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1 Introduction
In RAN#75, a new work item on “Enhancements to LTE operation in unlicensed spectrum” has been approved [1]. The objectives of the WID are the following:

· 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 [3], we present our view on how to support autonomous uplink access for LAA by reusing the concept of short SPS periodicity which was firstly introduced in the latency reduction work item in Rel.14 [2].

In this paper, we discuss the possible implications on the HARQ design when introducing the autonomous uplink access scheme for LAA based on SPS.
2 Discussion

2.1 Scheduling implications of autonomous uplink access

In legacy UL LAA, asynchronous HARQ is used. This means that UL retransmissions do not necessarily need to take place following the HARQ RTT pattern. This was considered beneficial since in LAA the channel may not be available at fixed time instants and both the retransmissions and the HARQ feedbacks on PHICH may need to be postponed because of LBT events. The consequence would be that if the classic LTE UL synchronous retransmission mechanism is used for LAA, severe latency issues may arise.

For such reasons, it was agreed that neither synchronous HARQ nor PHICH was not used for LAA, and all retransmissions (and transmissions) should be scheduled via (E)PDCCH. 

Observation 1 In LAA, only asynchronous HARQ is used.

In Rel.14, short periodicities for LTE SPS (i.e. 1ms, 2ms, 3ms, 4ms, 5ms) were introduced in the latency reduction work item [2]. In our companion paper in [3], it is proposed to reuse the concept of short periodicity SPS as the autonomous uplink access scheme for LAA. 
Similar to dynamic scheduling, also the SPS-scheduled transmissions are typically subject to a synchronous retransmission mechanism (apart from the eMTC SPS use case), meaning that HARQ feedbacks are sent on PHICH by the eNB and non-adaptive retransmissions are performed by the UE eight subframes after the previous transmission attempt until data are correctly decoded. However, as explained above, this type of HARQ scheme is not suitable for LAA.

Proposal 1 The HARQ protocol for the LAA autonomous uplink access, based on short periodicity SPS, should support asynchronous HARQ retransmissions similar to legacy LAA HARQ.

2.2 HARQ (re)transmission mechanism

Depending on the HARQ feedback, the UE should either perform a HARQ retransmission for a certain HARQ process or transmit new data. To make the uplink access scheme efficient, it should be flexible in the sense that there should not be any fixed relationship between when the UE receives the HARQ feedback and exactly which TTI the UE transmits using that HARQ process.
In eMTC, asynchronous UL SPS is supported in the PCell, however there is a formula in TS36.321 which specifies the relationship between HARQ process ID and TTIs, so that the eNB can know which HARQ process ID the UE will schedule in a TTI. Such relationship does not seem to be needed for the SPS-based LAA autonomous UL access.

Proposal 2 In the LAA autonomous UL access, HARQ processes are not tied to TTIs.

Proposal 3 In the LAA autonomous UL access, the (re)transmission is not fixed to be in a single particular TTI after the corresponding HARQ feedbacks, FFS when the UE is allowed to transmit.
Certainly, if a retransmission of a MAC PDU has to be performed for a certain HARQ process, the UE should do that within a certain time window in order to avoid issues in RLC with the reordering procedures. But for new transmissions, for example after reception of an ACK, the time when the UE performs the transmission of course depends on whether there is UL data available in the UEs buffers and on LBT. In any case the exact UE behavior upon reception of an HARQ feedback, and possibly the UE behavior when an HARQ feedback is not received, can be discussed later on, once the general HARQ framework is agreed, also RAN2 should consider RAN1 progress.
Proposal 4 It is FFS, the UE behavior upon reception (or not reception) of an HARQ feedback.

Other than that, the HARQ mechanism behaviour should be very similar to the one used in legacy SPS behaviour.  Transmissions will obviously follow the configured SPS grant, unless a dynamic grant is provided for the (re)transmission, in which case the eNB may indicate the HARQ ID that the UE needs to schedule (as in Rel.14 LAA). As per Rel.8, the dynamic grant for a certain subframe has precedence over any SPS grant allocated for that subframe.
Therefore in line with Proposal 2, the following is proposed.

Proposal 5 If for a certain subframe a dynamic grant is provided this takes precedence over the SPS grant allocated for such subframe and the UE schedules the (re)transmission for the HARQ ID as indicated by the eNB (as in Rel.14 LAA).

Unlike legacy behaviour, Proposal 2 and Proposal 3 imply that the UE should indicate to the eNB the HARQ ID associated to a certain PUSCH transmission, e.g. in the uplink control information (UCI) on PUSCH. In this way, the eNB knows which HARQ process the UE has transmitted, it can properly decode the HARQ process and it can refer to such HARQ process when providing HARQ feedback. However, whether additional fields need to be signalled in the UCI on PUSCH is up to RAN1 decision.

Proposal 6 The UE signals in the PUSCH UCI the HARQ ID associated to the PUSCH transmission. Details of UCI design are up to RAN1.

2.3 HARQ feedbacks

An UL asynchronous retransmission scheme based on NDI indicators in PDCCH scheduling grants might heavily impact the PDCCH resource utilization, since each UL transmission needs to be individually acknowledged by a PDCCH which in turn is subject to separate LBT procedures.  Most important is the fact that given the above Proposal 2, the eNB does not know which HARQ process the UE will schedule on a certain TTI. Therefore, if an UL HARQ process is not detected by the eNB, that can simply depend on the UE that did not transmit using the HARQ process at all, and the eNB will not be able to figure out that. Additionally, since the HARQ feedbacks can be transmitted on unlicensed spectrum by the eNB, they might be also subject to LBT. For such reasons, a legacy mechanism (e.g. as in Rel-14 LAA) in which an HARQ feedback for a certain HARQ process is only sent in response to an expected transmission, e.g. sent when the UL HARQ RTT related to an HARQ process ID expires, cannot work in this framework.

Observation 2 In autonomous uplink access, the eNB does not know which HARQ process the UE will transmit in a TTI. Therefore, the HARQ feedback for a certain HARQ process cannot be triggered only in response to an expected transmission of such HARQ process as in legacy.

One possible solution is to design a cumulative HARQ feedback scheme on PDCCH which carries several HARQ feedbacks for each possible HARQ process (e.g. 8 HARQ processes). The pending HARQ feedback is collected in a bitmap where each bit refers to an HARQ process ID, e.g. 0 to indicate NACK, 1 to indicate ACK of the corresponding HARQ ID. NACK can be sent in case of either no transmission detected at the eNB (e.g. due to HARQ process not scheduled by the UE, channel detected busy, or simply transmission not detected), or data decoded with error. Whereas ACK will be sent in case of data successfully decoded.
However, the detailed content of such HARQ feedbacks, as well as the DCI design is left to RAN1.

Proposal 7 Cumulative UL HARQ feedbacks are used in the LAA autonomous uplink access.

Proposal 8 One cumulative HARQ feedback provides feedback for all the possible UL HARQ processes that the UE may schedule, e.g. through a bitmap in the DCI in which each bit is associated to an HARQ process ID. Details of the DCI design are left to RAN1.
3 Conclusion

In section 2 we made the following observations:
Observation 1
In LAA, only asynchronous HARQ is used.
Observation 2
In autonomous uplink access, the eNB does not know which HARQ process the UE will transmit in a TTI. Therefore, the HARQ feedback for a certain HARQ process cannot be triggered only in response to an expected transmission of such HARQ process as in legacy.


Based on the discussion in section 2 we propose the following:
Proposal 1
The HARQ protocol for the LAA autonomous uplink access, based on short periodicity SPS, should support asynchronous HARQ retransmissions similar to legacy LAA HARQ.
Proposal 2
In the LAA autonomous UL access, HARQ processes are not tied to TTIs.
Proposal 3
In the LAA autonomous UL access, the (re)transmission is not fixed to be in a single particular TTI after the corresponding HARQ feedbacks, FFS when the UE is allowed to transmit.
Proposal 4
It is FFS, the UE behavior upon reception (or not reception) of an HARQ feedback.
Proposal 5
If for a certain subframe a dynamic grant is provided this takes precedence over the SPS grant allocated for such subframe and the UE schedules the (re)transmission for the HARQ ID as indicated by the eNB (as in Rel.14 LAA).
Proposal 6
The UE signals in the PUSCH UCI the HARQ ID associated to the PUSCH transmission. Details of UCI design are up to RAN1.
Proposal 7
Cumulative UL HARQ feedbacks are used in the LAA autonomous uplink access.
Proposal 8
One cumulative HARQ feedback provides feedback for all the possible UL HARQ processes that the UE may schedule, e.g. through a bitmap in the DCI in which each bit is associated to an HARQ process ID. Details of the DCI design are left to RAN1.
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