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1 Introduction

A work item proposal on NR-based Access to Unlicensed Spectrum [1] was approved in RAN#82. For configured grant, the work item will address the following objective (RAN1, RAN2): 

- 
Configured Grant operation: NR Type-1 and Type-2 configured grant mechanisms are the baseline for NR-U operation with modifications in line with agreements during the study phase (NR-U TR section 7.2.1.3.4). (RAN1)

In the NR-U TR [2], there is the following description on configured grant.
	-
Removing dependencies of HARQ process information to the timing. This can be achieved by introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID

-
UE selects the HARQ process ID from an RRC configured set of HARQ IDs for NR-unlicensed configured grant transmission.

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

-
It was additionally identified that assuming NACK upon timer expiration can be a candidate solution to avoid LBT impact on reception of feedback.

-
For the retransmission of a HARQ process that was initially transmitted via configured grant resource, both retransmission via same configured grant resource and retransmission via resource scheduled by UL grant are supported.




Without going into the details of possible solutions in the previous email discussion, companies are encouraged to give views on the scenarios and whether RAN2 needs to address this racing issue between configured and scheduled grant. Actually similar as in FeLAA, we think this issue happens quite often and should be addressed. Therefore, in this contribution, we would like to discuss about the issue in detail and give some possible solutions. 
2 Discussion
In R15 configured grant, the UE should regard the UL grant as new transmission using C-RNTI regardless NDI when the previous transmission is performed on configured grant. Note that always using C-RNTI regardless NDI may cause ambiguity. E.g., if the gNB miss-detects the AUL transmitted by UE, and sends a UL grant scrambled with C-RNTI to schedule an initial transmission for the same HARQ process, the UE will misunderstand that the previous AUL was correctly decoded by the gNB and flush the buffer. Thus a PHY layer miss-detect would lead to higher layer retx. Based on the above analysis, the UE should regard the UL grant as new transmission when PDCCH addressed to C-RNTI with NDI toggled is received when the previous transmission is performed on configured grant.
Proposal 1: UE should regard the UL grant for a HARQ process as new transmission when PDCCH addressed to C-RNTI with NDI toggled is received when the previous transmission for the HARQ process is performed on configured grant.
For configured grant in NR-U, there is no association between TTI and HARQ ID and UE selects the HARQ ID from an RRC configured set of HARQ IDs based on UE implementation. Therefore, unless a separate HARQ ID pool is configured for transmissions on configured grant, it is quite possible that the gNB schedules an uplink transmission with a certain HARQ ID but at the same time the UE is processing the same HARQ ID for transmissions on the configured grant. The detailed scenarios of coexistence between configured grant and dynamic grant are listed as below.
2.1 Scenario 1: Coexistence in the same PUSCH duration 

In this case, the UE has already created a transport block for a transmission on the configured grant in a certain PUSCH duration, then the UE receives a grant scheduling a transmission for the same HARQ process in the same PUSCH duration. 
The following agreement has been made in RAN1:

	Agreement:
NR-unlicensed configured grant transmission is not allowed during the time when it overlaps with occasions configured for potential NR-U DRS of the serving cell irrespective of the configured time domain resource for 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.


Similar as in NR, a scheduled uplink grant overrides the configured grant for the same PUSCH duration for the same cell case. It is proposed that, in NR-U, UE does not transmit on the configured grant when a dynamic UL grant is received for the same PUSCH duration for the same cell. 
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Figure 1

Proposal 2: In NR-U, a scheduled uplink grant overrides the configured grant for the same PUSCH duration.

2.2 Collision between CG and SG on different PUSCH duration

2.3 Scenario 2: Reception of DCI right before the transmission on CG
In this case, MAC PDU has already been assembled for a transmission on the configured grant in a certain PUSCH duration, however since the gNB is not aware of which HARQ ID the UE is going to choose for configured grant, the gNB dynamically schedules a uplink transmission for the same HARQ process right after the transmission on the configured grant as illustrated in Figure 2. 
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Figure 2
We observe that there are four possible cases for this scenario of clashing transmission on configured grant and scheduled grant with the same of HARQ process ID:
Case 1: transmission on CG is retransmission and the transmission on SG is a new transmission

As agreed by RAN1, retransmission on configured grant is supported. Therefore, it is possible that the transmission on configured grant is retransmission while the transmission on scheduled grant is a new transmission. 
For this case, since the transmission on the configured grant (CG) is a retransmission which means an NACK feedback has already been transmitted from the gNB to UE or no indication is received from the gNB before the configured grant timer expires. If an NACK feedback is transmitted, then the gNB of course will not schedule a new transmission. If no indication is received before the timer expires, it is possible that the transmission before the retransmission on the CG is missing from the gNB’s perspective, i.e., retransmission with NDI toggled as illustrated in Figure 3. 
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Figure 3
As shown in Figure 3, an ACK feedback has been received for the packet with NDI=0, then UE is able to use this HARQ process for a new transmission with NDI toggled to 1. However, the initial transmission with NDI=1 is missing from the gNB’ perspective and in this case no HARQ feedback will be received until the configured grant timer expires. Then after the timer expires, the UE will trigger a retransmission with NDI still equal to 1. Since the gNB sends the DCI before the initial transmission on CG and not aware of this ongoing retransmission, it is possible that the gNB dynamically schedules a new transmission for the same HARQ process with NDI toggled to 1. 

Upon reception of this scheduled grant (SG), from the UE’s perspective, NDI is non-toggled compared to the reported NDI for the previous transmission as shown in Figure 3, then this SG is actually considered as a retransmission. In this case the UE may not be able to transmit the retransmission as the TBS of the initial transmission on the CG and the TBS indicated by the SG may probably be different. The UE is not able to push the data back from MAC buffer and perform MAC PDU assembly again as per current MAC procedure. Therefore, from the UE perspective, when it receives a SG scheduling retransmission for a HARQ process used for the CG, it will transmit scheduled uplink transmission following the SG only if the SG is indicating the same TBS with the initial transmission on the CG. 
Case 2: transmission on CG and SG are new transmissions
In addition, it is possible that the transmission on CG is a new transmission while the transmission on SG is also a new transmission. However, in the last RAN2 meeting, the following agreement was made:

	The legacy configured grant timer and behaviour is kept for the new timer for preventing the configured grant overriding the TB scheduled by dynamic grant, i.e., it is (re-)started upon reception of the PDCCH as well as transmission on the PUSCH of dynamic grant.


Hence, this case is no longer possible when the UE receives dynamic grant, it will restart the timer, which prohibits the delivery of UL grant for configured grant.  
Case 3: transmission on CG and SG are retransmissions
This case is not possible because before reception of SG, the UE already starts the generation of this TB which means the timer is not running. Since scheduled transmission is a retransmission, a NACK feedback must be transmitted or no indication is received from the gNB before the timer expires. If an NACK feedback is transmitted, then the gNB of course will not schedule a retransmission. If no indication is received before the timer expires, it is most probably that the transmission before the retransmission on the CG is missing from the gNB’ perspective. 
If the transmission before the retransmission on the CG is initial transmission, the gNB is not able to schedule a retransmission since the initial transmission is miss-detected. If the transmission before the retransmission on the CG is also a retransmission and the initial transmission has been detected but not received successfully, then the gNB is aware that there is an ongoing retransmission for this HARQ process and the scheduled retransmission should have the same TBS as the initial transmission. Therefore, the UE can transmit the packet in the HARQ buffer on the CG as well as the SG. No problem is foreseen. 
Case 4: transmission on CG is new transmission and transmission on SG is retransmission

This case is not possible as the transmission on the CG is a new transmission which means an ACK feedback has already been received for the transmission associated with this HARQ process before the timer expires. A smart enough gNB will not schedule a retransmission after the timer expires.

Observation 1: The main issue for scenario 2 is how to handle TBS mismatch.
2.4 Scenario 3: Reception of DCI right after the transmission on CG
For this case the gNB dynamically schedules an uplink transmission with a HARQ ID while the UE just recently performed a transmission on the CG associating to the same HARQ ID as illustrated in Figure 4. For this case, the concern is that the timing gap between the transmission on the CG and the scheduled uplink grant is too small, the gNB may have not been able to detect and process this transmission before it sends the DCI. 
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Figure 4
Similar to Scenario 2, we list of the following four possible combination cases between the CG and SG to analyse the issue of clashing CG/SG transmissions with the same HARQ process id. 
Case 1: transmission on CG is retransmission and the transmission on SG is a new transmission
This case is quite similar to the case 1 of scenario 2. For this case, similar analysis applies here as well and as illustrated in Figure 5, the main issue is how to handle the TBS mismatch.
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Figure 5
Case 2: transmission on CG and SG are new transmissions
For this case since the transmission on the CG is a new transmission which means an ACK feedback has already been received for the transmission associated with this HARQ process before the timer expires. Therefore it is possible that the eNB also schedules a new transmission with this HARQ process in the same TTI or just few duration after the transmission on the CG. However, as illustrated in Figure 6, actually from UE’ perspective this SG is actually regarded as a retransmission since the NDI is non-toggled compared to the reported NDI for the previous transmission on the CG. In this case the main issue is how to handle the TBS mismatch.
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Figure 6
Case 3: transmission on CG and SG are retransmissions
This case is quite similar to the case 3 of scenario 2 and this case is not possible. For this case, similar analysis applies here as well and no problem is foreseen.

Case 4: transmission on CG is new transmission and transmission on SG is retransmission

This case is quite similar to the case 4 of scenario 2 and there is no issue in this case. For this case, similar analysis applies here as well and a good gNB implementation can avoid this case.
Observation 2: The main issue for scenario 3 is also how to handle TBS mismatch on configured grant and scheduled grant.  
Solutions for scenario 2 and 3
Based on the above analysis case by case, to the main issue for the coexistence between transmissions on CG and SG is how to handle TBS mismatch and two close new transmissions. 

For TBS mismatch issue, one candidate solution is to ignore the SG. After receiving this mismatched SG, the UE could understand that the previous transmission on the CG was missed by the NW and therefore perform the retransmission using the PUSCH on the CG. The eNB could realize such error case and will stop sending a next SG after receiving this retransmission. This solution is beneficial in performance and has less impact on specification since the UL skipping has been supported in NR.

Proposal 3: In case of TBS mismatch between the scheduled grant and a previous transmission on the configured grant of a MAC PDU, the UE shall discard the scheduled grant.
3 Conclusion

In this contribution, we discuss about issues related to the coexistence between transmissions on the configured grant and scheduled grant. We have the following observations and proposals. 
Observation 1: The main issue for scenario 2 is how to handle TBS mismatch between CG retransmission and DG. 
Observation 2: The main issue for scenario 3 is how to handle TBS mismatch on configured grant and scheduled grant between CG retransmission and DG and two close new transmissions on configured grant and scheduled grant.
Proposal 1: UE should regard the UL grant as new transmission when PDCCH addressed to C-RNTI with NDI toggled is received when the previous transmission for the same HARQ process is performed on configured grant.
Proposal 2: In NR-U, a scheduled uplink grant overrides the configured grant for the same PUSCH duration for the same cell case.

Proposal 3: In case of TBS mismatch between the scheduled grant and a previous transmission on the configured grant of a MAC PDU, the UE shall discard the scheduled grant.
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