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1. Introduction
According to the WID for Rel-15 LAA [1], UE’s autonomous PUSCH transmission should be supported to reduce the latency of uplink access in an unlicensed band as follows.
	· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]
· (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item [RAN1, RAN2, RAN4]
· The work item should also specify base station and UE core requirements to support the above features [RAN4]


In this contribution, we discuss the details of the autonomous UL access configuration and corresponding HARQ operation.
2. Configuration of autonomous UL access in LAA
As discussed in another paper [2], largely we assume the following three approaches regarding configuration of autonomous UL access (AUA) in LAA.
Single subframe AUA transmission
As depicted in figure 1, eNB configures a UE with AUA subframes which appear with a given period. At each AUA subframe, UE may or may not transmit PUSCH depending on its transmission buffer status and the LBT result.
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Figure 1. Illustration of single subframe AUA transmission
Single subframe AUA transmission with AUA window
As depicted in figure 2, eNB configures a UE with AUA windows which appear with a given period. Each AUA window consists of multiple subframes, where within each AUA window, UE can transmit PUSCH only in a single subframe.
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Figure 2. Illustration of single subframe AUA transmission with AUA window
Multi-subframe AUA transmission with AUA window
As depicted in figure 3, eNB configures a UE with AUA window which appear with a given period, where each AUA window consists of L subframes. At each AUA window, UE may transmit PUSCH in up to, in maximum, M subframes (M>1, ML).
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Figure 3. Illustration of multi-subframe AUA transmission with AUA window

3. Allocation of HARQ process ID
As in SPS operation in LTE, we assume network can allocate multiple HARQ process IDs for AUA transmission to avoid HARQ process ID collision between nearby AUA (re)transmissions.
Proposal 1. Network can allocate multiple HARQ process IDs for AUA transmission to avoid HARQ process ID collision between nearby AUA (re)transmissions
Then, we consider the possible approaches for HARQ process ID (HARQID) allocation for AUA transmission as follows according to the potential AUA configurations introduced in section 2. In the following, we assume N HARQIDs (e.g., HARQID=0~N-1) are configured to be available for AUA transmission.
Single subframe AUA transmission
In this case, a simple approach is to allocate N HARQIDs in increasing order (by modulo-N operation) across the AUA subframes as depicted in figure 4. Note that the HARQID allocation is fixed to each subframe regardless whether the UE actually transmits PUSCH at an AUA subframe.
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Figure 4. HARQID allocation for single subframe AUA transmission
Single subframe AUA transmission with AUA window
In this case, N HARQIDs can be allocated in increasing order (by modulo-N operation) across the AUA windows where single HARQID is allocated over multiple subframes in each AUA window as depicted in figure 5. However, there will be no misalignment on the HARQID between eNB and UE for the AUA transmission since UE can transmit PUSCH only in a single subframe within an AUA window.
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Figure 5. HARQID allocation for single subframe AUA transmission with AUA window
Multi-subframe AUA transmission with AUA window
In this case, eNB may misunderstand the subframe where the UE has started actual PUSCH transmission within an AUA window so that eNB and UE may have different understanding on the HARQID if the HARQID allocation within an AUA window is tied with the subframes of actual PUSCH transmission. In the specification, this potential misalignment may or may not be ignored depending on the assumption on the robustness of eNB’s PUSCH DTX detection. Therefore, the following two options may be considered for the HARQID allocation. Here, we assume UE can perform PUSCH transmission up to, in maximum, M subframes within a AUA window and each AUA window consists of L subframes (M>1, ML).
Option 1) For each AUA window, M HARQIDs are allocated, where M HARQIDs among N available HARQIDs are allocated in increasing order (by modulo-N operation) across the consecutive AUA windows. Within an AUA window, M HARQIDs are allocated from the subframe of actual PUSCH transmission in increasing order (by modulo-N operation) as depicted in figure 6a (for the case of M=L) and 6b (for the case of M<L).
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a. L=M=3, N=6
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b. L=4, M=3, N=6
Figure 6. HARQID allocation option 1) for multi-subframe AUA transmission with AUA window
Option 2) For each AUA window, M HARQIDs are allocated, where M HARQIDs among N available HARQIDs are allocated in increasing order (by modulo-N operation) across the consecutive AUA windows. Within an AUA window, M HARQIDs are allocated from the first subframe in increasing order (by modulo-M operation) regardless of the start of the actual PUSCH transmission in the AUA window as depicted in figure 7a (for the case of M=L) and 7b (for the case of M<L).
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a. L=M=3, N=6
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b. L=4, M=3, N=6
Figure 7. HARQID allocation option 2) for multi-subframe AUA transmission with AUA window
Proposal 2. HARQ process ID allocation methods in this section should be considered combined with the potential approaches of configurations of AUA transmission.

4. Retransmission for autonomous UL access
As in legacy LTE, HARQ retransmission of AUA transmission can be scheduled dynamically by DCI format 0A/0B with NDI set to ‘1’ and with CRC scrambled by a specific RNTI (e.g., SPS C-RNTI), where UE retransmits a TB which was initially transmitted by AUA transmission if the eNB schedules PUSCH retransmission with the same HARQID [2].
Proposal 3: HARQ retransmission of AUA transmission can be scheduled by DCI format 0A/0B with NDI set to ‘1’ and with CRC scrambled by a specific RNTI (e.g., SPS C-RNTI)
However, there can be an error case of eNB HARQ buffer corruption due to the fact that LAA UE may ‘skip’ AUA transmission in a AUA-configured subframe and LAA UE’s PUSCH transmission follows asynchronous mechanism. In the example of figure 8, AUA subframe i and AUA subframe j may be allocated with a same HARQID, e.g. HARQID=x. And, the UE transmitted PUSCH in both subframes i and j. And, eNB detected the UE’s PUSCH transmission in subframe i but missed PUSCH transmission in subframe j. Then, if the eNB schedules a PUSCH retransmission with HARQID=x in subframe k, UE may retransmits PUSCH which was initially transmitted in subframe j while eNB combines the retransmitted PUSCH with the PUSCH initially transmitted in subframe i. To handle this erroneous case, there may be several approaches, such as, for example, information on the initial transmission corresponding to the scheduled retransmission may be included in UL scheduling DCI or UE’s PUSCH transmission. 
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Figure 8. Ambiguity in identifying initial AUA transmission corresponding to a dynamic UL retransmission grant
Proposal 4: Discuss potential ambiguity in identifying initial AUA transmission corresponding to a dynamic UL retransmission grant.

5. Overriding autonomous UL access
While we propose eNB configures HARQIDs to be used for AUA transmission, it would be beneficial to allow those HARQIDs can be also shared by dynamic scheduling. This is especially desirable for the case where large portion of UL subframes are configured as AUA subframes so that large part of available HARQIDs need to be allocated for AUA transmission. To allow sharing of HARQIDs for AUA transmission and dynamic scheduling, handling of collision of HARQID between dynamic scheduling and AUA transmission should be considered further.
Proposal 5: Allow sharing HARQ process IDs for AUA transmission and dynamic scheduling. FFS handling of HARQ process ID collision between dynamic scheduling and AUA transmission
6. Conclusion
In this contribution, we discussed the details of the autonomous UL access configuration and corresponding HARQ operation. The proposals of this paper are summarized as follows.
Proposal 1. Network can allocate multiple HARQ process IDs for AUA transmission to avoid HARQ process ID collision between nearby AUA (re)transmissions
Proposal 2. HARQ process ID allocation methods in this section should be considered combined with the potential approaches of configurations of AUA transmission.
Proposal 3: HARQ retransmission of AUA transmission can be scheduled by DCI format 0A/0B with NDI set to ‘1’ and with CRC scrambled by a specific RNTI (e.g., SPS C-RNTI)
Proposal 4: Discuss potential ambiguity in identifying initial AUA transmission corresponding to a dynamic UL retransmission grant.
Proposal 5: Allow sharing HARQ process IDs for AUA transmission and dynamic scheduling. FFS handling of HARQ process ID collision between dynamic scheduling and AUA transmission
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