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1 Introduction
When introducing autonomous UL access for LAA, some specification impact on the HARQ design is expected. 
In fact, in Rel.14 both transmissions and retransmissions are dynamically 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 FDD) the UE will transmit the indicated HARQ process. Even though it has not been agreed yet which scheduling strategy will be adopted for AUL, e.g. if SPS will be reused or if some enhancements to SPS are needed, it is quite clear that the AUL scheme cannot be based on dynamic grant. As such, some changes compared with the Rel.14 framework are certainly needed.

In this paper, we further elaborate on the HARQ design scheme with special focus on the HARQ retransmissions, in light of the latest RAN2#99-bis agreements. 

2 Discussion

Relevant agreements from previous meetings regarding the HARQ design are summarized in the following:

	Agreements from 3GPP RAN2#99:

· From RAN2 perspective, the HARQ protocol for the LAA autonomous uplink access should support asynchronous HARQ retransmissions similar to legacy LAA HARQ 
· HARQ feedback for autonomous uplink access is supported. FFS: the details of HARQ feedback depends on RAN1
Agreements from 3GPP RAN2#99bis:
· In the LAA autonomous UL access, HARQ processes are not tied to TTIs


With the above agreements, it will be possible for the UE to retransmit an HARQ process, which was stopped by LBT, as soon as possible in the next available AUL occasions. In this way, latency of packet delivery can be minimized in case of LBT events, since there will not be any association between a TTI and an HARQ process ID. 
It seems therefore natural to conclude from above agreements that also the retransmissions should not be tied neither to a specific TTIs, nor to a specific subframe with respect to the HARQ feedback (as it is in synchronous schemes).

Proposal 1 In the LAA autonomous UL access, the (re)transmission is not fixed to be in a single particular TTI after the corresponding HARQ feedbacks. 
An implication of the newly agreed HARQ scheme is that the network will not have any a-priori knowledge of what HARQ process the UE will transmit on a certain TTI. Therefore, some additional information related to the HARQ process being transmitted (e.g. HARQ ID, NDI, etc.) need to be signalled by the UE to the eNB, e.g. in the UCI of PUSCH, to allow proper decoding of UL data. However, what additional fields need to be signalled in the UCI on PUSCH is up to RAN1 decision and some agreements have already been made.
2.1 HARQ retransmissions timers
During the last RAN2#99-bis meeting, it was discussed the possibility to introduce different timers to handle HARQ retransmissions in AUL. Such timers might be needed to serve different purposes and face different type of issues that might arise when AUL is used.

· Timer before triggering HARQ retransmission for an HARQ process

· Time window to complete transmission of an HARQ process

Intention of the above timers are described more in details in the following sections

2.1.1 Timer before triggering HARQ retransmission for an HARQ process
In Rel.14, it was agreed that after the UL 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 or simply because of unsuccessful decoding), the UE will try to retransmit autonomously. However, it is beneficial to give at least some time to the eNB to access the channel and successfully provide an HARQ feedback, thereby avoiding unnecessary retransmissions. In fact, it can happen that the eNB does not manage to deliver an HARQ feedback within the drx-ULRetransmissionTimer associated to an HARQ process, due to LBT or interference at receiver side, and some more time might be required.

Observation 1 To avoid unnecessary retransmissions and give more time to the eNB to successfully provide an HARQ feedback, it is beneficial to spread in time the UE retransmission attempts when the UL HARQ RTT (or the drx-ULRetransmissionTimer, if configured) expires and no HARQ feedback received.

Therefore, the UE should at least wait that the HARQ RTT of the associated HARQ process, or the drx-ULRetransmissionTimer (if configured), expires, before autonomously retransmit such HARQ process. 
During last RAN2#99-bis meeting, it was discussed about the possibility to introduce a timer to determine the minimum amount of time that the UE should wait before performing a retransmission of an HARQ process. See Figure 1 for an illustrative example of how this timer should work.
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Figure 1: Timer before triggering HARQ retransmission for an HARQ process.
From RAN2 perspective, the introduction of such timer seems beneficial to realize the benefits highlighted in Observation 1.
Proposal 2 From RAN2 perspective, it is beneficial that the UE shall wait at least a certain configured amount of time before performing a retransmission of an HARQ process, if no HARQ feedback received.
If Proposal 2 is agreed, one further issue is when such timer should be triggered. During last RAN2#99-bis meeting following options were discussed

1. The timer is triggered immediately after the PUSCH transmission.
2. The timer is triggered immediately when the UL HARQ RTT expires. 

We believe that it is important that the network has the possibility to configure such timer such that it expires when the drx-ULRetransmissionTimer expires so that the UE can monitor the channel for HARQ feedbacks for the whole duration of drx-ULRetransmissionTimer and retransmit immediately after the drx-ULRetransmissionTimer expires, if no HARQ feedback has been received. In some cases, in fact, there might be no reason for the UE to wait longer than drx-ULRetransmissionTimer duration before retransmitting. This means that whatever of the above options is chosen, it should be possible for the network to at least configure the retransmission timer such that it expires when the drx-ULRetransmissionTimer expires. 

Proposal 3 It should be possible for the network to configure the retransmission timer (proposed in Proposal 2), such that it expires when the drx-ULRetransmissionTimer expires, in order to minimize the UE retransmission time when no HARQ feedback received within the drx-ULRetransmissionTimer window.
2.1.2 Time window to complete transmission of an HARQ process
During the last RAN2#99-bis meeting, it was highlighted that the AUL scheme might lead to RLC reordering issues. This issue was captured in the following agreement.
	Agreements from 3GPP RAN2#99bis:

· HARQ retransmissions of a certain transport block shall avoid issues with the RLC reordering procedures. FFS on how to solve this issue


As agreed in previous meeting, the HARQ processes are not tied to TTIs and, as proposed in Proposal 1, also the HARQ retransmissions of a certain HARQ process should not have any time-relationship with certain TTIs or with the HARQ feedback reception. 
Therefore, with this scheme, when to perform a retransmission after a NACK reception would be up to UE implementation. Similarly, in case no HARQ feedback is received after some time, it would be up to UE implementation when to perform the retransmission. Even if RAN1/2 will introduce a minimum amount of time before triggering the HARQ retransmission when no HARQ feedback is received (as proposed in Proposal 2), the decision of when to actually perform the HARQ retransmission after such timer expires would be up to UE implementation.
Eventually, what could happen, is an increase in the number of RLC retransmissions. While the UE still has to successfully complete transmission of a MAC transport block including a certain RLC PDU, the RLC layer at the eNB might trigger RLC retransmission of such RLC PDU (because of the t-Reordering timer expiring). An increase on the number of RLC retransmissions would just create overhead in the unlicensed spectrum (which is certainly not desired) and also increase latency of end-to-end packet delivery, since the RLC receiver queue has to wait for the missing RLC PDU before being advanced. Since there is no time constraint in the UE on when to perform an HARQ retransmission, the RLC queue might be stalled for long time while waiting for the UE to perform the HARQ retransmission. For RLC UM, the above would result in higher RLC PDU losses.
Observation 2 If the UE does not have any time limitation on when to complete an HARQ process, following issues may arise

a. Increased data overhead due to higher number of RLC retransmissions (because of more frequent t-Reordering timer expiry) 
b. Increased latency, due to RLC queue stalled while waiting for the UE to complete the HARQ retransmissions of an RLC PDU.

c. For RLC UM, higher RLC PDU losses 

To solve the issue raised in Observation 2, different options were discussed during RAN2#99-bis meeting:
1. Use a timer to indicate the maximum amount of time for the UE to complete transmission of an HARQ process, i.e. when the counter expires the UE should flush the HARQ buffer for this HARQ process and transmit new data associated to it.
2. Use a counter to indicate the maximum amount of time for the UE to complete transmission of an HARQ process, i.e. when the counter reaches a maximum value, the UE should flush the HARQ buffer for this HARQ process and transmit new data associated to it.
With option 2, the issue would be when to step the counter. If it is stepped when the UE transmits, the problem captured in Observation 2 is not obviously solved, because when to transmit is up to UE implementation in the AUL framework. If instead it is stepped at every TTI, the option 2 would obviously be the same as option 1.
Therefore, we think that there should be a time window which sets the limit on the amount of time that a UE has available to transmit a certain transport block.
Proposal 4 HARQ retransmissions of a certain transport block shall be performed within a certain time window to avoid issues at RLC layer.

Figure 2 shows the HARQ retransmission principles proposed in Proposal 2 and Proposal 4.
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Figure 2: Time window to complete transmission of an HARQ process.
Option 2 could be used together with option 1 to count the number of HARQ retransmissions the UE has performed for an HARQ process. As in LTE legacy synchronous schemes, when the UE reaches a maximum number of retransmission attempts, the HARQ buffer for the HARQ process is flushed. However, given that all the UL LAA scheduling strategies (i.e. scheduled UL and AUL) are based on an asynchronous HARQ scheme and the time window proposed in Proposal 4, it might not be needed to consider that. Since both AUL and dynamic scheduling can be used to perform retransmission of an HARQ process, there will be some inconsistency on the usage of the timer. For some retransmissions, i.e. the one using AUL, the counter is stepped while for some others, i.e. the ones dynamically scheduled, the counter is not stepped. The benefit of having such mismatch it is not clear. 
Additionally, LBT occurrences are counted as retransmissions, therefore the usage of such counter might lead to early drop of transport blocks for which few (or no) (re)transmissions have been performed.

Observation 3 No counter to control the maximum number of allowed HARQ retransmissions is used in legacy UL LAA. Benefits of it are not clear, especially when both AUL and legacy LAA dynamic scheduling, and considering that LBT occurrences are counted as retransmissions.
Proposal 5 Like in legacy LAA operation, no counter is used to count the number of AUL HARQ retransmissions.

3 Conclusion

In section 2 we made the following observations:
Observation 1
To avoid unnecessary retransmissions and give more time to the eNB to successfully provide an HARQ feedback, it is beneficial to spread in time the UE retransmission attempts when the UL HARQ RTT (or the drx-ULRetransmissionTimer, if configured) expires and no HARQ feedback received.
Observation 2
If the UE does not have any time limitation on when to complete an HARQ process, following issues may arise
a.
Increased data overhead due to higher number of RLC retransmissions (because of more frequent t-Reordering timer expiry)
b.
Increased latency, due to RLC queue stalled while waiting for the UE to complete the HARQ retransmissions of an RLC PDU.
c.
For RLC UM, higher RLC PDU losses
Observation 3
No counter to control the maximum number of allowed HARQ retransmissions is used in legacy UL LAA. Benefits of it are not clear, especially when both AUL and legacy LAA dynamic scheduling, and considering that LBT occurrences are counted as retransmissions.


Based on the discussion in section 2 we propose the following:
Proposal 1
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 2
From RAN2 perspective, it is beneficial that the UE shall wait at least a certain configured amount of time before performing a retransmission of an HARQ process, if no HARQ feedback received.
Proposal 3
It should be possible for the network to configure the retransmission timer (proposed in Proposal 2), such that it expires when the drx-ULRetransmissionTimer expires, in order to minimize the UE retransmission time when no HARQ feedback received within the drx-ULRetransmissionTimer window.
Proposal 4
HARQ retransmissions of a certain transport block shall be performed within a certain time window to avoid issues at RLC layer.
Proposal 5
Like in legacy LAA operation, no counter is used to count the number of AUL HARQ retransmissions.
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