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1 Introduction

In RAN2#100, it was discussed how to select the HARQ process ID for AUL in order to avoid HARQ process ID collision between AUL and SUL. At that time, the discussion has been focused on that the UE avoids using a HARQ process if there is an ongoing HARQ transmission for that HARQ process.

However, there are still cases of HARQ process ID collision [1][2]. For example, network schedules an uplink transmission on a HARQ process by not knowing that the UE already assigns that HARQ process for AUL transmission. 
This contribution presents these cases and discusses the solutions.
2 Discussion
In LTE, for SPS, the UE calculates a HARQ process ID for each SPS occasion based on SPS configuration parameters. As the network configures SPS to the UE, the network easily be aware of which HARQ process ID is to be used for SPS transmission. 

In R15 AUL, the UE selects a HARQ process that is to be used for new HARQ transmission. As there is neither a formula to calculate the HARQ process ID nor a predetermined HARQ process ID pattern, the UE would randomly select a HARQ process which is available for AUL transmission. As a result, there may be a collision between the HARQ process that the UE selects for AUL and the HARQ process that the network selects for SUL.

In order to avoid HARQ process ID collision between them, RAN2 agreed some conditions to select a HARQ process in the UE side. The intention here is that the UE should not select a HARQ process which is currently being used for on-going HARQ transmission e.g., retransmission.
2.    UE can select the HARQ process for new AUL transmission when the following conditions are fulfilled:

-  The HARQ process for the corresponding HARQ process ID is not already being used for AUL (re)transmission in which HARQ ACK feedback has not been received for the HARQ process corresponding to the HARQ process ID.

         -  The HARQ process ID is not used by a SUL grant unless it has been ACK as agreed in RAN1.
However, there is still a case that a HARQ process is scheduled by the network while there is currently on-going HARQ transmission on that HARQ process in the UE side. This could happen because the network may not know or expect what HARQ process is being used in the UE side.
Case 1. The UE receives an SUL grant for HARQ process #0 after the UE has selected HARQ process #0 for AUL transmission. 
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Figure 1. An example of Case 1

As shown in Figure 1, the UE may have selected HP#0 for AUL before receiving the SUL grant for HP#0. Given that the MAC PDU generation is up to UE implementation, the UE may have generated a MAC PDU and stored it in the HARQ buffer #0. In this case, it may not be possible to move the MAC PDU to another HARQ buffer because it requires additional process of decoding and encoding. Moreover, the UE may not even know whether the SUL grant is for HP#0 before transmission on AUL due to processing time of SUL grant. 

In this case, the MAC PDU previously transmitted on HP#0 with AUL resource wouldn’t have retransmission opportunity because the UE will replace the previous MAC PDU by a new MAC PDU to be transmitted on the SUL grant by using the HARQ process #0.

Observation 1. If SUL grant is received for a HARQ process which has already been selected for AUL transmission by the UE, it may not be possible for the UE to avoid using that HARQ process due to processing delay.
Case 2. The UE performs AUL transmission by using HARQ process #0 and then receives an SUL grant for HARQ process #0. 
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Figure 2. An example of Case 2

As shown in Figure 2, the UE may receive an SUL grant for a HARQ process which have already been used for AUL transmission. It could happen when the network has not yet decoded the AUL transmission and assumed that HP#0 is free. In this case, the MAC PDU previously transmitted on HP#0 with AUL resource wouldn’t have retransmission opportunity because the UE will replace the previous MAC PDU by a new MAC PDU to be transmitted on the SUL grant by using the HARQ process #0.
Observation 2. If SUL grant is received for a HARQ process which has already been used for AUL transmission by the UE, it may not be possible for the network to avoid using that HARQ process due to processing delay.
For both cases, we see a problem with retransmission of a MAC PDU that is transmitted on AUL resource because it may be flushed without having retransmission opportunity. 

There are some options to resolve this issue.

· Option 1 : HARQ processes partitioning:
· Option 1 is not to share a HARQ process between AUL and SUL. For example, HARQ processes #1-#3 are used for AUL while HARQ Processes #4-#8 are used for SUL.

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

· Option 2 : Timer based UL resource skipping
· Option 2 is to introduce a timer which starts upon e.g., reception of SUL grant or transmission on AUL grant. While the timer is running the UE ignores all kinds of UL grant for the same HARQ process. This is similar to configuredGrantTimer what we have in NR. The difference is to additionally ignore the dynamic SUL grant.
· Option 2 allows flexible scheduling using all HARQ processes as much as possible. However, it an uplink transmission is lost, the network and the UE may have different understanding of timer state. Thus, scheduling may become more complex. 
· Option 3 : Network implementation 

· Option 3 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 3 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 4 : To configure a pre-defined HARQ process ID pattern for AUL transmission
· Option 4 is to have a HARQ process ID pattern for AUL transmission so that the network can expect which HARQ process will be used for the AUL transmission. Accordingly, the network wouldn’t schedule if the HARQ process is expected to be used by the UE. 

· Option 4 is similar to the current SPS operation in that there is a pre-calculated HARQ process ID for SPS transmission. The only difference is to have a HARQ process ID pattern instead of calculation formula. This would be simple from UE point of view and seems to be a natural extension of LTE approach.
In our view, Option 2 is not preferred because it may bring more problem on general scheduling in case PDCCH or PUSCH is lost. Option 3 is also not preferred because it is not clear how the network estimate the UE’s random choice of HARQ process ID. Among option 1 and 4, we think option 4 makes sense because option 1 limits the scheduling flexibility too much especially when frequent AUL grant is provided to the UE. Thus, we propose to configure a pre-defined HARQ process ID pattern for AUL transmission. 
Proposal 1. Configure a pre-defined HARQ process ID pattern for AUL transmission.
3 Conclusion

Based on the above, we present some cases that HARQ process ID collision occurs and propose that:
Observation 1. If SUL grant is received for a HARQ process which has already been selected for AUL transmission by the UE, it may not be possible for the UE to avoid using that HARQ process due to processing delay.
Observation 2. If SUL grant is received for a HARQ process which has already been used for AUL transmission by the UE, it may not be possible for the network to avoid using that HARQ process due to processing delay.
Proposal 1: Configure a pre-defined HARQ process ID pattern for AUL transmission.
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