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Introduction
During RAN1#90bis meeting [1] it was agreed that: 
Agreement:
· UE determines the HARQ process ID, NDI and RV for Autonomous UL transmissions.
· FFS RV sequence followed by the UE

In this contribution, we provide our views on RV selection for autonomous uplink transmissions on LAA SCells.
[bookmark: _GoBack]This contribution s resubmission of R1-1720933.
[bookmark: _Ref178064866]Discussion
In the LTE system, the data transmission is protected by a rate 1/3 turbo code. To simplify signaling and operation complexity, a conceptual model referred to as the circular buffer is used in the LTE rate matching and HARQ operations. This circular buffer model is illustrated in the following Figure. The buffer consists of 32 columns of systematic bits followed by 64 columns of parity bits generated by the turbo encoder. The number of rows depends on the size of the code block to be transmitted. For example, the number of rows equals 193 when the code block size is 6144 bits.
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To simplify the signaling of what bits are transmitted to the receiver, four redundancy versions are defined. Each redundancy version is defined as the bits that can be read out of the circular buffer column-by-column starting from the head of a specific column in the circular buffer. The starting points of the four redundancy versions RV=0, 1, 2 and 3 are the heads of column #2, #26, #50 and #74 (note the numbering of columns starts from 0). For a transmission using a specific redundancy version, the transmitter reads the bits starting from the start of the redundancy version until the necessary amount of bits are obtained. If the reading reach the end of the buffer and still more bits are needed, the reading of bits then resumes from the beginning of the buffer.
In LTE, the initial transmission is usually with RV #0. RV #0 contains 30 out of 32 columns of systematic bits and is self-decodable. However, since cols #0 and #1 are not included in RV #0, some systematic bits are punctured.
For retransmissions, RV #0, #1, #2 or #3 can be selected. RV #0 is clearly self-decodable in case the initial transmission was not received by the eNB. However, since the buffer is circular, RV #1, #2 and #3 can still include systematic bits if the code rate is low enough. Accordingly, if any RV contains as many systematic bits as RV#0, it is possible to recover the coded data at the receiver even if RV#0 was not received. Taking RV#3 as an example, RV#3 will include 22 parity bits columns (from col #74 to #95) before resuming from systematic column #0. To get the same performance as RV #0, 30 columns of systematic bits need to be added to these parity bits for RV #3. Therefore, RV#3 becomes self-decodable if the code rate is below the following threshold

Assuming 100 resource blocks, 256 QAM disabled, and UL starting point at OS #0, out of the 29 MCS indices, only 8 MCS indices (MCS #18-20, #24-28) have code rate higher than the threshold. This means that any other MCS with RV#3 is self-decodable and does not require RV#0 to successfully recover the data. The benefits of retransmitting with RV #3 when the code rate of the initial transmission is below the threshold are as follows:
· If the initial transmission was indeed not received by the eNB, RV #3 can achieve similar or slightly better performance than RV #0 because fewer or no systematic bits are punctured in the case of retransmission with RV #3.
· If the initial transmission was, in fact, received by the eNB, retransmission with RV #3 can achieve much better performance than with RV #0 because the eNB can combine the received signals from multiple transmissions and obtains more parity bits for decoding. More specifically, retransmission with RV #0 gives 30 systematic bit columns and at least 22 parity bit columns. Retransmission with RV #3 gives at least 30 systematic bit columns and at least 44 parity bit columns. The additional parity bits allow the eNB decoder to correct more errors caused by noises and interferences and thus achieve much higher link performance.
· Within the constraint self-decodable retransmissions, it is beneficial to convey the missed reception information to the eNB to the extent possible. Such missed reception information is very useful to the eNB to manage autonomous UL access. For example, if it observes many missed reception events, it should reduce the number of autonomous UL UEs or even disable autonomous UL access entirely. If the RV is fixed for initial and re-transmissions, it is not possible to convey such missed reception information to the eNB.
Based on the above analysis, we observe that that for better performance the RV value should not be fixed for autonomous UL retransmission even if the UE did not receive the HARQ-ACK feedback from the eNB. In addition to that the eNB did not receive the initial transmission, the UE may still fail to receive the HARQ-ACK feedback sent by the eNB because of co-channel interference in the unlicensed spectrum. 
It should be noted that LTE UEs and eNBs are already designed to support incremental redundancy with expensive hardware. Disabling this important tool will simply make the LAA equipment more expensive than Wi-Fi without performance advantage.
Therefore, we propose, 
Upon timer expiry, AUL retransmission attempt is made with RV #0 if code rate of the initial transmission is at least 32/52 and with RV #3 otherwise.

Conclusion
In this contribution, we provide our views on RV selection for autonomous uplink transmissions on LAA SCells and come up with the following proposal: 
Upon timer expiry, AUL retransmission attempt is made with RV #0 if code rate of the initial transmission is at least 32/52 and with RV #3 otherwise.
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