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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN2 discussed the downlink cross carrier HARQ issue in their last meeting, and an LS was sent to RAN1 [1] with RAN2’s suggestion. RAN1 discussed this issue in the ad hoc meeting [2] without conclusion. In this contribution, we discuss the downlink cross carrier HARQ from the performance point of view and also the related signaling enhancement.
Discussion
Performance analysis
HARQ combines ARQ and FEC. With combing of transmissions at different time instances, time diversity gain can be obtained to cope with the fast fading of the channel. In LTE, downlink HARQ retransmission is triggered by physical layer signaling and the smallest delay between the retransmission and nearest previous transmission is 8 ms. As a result, downlink HARQ can enable data combining in a timely way. Both time diversity gain and timely retransmission can be translated to performance improvement. 
The downlink HARQ is unsynchronized in LTE, so explicit signaling other than implicit time instance is necessary to indicate the relationship between the retransmission and previous transmissions. As a result, downlink HARQ process index is added to the downlink assignment to link the first transmission and retransmissions. The transmissions with the same downlink HARQ process index belong to the same original data and will be combined together for the data recovery. The total number of downlink HARQ processes is based on the RTT between the first transmission and retransmission. Currently, there are 8 downlink HARQ processes for FDD, and the downlink HARQ processes number of TDD is related to the TDD uplink downlink configuration.
With introduction of CA to improve the throughput, per CC downlink HARQ is configured for simplicity. In this case, the first downlink data transmission and possible following retransmissions are at the same CC. The number of the downlink HARQ processes is unchanged for a single CC. 
With unlicensed spectrum to boost the network capacity, the channel availability is uncertain due to regulations such as LBT. As a result, the retransmission may be delayed if it is restricted to the same CC as the previous transmission. If the delay is too large, physical layer retransmission will be abandoned. To obtain the diversity gain of multiple transmissions in a timely way, downlink cross carrier HARQ should be considered for LAA. That is, the restriction on the same CC for different transmissions of the same original data should be removed, and the retransmission can be at any suitable available carrier. The choice of the retransmission carrier can consider several factors, such as the channel availability, the load status, the channel and interference measurement results, etc.
Proposal 1: Consider downlink cross carrier HARQ for LAA.
Signaling enhancement
There is an independent downlink HARQ entity per CC. The per-CC downlink HARQ entity manages the HARQ process indices for different original data. Under the circumstance of downlink cross carrier HARQ, a retransmission may be located at another CC which is different from the original CC carrying the first transmission. As a result, additional signaling is necessary to link the first transmission CC and the retransmission CC. For example, if 5 CCs are configured, 3 additional bits can be added to the downlink assignment to indicate the first transmission CC. If the additional bits are 000 and the downlink HARQ process index is 3 for a retransmission on CC1, then this retransmission is linked to the first transmission on CC0 with HARQ process index 3. These two linked transmissions should be combined together for data recovery. Additional methods which can decrease the signaling overhead can also be considered.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: Consider signaling enhancement to link different transmission CCs.
Conclusions
In this contribution, we analyzed the necessity of downlink cross carrier HARQ from the perspective of performance and discussed the possible signaling enhancement. Our proposals are as following:
Proposal 1: Consider downlink cross carrier HARQ for LAA.
Proposal 2: Consider signaling enhancement to link different transmission CCs.
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