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1. Introduction

Unlicensed spectrum is more and more considered by cellular operators as a complementary tool to augment their service offering, where “Licensed-assisted access (LAA)” to unlicensed spectrum is considered a secondary component carrier integrated into LTE. A study item, “Study on Licensed-Assisted Access using LTE” was approved in RAN #65 to study the feasibility of LAA and LTE enhancements with LAA [1].

One of the important issues of licensed-assisted access to unlicensed spectrum is the fair coexistence between LTE and other technologies such as Wi-Fi. For example, Wi-Fi is a decentralized technology based on the opportunistic carrier sense multiple access with collision avoidance (CSMA/CA) access technique and built to share spectrum, while LTE is a centrally managed technology such that orthogonality between different transmissions to/from UEs is maintained by eNB scheduling, which was originally designed to operate in licensed spectrum for efficient resource usage. If LTE operates with the legacy centrally managed technology in unlicensed spectrum, LTE radio may cause/receive severe interference to/from Wi-Fi signals. Therefore, appropriate coexistence mechanisms are needed to enable LTE to coexist with other technologies such as Wi-Fi in unlicensed bands.

We discuss the methods on how to enable LTE to coexist with legacy technologies in unlicensed spectrum with focus on uplink scheduling with listen-before-talk (LBT). Also, uplink HARQ operations in unlicensed spectrum are discussed.
2. Uplink scheduling with LBT for LAA
Listen-before-talk (LBT) is an important feature for co-existence in unlicensed band, where-in a transmitter listens to detect potential low interference channel. LBT requires each transmitter to follow a carrier sensing and possibly a backoff process depending on the LBT design prior to any transmission as described in Figure 1. Some regions such as in Europe have regulations requiring LBT for operation in unlicensed bands. Although LBT is not mandated by regulations in other regions, it can be still essential to ensure fair coexistence between different radio access technologies such as Wi-Fi and LAA. 
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Figure 1. Flowchart for LAA uplink LBT
In this section, we discuss possible design choices for uplink scheduling with LBT.
2.1 eNB scheduling method
In this method, the eNB schedules UEs using the existing PDCCH mechanism and allocates resources for the uplink subframe. Before sending uplink grants, the eNB performs LBT, i.e., the eNB performs carrier sensing and extended CCA. If the channel is sensed idle, the eNB then sends a reservation signal (to grab and hold the channel) for the duration of PDCCH processing time as illustrated in Figure 2 to prevent possible interference from other eNBs or UEs. The reservation signal can be DL transmissions, e.g., (e)PDCCH, PDSCH, DRS, and PSS/SSS.
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Figure 2. eNB sends a reservation signal (green) after LBT
There are two variants depending on whether UE senses the channel before transmitting uplink data on the scheduled subframe.
Alt. 1) An eNB senses the channel, reserves the channel with a reservation signal, and transmits uplink grants to UEs, and UEs transmit PUSCH on the scheduled subframe without sensing the channel. Since UE does not sense the channel, this method may not be in accordance with rules in some regions; Europe has regulations requiring LBT for operation in unlicensed bands.
Alt. 2) An eNB senses the channel, reserves the channel with a reservation signal, and transmits uplink grants to UEs, and UEs transmit PUSCH on the scheduled subframe only when the channel is sensed idle. In this case, the eNB should not transmit anything for a certain time duration during which the scheduled UE can sense the channel.
However, eNB reservation signal may be too long to meet the rules in some regions, e.g., Japan. Also, eNB may not always have downlink data for a reservation signal in which case eNB would need to send garbage signals.
2.2 Contention-based scheduling method

Instead of scheduling a single UE for a set of resources, e.g., one subframe, an eNB may send an uplink grant for a specific subframe to a group of UEs who requested scheduling. A new RNTI can be defined for this purpose and a group of UEs will share the same value of this new RNTI. The eNB can use this RNTI instead of C-RNTI when CRC is attached to the DCI message payload, so that the group of UEs can receive the PDCCH. Upon receiving such uplink grant from eNB, the group of UEs will enter into contention, i.e., perform LBT, to send an uplink data. The reservation signal can include the UE’s C-RNTI, modulation and coding scheme (MCS), etc.
2.3 Fully distributed method (no scheduling)
Both eNB and UE perform LBT independently with their own LBT parameters, which is very similar to the way how Wi-Fi devices currently operate. However, major specification impact is expected, e.g., PDCCH scheduling mechanism, HARQ timing, etc.
3. Uplink HARQ for LAA
The uplink transmission timing for the legacy LTE uplink is related to the grant timing as illustrated in Figure 3. For FDD, an uplink grant received in subframe n triggers an uplink transmission in subframe n+4. For TDD, subframe n+4 may not be an uplink subframe depending on the TDD configurations. Thus, uplink transmission occurs in subframe n+k, where k is the smallest value larger than or equal to 4 such that subframe n+k is an uplink subframe.
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Figure 3. Timing relation among uplink grants, uplink initial transmissions, ACK/NACK, and retransmissions in legacy LTE systems (FDD case)
The basic principle of the uplink HARQ protocol is the synchronous operation, i.e., uplink retransmissions always occur at an a priori known subframe; in the case of FDD, uplink retransmissions occur eight subframes after the prior transmission for the same HARQ process, and in the case of TDD, it depends on the uplink-downlink configurations (see Figure 3). In this way, there is no need to signal information such as HARQ process number and RV, as this can be inferred from the transmission timing. However, since retransmissions of a HARQ process are associated with previous transmissions, the scheduling in the uplink is not quite flexible.
When LTE operates in unlicensed bands with LBT, UE performs CCA check before transmitting PUSCH on the scheduled subframe. If the medium is busy, UE does not transmit to help avoid a collision. Since UE is not always able to transmit PUSCH on the scheduled subframe, uplink HARQ operation in unlicensed spectrum may need to be re-designed as more flexible asynchronous HARQ.
For asynchronous uplink HARQ operations, eNB can send an uplink grant for each uplink transmission (including initial transmission and retransmission) in unlicensed bands. In this scheme, eNB may also dynamically change parameters, e.g., the number of PRBs and transmission format (MCS), in addition to transmission timing for each retransmission.

Note that the eNB does not know whether the scheduled transmission will actually happen in the scheduled subframe since it depends on the sensing measurement at the scheduled UE. The eNB may need to perform a blind detection, for instance, energy detection or any form of detection for the corresponding PUSCH resources. 
4. Conclusions
In this contribution, we discussed possible design choices for uplink scheduling options with LBT as well as for uplink HARQ operations. Based on the discussion, we summarize the options below.

Proposal 1: For uplink scheduling with LBT, 

Alt. 1) an eNB senses the channel, reserves the channel with a reservation signal, and transmits uplink grants to UEs, and UEs transmit PUSCH on the scheduled subframe without sensing the channel.

Alt. 2) an eNB senses the channel, reserves the channel with a reservation signal, and transmits uplink grants to UEs, and UEs transmit PUSCH on the scheduled subframe only when the channel is sensed idle.

Alt. 3) an eNB may send an uplink grant for a specific subframe to a group of UEs who requested scheduling. The group of UEs performs LBT to send an uplink data. The first UE with successful carrier sensing can reserve the channel with a reservation signal until the start of the scheduled subframe and then transmit data on PUSCH.

Alt. 4) both eNB and UE perform LBT independently with their own LBT parameters.

Proposal 2: For uplink HARQ operation for LAA, an eNB can send an uplink grant for each uplink transmission (including initial transmission and retransmission) in unlicensed bands. With this scheme, eNB may also dynamically change parameters, e.g., the number of PRBs and transmission format (MCS), in addition to transmission timing for each retransmission. 
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