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1 Introduction
In RAN Meeting #75 [1], a new work item on “enhancements to LTE in unlicensed spectrum” was approved. One of the objectives of the new WI from RAN1 perspective is: 

· (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

In this contribution, we discuss the resource allocation for the autonomous UL (AUL) transmission, focusing especially on multiplexing among AUL UEs.

2 Resource allocation for AUL
The aim of AUL is to increase the number of opportunities for the UEs to transmit in the UL, especially in the case of coexisting with other technologies where eNB cannot acquire the transmission opportunities (TxOP) for its UEs. 

AUL is performed based on pre-allocated resources and configured MCS, while scheduled UL transmits dynamically. That is, the PUSCH information, including time/frequency resources, MCS, TPC, reference signal information, etc., which are indicated by DCI for scheduled UL transmission, should be semi-statically informed for the AUL transmission. 

Semi-persistent scheduling (SPS) mechanism can be used to pre-allocate resources, where the periodicity of the SPS resources can be configured by RRC signaling. The 3GPP Rel-14 Work Item “L2 latency reduction techniques for LTE” introduces the enhanced SPS mechanism, where the UE can transmit on the activated SPS subframe in case of data arrival and LBT success, and skip the SPS resource otherwise. Furthermore, the enhanced SPS mechanism allows the SPS periodicity to be as short as 1ms [2], thus the enhanced SPS mechanism can be treated as baseline for AUL.

Observation 1: Rel-14 SPS mechanism with UL skipping can be treated as baseline to support AUL in unlicensed spectrum.

3 Multiplexing of AUL UEs

If AUL UEs finish their LBT operations successfully and transmit at the same starting position, collision may occur. In this case, AUL UEs could be multiplexed in spatial domain, i.e., SDM, except TDM manner and FDM manner, that is, AUL can achieve the multiplexing gain by uplink multi-user MIMO technology. AUL UEs could allocate orthogonal spatial domain resources to avoid intra-cell UE collision.

Proposal 1: The AUL UEs multiplexed in spatial domain should be studied.
In addition, the UE use AUL only when it has data to transmit and skip otherwise. For resource utilization efficiency, multiple AUL UEs can share the same resources. The number of the AUL UEs sharing the same resources affects the resource utilization efficiency in SDM/TDM/FDM manner. Thus, the number of multiplexed AUL UEs should be considered in multiplexing.

Proposal 2: The number of multiplexed AUL UEs should be considered in multiplexing.

Different from the uplink scheduling in licensed band, after the BS schedules user to transmit data, the scheduled user needs to do LBT to occupy the unlicensed channel. When the scheduled user accepts a grant from the eNB before transmission, the user needs to do LBT procedure. If the scheduled user succeeds to do LBT, then the user will be allowed to transmit data in the unlicensed band. Otherwise, the scheduled UE cannot occupy the channel. Actually, the outcome of the LBT operation depends on the capacity and burden of the channel. If the UE fails to occupy the channel, this transmission is not transmitted and the AUL UE needs to perform retransmission in the next granted subframe with one more LBT attempt. Thus, the probability of success in LBT operation will affect the transmission in AUL and also affect the number of AUL UEs in multiplexing.

Observation 2: In uplink unlicensed system, each scheduled user needs to do LBT to occupy the unlicensed channel before transmits data. 
Proposal 3: The probability of success in LBT should be considered in multiplexing.

4 Conclusions
In this contribution, we discuss the AUL resource allocation. we summarize the observations and proposals made in this contribution:

Observation 1: Rel-14 SPS mechanism with UL skipping can be treated a baseline to support AUL in unlicensed spectrum.

Observation 2: In uplink unlicensed system, each scheduled user needs to do LBT to occupy the unlicensed channel before transmits data. 
Proposal 1: The AUL UEs multiplexed in spatial domain should be studied .
Proposal 2: The number of multiplexed AUL UEs should be considered in multiplexing.

Proposal 3: The probability of success in LBT should be considered in multiplexing.
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