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From WID: A work item on enhancements to LTE operation in unlicensed spectrum was agreed in RAN #75 meeting to further enhance the LAA performance in Rel-15. One objective of the work item is to study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item.
In this contribution, we provide our views on supporting autonomous uplink access on LAA SCells.
[bookmark: _Toc458153811]Discussion
UL LAA follows the same concept as in scheduled UL LTE in combination with LBT on unlicensed bands and other regional spectrum regulations. UL LTE was primarily designed for operation in licensed carrier where eNB is in full control of the frequency/time resources. For the UE to perform UL transmission, it should first request resources from the eNB via scheduling request (SR). UE has periodic timeslots for SR transmissions (typically on a 5, 10, or 20 ms interval). After receiving the SR, the eNB prepares UL grant for certain subframe(s) to the UE. Hardware limitation impose a minimum time for the UE to receive the grant, process it, and encode the UL packet to be transmitted. Given this constraint, the grant refers to an UL burst that can occurs minimum 3 or 4ms later. Finally, the UE can transmit in the granted subframe(s). In many situations, the overhead in terms of control signaling on the (E)PDCCH is well motivated and relatively small compared to the payload on DL-SCH/UL-SCH. 

On unlicensed channel, the situation is different. Each of those transmissions that precede the actual UL transmission required a successful LBT procedure. eNB needs to acquire the channel by means of LBT before the granted transmission and the UE may need to also acquire the channel for UL data transmission by means of a second LBT. With LBT operation, the channel access is non-deterministic and depends upon the availability of the channel as well as the state of the back-off mechanism. In case a UE has received a grant for an uplink transmission, but fails the LBT associated with this transmission, it must discard the granted transmission and try again in the next granted subframe. The eNB will later detect that the expected transmission failed and re-grant the same data. Therefore, LTE UL will not be competitive with other technologies that have asynchronous and autonomous UL transmission as Wi-Fi. eLAA suffers from inefficiency in terms of: First, potentially leaving the channel unused, Second, increased overhead for sending grants on unlicensed channel. Third, increased delay to get data packets transferred over the uplink. Those factors make it extremely challenging to maintain good performance.

Observation 1: UL latency can be lower by reducing the control signaling related to scheduling that precede every UL transmission.

To reduce the control signaling overhead, LTE provides the option to do semi-persistent scheduling (SPS). With semi-persistent scheduling for UL, the UE is configured to transmit on pre-allocated resources. when UL data arrives, the UE can start transmission immediately according to the SP resources without the need to send an SR or waiting for the grant. SPS can be configured/re-configured by RRC at any time. The RRC configuration includes among other parameters:
· SPS C-RNTI
· Periodicity of the SPS per-allocated resources. 

Configuration of SPS doesn’t mean that the UE can start using SPS resources. The eNB needs to explicitly activate SPS on (e)PDCCH. First phase starts when the eNB grants the UE with an SPS activation grant which specifies the SPS frequency resources. The UE confirms the reception of the SPS grant with a MAC control element. This way the eNB is sure that the UE is configured. After enabling semi-persistent scheduling, the UE continues to monitor the (e)PDCCH for uplink and downlink scheduling commands. When a dynamic scheduling command is detected, it takes precedence over the semi-persistent scheduling in that particular subframe, which is useful if the semi-persistently allocated resources occasionally need to be modified.

Within the 3GPP Rel-14 work item [1] enhanced version of the SPS feature has been standardized. The enhanced version allows an SPS period down to 1 TTI and mandate that the UE do not transmit using the grant unless there is data in buffer. Once the UE has data to transmit, it can start immediately according to the pre-allocated resource without requesting a dedicated grant. If autonomous UL transmission on pre-allocated resources is used on unlicensed bands, two main advantages are observed: First, UL transmissions are subject to one LBT before the UL transmission. Second, SR and grant transmission overhead and delay are eliminated.

Proposal 1: It is beneficial to support autonomous data transmissions on pre-allocated resources on LAA SCells to reduce signaling overhead and latency.

Similar to the dynamic scheduling, SPS was primarily designed for licensed operation. Some adjustments are needed to provide efficient operation on unlicensed bands. For instance, current Rel-14 SPS is only supported on the primary component carrier and any transmission on a secondary component carrier must be dynamically scheduled. Besides, activation (and deactivation) is done using the PDCCH DCI Format 0 using the SPS C-RNTI. This makes it not applicable to be used on the LAA SCell.

Proposal 2: The autonomous UL functionality can be achieved by using existing LTE Rel-14 SPS feature with some additional enhancements.  
· RRC based configuration used for autonomous UL
· SPS based DCI for activation/re-activation/release

[bookmark: _Toc458153812]Conclusion
In this paper, we discuss the limitations of the scheduled UL on unlicensed bands, and propose reducing the control signaling overhead preceding UL transmissions by enabling autonomous uplink support based on SPS framework. 

Observation 1: UL latency can be lower by reducing the control signaling related to scheduling that precede every UL transmission.

Proposal 1: It is beneficial to support autonomous data transmissions on pre-allocated resources on LAA SCells to reduce signaling overhead and latency.

Proposal 2: The autonomous UL functionality can be achieved by using existing LTE Rel-14 SPS feature with some additional enhancements.  
· RRC based configuration used for autonomous UL
· SPS based DCI for activation/re-activation/release
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