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Introduction
In this contribution we discuss our views and present our recommendations on the multiple access scheme to be used for LAA UL operation.

Discussion
In our view, while the LTE LAA DL should operate according to requirements for Load-Based-Equipment (LBE) and use LBT/CCA [3], the LAA UL design should rather follow the principles of Frame-Based-Equipment (FBE).
There are two motivations behind such a design approach.
Firstly, one of the main differences between DL and UL is that the LAA eNB is the only scheduling entity and is the single transmitter in any given serving cell in the DL. For DL transmissions, LBT/CCA will be performed only by the eNB. Whenever the eNB declares the channel empty following a successful LBT/CCA attempt, it will then simultaneously transmit to multiple UEs. For UL transmissions, if multiple UEs however wanted to individually perform LBT/CCA using LBE rules, 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. Clearly, in order to maintain the possibility for the LTE LAA UL to support multiple concurrent transmissions from several UEs in any given serving cell in an UL subframe, LAA UEs should perform CCA at the same time, and if successful, then also begin to transmit in the UL subframe(s) in the same time.
A second consideration is that LTE LAA will need to use a TDD arrangement on the LAA SCell carrier. Although existing R8 TDD frame configurations may be considered suitable in principle, it may be more practical to introduce longer UL transmission periods. For LAA operation, the configured SCell TDD frame configurations in any given serving cell will often be used also in LAA neighbor cells for interference management reasons. Therefore, synchronizing the possible UL transmission periods and CCA intervals for multiple UEs extends to beyond single cell operation for LAA cells.
In the example of LAA DL+UL operation in Figure 1, the eNB configures TDD DL-UL frame configuration 3 on the LAA SCell.
All LAA UEs that were scheduled by the eNB to transmit in the UL will perform CCA prior to the known UL transmission interval from the configured TDD frame configuration, i.e. towards the end of Special Subframe #1. CCA will be done more or less synchronously by all scheduled UEs during the same 48 us silence interval. Subject to eNB scheduling, not all LAA UEs may use all of the available UL subframes for their own UL transmissions. This is shown in the first radio frame of Figure 1. Under typical conditions and when operating in presence of Wi-Fi neighbor BSSs, most LAA UEs will declare CCA to be busy simultaneously in case there is ongoing Wi-Fi activity on the channel. This is shown in the second radio frame of Figure 1.
It is useful to consider that any UL transmission activity by LAA UEs and its probability of successful channel access first and foremost depends on the LAA eNB winning DL channel access in order to be able to send the UL grant in case of LAA SCell self-scheduling.
From this perspective, when the LAA DL operates according to LBT Cat 4 and follows basic WMM/EDCA parameterization in the initial CCA phase, the subsequent UL CCA to be done by the UE has reduced probability to interfere with Wi-Fi transmitters in vicinity. DL LBT design for LAA DL transmissions is more critical than the UL channel access scheme to guarantee coexistence and fair medium sharing.
Using the example of Figure 1, any DL transmission activity by the LAA eNB in either the preceding DL subframe #0 or in the DwPTS portion of Special Subframe #1 will result in a high likelihood that Wi-Fi transmitters attempting to transmit during these subframes will determine the channel to be busy and defer to beyond UL subframe #2. This is in particular true when Special Subframe configurations with 9-12 DL symbols are configured on the LAA SCell.
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Figure 1: LTE LAA UL operation with LBE Cat 2 based CCA

One additional consideration is that UL CCA intervals for LAA UEs prior to the configured fixed frame transmission periods may be synchronized between different SCells belonging to the same LAA operator. Such an approach is also useful in order to time-align LAA UL transmissions in-between different LAA operators on the same 5 GHz channel. Note that synchronized CCA doesn’t imply signaling exchanges between different LAA operators. In fact, for typical small cell scenarios, determination of DL-UL configuration on neighbor cells can equally well be done through eNB side measurements or through UE-side reporting.

Conclusion
In this contribution we provide our views and recommendations on the multiple access scheme for LAA UL transmissions.
In summary, we propose:
Proposal 1:
LAA UL transmissions use LBT Cat 2 as channel access scheme (FBE).
Proposal 2:
A single CCA period precedes the UL fixed frame transmission period of one or more consecutive UL subframes.
Proposal 3:
UL CCA intervals at the beginning of the configured UL fixed frame transmission period are time-synchronized for UEs in the same LAA SCell and in-between neighbor LAA SCells.
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