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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 [2], 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

Regarding the HARQ design the following agreements were taken in last RAN2#99 meeting:

Agreements from RAN2#99:
1
From RAN2 perspective, the HARQ protocol for the LAA autonomous uplink access should support asynchronous HARQ retransmissions similar to legacy LAA HARQ.

2
It is FFS, the UE behavior upon reception (or not reception) of an HARQ feedback.

In the following, we elaborate on the above FFS and present our view on how HARQ retransmissions should be performed when the autonomous UL access (AUL) scheme is configured.

2.1 HARQ ID / TTI association in AUL
Before Rel-14, in legacy UL operations, every TTI is tied to a specific HARQ ID both for dynamic grant scheduler and semi-persistent scheduler (SPS). This allows the network to know a-priori for every TTI which HARQ process the UE should transmit. For FDD, this implies that retransmissions (if needed) always occur at subframe n+8, while for TDD that depends on the configured DL-UL allocation.
Observation 1 Before Rel.14, UL operations are synchronous, and every TTI is tied to a specific HARQ ID both for dynamic grant scheduler and SPS. 
However, in Rel-14 it was recognized that this is not good for transmission on unlicensed spectrum in which both the (re)transmissions and the HARQ feedbacks may need to be postponed because of LBT events. That might affect the latency of the HARQ processes, in case of persistent LBT occurrences in the associated TTIs. For this reason, in Rel.14 both transmissions and retransmissions are scheduled by the eNB which indicates in the UL grant at time n which specific HARQ ID the UE should (re)transmit, so that the eNB knows that at n+4 (for FFD) the UE will transmit the indicated HARQ process.
Observation 2 In Rel.14 LAA, UL operations are asynchronous, i.e. the eNB indicates in the UL grant which HARQ process the UE should (re)transmit.

In RAN2#99 it was agreed to take the above Observation 2 on asynchronous UL operations as baseline for the AUL scheme in Rel.15. 

How to represent the new AUL scheme is still under debate in RAN2. As highlighted in our contribution [2], that can be represented by the classical SPS framework or by some new bitmap-based framework which explicitly indicates which subframes should be used for AUL. 

Even though it has not been agreed yet which of the above frameworks RAN2 will adopt, it is quite clear that the AUL scheme cannot be based on dynamic grant. Assuming for simplicity that SPS will be adopted, it is not clear how to make the SPS scheme asynchronous. To this end, two alternative options can be envisaged:

a) Specify a formula which maps HARQ process IDs to TTIs
b) It is up to the UE to determine which HARQ ID to transmit on a certain TTIs

Observation 3 For AUL scheme, to guarantee asynchronous operations, two different HARQ design options are possible:
a. Specify a formula which maps HARQ process IDs and to TTIs
b. It is up to the UE to determine which HARQ ID to transmit on a certain TTIs

Option a) is similar to what specified for UL SPS in eMTC, and for DL SPS. In this option, the different HARQ processes would be evenly distributed across the TTIs are configured for AUL transmission. Benefit of this option is that, as in legacy schemes, the network knows a-priori which HARQ process the UE will (re)transmit in a TTI. 
However, such option might not be enough robust against LBT events, because if the UE fails to (re)transmit an HARQ process or no HARQ feedback received by the eNB for that HARQ process (e.g. because of LBT at eNB side), the UE has to wait until the next occasion dedicated for this HARQ process, thereby increasing the latency of packet delivery. With this option, the UE does not have the possibility to immediately retransmit a failed HARQ (re)transmission in the next available AUL occasion, because that occasion is allocated to another HARQ process.

Figure 1 shows the association between TTIs and HARQ IDs for the case in which 1ms AUL scheme is used and 4 HARQ process IDs configured. Obviously, the larger the number of HARQ processes supported, the more severe the issue latency issue would be. Consider for example if the UE transmits with HARQ process 0 but a retransmission is needed, then if the UE manages to get the channel in a TTI for HARQ process 1, then with Option a) the UE would need to transmit new data with HARQ process 1 even though it would be better to do the retransmission from HARQ process 0.
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Figure 1: Mapping between HARQ IDs and TTIs if option a) is adopted.

Observation 4 With option a), the network knows a-priori which HARQ process the UE will transmit, but it might not be robust enough against LBT events, especially with larger number of HARQ processes supported.

On the other hand, with option b), the UE can retransmit a failed HARQ (re)transmission immediately in the next available AUL occasion, so that latency of packet delivery can be minimized in case of LBT events. Issue with this option is that the network would not have any a-priori knowledge of what HARQ process the UE will transmit. This implies that the UE has to signal this information to the eNB, e.g. in the UCI of PUSCH, so that the eNB can properly decode the corresponding HARQ process.
Observation 5 With option b), the network does not know a-priori which HARQ process the UE will transmit, but it allows reduce latency in case of LBT events.
Even though b) increases UCI overhead, we believe that it is well motivated by the need to reduce latency of LAA UL transmissions, and boost LAA performances with respect to other technologies operating in the unlicensed spectrum when it comes to LBT events.

Proposal 1 In the LAA autonomous UL access, HARQ processes are not tied to TTIs.

Consequence of Proposal 1 is that also the retransmissions are neither tied to a specific TTIs, as it would in the option a) above, nor to a specific subframe with respect to the HARQ feedback, as it is in synchronous schemes.

Proposal 2 In the LAA autonomous UL access, the (re)transmission is not fixed to be in a single particular TTI after the corresponding HARQ feedbacks. 
As observed earlier, with the above proposals some impact in the UCI signalling is expected. However, whether additional fields need to be signalled in the UCI on PUSCH is up to RAN1 decision.
Proposal 3 The UE signals in the PUSCH UCI the HARQ ID associated to the PUSCH transmission. Details of UCI design are up to RAN1.
2.2 HARQ (re)transmissions in AUL
With the above Proposal 1 and Proposal 2, the UE is in principle allowed to (re)transmit a certain HARQ process whenever it wants. While this is acceptable for the initial transmission, i.e. the UE can autonomously determine when a new packet has to be retransmitted after an ACK feedback (or NDI toggled), some further considerations are needed for the retransmissions. 

In Rel.14, it was agreed that after the HARQ RTT expires, the UE may stay awake some further subframes depending on whether the drx-ULRetransmissionTimer is configured or not. It is reasonable to assume that in case of no HARQ feedback received from the eNB (e.g. because of LBT at eNB side), the UE will try to retransmit as soon as possible after the HARQ RTT (or the drx-ULRetransmissionTimer) expires. Instead, it might beneficial to give to the eNB more time to access the channel and successfully provide an HARQ feedback, and therefore to avoid unnecessary retransmissions. 
Observation 6 It is beneficial to spread in time the UE retransmission attempts when the HARQ RTT (or the drx-ULRetransmissionTimer if configured) expires and no HARQ feedback received, in order to give more time to the eNB to successfully provide an HARQ feedback and avoid unnecessary retransmissions.

Therefore, it is proposed that once the HARQ RTT (or the drx-ULRetransmissionTimer if configured) expires the UE should wait a certain time, before performing the retransmission.

Proposal 4 Once the HARQ RTT (or the drx-ULRetransmissionTimer if configured) expires and no HARQ feedback received, the UE should wait a certain configured amount of time before performing retransmission of the affected HARQ process.
Additionally, if the UE would keep on retransmitting a transport block from an HARQ process for long time after the first transmission of the transport block, that may result in RLC triggering retransmissions of an RLC PDU while the HARQ process for that RLC packet is still ongoing. So that two different HARQ processes may run in parallel for the same RLC packet. That may create RLC problems (e.g. reordering problems). Therefore, we think there should be a limit on the amount of time that a certain transport block can be transmitted from a HARQ process. We propose a timer to be used for this.
Proposal 5 HARQ retransmissions of a certain transport block shall be performed within a certain time window to avoid issues with the RLC reordering procedures.

Figure 2 shows the HARQ retransmission principles proposed in Proposal 4 and Proposal 5.
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Figure 2: HARQ retransmissions for AUL.
As in legacy LTE, the UE can perform a new transmission of a certain HARQ process when an ACK feedback (or NDI toggled) is received by the eNB for this HARQ process. Additionally, in legacy synchronous scheduling schemes, the UE will perform a new transmission if maximum number of retransmission attempts is reached. Given that the AUL will be based on an asynchronous HARQ scheme, it might not be needed to consider that. Moreover, from MAC perspective, the LBT occurrences are counted as retransmissions, which implies that the retransmission counter is stepped even if the UE does not really transmit.
On other hand, as we propose in Proposal 5, if the UE does not manage to successfully complete the HARQ retransmissions for this HARQ process in time, it should flush the HARQ buffer and perform a new transmission. 
Proposal 6 A new HARQ transmission for a given HARQ process is performed after receiving an ACK feedback (or NDI bit toggled) or when HARQ retransmissions for this HARQ process are not successfully completed in time.  
3 Conclusion

In section 2 we made the following observations:
Observation 1
Before Rel.14, UL operations are synchronous, and every TTI is tied to a specific HARQ ID both for dynamic grant scheduler and SPS.
Observation 2
In Rel.14 LAA, UL operations are asynchronous, i.e. the eNB indicates in the UL grant which HARQ process the UE should (re)transmit.
Observation 3
For AUL scheme, to guarantee asynchronous operations, two different HARQ design options are possible:
a.
Specify a formula which maps HARQ process IDs and to TTIs
b.
It is up to the UE to determine which HARQ ID to transmit on a certain TTIs
Observation 4
With option a), the network knows a-priori which HARQ process the UE will transmit, but it might not be robust enough against LBT events, especially with larger number of HARQ processes supported.
Observation 5
With option b), the network does not know a-priori which HARQ process the UE will transmit, but it allows reduce latency in case of LBT events.
Observation 6
It is beneficial to spread in time the UE retransmission attempts when the HARQ RTT (or the drx-ULRetransmissionTimer if configured) expires and no HARQ feedback received, in order to give more time to the eNB to successfully provide an HARQ feedback and avoid unnecessary retransmissions.


Based on the discussion in section 2 we propose the following:
Proposal 1
In the LAA autonomous UL access, HARQ processes are not tied to TTIs.
Proposal 2
In the LAA autonomous UL access, the (re)transmission is not fixed to be in a single particular TTI after the corresponding HARQ feedbacks.
Proposal 3
The UE signals in the PUSCH UCI the HARQ ID associated to the PUSCH transmission. Details of UCI design are up to RAN1.
Proposal 4
Once the HARQ RTT (or the drx-ULRetransmissionTimer if configured) expires and no HARQ feedback received, the UE should wait a certain configured amount of time before performing retransmission of the affected HARQ process.
Proposal 5
HARQ retransmissions of a certain transport block shall be performed within a certain time window to avoid issues with the RLC reordering procedures.
Proposal 6
A new HARQ transmission for a given HARQ process is performed after receiving an ACK feedback (or NDI bit toggled) or when HARQ retransmissions for this HARQ process are not successfully completed in time.
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