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Introduction
As part of the R13 WI LAA, it is necessary to agree on the principles of UL Channel Access such that R13 DL-only mode operation with LAA will be forwards-compatible to the introduction of DL+UL mode devices.
In this contribution we discuss our views on the channel access scheme to be used for LAA UL operation. We then discuss UL scheduling for the LAA UL channel access modes and how the eNB can control the UE channel access behavior.
Principles of LAA UL channel access and scheduling
While LTE LAA DL channel access uses a LBT Cat 4 scheme, in our view the LAA UL should support more than one single UL channel access mode.
LAA UL operation should be designed based on the assumption that an LAA UL-capable UE may be scheduled by the eNB in conjunction with 3 UL channel access modes. The use of a particular UL channel access mode will depend on eNB configuration and is subject to the particular scheduling approach that the eNB used to schedule a given UE in the LAA SCell UL,
· UL Mode 1: LBT Cat 1 (no CCA, no random backoff) with long TXOPs
· UL Mode 2: LBT Cat 2 (CCA only) with self-scheduling from LAA SCell
· UL Mode 3: LBT Cat 4 (same as LAA DL) with UL cross-carrier scheduling from the PCell
There are multiple motivations behind such a design approach.
One of the main differences between the LAA DL and UL is that the eNB is the only scheduling entity and is the single transmitter in any given serving cell in the DL. For DL transmissions, LBT Cat 4 as channel access scheme will only be performed by the eNB. Whenever the eNB declares the channel empty following successful completion of an LBT Cat 4 based channel access attempt, it will simultaneously transmit to multiple UEs.
For UL transmissions however, if multiple UEs however wanted to individually perform LBT Cat 4, the random backoff component would result in that the UE with the smallest backoff value would block channel access for all other UEs even if they started to do CCA more or less in the same time instant. 
It is also useful to consider that in presence of self-scheduling on the LAA SCell, any UL transmission activity by the LAA UEs and their probability of successful channel access depends on the LAA eNB winning DL channel access first in order to be able to send the UL grant. This means that when both DL transmissions by the eNB and UL transmissions by the LAA UEs use two independently running LBT Cat 4 channel access procedures, LAA throughput is penalized in that the probability of successful UL transmission is not 1/N like for Wi-Fi devices in presence of CSMA, but reduced to 1/N^2 in presence of the same number of N transmitting nodes in vicinity.  
Therefore, in order to maintain the possibility for the LTE LAA UL to support multiple concurrent LAA transmissions from several UEs in a given serving cell, the LAA UEs should perform CCA at the same time, and if successful, then they should also begin to transmit in the UL subframe(s) in the same time. Similarly, when LAA transmissions are preceded by LAA DL transmissions, where the eNB in the DL uses LBT Cat 4, the UL should not go through another independent LBT Cat 4 channel access procedure. 
This clearly motivates the use of LBT Cat 2 as UL channel access scheme in many operational scenarios, i.e. self-scheduling on the LAA SCell. In a companion contribution [1] we present evaluation results for UL LBT Cat 2 where we show that good coexistence performance can easily be achieved.
CCA by the LAA UEs prior to UL transmission primarily serves the purpose of dealing with residual hidden node issues for coexistence with Wi-Fi. We note however that to a large extent, the LAA eNB can deal with Wi-Fi hidden nodes through UE based measurement reports and adjust its UL scheduling accordingly.
Despite all this, it is very clear however that UL LBT Cat 4 must also be supported. In particular for the case of UL cross-carrier scheduling from the PCell, the LAA UEs should access the 5GHz channel with about equal probability when compared to the Wi-Fi devices contending for the same channel. This holds true in particular when little or very intermittent LAA DL transmission activity precedes the scheduled UL data transmission. While dealing with residual hidden node issues can always to a large extent be handled by the LAA eNB, channel fairness dictates that the LAA UL-capable UEs do not right away start transmitting even after a prolonged CCA duration of order of 48 us, i.e. LAA UEs need to employ random backoff.
In our view, when UL channel access mode 3 (LBT Cat 4) is used, there is no reason to adopt a different parameterization when compared to DL LBT Cat 4. The same LBT Cat 4 scheme used prior to normal DL data transmission by the eNB should be used for the UL.
In some regulatory domains it is possible to use long TXOPs in the order of several LTE subframes up to a total duration of 7-11 ms. For such cases, LAA operation should right away support the possibility to transmit in a Reverse-Direction-Grant type of approach. In fact, it is in many cases more advantageous for link and the overall system performance to complete any DL and UL data transmissions in a short frame-exchange like sequence not interrupted by CCA or random backoff. Note however that any combined DL and UL data transmission interval would still always be preceded by a single preceding DL LBT Cat 4 channel access attempt by the LAA eNB.
The usefulness of UL channel access Mode 1 (no CCA, no random backoff) will also depend on the Wi-Fi traffic characteristics in vicinity, i.e. it will not lend itself easily to LAA operation in presence of RT traffic like video. This however can be assessed by the LAA eNB.
Which particular LAA UL channel access mode a given UE should use in conjunction with the UL grants should remain configurable by the eNB. The LAA eNB can configure UEs operating on a given 5GHz LAA SCell through RRC whether Mode 1, 2 or 3 is allowed, and then for which scheduling option a particular UL channel access mode is forced. For example, for the case that no UL cross-carrier scheduling from the PCell is configured for an LAA UL-capable UE, the use of UL channel access Mode 3 may be disabled. Similarly, for short maximum TXOPs configured by the eNB, UL channel access Mode 1 may be disabled.

LAA DL and UL transmissions
We recommend the use of a new adaptive frame structure on LAA SCells.
The biggest drawback when re-using the existing 7 LTE TDD UL-DL frame configurations for LAA is the inability of these to efficiently make use of the LAA SCell radio resources in some cases. Reducing unnecessary overhead for Tx-Rx switching time, CCA and random backoff intervals maximizes the usage of consecutive subframes. This directly benefits LAA link and system-level throughput performance and indirectly benefits Wi-Fi neighbors by reducing the overall channel occupancy time to deliver data on the LAA SCell(s). In addition, none of the existing TDD UL-DL frame structures would be suitable as is to meet the 4 ms UL TXOP requirement as required in a regulatory domain such as Japan. A similar restriction would apply in terms of fair coexistence with many Wi-Fi deployments using WMM.
A single DL-UL switching interval using one of the existing TDD special subframe configurations is employed to transition from the DL transmission interval to the UL transmission interval (Figure 1). The DL transmission interval uses N DL subframes which constitute a DL TXOP. Similarly, M UL subframes define an UL TXOP. The maximum number of DL subframes and UL subframes are configured by the eNB. Similar to R12 eIMTA, (e)PDCCH based signaling can be used to dynamically re-allocate the length of upcoming UL or DL transmission intervals subject to scheduling decisions by the eNB.
Any LAA UL data transmission in any UL subframe part of the UL transmission interval requires a preceding UL grant obtained from the eNB. This implies that only scheduled UEs will attempt channel access according to the allowed and configured UL channel access modes prior to the start of their first UL subframe in the UL transmission interval.
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Figure 1: LAA DL and UL operation using a new adaptive frame structure (ex: UL channel access Mode 2)

Conclusion
In this contribution we discuss our views on the channel access scheme to be used for LAA UL operation. We discuss UL scheduling for the LAA UL channel access modes and how the eNB can control the UE channel access behavior.
In summary, we propose that LAA UL operation should be designed based on the assumption that an LAA UL-capable UE may be scheduled by the eNB in conjunction with 3 UL channel access modes. The use of a particular UL channel access mode will depend on eNB configuration and is subject to the particular scheduling approach that the eNB used to schedule a given UE in the LAA SCell UL,
Proposal 1
The LAA UL supports 3 channel access modes
· UL channel access Mode 1: LBT Cat 1 (no CCA, no random backoff) with long TXOPs
· UL channel access Mode 2: LBT Cat 2 (CCA only) with self-scheduling from LAA SCell
· UL channel access Mode 3: LBT Cat 4 (same as LAA DL) with UL cross-carrier scheduling from the PCell
Proposal 2
The LAA eNB configures which LAA UL channel access mode(s) are allowed for UL operation.
Proposal 3
The LAA SCell uses a new adaptive TDD frame structure.
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