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Mode-1 resource allocation was discussed in RAN1#98 with the following agreements reached:
· For Mode-1, support both same-carrier & cross-carrier scheduling from gNB to NR SL
· Whether or not to have the cross-carrier scheduling indicator in the DCI given that there is only one SL carrier for a UE in Rel-16

· At least for dynamic grant, the timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB are based on the indication(s) in the corresponding PDCCH
· Details FFS

· DCI indicates the slot offset between DCI reception and the first sidelink transmission scheduled by DCI.
· The minimum gap between DCI and the first scheduled sidelink transmission is not smaller than the corresponding UE processing time.
· Details FFS


In this contribution we build on these previous agreements to provide a DCI design. We also discuss non-DCI related aspects such as sidelink feedback to the gNB and activation of a configured grant.

Sidelink feedback to the gNB
HARQ feedback
RAN1 agreed that sidelink HARQ feedback was sent from the transmitter UE to the gNB. Thus, a mechanism to convey HARQ feedback from the transmitter UE to the gNB needs to be defined to support the configuration shown in Figure 1.
[image: ]
Figure 1. Mode-1 operation

 Several possibilities can be derived:
· Option 1: use of the PUSCH. The DCI or configured grant received by the transmitter UE contains a resource allocation for a PUSCH to transmit HARQ feedback
· Option 2: use of the PUCCH. Sidelink HARQ feedback can be carried on the PUCCH in a similar manner than Uu HARQ feedback is transmitted
· Option 3: definition of a new control channel to send sidelink feedback to the gNB
Option 1 requires the minimum amount of specification work. However, it requires significant overhead since the sidelink feedback is only a handful of bits. Thus, this solution does not appear to be attractive. Option 3, on the other hand, would limit overhead to the minimum since the channel can be designed to carry the sidelink feedback in the most efficient manner. However, the standardization work is expected to be significant. Option 2 is a good compromise: given that the sidelink HARQ feedback is not that different than the Uu sidelink feedback, the PUCCH can carry the sidelink feedback in an effective manner. There is some specification work needed to standardize how to send the sidelink feedback, the multiplexing rules with HARQ Uu feedback, the priority rules, if needed, etc. However, this is a problem that RAN1 has tackled multiple times in the past (e.g., LTE TDD support, carrier aggregation), and the principles used in the past can be adopted for sidelink feedback, thus making the standardization effort manageable. In addition, the fields PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator can of DCI format 1_0 can be reused to a large extent. Consequently, we propose the following:
Proposal 1: Sidelink HARQ feedback is sent by the transmitter UE to the gNB using the PUCCH.

Scheduling Request feedback
The resource allocation process on LTE sidelink is time consuming, as explained in [1]: in order to get a scheduled sidelink transmission, a UE has first to request UL resources (using an UL SR), then has to get granted PUSCH resources. It can then transmit its SL SR. As shown in [1], this time-consuming procedure cannot meet the more stringent NR latency requirements. Note that this issue was already discussed for LTE (e.g., in [2]). However, given that the LTE latency requirements are looser than for NR, it was not considered necessary to standardize a faster SR procedure.
A simple solution to reduce the latency is to send the SR using physical layer channels. The problem and solutions are somewhat similar than the ones described in Section 2.1. Similarly, using the PUCCH for SR feedback appears to be the best option.
Proposal 2: Sidelink SR is sent by the transmitter UE to the gNB using the PUCCH.

DCI design
RAN1 has agreed that the DCI carries resources for the PSSCH and PSCCH. Some general principles and guidelines can be defined.
DCI size
For LTE, sidelink V2X transmissions are scheduled using DCI format 5A. DCI format 5A was designed to be the same size as DCI format 0. This way, a UE transmitting on the sidelink does not have to monitor an additional DCI size.
For NR, it should be possible to reuse a similar design principle. The V2X DCI(s) should be designed in such a way that they are the same size as an existing NR DCI. Padding should be used, if necessary. Using the size of DCI 0_0 (ideally), or 0_1 should be possible. In order to differentiate the V2X DCI from other DCIs of the same size, the CRC can be scrambled with a SL-RNTI in a similar manner than what is done for LTE.
Proposal 3: 
· The V2X DCI size is the same as an existing NR DCI
· The V2C DCI CRC is scrambled by an SL-RNTI

Cross-carrier scheduling
At the last meeting, it was agreed to support cross-carrier scheduling. It remains to be decided whether the cross-carrier indication is sent within the DCI.
We note that for LTE DCI format 5A, the cross-carrier indication is sent within the DCI [4]:
-	Carrier indicator –3 bits. This field is present according to the definitions in [3].
We also note that there are currently discussions about standardizing carrier aggregation for Rel-17. Thus, in order to ensure forward compatibility, and in order to avoid revisiting the DCI design in later releases, it seems prudent to reuse the LTE design and have the cross-carrier indication in the DCI.
Proposal 4:
· The V2X DCI contains a carrier indicator (3 bits)
SCI design and resource pool
One aspect that has not been discussed yet is if a resource pool for mode-1 transmission is defined. For Rel-12 D2D, such a pool was not defined, whereas for Rel-14 V2X, a separate pool is defined.
From our perspective, defining a resource pool for mode-1 transmission is better since it protects mode-1 UEs form interference from mode-2 UEs if the resource pool is not shared. From mode-2 UE’s perspective, it also eliminates the need to sense for mode-1 UEs.
Given that mode-1 and mode-2 UEs have different resource pools, they could use a different SCI design. However, we do not see a need for that:
· The SCI content for a mode-1 or a mode-2 UE is essentially the same. It could be argued that the reservation field is not necessary for mode-1 UEs. However, the reservation fields could be set to indicate no future reservation
· The SCI is two-stage. This has implications for the PSCCH design. In order to have the same design for the mode-1 and mode-2 PSCCH, it is better to have the same SCI for both modes
· Having a single SCI design eases the standardization workload
Proposal 5: 
· A resource pool for mode-1 UEs is defined. The resource pool is not shared with mode-2 UEs
· The SCI is the same for mode-1 and mode-2
· The DCI for V2X conveys the information to be included in the SCI

Other fields
The following information needs to be provided for dynamic scheduling:
· Resource allocation: this should include at least frequency resource allocation for the current slot. It is however more effective to send resource allocation for multiple slots (e.g., indicating a pattern index, just like for Rel-12 LTE D2D), especially when blind HARQ transmissions are configured.
· HARQ information (if configured):such as NDI, and RV
· Broadcast, unicast, groupcast indication. Note however that the control messages for broadcast/groupcast/unicast may be different. For instance, a unicast communication requires HARQ and an MCS indication, whereas a broadcast communication does not have HARQ, and may not require MCS in a physical layer: the MCS could be RRC-configured, just like for LTE. For this reason, it may be useful to consider more than one DCI format and match the two DCI sizes. For instance, the smaller DCI could be for broadcast or activation/deactivation, and the bigger DCI for the other communications. Note that one DCI size may be preferred, and may require some padding of the shorter DCI, so that the number of blind decodes is limited. 
· Destination ID
· Power control indications, as done for DCI format 5
· Slot offset between DCI reception and the first sidelink transmission scheduled by DCI, as agreed in RAN1#98
Other field might require more discussion. For instance, it is argued in [5] that the MCS level could be left up to the UE to decide. The rationale is that the UE is aware of the sidelink conditions, thus can make the decision on its own, without having to rely on the gNB. In addition, it is noted that for LTE, the MCS is (pre-configured) by RRC signaling and not transmitted in the DCI. A similar approach could be used for broadcast for NR. Thus, transmitting the MCS is not necessary in the DCI.
Proposal 6: the DCI does not contain MCS information

Activation of configured grant type-2
For configured grant type-2, activation/deactivation is done using a DCI. Thus, in theory, there are two ways to activate a CG type-2:
· Option 1: a specific DCI format is designed for activation/deactivation
· Option 2: the same DCI format is designed for dynamic scheduling and CG type-2 activation/deactivation
Option 1 requires a significantly smaller DCI than option 2. However, as pointed earlier, it is beneficial to have the UE only monitoring a small set of DCI sizes. Thus, we suggest to use DCIs of the same length for dynamic scheduling and activation/deactivation. The DCI format could even be the same, with fields different according to the DCI usage. In order to differentiate between the two DCIs, a different RNTI can be used for dynamic scheduling and activation/deactivation. Note that as discussed earlier, RAN1 needs to discuss if more than one DCI format is needed, and that the activation/deactivation of a CG type 2 might be matched to the DCI length for a broadcast communication
Proposal 7:
· The DCI of a configured grant type-2 is the same of one DCI for dynamic scheduling
· A different RNTI is used for dynamic scheduling and activation/deactivation

[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed mode-1 scheduling. We propose the following:
Proposal 1: Sidelink HARQ feedback is sent by the transmitter UE to the gNB using the PUCCH.
Proposal 2: Sidelink SR is sent by the transmitter UE to the gNB using the PUCCH.
Proposal 3: 
· The V2X DCI size is the same as an existing NR DCI
· The V2C DCI CRC is scrambled by an SL-RNTI
Proposal 4: The V2X DCI contains a carrier indicator (3 bits)
Proposal 5: 
· A resource pool for mode-1 UEs is defined. The resource pool is not shared with mode-2 UEs
· The SCI is the same for mode-1 and mode-2
· The DCI for V2X conveys the information to be included in the SCI
Proposal 6: the DCI does not contain MCS information
Proposal 7:
· The DCI of a configured grant type-2 is the same of one DCI for dynamic scheduling
· A different RNTI is used for dynamic scheduling and activation/deactivation
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