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1. Introduction

In RAN1#84bis, following agreements are made and email discussion for UL LBT has been occur. In this contribution, we would discuss further details of UL LBT scheme and provide our views and proposals for Rel-14 eLAA.
	Agreements:

· Support UL LBT based on a Cat-4 channel access procedure.

· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.

· FFS: Condition and restriction on when these options are used


2. UL Channel Access Scheme
In RAN1#84bis, both Cat. 2 and 4 LBT options have been agreed for Rel-14 eLAA. In this section, further details for UL LBT options would be discussed.

2.1. UL LBT options
For self-scheduling, the UL grant delay is a bottleneck in LAA UL performance due to DL/UL LBT [4]. So, there may be a need to compensate this performance degradation of LAA UL e.g. by using shortened LBT option (e.g. Cat. 2 LBT with 25us) which requires only one sensing duration for a UE to occupy an unlicensed carrier. Meanwhile, in case of the cross-carrier scheduling it can effectively alleviate the performance degradation in the LAA UL, compared to the self-scheduling scheme due to no additional UL grant delay. In this case, it may be adopted for a UE to use a shortened Cat 4 LBT.
In self-scheduling, it has been discussed and questioned whether UEs always has to do UL LBT before UL transmission in UL burst, if the DL burst is immediately followed by the UL burst with minimum time gap (e.g. 16 us) within maximum channel occupancy time (MCOT) subjected by DL LBT at an eNB. One major concern point due to no UL LBT would be hidden node problem which may cause interference to other system/nodes. Basically, this potential problem may be alleviated by proper eNB ED threshold setting in DL LBT. However, since it may be still possible to cause the interference especially from cell edge UEs to near other system/nodes, some conditions can be additionally considered similar with discussion on when to check CCA for UL MU transmission in IEEE 802.11ax [1]
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[2]. For example, if channel occupancy and RSSI measurement results at an eNB are satisfied with a threshold, and/or if information types (e.g. Data/HARQ-ACK/CSI…) and physical channels of UL transmission in upcoming UL burst are certain type/combinations (e.g. HARQ-ACK), then UEs may not perform the UL LBT for UL transmission by an eNB signalling. In addition, if the absence of any other technology sharing the same unlicensed carrier can be guaranteed on a long term basis (e.g. by level of regulation), the UL LBT may not also be performed by the UEs. Once eNB decides to skip UL LBT when at least one of above conditions is occur, the dynamic signalling for no UL LBT can be indicated by the eNB. Thus, further study is needed for which conditions UE can skip the UL LBT to improve LAA UL resource utilization within the MCOT.

2.2. CWS adaptation for Category 4 UL LBT
For Category 4 UL LBT, the schemes for CWS adaptation of UL LBT should be considered. It can be basically adjusted by either eNB’s signalling or just UEs. For eNB’s signalling based CWS adaptation, the main motivation to signal the same CWS by an eNB to UEs is to improve probability of UL multiplexing as much as possible, even if UL channel condition of each UE may be different. Meanwhile, if the CWS adaptation is independently performed by a UE, UL multiplexing may be relatively difficult due to different CWS and channel conditions between UEs. However, to adjust CWS by a UE may well reflect current UL channel condition of the UE. 
In DL LBT, HARQ-ACK result corresponding to first subframe in a DL burst reported by UEs is used for CWS adaptation at eNB side, in order to allow faster CWS adaptation per a DL burst and due to the reason that there is high probability of collision in the first subframe. Similar approaches can be applied for UL LBT but, some differences between DL LBT and UL LBT need to be further considered. One is that if the CWS value is provided by eNB for better UL multiplexing, the eNB has to consider different channel condition of UEs as there may be multiple scheduled UEs who shall perform the UL LBT in same UL subframe. Another is potential differences on UL LBT parameters including min/max CWS between self-scheduled UEs and cross-carrier scheduled UEs. The other one is different last UL scheduling instances of the UEs who will be scheduled in upcoming UL burst/subframe because it may affect decision of the CWS adaption at eNB due to different UL channel measurement/PUSCH demodulation results of the UEs. In that sense, we need to discuss what kind of reference for CWS adaption will be considered. Basically, it can be considered to use HARQ-ACK results of PUSCH demodulation corresponding to reference UL burst/subframe (e.g. first, some or all PUSCH subframe in latest burst) and reference UEs (e.g. UEs scheduled in latest UL burst or upcoming UL burst) as seen in Figure 1. Moreover, UL channel measurement at eNB (e.g. by SRS or by RSSI and channel occupancy measurement) can also be used for CWS adaptation. Thus, further discussion for CWS adaptation is needed including whether HARQ-ACK results should be considered or not and if so, what is reference subframe/UEs, and so on.
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Figure 1. Example of CWS adaptation based on HARQ-ACK results corresponding to reference subframes and UEs
2.3. UL Multiplexing
When we compare the UL LBT based on Category 2 with the UL LBT based on Category 4 in UL multiplexing perspective, the UL multiplexing with the UL LBT based on Category 2 would be easier due to same CCA sensing duration (one short sensing) among UEs. Meanwhile, for the UL LBT based on Category 4, to achieve UL multiplexing in fixed UL transmission timing (e.g. subframe boundary) some further enhancements should be considered, because it cannot always guarantee UL multiplexing due to different channel condition of UEs and LBT parameter (e.g. CWS) if no CWS from eNB is provided. One is to allow self-deferral before UL transmission timing just like that of DL LBT we agreed. This option may loss occupied channel during self-deferral. Another is to transmit UL channel reservation signal before UL transmission timing. UEs who perform CCA can exclude energy of channel reservation signals from UEs who already occupy the channel and scheduled in same UL burst/subframe, when they are comparing ED threshold. In this option, the channel reservation signal design is required to allow UL multiplexing, that are different from DL LBT. If this principle (i.e. fixed UL transmission timing and reservation signal) is accepted for the UL multiplexing, then it should be designed to only allow the purpose of UL multiplexing with simple design and implementation. Different from fixed UL transmission timing assumption, if UL transmission timing is flexible (no fixed), it will provide better channel access probability than fixed one. However, it may cause significant standard efforts and complex implementations due to flexible UL transmission timing across the UEs and carriers.
Proposal 1: Followings are proposed for further UL LBT design
· For CWS adaptation, eNB measurement/sensing and PUSCH demodulation results are considered.
· For UL multiplexing, additional enhancements (e.g. self-deferral or channel reservation signal …) should be considered.

· For UL LBT skipping in case of DL+UL cascading structure within maximum channel occupancy time, UEs can skip the UL LBT under some conditions by eNB signalling. Those conditions need to be discussed further. 
3. Summary and conclusions

In this contribution, we suggested further design options for UL LBT operation. The suggestions of this contribution are summarized as follows.
Proposal 1: Followings are proposed for further UL LBT design

· For CWS adaptation, eNB measurement/sensing and PUSCH demodulation results are considered. In addition, reference UL burst/subframe and reference UE for the CWS adaptation can be discussed further.
· For UL multiplexing, additional enhancements (e.g. self-deferral or channel reservation signal …) should be considered.

· For UL LBT skipping in case of DL+UL cascading structure within maximum channel occupancy time, UEs can skip the UL LBT under some conditions by eNB signalling. Those conditions need to be discussed further. 
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