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1 Introduction

In Rel.15 LAA, two different types of scheduling options are available, i.e. the legacy dynamic/scheduled UL grants, and the AUL grants (e.g. based on the SPS framework).

Legacy communications in Uu licensed spectrum also allows for both dynamic UL grant and configured UL grant (based on SPS). However, in licensed communications each TTI is associated to a specific HARQ ID for both schemes. Therefore, the eNB knows a-priori which HARQ ID the UE is going to process in a certain TTI. Such association between HARQ ID and TTI is not present when the AUL scheduler is configured, which implies that issues might arise when the eNB dynamically schedules a certain HARQ ID and at the same time a UE is processing the same HARQ ID for AUL transmissions.

This issue was also highlighted in [1]. In this paper, we provide our view on how to ensure smooth coexistence between dynamic scheduling and AUL.

2 Discussion

Related to this topic following agreements have been reached in previous 3GPP RAN2 meetings:

	Agreements from 3GPP RAN2#99:

· The UE does not transmit on autonomous access resources when an UL grant is received for the same TTI for the same cell case 
· From RAN2 perspective, autonomous access should not be used for retransmission of dynamically scheduled transmissions
· Retransmission can be switched from autonomous uplink access to grant-based uplink access

Agreements from 3GPP RAN2#99bis:

· In the LAA autonomous UL access, HARQ processes are not tied to TTIs


From the above agreements, it turns out that the decision of which HARQ ID to process in a certain TTI is left to the UE when the AUL scheme is configured. This implies that the network is not aware of which HARQ ID, the UE intends to transmit on a given TTI when AUL is used. Therefore, it might happen that the eNB dynamically schedules a certain HARQ ID while the UE is preparing or just recently performed the AUL (re)transmission of data associated to the same HARQ ID. 

In case the eNB provides a dynamic grant for transmitting a certain HARQ ID exactly in the same TTI in which the UE intends to transmit this HARQ ID following the AUL scheme, the UE should prioritize the dynamic scheduling assignment as agreed in 3GPP RAN2#99. The dynamic grant is received 4ms before the dynamically scheduled transmission, therefore there should be no problem for the UE implementation to avoid performing an AUL transmission for the same scheduled HARQ ID. This is also the legacy behaviour in licensed transmissions since Rel.8. For the same reason, if a dynamic UL grant is valid for transmission on a TTI earlier than the planned AUL transmission for the same HARQ ID, the UE should not have any problem in performing the dynamic transmission rather than the AUL.

Observation 1 From UE implementation perspective, there seems to be no problem for the UE to perform a dynamically scheduled UL transmission when it occurs in the same TTI (as agreed in RAN2#99), or in an earlier TTI with respect to the AUL transmission planned by the UE.  

However, coexistence issues between AUL and dynamically scheduled grant for the same HARQ process may arise in some other cases. Examples are illustrated in Figure 1 and summarized in the following:

1. Scenario 1: The eNB dynamically schedules a certain HARQ ID while the UE has already started the preparation of an AUL transmission for the same HARQ ID which should occur at subframe n. In this case, the dynamic grant over PDCCH is received just a few ms (e.g. 2ms in Figure 1) before the AUL planned transmission. At this point in time, the UE might not be able to interrupt the preparation of the AUL transmission at subrame n. The UE could certainly perform both the AUL transmission at subframe n and the scheduled UL transmission at subframe n+2. However, the benefit of performing both transmissions so close in time for the same HARQ process is arguable. It can speed up and facilitate the correct decoding of the HARQ process, but it would also increase the overhead which is in general not desired, especially in the unlicensed spectrum.

2. Scenario 2: The eNB dynamically schedules a certain HARQ ID in the same TTI or just few ms (e.g. 1ms in in Figure 1) after a performed AUL transmission. In this case, the UL grant might be sent by the eNB before the eNB has been really able to process the received AUL transmission. As for the scenario 1, the UE can certainly transmit both the AUL data and the scheduled UL data, but the benefit of that is arguable given the additional overhead.
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Figure 1: Coexistence issues between AUL and dynamically scheduled UL grants for the same HARQ process.

Given the above considerations we observe the following:

Observation 2 When AUL is configured, the HARQ process that the UE will transmit on a certain TTI is not known by the eNB. As such, it can happen that the eNB provides a DCI with UL grant for an HARQ process just few ms before or after the subframe in which the UE intends to perform an AUL transmission for the same HARQ process. 

Observation 3 Performing both an AUL transmission and a scheduled UL transmission for the same HARQ process very close in time increases the overhead which is not desirable especially in the unlicensed spectrum.

To solve the issue captured in the above Observation 2 and Observation 3, it was proposed in [1] that the DCI related to the scheduled grant must be received before or on the same subframe of the AUL HARQ feedback in order for the UE to perform the scheduled transmission. Otherwise, the retransmission is performed via AUL depending on the HARQ feedback ACK/NACK.

In our understanding the above issue can occur both for retransmissions and new transmission, i.e. the UE might want to transmit new data for a certain HARQ ID via AUL on a certain TTI, and the eNB might provide a DCI with UL grant and NDI toggled for the same HARQ ID just few ms or after that TTI. Therefore, linking the time of eNB dynamic scheduling with the HARQ feedback provision might not be enough to solve the issue above.

Observation 4 Both new transmissions and retransmissions could be affected by the issue observed in Observation 2 and Observation 3.

Additionally, after the HARQ feedback reception for a given HARQ process, when to perform the corresponding retransmission for such HARQ process still depends on the UE implementation. In order to avoid losing scheduling flexibility, it is important to keep the possibility for the eNB to dynamically schedule a given HARQ process at any point in time. For example, the eNB might provide an UL grant with a more robust encoding scheme if no transmission received for a certain HARQ process for some time.

Observation 5 The eNB can provide a DCI with UL grant for an HARQ process at any point in time.

In order to take into account both the eNB scheduling flexibility and the possible coexistence issue between AUL and dynamic grant as highlighted in Observation 2 and Observation 3, the simplest solution seems to allow a UE to do not process the UL grant if concurrent AUL and dynamic UL grant are available very close in time, e.g. as in the scenarios 1 and 2 in Figure 1 above.

For example, it would be enough to define a time after the AUL transmission under which the UE is allowed to skip UL transmissions dynamically scheduled by the eNB. The timer could simply be proportional to the UL HARQ RTT, e.g. 2 x UL HARQ RTT, as illustrated in Figure 2. In this way, the UE would be allowed to skip processing any UL grants received in DCI between n-3 and n+3 for a given HARQ process, as long as the UE transmits AUL for such HARQ process at subframe n. 
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Figure 2: UE shall skip processing SUL grants in some cases.

In general, considering different eNB processing time, it can be worth using a configured value, so that the network can better control the time period under which the UE shall not process the SUL grant. In fact, in some cases, the eNB may be capable of decoding the AUL transmission quick enough to be able to transmit a SUL grant immediately after the AUL transmission. In such case, there is no reason for the UE to skip the SUL grant for a long period of time. 

Therefore, we propose that the UE shall skip at least the SUL grants that are valid for transmission between [n+1, n+3]. If the SUL grants shall be skipped for a longer time period, it should be indicated by the network.
Proposal 1 The UE shall not transmit using a SUL grant for an HARQ process, if the SUL grant is valid for SUL transmission within [n+1, n+3+configuredValue] after an AUL transmission for the same HARQ process.

3 Conclusion

In section 2 we made the following observations:

Observation 1
From UE implementation perspective, there seems to be no problem for the UE to perform a dynamically scheduled UL transmission when it occurs in the same TTI (as agreed in RAN2#99), or in an earlier TTI with respect to the AUL transmission planned by the UE.
Observation 2
When AUL is configured, the HARQ process that the UE will transmit on a certain TTI is not known by the eNB. As such, it can happen that the eNB provides a DCI with UL grant for an HARQ process just few ms before or after the subframe in which the UE intends to perform an AUL transmission for the same HARQ process.
Observation 3
Performing both an AUL transmission and a scheduled UL transmission for the same HARQ process very close in time increases the overhead which is not desirable especially in the unlicensed spectrum.
Observation 4
Both new transmissions and retransmissions could be affected by the issue observed in Observation 2 and Observation 3.
Observation 5
The eNB can provide a DCI with UL grant for an HARQ process at any point in time.


Based on the discussion in section 2 we propose the following:

Proposal 1
The UE shall not transmit using a SUL grant for an HARQ process, if the SUL grant is valid for SUL transmission within [n+1, n+3+configuredValue] after an AUL transmission for the same HARQ process.
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