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1.
Introduction
In RAN1#94, it was agreed that:
Agreement:
UE selects the HARQ process ID from an RRC configured set of HARQ IDs for NR-unlicensed configured grant transmission.

Agreement:
It is identified to be beneficial to consider UE multiplexing and collision avoidance mechanisms between configured grant transmissions and between configured grant and scheduled grant transmissions. 

· FFS: detailed mechanism.

In RAN1#93, it was agreed that:
Agreement:
· The following modifications to the configured grant procedures are beneficial

· Removing dependencies of HARQ process information to the timing

· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID

· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission

· Increased flexibility on time domain resource allocation for the configured grant transmissions

· Supporting retransmissions without explicit UL grant

In this contribution, we present our views on how to select the HARQ process ID for the pre-configured uplink resources in NR-U. 
2. Discussion
In R15 LTE LAA, there was a desire to make the uplink transmission more flexible by considering LBT nature. In this context, the UE by itself randomly selects an unused HARQ process ID when the UE gets grant of access to the channel as a result of LBT and transmits the selected HARQ process ID through PUCCH. This reduces retransmission latency because the UE can allocate the concerned HARQ process ID to the earliest available time and doesn’t need to wait for the same HARQ process ID occurs later with a periodicity. 

Selection of HARQ process ID by the UE itself could be beneficial because busy/free status of channel changes unpredictably in unlicensed band. However, as the network doesn’t know/predict which HARQ process ID is to be used by the UE at all, a complicated handling has been required in order to handle the case where HARQ process ID collides between UE selection and network scheduling. As the periodicity gets shorter, the collision case would happen more frequently. 

In R15 LTE LAA, RAN2 discussed the HARQ process ID collision issue and related solutions. Nevertheless, no mechanism was introduced because no consensus was made on complete solution. Note that it is still under discussion in R15 LTE LAA how to solve this problem. Thus, before reusing R15 LTE LAA design for NR-U configured grant mechanism, it would be good to carefully consider a better method for HARQ ID selection while still allowing the selection of HARQ process ID to the UE. 

Observation. Random selection of HARQ process ID has a collided HARQ process ID issue, which is still under discussion in R15 LTE LAA. 
For better understanding, the options are recapped in the below, which were discussed in R15 LTE LAA for the case where the dynamic UL grant and the configured grant coexist very closely: 

· Option 1 : Ignoring dynamic UL grant.

· Option 1 is to ignore any kinds of dynamic UL grant when this issue happens. 

· However, if this was a dynamic UL grant indicating a different HARQ process ID, this has negative effect on the transmission performance because this resources is wasted. Thus, this doesn’t seem appropriate option.
· Option 2 : Network implementation.

· Option 2 is to rely on the network implementation that the network shouldn’t schedule if the HARQ process is expected to be used by the UE. 

· Option 2 is, however, unclear how the network exactly knows that a certain HARQ process is not used at all by the UE. Thus, there still be a case that HARQ process ID collision happens.
· Option 3 : UE implementation

· Option 3 is to solve this issue by UE implementation that the UE selects a different HARQ process ID from the HARQ process ID indicated in the dynamic UL grant.

· However, after generating of MAC PDU, if the dynamic UL grant with same HARQ process ID is received in a very short time prior to UL transmission, then the UE may not regenerate the MAC PDU with different HARQ process ID. Thus, this may become more complex.
· Option 4 : HARQ processes partitioning

· Option 4 is not to share a HARQ process between configured grant and dynamic grant. For example, HARQ processes #1-#3 are used for configured grant while HARQ Processes #4-#8 are used for dynamic grant.

· The benefit is to avoid any HARQ process collision completely while the drawback is reduced scheduling flexibility.

As shown above, no option can completely resolve the problem. Therefore, it is risky to remove the association between the HARQ process ID and TTI given that random selection is not a finalized solution and it can be problematic from reliability point of view. 

Given that the reason of removing association between the HARQ process ID and TTI is to get the retransmission opportunity earlier, one alternative would be to make the network be able to predict the HARQ process ID that is to be used by the UE. The network can provide a sequence of HARQ process ID to the UE so that the UE selects the HARQ process ID according to the order of the provided sequence. For instance, the network can provide HARQ process ID sequence as [0, 1, 2, 3], then the UE will select unused HARQ process ID in order of [0, 1, 2, 3] repeatedly. As the UE selects a HARQ process ID when the UE uses the CG resource, it can be considered that there is an association between the HARQ process ID and the CG resource.
By providing HARQ process ID sequence to the UE, the network can predict which HARQ process ID is to be selected by the UE for the next transmission on the configured grant, and hence, the network is able to avoid HARQ process ID collision by picking unused HARQ process ID for dynamic scheduling. In addition, it would simplify the UE implementation than real random selection of the HARQ process ID.

In our view, it doesn’t make sense to reuse the problematic mechanism in NR as it is in spite of that we have a simple better way to avoid the problem. 
Proposal. In NR-U, for transmission using configured grant, the network provides a sequence of HARQ process ID and the UE selects the unused HARQ process ID in order of the given sequence of HARQ process ID for each CG resource. 
3. Conclusion

In conclusion, we expressed our concern on HARQ process ID collision between the network and the UE, which happens when leaving the selection of HARQ process ID up to UE implementation, i.e., random selection. With this concern, it is proposed to reconsider carefully how to avoid the HARQ process ID collision and suggested that 
Observation. Random selection of HARQ process ID has a collided HARQ process ID issue, which is still under discussion in R15 LTE LAA. 
Proposal. In NR-U, for transmission using configured grant, the network provides a sequence of HARQ process ID and the UE selects the unused HARQ process ID in order of the given sequence of HARQ process ID for each CG resource. [image: image1.png]
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