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1 Introduction

In RAN2#100 meeting, we discussed the issue related to the coexistence between AUL and SUL and we confirmed this issue and the solution should be discussed [1]. In last RAN2 meeting, this issue was further discussed and an email discussion was triggered to handle the problem. In this contribution, we will discuss about the detailed solution and provide corresponding proposals.
2 Discussion
As mentioned in the email discussion, there are mainly two scenarios as listed below. 
Scenario 1: In this case, since the eNB is not aware of which HARQ ID the UE is going to process in a certain TTI, it is possible that the eNB dynamically schedules an uplink transmission with an AUL-enabled HARQ ID but at the same time the UE is processing the same HARQ ID for AUL transmissions as illustrated in Figure 1. There are in total four different cases as listed below:
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Figure 1

Case 1: AUL is a retransmission and SUL is a retransmission 
This case is not possible because before reception of SUL grant, the UE already starts the generation of this TB which means the timer X is not running. Since SUL is a retransmission, a NACK feedback must be received or no indication is received from the eNB before the Timer X expires. If an NACK feedback is received, then the eNB of course will not schedule a retransmission. If no indication is received before the Timer X expires, it is most probably that the transmission before the AUL retransmission is missing from the eNB perspective and of course a scheduled retransmission is not possible. 
Case 2: AUL is a retransmission and SUL is a new transmission 
For this case, since AUL is a retransmission which means an NACK feedback has already been received or no indication is received from the eNB before the Timer X expires. If an NACK feedback is received, then the eNB of course will not schedule a new transmission. If no indication is received before the Timer X expires, it is most probably that the transmission before the AUL retransmission is missing from the eNB perspective. 

If the transmission before the SUL grant is initial transmission, e.g. blue packet with NDI=1 as illustrated in Figure 2, then from the UE’s perspective, NDI is non-toggled compared with the previous transmission, then this dynamic UL grant is actually a retransmission. Simultaneously the UE is preparing an AUL retransmission with TBS of 1000bits. In this case how to handle this TBS mismatch case needs to be discussed. 
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Figure 2

Case 3: AUL is a new transmission and SUL is a retransmission 

This case is not possible since AUL is a new transmission which means an ACK feedback has already been received for the transmission associated with this HARQ process before the Timer X expires, a smart eNB will not schedule a retransmission after sending an ACK feedback.

Case 4: AUL is a new transmission and SUL is a new transmission

This case is possible since both AUL and SUL are new transmissions. The eNB is not aware of the ongoing generation of TB for AUL new transmission and schedules an uplink grant few subframes before this AUL transmission. 
Observation 1: The main issue for scenario 1 is how to handle TBS mismatch and two close AUL and SUL new transmissions.  
Scenario 2: the eNB dynamically schedules an uplink transmission with an AUL-enabled HARQ ID in the same TTI or just few ms after a performed AUL transmission as illustrated in Figure 3. For this case, the concern is that the timing gap between the AUL transmission and the scheduled uplink grant is too close, the eNB may have not been able to detect and process the AUL transmission before it sends the DCI. Thus for the scenario as illustrated in Figure 2, there are in total four different cases as listed below:
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Figure 3
Case 1: AUL is a retransmission and SUL is a retransmission 
This case is not possible as AUL is a retransmission which means an NACK feedback has already been received or no indication is received from the eNB before the Timer X expires. If an NACK feedback is received, then the eNB of course will not schedule a retransmission. If no indication is received before the Timer X expires, it is most probably that the transmission before the AUL retransmission is missing from the eNB perspective. 
If the transmission before the AUL retransmission is initial transmission, then the eNB is not able to schedule a retransmission since the initial transmission is miss-detected. If the transmission before the AUL retransmission is also a retransmission and the initial transmission has been detected but not received successfully, then the eNB is aware that there is an ongoing retransmission for this HARQ process and a good eNB implementation shall not schedule a retransmission nearby the AUL retransmission opportunity as illustrated in Figure 4. 
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Figure 4
Case 2: AUL is a retransmission and SUL is a new transmission 
For this case, since AUL is a retransmission which means an NACK feedback has already been received or no indication is received from the eNB before the Timer X expires. If an NACK feedback is received, then the eNB of course will not schedule a new transmission. If no indication is received before the Timer X expires, it is most probably that the transmission before the AUL retransmission is missing from the eNB perspective. 
If the transmission before the AUL retransmission is initial transmission, e.g. blue packet with NDI=1 as illustrated in Figure 5, then from the UE’s perspective, NDI is non-toggled compared with the previous transmission, then this dynamic UL grant is actually a retransmission. Simultaneously the UE is preparing an AUL retransmission with TBS of 1000bits. In this case how to handle this TBS mismatch case needs to be discussed.
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Figure 5
If the transmission before the AUL retransmission is also a retransmission and the initial transmission has been detected but not received successfully, then the eNB is aware that there is an ongoing retransmission for this HARQ process and a good eNB implementation shall not schedule a new transmission for this HARQ process until this packet has been received successfully. 

Case 3: AUL is a new transmission and SUL is a retransmission

This case is not possible as AUL is a new transmission which means an ACK feedback has already been received for the transmission associated with this HARQ process before the Timer X expires, a smart eNB will not schedule a retransmission after sending an ACK feedback.

Case 4: AUL is a new transmission and SUL is a new transmission

For this case since this AUL is a new transmission which means an ACK feedback has already been received for the transmission associated with this HARQ process before the Timer X expires. Therefore it is possible that the eNB also schedules a new transmission with this HARQ process in the same TTI or just few ms after a performed AUL transmission since the timing gap between the AUL transmission and the scheduled uplink grant is too close for the eNB to detect and process the AUL transmission. However, as mentioned in case 2, actually from UE perspective this dynamic UL grant is actually a retransmission since the NDI is non-toggled as compared to the reported NDI for the AUL PUSCH as illustrated in Figure 6. In this case the UE may not be able to transmit the retransmission as the TBS of the AUL PUSCH and the TBS indicated by the UL grant may probably be different and how to handle this TBS mismatch case needs to be discussed.
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Figure 6
Observation 2: The main issue for Scenario 2 is how to handle the TBS mismatch between AUL and SUL.
Therefore, based on the above analysis, for both scenario 1 and scenario 2, there is TB mismatch issue. In addition, for scenario 1, how to handle two close AUL and SUL new transmissions need to be discussed as well. On the other hand, the eNB may send an UL grant after an AUL initial transmission with a relatively large timing gap, e.g., >4ms. In this case, the TBS mismatch issue also happens when the eNB miss detects the AUL initial transmission as described in our companion contribution [2]. Therefore, it is proposed to introduce a unified solution to solve the TBS mismatch issue. And the detailed discussion on this issue refers to our companion contribution [2].

Proposal 1: Discuss a unified solution to solve the TBS mismatch issue. 
As for how to handle two close SUL and AUL new transmissions, actually in our companion paper [3], we propose to start/restart the Timer X upon reception of a dynamic grant for transmission/retransmission for a given AUL-enabled HARQ process. Even though that issue is different from this issue in scenario 1, but if that solution is adopted, then there is no issue, since the timer X is restarted upon reception of SUL grant and the UE shall not use the AUL resource to perform both new transmission and retransmission for this HARQ process before the Timer X stops/expires. Then the UE can only follow the instruction in DCI and perform the SUL transmission. 

Proposal 2: Timer X is started/restarted upon reception of a dynamic grant for transmission/retransmission for a given AUL-enabled HARQ process to handle two close AUL and SUL transmissions. 
3 Conclusion

In this contribution, we discuss about issues related to the coexistence between AUL and SUL. We have the following observations and proposals. 
Observation 1: The main issue for scenario 1 is how to handle TBS mismatch and two close AUL and SUL new transmissions.  

Observation 2: The main issue for Scenario 2 is how to handle the TBS mismatch between AUL and SUL.
Proposal 1: Discuss a unified solution to solve the TBS mismatch issue. 
Proposal 2: Timer X is started/restarted upon reception of a dynamic grant for transmission/retransmission for a given AUL-enabled HARQ process to handle two close AUL and SUL transmissions. 
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