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1 Introduction

In RAN#75 meeting, a new work item on enhancements to LTE operation in unlicensed spectrum was approved [1]. The objective of this work item is to enhance the performance of LTE in unlicensed spectrum. The detailed objectives of the work item are to specify support for the following functionalities: 
•
Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]

•
(Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item [RAN1, RAN2, RAN4]
•
The work item should also specify base station and UE core requirements to support the above features [RAN4]
2 Discussion
In LTE, uplink transmission was primarily performed on licensed carrier under the control of eNB scheduling. Upon reception of the scheduling request, the eNB allocates uplink grants to the UE and UE processes it with the generation of a TB for transmission. The time relation between the uplink grants and corresponding transmission is fixed to 4 subframes in FDD system. While, with the introduction of LAA, UE is allowed to transmit uplink traffic on unlicensed spectrum. Different from other technologies which support autonomous transmission, e.g., WiFi, UL LAA is still scheduled uplink transmission. In this case, before uplink transmission is performed, the UE needs to receive an uplink grant and access to the channel with a successful LBT procedure. Actually, the outcome of the LBT operation depends on the capacity and burden of the channel. If the UE fails to grab the channel until the transmission subframe indicated in DCI, this transmission is not transmitted and the UE needs to perform retransmission in the next granted subframe with one more LBT attempt. Therefore, from latency as well as efficiency point of view, LAA is not quite satisfactory. 
As mentioned in the instruction, one of the objectives of FeLAA is to support autonomous uplink access on unlicensed spectrum, which helps to implement as WiFi system and improve corresponding performance. However, with the introduction of autonomous UL access, some related issues also need to be settled down. 

Observation 1: Autonomous UL access helps to improve LAA performance while introducing some related issues
2.1 Configuration of uplink grant

In LTE, SPS mechanism is introduced to reduce the PDCCH overhead, where UE is allowed to transmit on pre-allocated resource without transmitting the SR and waiting for an uplink grant. The semi-persistent resource is configured by RRC signalling and activated via PDCCH explicitly. After receiving the SPS activation indication, UE starts to perform uplink transmission semi-statically. In legacy LTE system, SPS is supported on the SpCell only. 
Within the Rel-14 work item of mobility enhancement, a new kind of pre-allocation is defined to support RACH-less handover. The subframe allocation and uplink grant format can be configured by RRC message. In addition, similar as SPS mechanism, this kind of pre-allocation can only be applied to SpCell. What is different from SPS is that there is no need to activate this type of pre-allocation via PDCCH. 
For FeLAA, in order to perform autonomous uplink access, similar mechanism should be adopted as well, i.e. some pre-allocated resource is configured. Therefore, it is proposed to choose one of the above two mechanisms as a baseline. After the baseline is settled down, details considering the feature of LAA can be discussed further. However, no matter which mechanism is determined to be used in this scenario, pre-allocation on SCell should be supported. 
Proposal 1: Some pre-allocated resource is configured to support autonomous UL access on LAA SCell
Proposal 2: Choose one mechanism between SPS and pre-allocation utilized in mobility enhancement as a baseline
2.2 LBT type and LBT priority class

When performing uplink and downlink transmissions in LAA carriers, LBT is necessary before transmission. To perform uplink LBT, LBT type and LBT priority class are needed to indicate whether backoff mechanism is used or not as well as the maximum value of backoff counter. In Rel-14 eLAA, the eNB needs to perform mapping between QCI and LBT priority class and is responsible for deciding on the LBT type (i.e. type 1 or type 2 uplink channel access) and priority class of a scheduled uplink transmission for a UE based on the latest reported BSR. The LBT type and corresponding priority class is signalled via uplink grant. 
Observation 2: QCI mapping to LBT priority classes is done by the network; the UE does not need to do anything on QCI mapping in eLAA

Observation 3: Both LBT type and LBT priority class are indicated via uplink grant in eLAA 
In Rel-15 FeLAA, as autonomous uplink access is to be supported, there is no uplink grant to carry LBT type as well as priority class. In this case, how to determine these two parameters to implement uplink LBT needs further study. One solution is to leave it to UE implementation, e.g. UE selects the LBT type and priority class to realize autonomous uplink access. 
In Rel-14 eLAA, when UE is scheduled to utilize type 2 LBT, the UE may transmit the transmission immediately after sensing the channel to be idle for at least a sensing interval 25us. This is because the eNB already performs downlink LBT and senses the channel to be free, the eNB reserves some duration within MCOT for the UE to transmit uplink traffic, in this case type 2 uplink channel access is indicated via uplink grant and UE only senses the channel for 25us to make sure the channel is available. However, in Rel-15 FeLAA, since there is no scheduled uplink grant and UE is not aware of when the eNB has grabbed the channel, then it is not suitable to apply type 2 uplink channel access to test whether the channel is free. Therefore, only type 1 uplink channel access can be utilized to perform autonomous uplink access. 
Proposal 3: UE can only use type 1 uplink channel access for autonomous uplink access
Currently there are four LBT priority class associated with different standardized QCIs and as mentioned above which priority class to use when performing uplink access is indicated via uplink grant. However for autonomous uplink access, since there is no scheduled uplink grant, UE needs to select one LBT priority class by itself considering the QCI of the buffered data. 

Proposal 4: LBT priority class for autonomous transmission is selected by UE
3 Conclusion

In this contribution, we present our view on autonomous uplink access on LBT from RAN2 perspective and have the following observations and proposals. 
Observation 1: Autonomous UL access helps to improve LAA performance while introducing some related issues

Observation 2: QCI mapping to LBT priority classes is done by the network; the UE does not need to do anything on QCI mapping in eLAA

Observation 3: Both LBT type and LBT priority class are indicated via uplink grant in eLAA
Proposal 1: Some pre-allocated resource is configured to support autonomous UL access on LAA SCell

Proposal 2: Choose one mechanism between SPS and pre-allocation utilized in mobility enhancement as a baseline

Proposal 3: UE can only use type 1 uplink channel access for autonomous uplink access
Proposal 4: LBT priority class for autonomous transmission is selected by UE
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