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1. Introduction

In RAN Plenary #70 meeting, a new WI eLAA was approved and the detailed objectives of the work item are to specify support for the following functionalities:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3.
· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH 
· If needed, specify support for PRACH 
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features.
· Complete support for 10 MHz system bandwidth as an LAA SCell.
In RAN1 #81 meeting, following agreements were made regarding the UL channel access mechanism:

Agreement:

· LAA supports UL LBT at the UE.

· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities

· Other considerations including multiplexing of multiple UEs in a single subframe
· Possibly other considerations

In RAN1 #82 meeting, following working assumptions were made regarding the UL channel access mechanism:
Working assumptions:

· For self-carrier scheduling, the following UL LBT candidate procedures should be considered

· A CCA duration of 25 us before the transmission burst

· The sensing duration can be less than the CCA duration

· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size of X={3, 4, 5, 6, 7}, respectively

· FFS: The random backoff counter is generated at the eNB and is signalled to the UE

· The UL maximum contention window size should be smaller than for DL category 4 LBT
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary
· FFS: Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts

According to the Rel-14 eLAA WID, in this contribution, we would like to look at a few issues related to the UL LBT design referring to the UL channel access mechanism recommended in TR 36.889 and agreements made in the Rel-13 LAA WI.
2. Discussion
The evaluated channel access schemes can be classified into the 4 categories during the LAA Study Item Phase. And in the Rel-13 LAA WI, Cat 4 was specified as the channel access procedure for transmission(s) including PDSCH.

Category 1: No LBT

Category 2: LBT without random back-off
Category 3: LBT with random back-off with a contention window of fixed size

Category 4: LBT with random back-off with a contention window of variable size

About UL PUSCH transmissions without LBT:
UE skipping the LBT procedure means that UE could transmit data in every SF when the corresponding UL grant taking effect. However, in some regions/countries, LBT mechanism is a mandatory behaviour for all devices which intend to utilize the unlicensed spectrum. Hence, UE skipping the LBT procedure before transmitting PUSCH under some circumstance makes the target of designing a global channel access solution infeasible.

Furthermore, even in the UE LBT non-mandatory regions/countries which allowing UL transmission burst followed the DL transmission burst within the Maximum Channel Occupation Time after eNB sensing the channel idle and even it is ensured that during the gap between the DL transmission burst and UL transmission, no other equipment can get access to the channel successfully, there may be still hidden nodes near the UE, which are out of eNB’s sensing coverage. Just as illustrated in Fig 1, the UL transmission at the UE side may be more interfered by the hidden node(s). And the unexpected interference can be comparable to eNB2eNB interference level, which has been exhausted studied and simulated in the Rel-12 eIMTA WI. And it was conclude that this kind of eNB2eNB interference significantly impacted the network UL performance.  But via UE’s sensing, it can help eNB to identify whether hidden node existing.
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Figure 1 hidden node issue
Based on the analysis above, we give following observation:

Observation 1: UE should not skip the LBT procedure before transmitting PUSCH under any circumstance.

eNB control of UL LBT procedure:
Since in the previous Rel-13 LAA WI, it has made consensus that the UL LBT mechanism can be different from the DL LBT mechanism (e.g. by using different LBT mechanisms or parameters) particularly in the self-carrier scheduling case that the UL procedure should be designed simplified or more relaxed compared with the DL counterpart. Otherwise, the fair co-existence cannot be guaranteed because the UL transmission in LTE is not autonomous from the UE side but is completely controlled and scheduled by the eNB. Hence, in the case of self-scheduling, UL transmissions can happen only if the LAA eNB gains channel access first.
However, if the UL LBT procedure and related parameters are determined by UE itself, several problems need to be solved first. One is how can UE know the DL LBT related parameters and it is a straight forward solution that eNB can signal this kind of information to UE. But even UE receiving this kind of information, it is with great possibility that different UE will generate different LBT related parameters and it is hard to make coordination among multiple UEs if considering multiplexing multiple UEs in a single subframe.

So based on the above analysis, we agree with the working assumptions from RAN1 #82 and give following observation and proposals:
Observation 2: eNB fully control the UE’s LBT behavior in order to transmit PUSCH.
Proposal 1: eNB configures the Energy Detection Threshold when UE performing the LBT procedure.
Proposal 2: eNB configures CWS or random back-off counter in the case of Cat 3 and Cat 4 is utilized.
3. Conclusion 
In this contribution we have looked at several issues related to the Rel-14 eLAA UL channel access mechanism design and consequently giving following observations and suggesting the following proposals which would need to be considered in the Rel-14 eLAA WI phase:
Observations and proposals:

Observation 1: UE should not skip the LBT procedure before transmitting PUSCH under any circumstance.

Observation 2: eNB fully control the UE’s LBT behavior in order to transmit PUSCH.

Proposal 1: eNB configures the Energy Detection Threshold when UE performing the LBT procedure.

Proposal 2: eNB configures CWS or random back-off counter in the case of Cat 3 and Cat 4 is utilized.
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