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1 Introduction
In RAN#75[1], a new work item is approval on enhancements to LTE operation in unlicensed spectrum. Based on the work item, some work needs to be done in RAN2.

· 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 paper we will discuss the potential HARQ related impact on autonomous uplink access with Frame Structure type 3.
2 HARQ enhancement for autonomous uplink access
In Rel-14 eLAA, LAA eNB and UE apply Listen-Before-Talk (LBT) before performing a transmission on LAA SCell and only scheduled-based uplink access is supported, i.e. the UE is allowed to perform the uplink transmission according to PDCCH grant.

In our companion paper, we propose to allocate uplink resource for autonomous uplink access based on either SPS-like or preallocated-like mechanism on LAA SCell. From the efficacy point of view, in order to use unlicensed spectrum efficiently, the UE can use this resource for new transmission and retransmission. For new transmission, in order to share the unlicensed spectrum with WiFi system fairly, the UE shall not construct a MAC PDU and perform the new transmission on the resource for autonomous uplink access if the predefined rule is not satisfied. For retransmission, the question arises which resource can be used to perform retransmission if the new transmission has not been decoded successfully. Two options are available for retransmission.
· Option1: grant-based resource

· Option2: resource for autonomous uplink access

For option 1, considering the eNB flexibility, even though the first transmission is transmitted with autonomous uplink access the retransmission can be switched from autonomous uplink access to grant-based uplink access. If the eNB realizes the first transmission fails, e.g. via DMRS detection but fails to decode an autonomous transmission, it can schedule the UE via uplink grant to perform a retransmission if need; if the eNB loses the first autonomous transmission, the retransmission will be deadlocked, i.e. there is no way to schedule a grant-based retransmission as the first transmission is lost. To solve this issue, the retransmission can be performed via resource for autonomous uplink access as a complement for grant-based retransmission, i.e. option2. Therefore, we propose to support both new transmission as well as retransmission via resource for autonomous uplink access. 
Proposal 1: Both new transmission and retransmission can be performed via resource for autonomous uplink access.
As analysed above, considering the scheduling flexibility, retransmission can be switched from autonomous uplink access to grant-based uplink access. Furthermore based on current specification, uplink HARQ operation is asynchronous for LAA SCell and HARQ feedback is not applicable for grant-based uplink access for asynchronous adaptive HARQ. Therefore the UE may not be sure whether the data for grant-based uplink access has been successfully decoded by the eNB. Therefore although the UE has resource for autonomous uplink access, the UE will not use this resource to perform any retransmission if the previous transmission for the same TB is based on grant-based uplink access. Otherwise if the eNB has successfully decoded the data but the UE is not aware of this, the UE may continue to send the data for unnecessary retransmission. One example is showed in figure1.
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Figure1: an example of switching between autonomous and scheduled-based

Proposal 1: Both new transmission and retransmission can be performed via resource for autonomous uplink access.

Proposal 2: Retransmission can be switched from autonomous uplink access to grant-based uplink access.

Proposal 3: Retransmission cannot be switched from grant-based uplink access to autonomous uplink access.

3 Potential impact for HARQ enhancement
3.1 HARQ ID for autonomous uplink access
In legacy, the calculation of HARQ process ID for configured uplink grant and preallocated uplink grant are defined in MAC specification based on TTI. When eNB schedules the UE by dynamic scheduling, it has to take into account the HARQ process ID for configured uplink grant and preallocated uplink grant. 
	For configured uplink grants, the HARQ Process ID associated with this TTI is derived from the following equation for asynchronous UL HARQ operation:

HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL)] modulo numberOfConfUlSPS-Processes,

where CURRENT_TTI=[(SFN * 10) + subframe number] and it refers to the subframe where the first transmission of a bundle takes place.

For preallocated uplink grants, the HARQ Process ID associated with this TTI is derived from the following equation for asynchronous UL HARQ operation:

HARQ Process ID = [floor(CURRENT_TTI/ul-SchedInterval)] modulo numberOfConfUL-Processes,

where CURRENT_TTI=subframe number and it refers to the subframe where the first transmission of a bundle takes place.


We believe the defined HARQ process ID for configured uplink grant or preallocated uplink grant can be used as baseline for autonomous uplink access.
Proposal 4: The defined HARQ process ID calculation for configured uplink grant or preallocated uplink grant can be used as baseline for autonomous uplink access.
3.2 HARQ feedback for autonomous uplink access

In order to support autonomous retransmission, the UE is expected to obtain a HARQ feedback from the eNB to determine whether the UE needs to perform a retransmission as sync HARQ. Specifically if the data has been acknowledged from the eNB, the UE will not use resource for autonomous uplink access to perform a retransmission; otherwise the retransmission should be performed on resource for autonomous uplink access. Under some conditions, the eNB is willing to schedule the UE via uplink grant to perform this retransmission, then HARQ feedback is not needed in this case and the eNB indicates a retransmission via uplink grant directly as async HARQ. 
Proposal 5: If proposal1 is agreed, HARQ feedback for autonomous uplink access is supported. FFS: the details of HARQ feedback depends on RAN1.
3.3 Maximum retransmission
To avoid endless HARQ retransmission for autonomous uplink access, a maximum number of retransmissions is needed to be defined. When the UE reaches the maximum retransmission, the UE flushes the HARQ buffer and stops to perform retransmission as sync HARQ.
Proposal 6: A maximum number of retransmissions for autonomous uplink access is defined if proposal1 is agreed.
3.4 NDI for autonomous uplink access

If propsoal1 is agreed, the eNB may not be aware of the current transmission performed by UE is retransmission or new transmission which brings some problem on HARQ soft combination. Some enhancement may be needed.
Proposal 7: RAN2 needs to study the NDI for autonomous uplink access if proposal1 is agreed.
3.5 RVs for autonomous uplink access

In legacy LTE, four types of RVs are defined for grant-based uplink access. For autonomous uplink access, RAN2 needs to study whether all RVs are be reused for autonomous uplink access.
Proposal 8: RAN2 needs to study the RV number for autonomous uplink access if proposal1 is agreed.
3.6 RNTI for autonomous uplink access
In LTE, the SPS activation/deactivation is based on the PDCCH addressed to SPS-RNTI. The eNB schedules the UE for retransmission via PDCCH addressed to SPS-RNTI. If SPS-like activation/deactivation is applied to autonomous uplink access, a new RNTI should be introduced. For grant-based retransmission, similar as SPS, the retransmission should be schedules via PDCCH addressed to the new RNTI. If preallocated uplink grant is applied to autonomous uplink access, as there is no need to activate/deactivate this resource, no new RNTI should be introduced. For grant-based retransmission, the retransmission can be scheduled via PDCCH addressed to C-RNTI.
Proposal 9: if activation/deactivation as SPS is applied to autonomous uplink access, a new RNTI should be introduced.
Proposal 10: For grant-based transmission, retransmission is scheduled via PDCCH addressed to the new RNTI if activation/deactivation as SPS is applied to autonomous uplink access.

Proposal 11: if preallocated-like is applied to autonomous uplink access, no new RNTI should be introduced.

Proposal 12: For grant-based transmission, retransmission is scheduled via PDCCH addressed to the C-RNTI if preallocated-like is applied to autonomous uplink access.

4 Conclusion

This contribution discusses HARQ impact with the introduction of autonomous uplink access from the perspective of RAN2 and we have the following proposals:

Proposal 1: Both new transmission and retransmission can be performed via resource for autonomous uplink access.

Proposal 2: Retransmission can be switched from autonomous uplink access to grant-based uplink access.

Proposal 3: Retransmission cannot be switched from grant-based uplink access to autonomous uplink access.

Proposal 4: The defined HARQ process ID calculation for configured uplink grant or preallocated uplink grant can be used as baseline for autonomous uplink access.
Proposal 5: If proposal1 is agreed, HARQ feedback for autonomous uplink access is supported. FFS: the details of HARQ feedback depends on RAN1.
Proposal 6: A maximum number of retransmissions for autonomous uplink access is defined if proposal1 is agreed.
Proposal 7: RAN2 needs to study the NDI for autonomous uplink access if proposal1 is agreed.
Proposal 8: RAN2 needs to study the RV number for autonomous uplink access if proposal1 is agreed.
Proposal 9: if activation/deactivation as SPS is applied to autonomous uplink access, a new RNTI should be introduced.

Proposal 10: For grant-based transmission, retransmission is scheduled via PDCCH addressed to the new RNTI if activation/deactivation as SPS is applied to autonomous uplink access.

Proposal 11: if preallocated-like is applied to autonomous uplink access, no new RNTI should be introduced.

Proposal 12: For grant-based transmission, retransmission is scheduled via PDCCH addressed to the C-RNTI if preallocated-like is applied to autonomous uplink access.

5 References
[1]. RP-170848, "New Work Item on Enhancements to LTE operation in unlicensed spectrum", Nokia, Ericsson, Intel, Qualcomm.

3GPP


The first (re)transmission
The second (re)transmission
autonomous uplink access
The second (re)transmission
The first (re)transmission
scheduled-based uplink access
switch
switch



