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Introduction
Until the last RAN1#99 meeting, the major parts of NR V2X mode 1 have been completed. In this contribution, we share further discussions on some remaining issues for NR-V2X mode 1 resource allocation. 

[bookmark: _Ref228947482]Scheduled by DCI but potentially unused ReTx resources in configured grant
One remaining issue is identified for configured grant in NR V2X mode 1. In configured grant, there can be a case where retransmission (ReTx) resources are scheduled by a DCI but potentially unused for retransmission. In this case, the related UE behavior needs to be defined to avoid any ambiguity. Details are provided as follows.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]In the RAN1#99 meeting, the following agreement has been achieved for scheduled retransmissions in configured grant [1]. 
Agreements:
· To provide additional resources for retransmission upon receiving a SL NACK report, a dynamic grant is used.
· When the initial transmission of a TB is scheduled by a dynamic grant, the CRC of the DCI carrying the dynamic grant is scrambled using the SL RNTI introduced for DCI for a dynamic grant.
· The interpretation of NDI is the same as for Uu for retransmission scheduled by DCI with CRC scrambled by C-RNTI
· When the initial transmission of a TB is scheduled by a configured grant (type-1 or type-2), the CRC of the DCI carrying the dynamic grant is scrambled using the SL RNTI introduced for DCI for a configured grant type-2.
· For interpretation of NDI, the Uu behavior for retransmission scheduled by DCI with CRC scrambled by CS-RNTI is reused.
· (working assumption) The HARQ ID is used to identify the TB for which resources for retransmission are provided (subject to the indication of re-transmission via NDI)

In the RAN1#99 meeting, the following agreement has been achieved w.r.t. the maximum number of retransmissions in configured grant [1]. 
Agreements:
· For dynamic grant, the number of retransmissions of a TB is up to the gNB.
· For configured grant, the maximum number of times that a TB can be retransmitted using the resources provided by the configured grant is configured per priority per configured grant.

Based on the first agreement, a dynamic grant (or DCI) can schedule resources (called dynamic grant resources hereafter) for retransmission in configured grant. In other words, retransmissions in configured grant can use the dynamic grant resources. According to the second agreement, the maximum number of retransmissions in configured grant (RRC parameter MaxNumTX_SLCG with the value range from 1 to 32) is defined in a way that only retransmissions using the configured grant resources are counted. Therefore, retransmissions in configured grant can also use the configured grant resources which are configured by RRC signaling. When PUCCH is configured for configured grant, both the dynamic grant resources and the configured grant resources can be used for retransmission. 


Figure 1. A case where the UE receives ACK earlier than the ReTx resources scheduled by the gNB

If there is no restriction on the gNB scheduling, the dynamic grant resources for retransmission (ReTx resources) can be scheduled anywhere. This can lead to a case where a UE receives ACK via PSFCH earlier than the scheduled ReTx resources. In this case, the UE should report ACK to the gNB and not use the scheduled ReTx resources for retransmission. An example is shown in Figure 1. Based on the existing agreements, the configured grant resources are configured periodically and each period is associated with a PUCCH resource. Without loss of generality, only the periods with the same HARQ process ID are shown in Figure 1. As shown in Figure 1, the transmitter UE reports NACK to the gNB after ReTx#2. When receiving NACK, the gNB decides to schedule retransmissions and the scheduled dynamic grant resources for retransmission are within the next period. Before receiving DCI scheduling the dynamic grant resources, the UE can perform retransmission (ReTx#3) on the configured grant resources in the next period. Then there can be the case where the UE receives ACK via PSFCH earlier than the ReTx resources scheduled by the gNB. Actually, the reason to cause this situation is that the gNB schedules the dynamic grant resources after the configured grant resources whose HARQ-ACK information is not known to the gNB. In this case, the UE does not need to transmit anything on the scheduled dynamic grant resources. However, if DCI has indicated an associated PUCCH resource, it should be specified that the UE reports ACK on the PUCCH resource. This is to inform the gNB that there is no need to schedule retransmissions anymore. Otherwise, if nothing is reported on the PUCCH resource, the gNB will treat it as DTX and may keep scheduling unnecessary retransmissions. Optionally, if a new transmission is ready, the UE can use the scheduled dynamic grant resources for the new transmission, and report HARQ-ACK of the new transmission on the PUCCH resource. 
Proposal 1: For configured grant, if there is no need to prevent the case where a transmitter UE receives ACK via PSFCH earlier than the ReTx resources scheduled by a DCI, the following UE behavior should be defined for this case.
· The UE does not perform retransmission on the ReTx resources and transmits ACK on the PUCCH resource indicated by the DCI. 



Figure 2. A case where the UE achieves MaxNumTX_SLCG earlier than the ReTx resources scheduled by the gNB

Similarly, there can be a case where the UE achieves the maximum number of retransmissions using the configured grant resources (RRC parameter MaxNumTX_SLCG with the value range from 1 to 32) earlier than the ReTx resources scheduled by the gNB. For example, as shown in Figure 2, the UE achieves the maximum number of retransmissions MaxNumTX_SLCG after transmitting ReTx#3. The following options can be considered. 
As one option, the UE behavior can be the same as that defined for the case in Figure 1. More specifically, the UE does not perform retransmission on the scheduled ReTx resources and transmits ACK on the PUCCH resource indicated by the DCI. The rationale is also the same as before.
As another option, the UE can still use the scheduled dynamic grant resources for retransmission. Additionally, the way to flush the buffer needs to be defined. This is due to the fact that the maximum number of retransmissions (MaxNumTX_SLCG) is defined by only counting the configured grant resources but not the dynamic grant resources. Using the dynamic grant resources will not cause additional congestion for the configured grant resources. However, it is needed to specify the criterion to flush the buffer or stop retransmission. The reason is further explained as follows. Since the UE cannot use the configured grant resources for retransmission anymore, it will only wait for the dynamic grant resources scheduled by the gNB. When the gNB determines not to schedule retransmissions at some point, the UE does not know the decision made by the gNB and cannot flush the buffer for the associated HARQ process. In configured grant, a series of periods is associated with this HARQ process and this buffer. If the buffer cannot be flushed, these associated periods of configured grant resources cannot be used for any new transmission. Since the maximum number of retransmissions (MaxNumTX_SLCG) has been achieved, these periods cannot be used for retransmission either. This will cause a huge resource waste for configured grant. Even if the gNB can make the UE flush the buffer by scheduling a new transmission using the same HARQ process, this cannot be used whenever needed due to too many restrictions. One restriction lies in that it cannot be guaranteed that the conditions to trigger a SR for a new transmission can always be satisfied. Another restriction is that the buffer can be used for configured grant again only if the scheduled new transmission is ACKed. Based on the above analysis, the method to flush the buffer needs to be specified. One of the following methods or a combination of these two methods should be defined.
· As one method, the UE can flush the buffer when receiving a DCI which indicates that the PUCCH resource is not provided. In the RAN1#99 meeting, it has been agreed that a DCI can indicate that the PUCCH resource is not provided [1]. This type of DCI can be leveraged to make the UE flush the buffer. If a DCI scheduling retransmissions indicates that PUCCH is not provided, the gNB has no way to know HARQ-ACK and thus cannot schedule retransmissions. This implies that the gNB has no interest to schedule retransmissions for the UE anymore. Therefore, the UE can flush the buffer and use the buffer for an upcoming new transmission.

Figure 3. An example showing that the UE can flush the buffer if not receiving DCI within a timer period

· As another method, the UE can flush the buffer if not receiving the DCI scheduling retransmissions within a timer period. An example is provided in Figure 3. The UE achieves the maximum number of retransmissions by using the configured grant resources after transmitting ReTx#3, and then receives a DCI scheduling dynamic grant resources for retransmission. The UE uses the scheduled dynamic grant resources to transmit ReTx#4, and reports NACK on PUCCH#2 which is indicated by the DCI. After reporting NACK to the gNB, the UE will start a timer. If no DCI scheduling retransmissions is received while the timer is running, the UE can flush the buffer. This is because that not receiving DCI implies that the gNB will not schedule retransmissions based on PUCCH#2 anymore. Figure 3 also shows a way to determine the timer. The timer will stop running before the instant of the next PUCCH which is configured by RRC signaling for configured grant (PUCCH#3). The rationale is that if a DCI scheduling retransmissions is received after PUCCH#3, the retransmissions are scheduled based on PUCCH#3 but not PUCCH#2.
Proposal 2: For configured grant, if there is no need to prevent the case where a transmitter UE achieves the maximum number of (re)transmissions using the configured grant resources earlier than the ReTx resources scheduled by a DCI, at least one of the following options should be defined for this case.
· Option 1: The UE does not perform retransmission on the ReTx resources and transmits ACK on the PUCCH resource indicated by the DCI.
· Option 2: The UE performs retransmission on the ReTx resources and can flush the buffer if either the UE receives a DCI indicating that the PUCCH resource is not provided or the UE does not receive any DCI scheduling retransmissions while a predefined timer is running.



Figure 4. A case where the scheduled dynamic grant resources are always used for retransmission

In contrast to the methods given by Proposal 1 and Proposal 2, another alternative can be that the UE is limited to only receive the DCI and its scheduled ReTx resources within the interval between the PUCCH associated with the configured grant resources and the next available configured grant resource. In other words, if the gNB decides to schedule retransmissions, the locations of the DCI and its scheduled ReTx resources should follow some restrictions. As aforementioned, the reason to cause the above issues is that the gNB schedules the dynamic grant resources after the configured grant resources whose HARQ-ACK information is not known to the gNB. If the gNB does not make such kind of scheduling, these issues can be avoided from the beginning. This can be achieved by putting some restrictions onto the gNB scheduling. More specifically, it is restricted that DCI and its scheduled dynamic grant resources are all located between the PUCCH associated with the configured grant resources and the next available configured grant resource. This has been illustrated in Figure 4. By this way, the gNB always knows the HARQ-ACK of the configured grant resources ahead of the scheduled dynamic grant resources, and performs scheduling based on the HARQ-ACK. If the UE receives ACK or achieves the maximum number of retransmissions, it will report ACK to the gNB. When receiving ACK, the gNB will not schedule the dynamic grant resources for retransmission. Therefore, it will not happen that the UE receives ACK or achieves the maximum number of (re)transmissions earlier than the scheduled dynamic grant resources. By this way, the aforementioned issues can solved from the beginning.
Proposal 3: For configured grant, if there is a need to prevent the cases where a transmitter UE receives ACK via PSFCH or achieves the maximum number of (re)transmissions using the configured grant resources earlier than the ReTx resources scheduled by a DCI, the following UE behavior should be defined for these cases.
· The UE is expected to receive the DCI and its scheduled ReTx resources within the interval between the PUCCH associated with the configured grant resources and the next available configured grant resource. 
[bookmark: OLE_LINK43]
[bookmark: _GoBack]Conclusions
In this contribution, we share views on some remaining issues for NR-V2X mode 1 resource allocation. The proposals are highlighted as follows.
Proposal 1: For configured grant, if there is no need to prevent the case where a transmitter UE receives ACK via PSFCH earlier than the ReTx resources scheduled by a DCI, the following UE behavior should be defined for this case.
· The UE does not perform retransmission on the ReTx resources and transmits ACK on the PUCCH resource indicated by the DCI. 

Proposal 2: For configured grant, if there is no need to prevent the case where a transmitter UE achieves the maximum number of (re)transmissions using the configured grant resources earlier than the ReTx resources scheduled by a DCI, at least one of the following options should be defined for this case.
· Option 1: The UE does not perform retransmission on the ReTx resources and transmits ACK on the PUCCH resource indicated by the DCI.
· Option 2: The UE performs retransmission on the ReTx resources and can flush the buffer if either the UE receives a DCI indicating that the PUCCH resource is not provided or the UE does not receive any DCI scheduling retransmissions while a predefined timer is running.

Proposal 3: For configured grant, if there is a need to prevent the cases where a transmitter UE receives ACK via PSFCH or achieves the maximum number of (re)transmissions using the configured grant resources earlier than the ReTx resources scheduled by a DCI, the following UE behavior should be defined for these cases.
· The UE is expected to receive the DCI and its scheduled ReTx resources within the interval between the PUCCH associated with the configured grant resources and the next available configured grant resource. 
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