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1. Introduction

One of the goals of the LAA Study Item is to support both uplink and downlink operation for LAA SCells[1]. During the RAN2#89 meeting, uplink operation in LAA was discussed, and initial agreements on uplink operation at MAC were reached. In this contribution, we provide further discussion on the uplink MAC procedure for LAA.   
2. Discussion
In the RAN2#89bis meeting, uplink aspects of LAA were discussed and the following agreements were made [2]:

	Agreements
For Uplink LAA transmission:

1
Configure per bearer/logical channel whether it can be offloaded to LAA SCells or whether it may only be served by licensed carriers. 

2
In line with RAN1 recommendation, asynchronous HARQ should be specified for UL HARQ in LAA SCells.

3
For LAA UL every retransmissions needs to be scheduled by PDCCH 




However, RAN2 has not yet discussed in detail the impact of LBT procedure for uplink. In the following section we discuss issues related to uplink LBT which we believe are important to be addressed in order to ensure good performance in LAA.

2.1. Uplink HARQ process blocking
In LTE, a UE will typically receive a grant for uplink transmission (or retransmission) at least 4ms before the actual transmission takes place. Due to LBT requirements, this generally means that for uplink transmission on an LAA SCell there will be some level of uncertainty at the eNB of whether the uplink transmission indeed occurs. This is illustrated in Figure 1, where an initial transmission scheduled for time n is blocked at the UE due to LBT not being successful. 
In order to recover the data for the blocked process, the eNB can treat it as a HARQ failure and schedule a retransmission for n+8. In this case, the UE would again check if LBT is successful or not. If not, the data recovery would again be delayed.
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Figure 1: LBT impact on the uplink transmission
To mitigate this issue, we propose that LAA uplink grants for a particular TTI may also be applied to subsequent TTIs, if LBT fails for the initial grant. The proposal is illustrated in Figure 2. In the proposed approach, if an uplink transmission scheduled by an explicit uplink grant is blocked due to LBT, the UE may assume additional implicit grants in the following TTIs that are identical to the initial grant. If LBT is successful in one of the following TTIs, the UE performs the uplink transmission based on the received explicit uplink grant, but as if it was received for the TTI where LBT was cleared. 

[image: image2.emf]PCell

LAA SCell

n-4 n

n+4 n+8

UL grant (1

st

Tx, HARQ #1)

LBT

LBT

UL 

Transmission

LBT

n-3n-2

LBT successful

LBT not successful


Figure 2: LBT impact on the uplink transmission
The number of times the UE may attempt LBT for each explicit grant can be configurable in order to limit the amount of attempts by the UE. Since transmission due to implicit grants follows the initial explicit grant, the extra decoding complexity at the eNB would remain at an acceptable level. Furthermore, since the HARQ process recovery incurs less delay, the overall performance would be improved. In the example in Figure 2, even if LBT fails twice the HARQ recovery delay is only 2ms, unlike the original scenario in Figure 1, which would incur 16ms delay assuming two LBT failures.

Proposal 1: Support configuration of UL grants in LAA that are valid for more than one TTI if LBT fails at the UE

3. Conclusion
In this contribution we discuss the issue of HARQ process blocking due to uplink LBT and made the following proposal
Proposal 1: Support configuration of UL grants in LAA that are valid for more than one TTI if LBT fails at the UE
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