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1  Introduction
In the RAN WG1 meeting #80bis in Belgrade, the following agreements for UL HARQ in LAA are made
Agreements:
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used

· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields

· HARQ process number

· Redundancy version
Besides UL HARQ, DL HARQ should be discussed for LAA. In this contribution, we discuss the related issues of DL HARQ in LAA. 
2   Discussion
With LBT, clear channel assessment (CCA) must be performed before data transmission. If the received power exceeds a threshold, the channel is assessed to be occupied and the transmission cannot be performed until the channel is assessed to be idle. Therefore, for LAA, discontinuous transmission on unlicensed Scell with limited maximum transmission duration is an essential characteristic to be supported. However, discontinuous transmission behaviour can be problematic for HARQ processes.
There are two issues related to DL HARQ. 
1. How to feed back ACK/NACK for PDSCH transmitted on the unlicensed Scell?

2. How to retransmit downlink data when the initial transmission is on the unlicensed Scell?
For the first issue, the current CA mechanism can be reused where ACK/NACK corresponding to PDSCH reception in unlicensed Scell is fed back through licensed Pcell. 
For the second issue, in the current CA framework, HARQ process is defined per component carrier such that retransmission can only occur at the same carrier as the initial transmission. When the data is transmitted on the unlicensed Scell, eNB is expected to retransmit data over the unlicensed Scell if eNB receives NACK from UE. Although DL HARQ process is asynchronous where the timing of retransmission is not fixed and indicated by the PDCCH/EPDCCH, in LAA scenarios, the transmission opportunity on unlicensed Scell cannot always be guaranteed, especially considering co-existence with other LAA or Wi-Fi systems. If eNB cannot access the unlicensed Scell for a long period of time, it results in throughput degradation or retransmission failure. As a result, the existing HARQ functionality is not adequate for LAA. To reduce the latency of retransmission, it can be considered to schedule the retransmission on the licensed Pcell/Scell or available unlicensed Scell. Hence, cross-carrier retransmission of HARQ process can be introduced to retransmit data on the some carrier which is different from the carrier where the initial transmission occurs.
Proposal 1: To reduce the delay of retransmission or loss of packet for unlicensed Scell, cross-carrier retransmission of HARQ can be introduced in LAA.
Although the cross-carrier retransmission of HARQ is beneficial for LAA, additional design and complexity involved in specification efforts must be considered. As mentioned above, cross-carrier retransmission could occur on the licensed carrier or available unlicensed carrier. Three options are proposed in [1][2]. 
Option1: Cross-carrier retransmission is on one of the licensed carriers.
Option2: Cross-carrier retransmission is on one of the unlicensed carriers.
Option3: Cross-carrier retransmission is on one of any available carriers.
It is obvious that Option3 is the most flexible way to retransmit data. Besides, two alternatives are proposed to enable the retransmission on another available carrier [3].
Alternative 1: Transmit unsuccessful data as ‘new’ data on another available carrier.

Alternative 2: Transmit unsuccessful data as ‘old’ data on another available carrier.

For Alternative1, if eNB decides to stop retransmit data on the occupied unlicensed Scell, UE must be informed by eNB to flush the HARQ buffer of unsuccessful data. For Alternative2, UE must be informed by eNB to combine the retransmit data from another available carrier with the previous transmitted data in DL HARQ buffer. Both Alternatives require signaling from eNB. However, compared to Alternative1, Alternative2 benefits from soft combining, which is the motivation of using HARQ operation in LTE. From L1 signaling perspective, current DCI format needs to be enhanced to tell UE where to receive the retransmission data on available carrier which is different from the carrier where the initial transmission is operated. In the current specification, two fields in DCI format are used for DL HARQ process, which are CIF and HARQ process number. UE checks CIF to determine which carrier is used to retransmit data and retransmit data with the same HARQ process number are combined together. To support cross-carrier retransmission, one bit can be introduced in the DCI format to indicate which carrier conveys the retransmitted data. To be more specifically, if the bit is “1”, UE follows the current CA mechanism and chooses the carrier which the CIF indicates in DCI to receive the retransmitted data. If the bit is “0”, UE chooses the carrier which carries the DCI to receive the retransmitted data
Proposal 2: To enable cross-carrier retransmission of HARQ, DCI enhancement is needed.
3 Conclusion
In this contribution, we discuss DL HARQ issues for LAA and have the following proposals.
Proposal 1: To reduce the delay of retransmission or loss of packet for unlicensed Scell, cross-carrier retransmission of HARQ can be introduced in LAA.
Proposal 2: To enable cross-carrier retransmission of HARQ, DCI enhancement is needed.
4 Reference
[1] R1-151810, “Control signalling and HARQ related issues for Licensed-assisted access using LTE”, ZTE, RAN1#80bis
[2] R1-152028, “Further discussion on HARQ transmission for LAA”, CMCC, RAN1#80bis
[3] R1-151959, “Discussion on HARQ retransmission and control signaling for LAA DL”, NTT DOCOMO, RAN1#80bis

PAGE  
2/2

