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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#90 meeting, followings were agreed for channel access for autonomous UL access.
Agreement:
· Autonomous Uplink (AUL) in FeLAA shall always use Type 1 Channel access (Cat4 LBT) to acquire the channel outside of the eNodeB acquired COT

· For autonomous UL transmission based on CAT4 LBT, the channel access priority class is determined by the UE.

· The priority class of the CAT4 LBT shall follow LBT priority class to traffic type mapping defined for LAA Rel-13 [36.300 section 5.7.1]

· The multiplexing of data by the UE shall follow the corresponding eNB operation when transmitting DL data in a COT as specified in LAA Rel-13 [36.300 section 5.7.2]

· The parameters of the CAT4 LBT shall be the same as those defined for Uplink Type 1 Channel access for eLAA [36.213, Table 15.2.1-1].

· UE CW update procedure is the same as defined for Uplink Type 1 Channel access for eLAA [36.213, Section 15.2.2], except for possible availability of explicit HARQ feedback

· FFS: UE CW update based on HARQ feedback

· Additionally, a common UE CW is maintained for scheduled UL and AUL
· FFS: AUL and SUL transmissions occurring back-to-back.

One of the following options will be chosen:

· Option 1: Autonomous Uplink in FeLAA shall not use Type 2 channel access (25us LBT) as a part of a shared COT acquired by the eNB. 

· Option 2: The eNodeB may allow AUL within the eNodeB acquired shared COT in subframes belonging to the UL subframes indicated with C-PDCCH. 

· All UL subframes indicated with C-PDCCH within a single eNodeB acquired shared COT are contiguous*

· AUL transmissions of a UE within the shared COT are contiguous*

· Autonomous Uplink in FeLAA uses Type 2 channel access (25us LBT)

· An AUL transmission started within the subframes belonging to the UL subframes indicated with C-PDCCH shall not continue beyond the last indicated UL subframe

· DL-UL-DL switch is not allowed within a single COT

· All subframes (both scheduled and AUL) belonging to the UL subframes indicated with C-PDCCH are counted towards eNodeB COT, irrespective of whether an UL transmission occurs or not

· FFS: CW update at the eNB when there is no PDSCH transmission in the COT 

* Short gaps (up to 2, FFS 3 symbols) between subframes are allowed similarly as in (e)LAA.
This contribution considers the remaining issues for autonomous uplink access. This contribution is revised from R1-1713524. 
2 Discussion
As concluded in last meeting, with autonomous uplink access, UL latency can be lowered due to reduced scheduling control signaling compared to a fully scheduled UL transmission, and UL throughput performance can be significantly better than scheduled UL at least for low cell loads, where few nodes contend for the channel.

UL channel access procedure is one of the most important issues 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 AUL transmission for FeLAA. 

2.1 Type 1 channel access 
RAN1 already agreed Autonomous Uplink in FeLAA shall always use Type 1 Channel access (Cat-4 LBT) to acquire the channel outside of the eNodeB acquired COT. 

One FFS aspect is Cat-4 LBT procedure when AUL and SUL transmissions occur back-to-back. For AUL, the channel access priority class is determined by the UE, while it is indicated by gNB for SUL transmission. Then, the issue is, whether an additional LBT is needed between AUL and SUL, and how to determine the LBT parameters. On one hand, it seems reasonable for UE to continue transmission without pause for the set of consecutive AUL and SUL when UE occupies the channel after the first successful LBT, as long as the total transmission duration of AUL and SUL is within the MCOT. The mechanism to determine the LBT parameters and to control the total duration is needed.  Similar as DL Cat-4 LBT, UE should determine the LBT priority X and LBT parameters according to the lowest LBT priority classes associated with PUSCH for both AUL and SUL in the intended UL transmission burst. UE should ensure the transmission duration shall not be longer than the MCOT for LBT priority class X. As shown in Figure 1, if the UL burst starts with SUL, UE shall not continue AUL beyond the MCOT. Additional LBT is needed for AUL transmission beyond the MCOT. If the UL burst starts with AUL, UE should properly choose the starting transmission subframe for AUL to guarantee the AUL and SUL within the MCOT. It is undesirable to drop some SUL subframes to keep the UL burst within the MCOT, because SUL being well under eNB’s control is typically more efficient than AUL. However, sometimes, the scheduling decision for SUL may not be suitable for consecutive AUL and SUL. For example, the indicated starting symbol for SUL cannot provide sufficient room to finish LBT for a higher LBT priority class (caused by consecutive transmission for both AUL and SUL) than expected, or the indicated starting symbol from symbol 1 leads to a gap between AUL and SUL. In such case, it is simpler to independently perform LBT for AUL and SUL respectively.  Whether to leave it as UE implementation (but the rule should be specified) or down-select one LBT behaviors can be further studied. 

Proposal 1: For back-to-back AUL and SUL transmission, consider the following mechanisms, 
· Perform separate LBT for AUL and SUL. 

· Perform a single LBT for consecutive AUL and SUL transmission, wherein the LBT parameters are determined by the lowest LBT priority classes associated with PUSCH for both AUL and SUL.
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Figure 1 Back-to-back SUL and AUL transmission 

Since LBT priority is determined by UE, no signaling for LBT indication from eNB side is needed. It seems no clear motivation to report LBT information from UE to eNB either, because semi-statically configured AUL resource (e.g., RRC-configured periodicity and starting symbol which is changed at a relative low frequency of activation DCI) does not rely on the timely and accurate LBT information. 

Observation 1: No clear motivation to support LBT information report from UE.  

UE CW update procedure for AUL is the same as SUL defined for Type 1 Channel access for eLAA. If the retransmission of AUL is scheduled by UL grant, then, by comparing the NDI of UL grant for AUL and that of reference subframe, CWS adjustment is determined. If a fixed value of NDI rather than toggle/untoggled state is adopted for UL grant scrambled with AUL-RNTI (can be new RNTI or SPS RNTI), CWS resets if HARQ process number of AUL transmission is the same with the reference subframe and the NDI is 1 (assuming NDI=1 means retransmission). If the retransmission of AUL is triggered by explicit HARQ feedback or timer, CWS can be adjusted according to explicit ACK/NACK feedback or implicit NACK. More specifically, with explicit HARQ feedback (if supported), CWS resets if explicit ACK is received, while explicit NACK or no reception of explicit HARQ feedback (for timer-based retransmission [3]) associated with the reference subframe means increased CWS. 
The determination of reference subframe for AUL 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 AUL 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 AUL. 

Proposal 2: If the retransmission of AUL is triggered by explicit HARQ feedback or timer, CWS can be adjusted according to explicit ACK/NACK feedback or implicit NACK for HARQ process in the reference subframe. 
2.2 Type 2 channel access
Regarding type 2 LBT, it is beneficial to support such fast channel access also for AUL to achieve similar UL throughput as SUL. Whether allow AUL within the eNB acquired shared COT can be up to eNB’s configuration. If AUL can be transmitted in UL subframes indicated by C-PDCCH, type 2 LBT can be performed. To prioritize the SUL transmission over AUL, setting different symbol position for AUL and SUL can be considered. 

Proposal 3: Support type 2 LBT channel access for AUL within the eNB acquired shared COT.

In eLAA, if the eNB schedules UL transport blocks with 25 us LBT in a shared channel occupancy without scheduling any DL transport blocks and if less than 10% of the scheduled UL transport blocks have been received successfully, the eNB increases its contention window size, otherwise the eNB resets its contention window. With the potential AUL transmission within COT, whether still only the BLER of SUL should be the reference for CWS adjustment, or also take the performance of AUL into account needs further consideration. Obviously, if AUL is considered, only transmitted AUL should be counted in. The problem is, eNB may not know the presence of AUL with a hundred percent certainty. On one hand, if only the AUL with detected DM-RS is counted in while leaving out those un-detected but actually transmitted AUL subframe (eNB fails to detect DM-RS), it seems unfair for co-existed eLAA or other RATs. On the other hand, if all the AUL subframes within COT are counted in, the interference would be over-estimated, because those AUL subframes in which UE does not transmit are all considered as ‘NACK’. 

Proposal 4: Whether only consider the BLER of SUL within COT or take both AUL and SUL into account for CWS adjustment at the eNB when there is no PDSCH transmission in the COT needs further study. 
2.3 Others 
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 UL grant scrambled with AUL-RNTI. If multiple HARQ process for autonomous UL transmission is configured, UE may pursue the ongoing LBT procedure among different HARQ process, if the ongoing LBT has a same or larger LBT priority class. 

Proposal 5: 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 a carrier using Type 1 channel access procedure, and the UE may transmit on other carriers using Type 2 channel access procedure immediately before the UE transmission on the carrier using Type 1 channel access procedure.

Proposal 6: Support channel access procedure for autonomous UL transmission on multiple carriers based on Rel-14 channel access procedure. 
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: For back-to-back AUL and SUL transmission, consider the following mechanisms, 
· Perform separate LBT for AUL and SUL. 

· Perform a single LBT for consecutive AUL and SUL transmission, wherein the LBT parameters are determined by the lowest LBT priority classes associated with PUSCH for both AUL and SUL.

Proposal 2: If the retransmission of AUL is triggered by explicit HARQ feedback or timer, CWS can be adjusted according to explicit ACK/NACK feedback or implicit NACK for HARQ process in the reference subframe. 
Proposal 3: Support type 2 LBT channel access for AUL within the eNB acquired shared COT.

Proposal 4: Whether only consider the BLER of SUL within COT or take both AUL and SUL into account for CWS adjustment at the eNB when there is no PDSCH transmission in the COT needs further study. 
Proposal 5: Support UL transmission attempt in multiple autonomous UL transmission subframe, wherein UE can continue the ongoing LBT procedure. 

Proposal 6: Support channel access procedure for autonomous UL transmission on multiple carriers based on Rel-14 channel access procedure. 
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