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1
Introduction
In this document, we focus on the open issues for HARQ design for Autonomous Uplink Access based on the email discussion. 
2
HARQ for Autonomous Uplink Access
Autonomous UL is found to be most useful in the case of coexisting with other technologies where eNB cannot acquire the transmission opportunities (TxOP) for its UEs. 
2.1 
AUL HARQ control signalling
For AUL transmission, it is preferable that UE determines the HARQ ID, NDI and RV and transmits them via AUL-UCI that comes along with data in PUSCH. AUL-UCI can be encoded as legacy UCI in PUSCH. Before decoding the data payload in PUSCH, eNB needs to decode the AUL-UCI to determine HARQ ID, NDI and RV. To determine which UE performs the AUL transmission, UE ID needs to be included in AUL-UCI as well.
The AUL HARQ transmission is asynchronous and subject to LBT, the eNB may feedback ACK/NAK bitmap for multiple configured AUL HARQ processes all at once. In [2], we have introduced UE specific AUL-DFI which is scrambled by a new AUL C-RNTI to dynamically activate and release AUL transmission. We can reuse the same AUL-DCI format to carry the ACK/NAK bitmap in PDCCH/ePDCCH.
Proposal
1. AUL-UCI transmitted from UE contains HARQ ID, NDI, RV and UE ID for the AUL HARQ process.
2. The AUL HARQ ACK/NAK bitmap for the configured AUL HARQ IDs is conveyed in AUL-DFI.
The information signalled in the AUL-DFI in subframe n can be applied at various instances.

Proposal

1. MCS and PMI can be applied in subframe n+4.

2. TPC command can be applied in subframe n+6. 

3. CW update can be applied as soon as the DCI is decoded. Note that the decoding timeline can be different for PDCCH vs. EPDCCH.

2.2 
AUL retransmission 

The retransmission of AUL may naturally happen via another AUL transmission if a NAK is received. We may also want to reuse the NDI toggle mechanism for initial transmission or retransmission, and new transmission mechanism after the failure of several retransmissions. 
Proposal
1. The AUL retransmission can happen through AUL if indicated by NAK in AUL-DCI.
2. A new AUL (re)transmission attempt can occur if no grant is received for the NACKed HARQ process from eNB after a predefined timer.
a. The timer value is configured by RRC and can be {10,20,30,40}ms.

3. The AUL HARQ retransmission timer is started immediately after transmission. 

4. NDI toggle in AUL-UCI can be utilized to distinguish initial transmission or retransmission. 

5. The RV to be used can be up to UE implementation.
6. The number of retransmission attempts made by the UE can be limited to maximum of 4. The UE may choose to retransmit a fewer number of times.

2.2 
Scheduled uplink HARQ 
Scheduled uplink (SUL) transmission is proven be more efficient than AUL if the eNB can acquire the medium. It is preferable to fall back to SUL whenever possible. It is beneficial to have all HARQ IDs accessible (including AUL HARQ IDs) to SUL by following rules which prevent the collision between AUL and SUL. The SUL can reuse the positively acknowledged AUL HARQ ID for initial transmission by sending DCI grant. 

If the UE finds the DCI before or on the same subframe as the AUL-DCI for ACK/NAK, the UE can perform SUL initial transmission based on the eNB’s grant. The SUL can also be used for AUL retransmission if the SUL DCI grant comes before or in the same subframe as the AUL-DCI for ACK/NAK. The SUL DCI grant needs to indicate the AUL HARQ ID and the TB size to be the same as in the AUL transmission, and the NDI need to be un-toggled with respect to the NDI in AUL-UCI in the NAKed AUL transmission.
Proposal
1. SUL transmission may use any HARQ IDs. 
2. The positively acknowledged AUL HARQ IDs can be utilized for SUL initial transmission given that the SUL DCI is transmitted before or in the same subframe carrying AUL-DCI for AUL HARQ bitmap.
3. SUL transmission can be used for AUL retransmission if the SUL DCI grant for the AUL retransmission comes before or in the same subframe carrying AUL-DCI.
4. When SUL is used for AUL retransmission, the NDI field should be non-toggled with respect to the AUL-UCI in the NAKed AUL transmission and the TBS should be the same as the one indicated in the AUL-UCI of the NAKed AUL transmission.
4
Conclusion
In this document, we discussed various proposal of HARQ for autonomous UL access. The HARQ IDs assigned for AUL transmission are semi-statistically configured by higher layer signalling. AUL-UCI contains control signalling for AUL HARQ process including HARQ ID, NDI, RV and UE ID. The ACK/NAK for AUL transmission is conveyed by AUL-DCI in PDCCH/ePDCCH in a bitmap. SUL transmission may reuse HARQ IDs configured for AUL for AUL retransmission or new initial transmission under several conditions.
Proposal 

1. AUL-UCI transmitted from UE contains HARQ ID, NDI, RV and UE ID for the AUL HARQ process.

2. The AUL HARQ ACK/NAK bitmap for the configured AUL HARQ IDs is conveyed in AUL-DFI.

3. MCS and PMI can be applied in subframe n+4.

4. TPC command can be applied in subframe n+6. 

5. CW update can be applied as soon as the DCI is decoded. Note that the decoding timeline can be different for PDCCH vs. EPDCCH.

6. The AUL retransmission can happen through AUL if indicated by NAK in AUL-DCI.

7. A new AUL (re)transmission attempt can occur if no grant is received for the NACKed HARQ process from eNB after a predefined timer.

a. The timer value is configured by RRC and can be {10,20,30,40}ms.

8. The AUL HARQ retransmission timer is started immediately after transmission. 

9. NDI toggle in AUL-UCI can be utilized to distinguish initial transmission or retransmission. 

10. The RV to be used can be up to UE implementation.

11. The number of retransmission attempts made by the UE can be limited to maximum of 4. The UE may choose to retransmit a fewer number of times.

12. SUL transmission may use any HARQ IDs. 

13. The positively acknowledged AUL HARQ IDs can be utilized for SUL initial transmission given that the SUL DCI is transmitted before or in the same subframe carrying AUL-DCI for AUL HARQ bitmap.

14. SUL transmission can be used for AUL retransmission if the SUL DCI grant for the AUL retransmission comes before or in the same subframe carrying AUL-DCI.

15. When SUL is used for AUL retransmission, the NDI field should be non-toggled with respect to the AUL-UCI in the NAKed AUL transmission and the TBS should be the same as the one indicated in the AUL-UCI of the NAKed AUL transmission.
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