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1
Introduction
In RP#75, the following work item on enhancements to LTE operation in unlicensed spectrum was approved.
“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 SPS-based transmission procedure described below can be re-used to support autonomous uplink access to minimize the specification effort.
· eNB configures time / frequency resources for autonomous uplink access via RRC

· The autonomous uplink (AUL) transmission is activated by the eNB via DCI signalling and acknowledgement from UE is required 

· The UE may perform AUL transmission on the configured resources subject to LBT
· eNB feeds back ACK/NAK bits of the AUL transmission

· eNB may deactivate the AUL transmission via DCI signalling.

In this document, we focus on various aspects of channel access for autonomous uplink access.
2
Channel Access for Autonomous UL Access
Autonomous uplink transmission (AUL) could be within eNB acquired TxOP or outside the TxOP. The new LBT procedures need to be defined in accordance with the regulations and with minimal spec changes. AUL is found to be most useful when coexisting with other technologies where eNB cannot secure the transmission opportunities (TxOP) for its UEs for most of the time or when the medium is not available at the UE when scheduled. It is beneficial for eNB to reuse the MCOT acquired by the AUL from UE side in this scenario. 
2.1 
Channel access procedure
The LBT procedure for AUL shall follow the same procedure in LAA for transmission inside/outside of eNB acquired TxOP. 
Proposal
1. Outside the eNB acquired TxOP, Cat. 4 LBT shall be performed for AUL transmission and the MCOT is determined by the UE following the LBT priority class.
2. The UE can choose the LBT priority class depending on the amount of time it expects to transmit on the medium. The LBT priority class is not a function of the QoS of the transmitted data as in LAA.

3. Within the eNB acquired TxOP, 25us LBT is performed by the UE.
2.2 
Sharing UE acquired COT with the eNB to enable DL transmission
A UE performs Cat 4 LBT with a certain LBT priority class to acquire its TxOP. For example, when the UE uses priority class 3, it acquires the right to use the medium for 6ms. However, the UE may not transmit for the entire duration for which it acquires the medium. In such a scenario, it is beneficial for the eNB to exploit the remaining COT for downlink transmission after the UE completes its UL. 

This is allowed by the regulations and a simple design of adding remaining COT information in the AUL-UCI which is transmitted along with the AUL PUSCH. The eNB after decoding the remaining COT information from the AUL transmission may exploit the remaining time for downlink transmission after performing Cat 2 LBT.
Proposal
1. eNB can use the COT initialized by the UE as part of the AUL transmission to transmit PDCCH/PDSCH to several UEs.
2. Downlink transmission by the eNB in the UE acquired TxOP is supported with 25us LBT. 
3. UE conveys remaining COT information to the eNB in the AUL-UCI in the AUL transmission.
4. The remaining COT information can be transmitted in every AUL subframe in a countdown manner.
2.3 
Multicarrier channel access

The multi-carrier LBT procedure for AUL shall follow the same procedure as in LAA.
Proposal
Support both the options below

1. AUL UE with multiple UL component carriers can use one shot LBT for the remaining carriers with the same starting point, if it has completed Cat. 4 LBT on a designated carrier in the set.
2. AUL UE performs Cat.4 LBT independently on each carrier.
2.4 
Contention window update with SUL and AUL
As in eLAA, the UE AUL transmission within the eNB TxOP does not impact the UE CW size and also the eNB CW size if the eNB has any additional PDSCHs scheduled in that TxOP.
For transmission outside the eNB TxOP, it is more efficient at the UE to maintain a common CW for both AUL and SUL. The CW update procedure at the UE for AUL transmission is similar to LAA. 

Proposal
1. If the UE performs AUL transmission (or) re-transmission within the eNB TxOP using a 25us LBT, then the success or failure of that transmission does not impact the UE CW.
2. If the UE performs AUL transmission (or) re-transmission within the eNB TxOP, the CW update at the eNB considers the success or failure of the UL transmission if and only if the eNB detects the UL transmission and the eNB DL transmission does not have any PDSCH scheduled
3. A common CW for UE is maintained for AUL and SUL transmission.

4. The valid ACK/NAK in AUL-DCI will be utilized for updating the CW size.
5. If no indication (neither UL grant nor AUL-DCI) is received, the CW size remains unchanged.
3
Conclusion

In this document, we discussed various proposal of channel access for autonomous UL access. For AUL transmission, the UE follows the similar LBT procedure as the scheduled uplink transmission. Moreover, we think it will be beneficial for eNB to make the use of the un-used COT acquired by UE especially in the case with lots of medium contention. 

Proposal 

1. Outside the eNB acquired TxOP, Cat. 4 LBT shall be performed for AUL transmission and the MCOT is determined by the UE following the LBT priority class.

2. The UE can choose the LBT priority class depending on the amount of time it expects to transmit on the medium. The LBT priority class is not a function of the QoS of the transmitted data as in LAA.
3.  Within the eNB acquired TxOP, 25us LBT is performed by the UE.
4.  eNB can use the COT initialized by the UE as part of the AUL transmission to transmit PDCCH/PDSCH to several UEs.
5. Downlink transmission by the eNB in the UE acquired TxOP is supported with 25us LBT.

6. UE conveys remaining COT information to the eNB in the AUL-UCI in the AUL transmission.
7. The remaining COT information can be transmitted in every AUL subframe in a countdown manner.
8. AUL UE with multiple UL component carriers can use one shot LBT for the remaining carriers with the same starting point, if it has completed Cat. 4 LBT on a designated carrier in the set.
9. AUL UE performs Cat.4 LBT independently on each carrier.
10. If the UE performs AUL transmission (or) re-transmission within the eNB TxOP using a 25us LBT, then the success or failure of that transmission does not impact the UE CW
11. If the UE performs AUL transmission (or) re-transmission within the eNB TxOP, the CW update at the eNB takes into account the success or failure of the UL transmission, if the eNB detects the UL transmission and the eNB DL transmission does not have any PDSCH scheduled
12. A common CW for UE is maintained for AUL and SUL transmission.

13. The valid ACK/NAK in AUL-DCI will be utilized for updating the CW size.
14. If no indication (neither UL grant nor AUL-DCI) is received, the CW size remains unchanged.
5 
References

[1] R1-170848, “New Work Item on Enhancement to LTE operation in unlicensed spectrum”, Nokia, Ericsson, Intel and Qualcomm contribution to RP#75.
PAGE  
3/3

