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1 Introduction
During RAN1#80bis meeting, some agreements about LBT operation for LAA were reached in [1]. In this contribution, some discussion about LBT relevant to high layers will be provided.
2 Discussion
LAA parameters configure:
Some working assumptions were made in [1]:
· The size of the LAA contention window is variable via dynamic exponential backoff or semi-static backoff between X and Y ECCA slots

· The value of X and Y is a configurable parameter
· FFS: which trigger and rate for adapting the size of the contention window

· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 

· FFS: A defer period configured to be zero.

· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants

For the downlink, when there are data for transmission, the eNB will perform LBT procedure. After the initial CCA，the eCCA will normally be performed. In the eCCA, the LAA contention window is used. The back-off counter value (N) for eCCA is given randomly in [1, q], where q is a value to be chosen in the range of q ([4,..,32] according to the ETSI option B. The ‘q’ value also determines the maximum channel occupancy time as q*13/32ms. In RAN1 conclusion, the q can be semi-static value between X and Y eCCA slots also [1]. The size of the LAA contention window is variable for Category 4. N signifies that the eNB must await N unoccupied eCCA slots before transmitting data. Different value of N will bring different probability of access the channel. The value of q decides the maximum duration of N. So the values of both q and N have impacts on the performance of using unlicensed carrier for LTE equipment. It is necessary to optimize the LAA contention window for better access probability. In our opinion, the adjustment of the LAA contention window size can be based on the eNB detected information and/or the information feedbacked by UE. The eNB detected information may include QoS requirement, the buffer status, and load information of other contending LAA-eNBs and so on. This information can be available in MAC layer or RRC layer. It seems more reasonable for high layer to modify the LAA contention window size. The defer period can be configured by the high layer for similar reasons. The specific back-off counter N can be chosen randomly in [1, q] by PHY layer according to the ETSI regulation. Furthermore, it is possible that the PHY layer may also select the N according to certain internal algorithm, e.g. based on the history information of contention result, channel load of the unlicensed carrier or some other information.
For the uplink, the LBT may be performed by eNB or UE. If the LBT is performed by UE for the uplink transmission, the concerned CCA/eCCA parameters should be configured by the eNB. The eNB can configure the defer period and LAA contention window size based on the traffic information of the to be scheduled UE. For example, the eNB can configure different CCA/eCCA parameters based on different traffic priorities. The to be scheduled UE may choose the N within [1, q] randomly according to the ETSI regulation after receiving the contention window and UL grant from eNB. Furthermore, it is possible that the UE may also select the N according to certain internal algorithm, e.g. based on the history information of contention result or the information detected by UE.
Proposal 1: For DL eNB based LBT, the LAA contention window size and defer period can be configured by high layer.
Proposal 2: For UL UE based LBT, the LAA contention window size and defer period can be configured by eNB.

UL LBT
For UL transmission in unlicensed spectrum, there are two LBT options. In the following, the detailed description is provided.
Alternative 1: eNB performs LBT for UL transmission of scheduled UEs
In this option, if the channel is idle, eNB transmits a reservation signal and sends UL grant to schedule UEs and UE just follows UL grant without performing LBT. If the operating channel is occupied, the eNB stops or delays transmitting UL grants and UE cannot send UL data.

In a licensed band, an eNB is required to schedule UL transmissions 4 or more subframes before the actual UL transmission from UEs. In LAA, considering the maximum 4 ms channel occupancy time limitation in Japan. Therefore, for carrier self-scheduling, some new timing schemes may be introduced to reduce the delay between UL grant and the actual UL PUSCH transmission. 
Another question is the hidden node issue that the eNB may not be able to detect the hidden nodes around the UEs when the eNB performs LBT on the unlicensed band. One possible solution is that the UEs may assist eNB on detecting the hidden nodes through a new measurement mechanism. 
Alternative2: UE performs LBT for UL transmission
In this option, each scheduled UE should perform LBT independently for UL transmission after receiving UL grant from eNB. If the CCA/eCCA succeeds, the UE can transmit data. Otherwise, the UE shall not transmit the PUSCH or other signals. Each UE conducts UL transmission based on its own LBT results. This way is in line with the regulatory requirements in most regions, and the LBT result is always reliable from UE point of view. 
Note that for this scheme, the eNB does not know whether the scheduled UL transmission will actually happen in the exact scheduled subframes since it depends on the UE based LBT. Some indication may be needed to tell eNB the LBT result of the UE. In addition, some channel reserve schemes may be introduced for CCA/eCCA of the UE.
There are multiple LBT choices for LAA UL: either eNB or UE alone, or both eNB and UE performing LBT can be considered Further investigation and study in RAN1 are needed from the perspective of coexistence performance between WiFi and LAA as well as between LAA Nodes, and the specification impacts.

Proposal 3: eNB and/or UE based LBT could be considered for LAA UL transmission and the exact high layer specification impacts are subject to RAN1 study progress.
3 Conclusion
In this contribution, we give the following proposals:
Proposal 1: For DL eNB based LBT, the LAA contention window size and defer period can be configured by high layer.

Proposal 2: For UL UE based LBT, the LAA contention window size and defer period can be configured by eNB.

Proposal 3: eNB and/or UE based LBT could be considered for LAA UL transmission and the exact high layer specification impacts are subject to RAN1 study progress.
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