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1 Introduction
In RAN #75 meeting, the work item on enhancements to LTE in unlicensed spectrum was approved [1]. The objectives of this work item include: 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 discuss the resource allocation principles for the autonomous UL (AUL) transmission, including the AUL resource allocation methods, multiplexing among AUL UEs, co-existence between AUL and DL transmissions as well as schedule based UL (S-UL) transmissions.
2 AUL resource allocation methods
A major difference between AUL and S-UL is that AUL could be autonomously transmitted based on pre-allocated resources and configured MCS instead of dynamically scheduled. That is, the PUSCH information, including time domain resources, frequency domain resources, MCS, TPC, reference signal information, etc., which are indicated by DCI for S-UL transmission, should be semi-statically informed for the AUL transmission. 

One candidate resource allocation method is to configure all the transmission format by using RRC signaling only. E.g., the AUL resources can be configured to be periodic with a pattern of available AUL resources for each periodicity.
An alternative method is to reuse the semi-persistent scheduling (SPS) mechanism which informs the transmission format based on both RRC configuration and DCI activation/reactivation/release. In legacy SPS mechanism, the periodicity of the SPS resources can be configured by RRC signaling. The SPS transmission is enabled once the UE receives the DCI scrambled by SPS C-RNTI activating or reactivating the SPS. The frequency resources, MCS, and TPC could also be informed by the activation/reactivation DCI. The SPS transmission is disabled when the UE receives the SPS C-RNTI scrambled DCI releasing the SPS. MAC control element is fed back as the acknowledgement for receiving the SPS activation/reactivation/release DCI. In 3GPP Rel-14 WI, the enhanced SPS has been standardized to allow the SPS periodicity to be as short as 1ms [2], thus the Rel-14 SPS mechanism can be reused for autonomous transmission, where the UE can transmit on the activated SPS subframe in case of data arrival and LBT success, and skip the SPS resource otherwise. 
Compared to the RRC only signaling, the SPS mechanism is more flexible for AUL resource allocation and link adaptation since the activation/reactivation/release signaling is DCI based, but the SPS mechanism needs two-level signaling for resource allocation, which may impact the latency. In addition, some specification effort is required to allow SPS on unlicensed Scell. E.g., legacy SPS only allows one subframe within each SPS period, but for FeLAA it needs to support contiguous AUL subframes for persistent channel occupancy within a periodicity of larger than 1ms as shown in Figure 1. In addition, the SPS DCI format that supports two layer transmission could also be introduced.
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Figure 1. Allowing contiguous subframes for per period
In addition, dynamic DCI can also be considered for triggering AUL resources. For S-UL, the UE needs to start packeting after receiving the UL grant so that there is 4ms delay between UL grant and the scheduled PUSCH. This causes a DL-UL gap between the end of the DL burst and the start of the earliest scheduled UL subframe. Although this DL-UL gap can be avoided by transmitting DL during the gap, this imposes a restriction on DL scheduling especially for unbalanced DL and UL traffic where UL load is heavy and DL load is light. Compared to the S-UL transmission, the UE could start packeting for AUL PUSCH whenever the UL traffic arrives based on the MCS and frequency resources pre-allocated by the RRC/SPS signaling. Therefore, to improve the resource utilization efficiency, it can be considered to trigger this DL-UL gap for AUL transmission since the delay between the trigger signaling and the AUL PUSCH could be much shorter than that between UL grant and S-UL PUSCH. CPDCCH can be considered to trigger this DL-UL gap, e.g. after monitoring CPDCCH, the UE can transmit AUL PUSCH in subframes between the end of the DL burst and the start of the scheduled UL burst as shown in Figure 2.
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Figure 2. Common DCI triggered AUL transmission
Proposal 1: Following AUL resource allocation methods could be considered:
· RRC based configuration

· SPS-like activation/reactivation/release

Proposal 2: It can be considered to trigger the time resources within the DL-UL gap for AUL transmission by CPDCCH.
3 Multiplexing of AUL UEs

As the UEs do not have coordination between each other before AUL transmission, collision among AUL UEs may occur when they finish the LBT and start transmission at the same starting position. The eNB which activates multiple AUL UEs could allocate orthogonal time or frequency domain resources to avoid intra-cell UE collision. That is, the AUL UEs could be multiplexed in TDM manner and/or FDM manner.
In addition, considering that the AUL resources could be skipped in case of no traffic arrival, one resource can be shared to multiple AUL UEs based on statistical multiplexing. That is, some kind of resource overlap among AUL UEs can be allowed. As the resource allocation can be UE specific, it should be eNB implementation to control the trade-off between collision and resource utilization efficiency. E.g., the eNB could allocate orthogonal resources among AUL UEs with relatively sparse resources for per UE to avoid collision in case of heavy traffic per AUL UE, and allocate shared resources for AUL UEs with relatively dense resources for per UE vice versa. The AUL UEs allocated with the shared resources could be differentiated by DMRS sequences and possibly UE ID as discussed in [3].
Proposal 3: The AUL UEs could be multiplexed in orthogonal time or frequency resources or shared resources based on eNB implementation.
4 Co-existence with DL and S-UL
The AUL UE will have contention with the eNB as well as other scheduled UEs when performing the LBT. As considering critical control information and reference signals are included in the DL transmissions, DL should have higher priority than the AUL in channel access. In addition, legacy UE with S-UL transmission should also be protected to provide fair co-existence. 
Therefore, the co-existence with DL and S-UL should be studied for AUL UE to determine the available AUL resources. E.g., the starting position of the AUL burst could be delayed to be later than OS 0 or 1 to avoid collision with DL or S-UL. Thus the eNB or a S-UL UE would block the AUL channel sensing after occupying the channel so that the collision may be avoided. In addition, to avoid blocking the eNB sensing for DRS, it could be considered to disallow the UE to transmit AUL PUSCH within the DMTC window.
Proposal 4: The co-existence between AUL and DL as well as S-UL should be studied.
5 Conclusions
In this contribution, we discuss the AUL resource allocation methods, multiplexing among AUL UEs, and the co-existence between AUL and DL transmissions as well as S-UL transmissions. Based on the discussions, we have the following proposals:
Proposal 1: Following AUL resource allocation methods could be considered:
· RRC based configuration

· SPS-like activation/reactivation/release

Proposal 2: It can be considered to trigger the time resources within the DL-UL gap for AUL transmission by CPDCCH.
Proposal 3: The AUL UEs could be multiplexed in orthogonal time or frequency resources or shared resources based on eNB implementation.
Proposal 4: The co-existence between AUL and DL as well as S-UL should be studied.
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