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1 Introduction
RAN1 has agreed on the asynchronous uplink transmission on LAA cell [1]. Compared with synchronous UL transmission, the asynchronous HARQ has some specific issues to be addressed which are discussed in this contribution.

2 Discussion

2.1 Asynchronous HARQ operation
In the current specification, the HARQ process ID is fixed for each sub-frame, so UE could deduce the HARQ process ID from the sub-frame numbering in which an UL grant is received. However, the above static association between the HARQ process ID and the subframe numbering does not hold if asynchronous pattern is used. Thus, the HARQ process ID shall be indicated to UE by eNB.
Observation 1: HARQ process ID shall be indicated to UE by eNB in support of asynchronous HARQ operation.

According to the RA procedure in CA, UE transmits a preamble in SCell, receives RAR in PCell, and derives the UL grant of SCell. However, the above procedure will not work properly in LAA system, because there is no HARQ process ID indication information in RAR while the mapping between HARQ process ID and the subframe numbering is not fixed. Consequently, if UE acquires UL resource information of LAA cell via RAR as in CA case, it does not know which HARQ process to be used for UL transmission. One alternative is modifying the RAR format to include the HARQ process ID, but at the cost of compatibility. Another alternative is not to indicate UL resource through RAR. For the latter alternative, eNB could fill the UL grant field with padding bits. 
Proposal 1: UE does not utilize the UL grant indicated in RAR for UL transmission in LAA cell.
RAN2 has agreed that all uplink (re)transmissions on LAA cell are triggered by eNB [2]. In the current MAC specification, UE stores the feedback from eNB, and triggers non-adaptive retransmission in case of NACK. If the only objective of HARQ_FEEDBACK is to trigger non-adaptive retransmission, HARQ_FEEDBACK is no longer needed by UE in LAA cell.
Proposal 2: HARQ_FEEDBACK is not needed by UE for LAA cell operation.
In the current HARQ procedure, UE receives UL grant in sub-frame N, and transmits UL TB in sub-frame (N+4) accordingly. With asynchronous pattern for UL HARQ, a fixed sub-frame distance between grant reception and data transmission is still required for eNB and UE to have a common understanding on when UL transmission is to occur. As eNB can choose any TTI for UL transmission, the flexibility of asynchronous HARQ would not be diminished by sending the grant at a fixed subframe offset in advance. Therefore asynchronous HARQ should still maintain a fixed timing relationship between grant reception and data transmission, just like in DL.
Proposal 3: The distance between UL grant assignment and UL TB transmission shall be fixed.
2.2 Asynchronous HARQ configuration
Some parameters in HARQ procedure will be influenced by asynchronous HARQ for LAA cell UL.

Maximum number of HARQ processes

The maximum number of HARQ processes determines the maximum number of TBs which have been transmitted but whose feedback have not been received yet. Thus the maximum number of HARQ processes depends on both the opportunity of transmission and the opportunity of receiving the feedback. If the transmission opportunity is less than normal cell, the maximum number of HARQ processes can be decreased. If the feedback might not be received reliably, the maximum number of HARQ processes shall be increased. For LAA cell, the transmission opportunity is restricted by LBT, thus less than in normal cell, while the feedback reliability can be considered remaining the same as that in normal cell. Therefore, overall the maximum number of HARQ processes may be set to less than 8.
Proposal 4: The maximum number of HARQ processes may be set less than 8.
Maximum number of HARQ retransmissions
In LTE, the maximum number of HARQ retransmissions is used to avoid endless retransmission by UE MAC. When the maximum number of HARQ retransmissions is reached, UE will flush the HARQ buffer, and will not retransmit this TB any more. It is configured according to the targeted probability of successful transmission. If the probability of a successful transmission is denoted as p, the successful probability after n transmissions is 1-(1-p)n. However, with asynchronous HARQ, all transmission and retransmission are scheduled by eNB. Hence, eNB can freely choose to continue retransmission of a TB or to switch to a new TP. Since network can make sure endless retransmission will not happen, there is no need to configure this parameter at UE anymore. 
Proposal 5: There is no need to configure UE to limit the maximum number of HARQ retransmissions on LAA cell.
CURRENT_TX_NB
Proposal 6: If maximum number of HARQ retransmissions is not configured, CURRENT_TX_NB shall not be used, either.
Maximum number of redundancy versions

The maximum number of redundancy versions is determined by the encoding procedure. In normal cell, there are 4 redundancy versions at most for every TB. If the encoding procedure for LAA cell will be the same as that for normal cell, the maximum number of redundancy version shall be kept the same at 4.

Proposal 7: The maximum number of redundancy versions may be kept at 4 for LAA cell.
CURRENT_IRV
This parameter is used to indicate the redundancy version for HARQ retransmission. In LAA cell, this parameter shall still be used.

Proposal 8: CURRENT_IRV shall be used in LAA cell.
2.3 Interaction with other procedures
TAT expiration
In the current specification, all the HARQ process buffers shall be flushed when the TAT expires, so that the non-adaptive retransmission will not happen automatically when the TAT is started. In LAA system, the non-adaptive retransmission is not in use. Even if HARQ buffers are not flushed upon TAT expiry, those TBs in HARQ buffers could not be transmitted when the TAT is running again. In order to align with the current procedure, it is proposed to flush the HARQ buffer anyway when the TAT expires.
Proposal 9: UE shall flush the HARQ buffer when the TAT expires. 
Measurement GAP
For normal cell, UE treats the HARQ feedback from eNB as ACK, and increases the CURRENT_TX_NB and CURRENT_IRV. In LAA cell, all uplink transmissions are scheduled by eNB which knows the detail of measurement GAP. Hence eNB should avoid the collision between measurement GAP and the uplink transmission.
Proposal 10: eNB should not schedule HARQ (re)transmission during measurement GAP.
3 Conclusion
Based on the discussion above, we have the following observations and proposals:
Observation 1: HARQ process ID shall be indicated to UE by eNB in support of asynchronous HARQ operation.
Proposal 1: UE does not utilize the UL grant indicated in RAR for UL transmission in LAA cell.
Proposal 2: HARQ_FEEDBACK is not needed by UE in LAA cell.

Proposal 3: The distance between UL grant assignment and UL TB transmission shall be fixed.

Proposal 4: The maximum number of HARQ processes may be set less than 8.
Proposal 5: There is no need to configure UE to limit the maximum number of HARQ retransmissions on LAA cell.
Proposal 6: If maximum number of HARQ retransmissions is not configured, CURRENT_TX_NB shall not be used, either.
Proposal 7: The maximum number of redundancy versions may be kept at 4 for LAA cell.
Proposal 8: CURRENT_IRV shall be used in LAA cell.

Proposal 9: UE shall flush the HARQ buffer when the TAT expires.
Proposal 10: eNB should not schedule HARQ (re)transmission during measurement GAP.
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