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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Mode-2 resource allocation was discussed in RAN1#97. In particular, the topic of resource reservation was extensively discussed, with the following agreement:
· RAN1 to further select between the following options of sidelink resource reservation for blind retransmissions:
· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission
· Option 2: A transmission can reserve resource for none or one blind retransmission
In addition, the following conclusions was reached:
· RAN1 to discuss further the following
· Maximum number of blind retransmissions supported for one TB
· Maximum number of reserved blind retransmission
· Maximum number of HARQ feedback-based retransmissions supported for one TB
· Maximum number of reserved HARQ feedback-based retransmission 
In this contribution, we jointly discuss these two topics. We argue that option 1 is preferable and leads to a better system design.

Discussion
Option 1 vs. Option 2
An illustration of mode-2 is shown in Figure 1. Both control and data are sent on the sidelink.
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Figure 1. Mode-2 communication

The two options of the RAN1#97 agreement are shown in Figure 2 and Figure 3, respectively. For illustration purposes only, 4 retransmissions are reserved at the same time with option 1, and 2 with options 2. The illustration of the options is valid for both blind and feedback-based HARQ retransmissions.
[image: ]
Figure 2. Illustration of option 1.
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Figure 3. Illustration of option 2.
The main difference between option 1 and option 2 is that with option 1, all possible retransmission are reserved at the same time, whereas with option 2, only one reservation is done at the time, thus packet retransmission reservations are daisy-chained together. 
Option 1 has the following advantages:
· Lower latency: all the retransmissions are scheduled at once. By default, the transmitting UE does not have to wait for PSFCH feedback to prepare for packet transmission, and can abort transmission if it receives PSFCH indicating an ACK. On the other hand, with option 2, the UE needs to receive the PSFCH feedback before scheduling
· Lower control overhead: if DCI is used, only one DCI is necessary to reserve all the potential retransmission. Option 2 requires a DCI transmission with every transmission
· Unified design for a transmission mode with blind HARQ retransmissions and a transmission mode with HARQ feedback
Option 2 has some benefits as well:
· Potentially better resource selection: the only has to select a limited number of resources, as opposed to all the resources at the same time for option 2. This gives the UE more flexibility, especially if restrictions on which resources can be selected are put in place (e.g., for LTE, the location of the second transmission is derived from the location of the first location). Note however that with option 1, it is also possible to reserve zero or one retransmission, thus this benefit can also be there for option 1.
· Potentially lower control payload per control message since the resource allocation for a smaller number of transmissions have to be indicated. However, this overhead increase can be limited if the resources are indicated as patterns (e.g., similar to what is done for Rel-12 D2D, or even Rel-14 V2X). Furthermore, as explained before, option 2 requires sending control signalling for each packet, whereas with option 1, only one control signalling message for all transmissions need to be transmitted.
Based on the following analysis, we support standardizing option 1.
Proposal 1: A transmission can reserve resources for none, one, or more than one blind retransmission (Option 1)

Support for early termination
When one UE transmits data and receives an ACK before all resources for reserved retransmissions are exhausted, two behaviors are possible:
· Option 1: the UE does not transmit on the reserved resources for the subsequently reserved transmissions, as shown in Figure 4.
· Option 2: the UE uses the previously reserved resources for transmission of a subsequent packet, as shown in Figure 5.
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Figure 4. Illustration of Option 1. Resources for the 3rd and 4th transmission are kept unused
[image: ]
Figure 5. Illustration of Option 2. Resources for the 3rd and 4th transmission are assigned for the transmission of another packet
Option 2 presents several issues: first, the reuse of the previously reserved resources for another packet transmission can work only if the amount of resources needed is the same as the previous packet. For unicast traffic, with high mobility conditions, this is a case that will probably be relatively unlikely to happen. Second, the UE will have to send another reservation message to reserve the 3rd and 4th transmission of the second packet. Thus, option 2 does not appear to be really desirable.
Proposal 2: When one UE transmits data and receives an ACK before all resources for reserved retransmissions are exhausted, the UE does not transmit on the reserved resources for the subsequently reserved transmissions.
Option 1, while preferable, may affect sensing for other UEs: the UEs having received the reservation for the unused resources will take them into account for their resource selection, which would then prevent them to use unoccupied resources. It is however not clear how this would affect performance, since the unoccupied resources may then be selected by other UEs that did not have received the initial reservation signal. If performance degradations due to UEs not occupying previously reserved resources is observed, RAN1 should consider solutions to this problem (e.g., indicating to all UEs that resources are released). We propose to revisit this issue after the sensing procedure design has progressed.
Proposal 3: when the sensing design has progressed more, RAN1 to revisit if there is a performance degradation due to sensing UEs not being aware of the release of previously reserved resources, and if a remedy is needed

Parameter values
As already stated in the introduction, RAN1 concluded the following:
· RAN1 to discuss further the following
· Maximum number of blind retransmissions supported for one TB
· Maximum number of reserved blind retransmission
· Maximum number of HARQ feedback-based retransmissions supported for one TB
· Maximum number of reserved HARQ feedback-based retransmission 
In this section, we look at each of these questions.
The maximum number of blind retransmissions should be kept relatively low since multiple transmissions increase latency, and unnecessary transmissions reduce spectral efficiency. On the other hand, it is desirable to have a relatively large number of blind retransmissions to improve reliability. For LTE, the number of transmissions is 2, and was found to be enough for the LTE traffic requirements. For NR, given that the reliability requirements are higher, we suggest increasing this number to 4, thus having up to 3 retransmissions. In addition, note that for public safety, as explained in [R1-1908739], it is beneficial to use random resource selection in order to limit power consumption. For such a case, it is desirable to have a relatively large number of possible transmissions, since the risk of collision is higher. For such a case, having 4 total transmissions (3 HARQ retransmissions) should be enough.
Proposal 4: the maximum number of blind retransmissions supported for one TB is [3]
In terms of maximum number of reserved blind retransmissions, we suggest that a UE should be able to reserve all possible transmissions, as explained in Section 2.1 and as illustrated in Figure 2. Thus, we propose the following:
Proposal 5: the maximum number of reserved blind retransmissions supported for one TB is [3]
When HARQ feedback is used, we suggest to use the same values as for blind retransmissions. This ensures that the same design can be used for both blind and non-blind HARQ, with one field/message configuring the use of HARQ feedback or not. It could be argue that 4 transmissions in total might not be sufficient for extremely high reliability traffic. We however note that in such a case, if the packet is not received after 4 HARQ transmissions, higher layer ACK would kick in and ensure a full retransmission of the packet. Thus, unless proven otherwise, we suggest to keep the number of HARQ transmissions at 4.
Proposal 6: the maximum number of HARQ feedback-based retransmissions supported for one TB is [3]
Proposal 7: the maximum number of reserved HARQ feedback-based retransmissions supported for one TB is [3]

[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed mode-2 scheduling. We propose the following:
Proposal 1: A transmission can reserve resources for none, one, or more than one blind retransmission (Option 1)
Proposal 2: When one UE transmits data and receives an ACK before all resources for reserved retransmissions are exhausted, the UE does not transmit on the reserved resources for the subsequently reserved transmissions.
Proposal 3: when the sensing design has progressed more, RAN1 to revisit if there is a performance degradation due to sensing UEs not being aware of the release of previously reserved resources, and if a remedy is needed
Proposal 4: the maximum number of blind retransmissions supported for one TB is [3]
Proposal 5: the maximum number of reserved blind retransmissions supported for one TB is [3]
Proposal 6: the maximum number of HARQ feedback-based retransmissions supported for one TB is [3]
Proposal 7: the maximum number of reserved HARQ feedback-based retransmissions supported for one TB is [3]
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