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Introduction
In February 2016 RAN1-84 it was agreed to support UL LBT based on a Cat-4 channel access procedure and UL LBT based on CCA of at least 25 us before the UL transmission burst. Applicable conditions, restrictions and eventual details for when these two options are to be used were left FFS.
In this contribution we provide our views on UL LBT for R14 eLAA.

Discussion
Design considerations for LAA UL operation
When considering UL operation for R14 eLAA, there are several design considerations arising out of well-established LTE principles which need to be accounted for.
The LAA eNB will always issue an UL grant before any UE can transmit in the LAA UL. In order to be able to transmit an UL grant to the UE, the eNB first needs to successfully complete a DL LBT channel access procedure. The UE cannot transmit the PUSCH in an UL subframe for which it received an UL grant if its UL LBT procedure results in “channel busy”. In this case the UE will discard the UL grant and it will need to obtain another UL grant from the eNB. UL transmissions use asynchronous HARQ. The eNB can use two different scheduling options to transmit UL grants to UEs, i.e. self-scheduling on the LAA SCell DL or cross-carrier scheduling from the PCell DL. 
The LAA eNB will usually, yet not necessarily always try to schedule multiple UEs for an UL subframe. The UL transmissions from multiple scheduled UEs may be multiplexed in frequency-domain or may use spatial multiplexing. UEs must be able to access the channel simultaneously without mutual interfering with each other’s channel access. Either way, multiple UEs scheduled by the eNB for a given LAA cell in an UL subframe must be able to simultaneously perform the UL LBT channel procedure without blocking channel access for each other. This implies a time-aligned UL LBT channel access period for UEs scheduled for an LAA UL subframe and a time-aligned start of PUSCH transmission for those UEs which successfully completed UL LBT. 
Furthermore, DL and UL scheduling should be considered as independent functionalities from the eNB perspective and the UE capability. In particular, it cannot be assumed that the UE knows whether DL transmission(s) by the eNB immediately preceded the UL subframe for which the UE is scheduled. This principle is clearly implied in the cross-carrier scheduling case. But also for the self-scheduling case due to DRX, it cannot be assumed that the LAA UE always monitors each and every DL subframe.
One major difference between LAA DL and UL LBT is the design constraint that the R13 DL A/N-based CW adaptation mechanism cannot be re-used as is for the UL. In presence of UL asynchronous HARQ, UL grants are used by the eNB to re-schedule a given RV for a given UL HARQ process. The UE cannot unambiguously infer from the received UL grants whether a previous PUSCH transmission successfully completed or not. In addition, UEs scheduled in the LAA UL will not decode UL grants transmitted by the eNB to other UEs. For DL LBT, the eNB can use multiple A/N’s for multiple DL scheduled UEs. For a UE performing UL LBT, only its own ongoing HARQ processes are visible.
UL transmissions for LAA are power-controlled. This makes that UL power-control which is under immediate control of the eNB through RRC signaled parameter settings is intimately linked to the effectively observable CCA range for concurrent devices present in radio vicinity.
Finally, the delay between reception of an UL grant by the UE and the corresponding PUSCH transmission needs to be considered. Preserving the existing UL grant delay n≥4 implies limitations with respect to the overall incurred maximum channel occupancy time.
 
UL channel access using LBT Cat-4 for R14 eLAA 
In our view, the design considerations from Section 2.1 can be satisfied when using the Cat-4 LBT scheme from for LAA UL channel access.
LAA UEs which obtain an UL grant valid for UL subframe n start their initial defer period which includes the initial defer duration and a single CCA slot prior to the begin of the contention window at the beginning of the first OFDM symbol in UL subframe n. The initial defer period of 25 µs includes a defer duration of 16 us followed by one CCA slot. Then, the maximum contention window size is chosen from X={3, 4, 5, 6}.
The eNB-signaled UL grant contains a 2 bit random backoff counter valid for the UE’s UL LBT channel access attempt. Every UL grant received by a UE will receive a random backoff value for the corresponding PUSCH transmission attempt in subframe n≥4. Upon reception of an UL grant for UL HARQ process #m, any previously stored random backoff counter for that HARQ process is discarded by the UE.
It is one consequence of the shortened UL LBT scheme that the contention window size is smaller than the contention window used for DL LBT.
In the case of self-scheduling on the LAA Scell, given that successful completion of DL LBT by the eNB precedes UL LBT for the PUSCH transmission attempt by the UE, the main purpose of UL LBT is to cope with residual hidden node issues in the deployment and to avoid interruption of any ongoing Wi-Fi frame exchange.
For the case of UL cross-carrier scheduling from the licensed-band PCell, we propose that the X=6 in all cases.
The eNB has the possibility to control the UL channel access parameters on a per-UL grant per-UE basis. This allows full control by the eNB in terms of prioritization for different traffic types. 
We think that it is advantageous to minimize the design deltas in UE and eNB between PUSCH used in the context of R14 eLAA and when used on LTE licensed bands. When starting the initial defer duration at the beginning of the first OFDM symbol in UL subframe n, time-aligned CCA periods when multiple UEs are scheduled by the eNB in UL subframe n are created. This allows to re-use PUSCH to the extent possible, the exception being, additional puncturing during the RE mapping and mapping stage for either the first and/or second OFDM symbol [3]. 
The UL grant in the case of self-scheduling will not only contain the new R14 eNB signaled 2-bit random backoff counter value. In addition, when the CW size set by the eNB for the UL subframe n extends into the second OFDM symbol of UL subframe n, PUSCH transmissions can only start with the third OFDM symbol. PUSCH will be punctured during the RE mapping stage. The UL grant will therefore also contain one out of two alternative PUSCH transmission configurations using an additional bit in the UL grant, i.e. PUSCH starts in the second OFDM symbol or it starts in the third OFDM symbol of UL subframe #n.
Proposal 1:
The R14 eLAA UL channel access scheme uses category 4 LBT with a defer period of 25µs including a defer duration of 16us followed by 1 CCA slot. The maximum CW size chosen from X={3, 4, 5, 6}.
Proposal 2:
The UL LBT defer period for an UL grant received for UL subframe n starts at the beginning of the first OFDM symbol of UL subframe n.
Proposal 3:
The R14 eLAA UL grant contains a 2-bit random backoff counter and a 1-bit PUSCH start symbol index.

[bookmark: _GoBack]UL channel access using CCA of duration 25 us
In our view, the use of CCA with duration of 25 us should be limited to the case where the scheduled UL transmission fits into the remaining MCOP duration following successful DL LBT by the eNB and its corresponding DL transmission burst.
In case that the MCOT duration is smaller than the complete UL transmission would require, we think that eLAA design would be unnecessarily complicated if a UE first performs CCA of 25 us for the remaining transmission duration part of the MCOP acquired by the eNB with DL LBT, and then has to perform another UL LBT Cat-4.
In fact, we think that it is unpractical to assume that the UE has knowledge about the DL transmission burst preceding any of its UL transmission activity. The UE may not be expected to successfully determine presence of DL signals or channels in every DL subframe on the LAA SCell. The UE can therefore not be assumed to actually know the start time of the eNBs DL transmission burst and it cannot know the remaining duration of the MCOT. 
In consequence, the UE can only rely on the eNB to indicate which type of channel access mode it should use for UL subframe(s) for which it received an UL grant. This clearly requires that the UL grant must contain a channel access mode bit by means of which the eNB can dynamically toggle between LBT using Cat 4 and LBT using CCA of duration 25 us.
Furthermore, we think that the use of CCA of duration 25 us is also necessary for the case where UCI is to be transmitted by a UE using a single PUSCH interlace in a subframe [4].
Proposal 4:
R14 eLAA may use CCA with duration of 25 us in the case that the UL transmission fits entirely into the remaining MCOT duration following successful DL LBT by the eNB, and in the case of UCI transmission using eLAA PUSCH.
Proposal 5:
The R14 UL grant contains a channel access mode bit by means of which the eNB indicates to the UE whether it shall use LBT Cat 4 or CCA of duration 25 us for the UL subframe(s) to which the UL grant applies.

Conclusion
In this contribution we provide our views on UL LBT for R14 eLAA. In summary, we propose:
Proposal 1:
The R14 eLAA UL channel access scheme uses category 4 LBT with a defer period of 25µs including a defer duration of 16us followed by 1 CCA slot. The maximum CW size chosen from X={3, 4, 5, 6}.
Proposal 2:
The UL LBT defer period for an UL grant received for UL subframe n starts at the beginning of the first OFDM symbol of UL subframe n.
Proposal 3:
The R14 eLAA UL grant contains a 2-bit random backoff counter and a 1-bit PUSCH start symbol index.
Proposal 4:
R14 eLAA may use CCA with duration of 25 us in the case that the UL transmission fits entirely into the remaining MCOT duration following successful DL LBT by the eNB, and in the case of UCI transmission using eLAA PUSCH.
Proposal 5:
The R14 UL grant contains a channel access mode bit by means of which the eNB indicates to the UE whether it shall use LBT Cat 4 or CCA of duration 25 us for the UL subframe(s) to which the UL grant applies.
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