2 channel sensing and prevents the UE-2 from transmitting UL signals on the scheduled subframe.
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Fig. 3 UE LBT with random back-off with a contention window
In the email discussion, shortened Category 4 LBT parameters for UL LBT procedure than DL LBT could reduce the uncertainty of UL LBT procedure finishing time. However, the difficulty for UE multiplexing still exists.
Therefore, Category 4 LBT for UL transmission in LAA is not preferred.
Option 3: One-shot CCA of UL LBT
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 the scheduling subframe and the corresponding transmission subframe. 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 start sensing the channel simultaneously and finish each LBT procedure at the same at the beginning of UL transmission. An example of option3 is illustrated in Fig. 2 below.
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Fig. 2 one-shot CCA of UL LBT just before UL transmission
In addition, if LBT with deterministic duration is performed before UL transmission, there is some concern about the fairness between the LAA UL transmission and LAA DL transmission which operates LBT with random back-off with a contention window, or the fairness between the LAA UL transmission and WiFi transmission. However, with one-shot CCA for UL, the UE only senses the channel just before a subframe boundary or just after a subframe boundary while other Cat.4 LBT could sense and get the channel access opportunity at any time. Furthermore, for self-carrier scheduling, the UL grant has already finished a successful random back-off with Cat.4 LBT. If another Cat.4 LBT with random back-off is operated for UL transmission, the UL transmission will experience two eCCA procedures, which is unfair for LAA. Therefore, the one-shot LBT does not introduce unfairness to coexisting Wi-Fi networks.
In summary, option 3 is recommended to be the baseline LBT mechanism for UL 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 one-shot CCA of UL LBT as the baseline for UL LAA transmission.
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