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1 Introduction

In RAN #75, the new work item on enhancements to LTE operation in unlicensed spectrum was approved with following objectives [1].
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]
· (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item [RAN1, RAN2, RAN4]
· The work item should also specify base station and UE core requirements to support the above features [RAN4]
In RAN1 88b meeting, RAN1 kicked off the study on multiple starting and ending positions for UL and DL. And from this meeting, the study of autonomous uplink access begins. This contribution considers channel access aspects for autonomous uplink access on SCell with Frame structure type 3. 

2 Discussion
For UL-grant based transmission, the channel access opportunity is much less than Wi-Fi due to LBT at both eNB for UL-grant transmission and at UE for UL transmission scheduled by UL-grant, while only one LBT at UE side is required in Wi-Fi system. In addition, the deterministic transmission timing indicated by UL-grant forces UE to wait and perform additional channel sensing right before the indicated UL subframe even though UE may already succeed in LBT at an earlier time, which is at risk of losing the channel occupancy. Worse still, the latency between UL grant and scheduled UL transmission also make UE more susceptible to lose the channel occupancy.  Therefore, autonomous UL transmission is to be introduced to reduce the performance degradation of LAA UE compared with Wi-Fi terminals. 

UL channel access procedure is one of the most important issues for autonomous UL transmission.  In the following, LBT type, LBT information indication as well as CWS adjustment is discussed. 

2.1 LBT type for autonomous UL transmission

In eLAA, the UE can access a carrier on which LAA Scell(s) UL transmission(s) are performed according to one of Type 1 (Cat-4 LBT) or Type 2 (25us LBT) UL channel access procedures. Typically, type 2 LBT can be applied when UL-grant based UL transmission is within the MCOT shared by eNB, or UE succeeds in type 1 LBT for a set of consecutively scheduled UL subframe but stops in the middle of UL subframes and wants to pursue the transmission in remaining subframes, or one of UL carriers grasps the channel by type 1 LBT for the case of multi-carrier transmission. Otherwise, type 1 LBT should be performed. 

Similarly, both type 1 and type 2 LBT can be supported for autonomous UL transmission. It is quite straightforward to apply type 1 LBT when the autonomous UL transmission is out of MCOT initiated by eNB, and type 2 LBT within the MCOT initiated by eNB. One interesting discussion point is, whether to allow type 2 LBT when the MCOT is initiated by UE, i.e., UE grasps the channel by type 1 LBT and shares this MCOT with autonomous UL transmission or even with DL transmission. Figure 1(a) shows a possible scenario, wherein a set of consecutive subframes are configured for autonomous transmission but there is a gap between adjacent subframes, e.g., last symbol and/or first symbol is blanking to avoid potential collision with SRS or collision with DL transmission [2]. On one hand, it seems reasonable to support type 2 LBT, considering the similarity with the case that UE performs type 2 LBT and continuous UL transmission after a stop within the UL burst. On the other hand, it may reduce the DL channel access opportunity, which would be undesirable considering eNB should always have higher priority. Figure 1(b) shows a further aggressive scenario, wherein DL subframes within UE’s MCOT can enjoy the benefit of type 2 LBT. Note that it may be required further study whether MCOT initiated by UE can be shared with eNB or other UE by current regulation.
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 Figure 1 (a) UL transmission subframe within the UL MCOT 
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 Figure 1 (b) DL subframe within the UL MCOT 

Proposal 1: Support type 1 LBT when the autonomous UL transmission is out of MCOT initiated by eNB, and type 2 LBT within the MCOT initiated by eNB. 
· FFS LBT type within the MCOT initiated by UE. 

Since there is no UL grant for autonomous UL transmission, UE can pick any idle autonomous UL transmission subframe at least for new TB transmission. If UE cannot access the channel for an autonomous transmission in a certain UL subframe, UE can continue the ongoing LBT procedure and try to make a transmission in next autonomous UL transmission subframe. For retransmission, if it is scheduled by dynamic scheduling DCI, UE may have to make a transmission only within the subframe indicated by the DCI, while it is possible for UE to choose the first idle autonomous UL transmission subframe associated with the corresponding HARQ process, or autonomous UL transmission DCI (e.g., a DCI scramble by a new RNTI defined for autonomous transmission, such as AUL-RNTI). If multiple HARQ process for autonomous UL transmission is supported, UE may pursue the ongoing LBT procedure among different HARQ process, if the ongoing LBT has a same or larger LBT priority class. 

Proposal 2: Support UL transmission attempt in multiple autonomous UL transmission subframe, wherein UE can continue the ongoing LBT procedure. 

For the multi-carrier LBT, general channel access procedure defined for eLAA can be reused. For example, if the UE is configured to transmit PUSCH without grant on a set of carrier C in subframe n, the UE has accessed carrier 
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 using Type 1 channel access procedure, and the UE may transmit on carrier 
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 using Type 2 channel access procedure immediately before the UE transmission on carrier 
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Proposal 3: Support channel access procedure for autonomous UL transmission on multiple carriers based on Rel-14 channel access procedure. 

2.2 LBT information indication 

Being without UL grant, LBT type can either be pre-defined or explicated indicated by C-PDCCH. More specifically, type 1 LBT can be a default assumption except for the transmission within the MCOT, wherein type 2 LBT is implicated indicated by C-PDCCH. 

There’re four channel access priority classes for UL. In eLAA, eNB signals UL priority class information by UL grant to help UE decides parameters (e.g. mp and contention window size CW) for type 1 LBT, and DL priority class information for type 2 LBT. For autonomous transmission, the UL priority class information can be RRC configured or carried by activation DCI, which is valid for all autonomous transmission, unless other indication is received. In eLAA, eNB takes the responsibility to control the number of subframes for UL transmission to comply with the priority class, for both type 1 and type 2 LBT. For autonomous transmission using type 2 LBT, it needs further study whether DL priority class should be indicated to facilitate UL subframe duration determination at UE side. 
Proposal 4: For autonomous UL transmission based on type 1 LBT, UL LBT priority class could be indicated by activation DCI. 

Proposal 5: For autonomous UL transmission based on type 2 LBT, further study whether DL LBT priority class should be informed to UE. 

2.3 CWS adjustment  

In eLAA, the CWS adjustment is based on NDI status of the reference subframe. CWS resets only if the scheduled UL burst includes the HARQ process in reference subframe and the NDI is toggled. If the HARQ process associated with the reference subframe is not included in UL burst or not toggled, CWS for all LBT priority class increases to the next higher allowed value. When UE fails to transmit any UL subframe of previous UL burst, the CWS is unchanged. 

For autonomous UL transmission, CWS adjustment mechanism highly depends on the HARQ procedure. First of all, it should be determined whether autonomous UL transmission and dynamic UL grant-based transmission shares the same HARQ process, then, study whether these two type transmission can be the reference subframe for each other. In addition, if autonomous UL transmission resource among multiple UEs in one serving cell may collide with each other, e.g., two UEs with same PRBs happen to finish LBT at the same time, the decoding failure probability would be larger compared with UL-grant based scheduling.  Such subframe may not be a proper reference subframe for UL-based transmission. Secondly, different CWS adjustment mechanism may be used for different retransmission mechanism. As discussed in [3], the retransmission of a TB of which the previous transmission is autonomous UL transmission can be based on a UL grant scrambled by AUL-RNTI. Then, CWS resets if ACK is received for the reference subframe, otherwise, CWS increases, e.g., NACK is received. If the retransmission is based on UL grant scrambled by AUL-RNTI, similar to eLAA, CWS adjustment can be based on NDI status of the reference subframe (e.g., NDI=1 means retransmission, so CWS increases). The determination of reference subframe for UL transmission triggered by UL-grant follows the same rule in eLAA, i.e. the first UL subframe in latest UL burst ending at least 4ms before the subframe UE receives UL grant. For the CWS adjustment of autonomous transmission without any UL-grant, the reference subframe would be the first UL subframe, where ACK/NACK is available, in the latest UL burst ending at least 4ms before the subframe UE attempts to transmit
Proposal 6: Study CWS adjustment mechanism for autonomous UL transmission. 
3 Conclusions 

This contribution considers UL channel access aspects for autonomous UL transmission including LBT type, LBT information indication and CWS adjustment procedure. The following are proposed based on the discussion. 

Proposal 1: Support type 1 LBT when the Autonomous UL transmission is out of MCOT initiated by eNB, and type 2 LBT within the MCOT initiated by eNB. FFS LBT type within the MCOT initiated by UE. 

Proposal 2: Support UL transmission attempt in multiple autonomous UL transmission subframe, wherein UE can continue the ongoing LBT procedure. 

Proposal 3: Support channel access procedure for autonomous UL transmission on multiple carriers based on Rel-14 channel access procedure.
Proposal 4: For autonomous UL transmission based on type 1 LBT, UL LBT priority class could be indicated by activation DCI. FFS how to support different LBT priority for different HARQ process, if multiple HARQ process is supported. 

Proposal 5: For autonomous UL transmission based on type 2 LBT, further study whether DL LBT priority class should be informed to UE. 

Proposal 6: Study CWS adjustment mechanism for autonomous UL transmission. 
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