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Mode-1 resource allocation was discussed in RAN1#98b with the following agreements reached:
· In Mode-1, for a UE, for each of the configured MCS tables (for both DG & CG):
· If no MCS is configured, UE autonomously selects MCS from the full range of values 
· Up to UE implementation
· FFS details for the MCS table
· If a single MCS is configured, the MCS is used by the UE
· If a range of two or more MCSs are configured, UE autonomously selects the MCS from the configured values
· Up to UE implementation

· To signal the gap between DCI reception and the first sidelink transmission scheduled by DCI:
· A table of values is configured by RRC.
· DCI determines which of the configured values is used.
· FFS how to determine the slot for the first sidelink transmission (e.g., based on the indicated value, potential async between Uu & SL, different numerologies, etc.)
· FFS if the gap is in physical or logical slots.

For reporting SL HARQ-ACK to the gNB: 
· For dynamic grant and configured grant type-2 in SL, the Rel-15 procedure and signalling for DL HARQ-ACK are reused for the purpose of selecting PUCCH offset/resource and format in UL. 
· The configuration for SL is separate from Uu link for a UE
· FFS how to indicatae timing of transmission in PUCCH, including whether physical or logical slots are used
· For configured grant type-1 in SL, RRC is used to configure PUCCH offset/resource and format in UL (if supported)

· Two different UE-specific SL RNTIs are introduced for Mode-1 scheduling: one for CRC scrambling in DCI for a dynamic grant and the other one for CRC scrambling in DCI for a configured grant type-2.
· The two above DCIs have the same size

· Multiple type-1 configured grants per UE are supported when LTE Uu controls NR SL
· Up to the same max number of type-1 configured grants per UE when NR Uu controls NR SL
· Working assumption: each transmission in a resource provided by a configured grant contains PSCCH and PSSCH.

· For a configured grant in Mode 1 when using SL HARQ feedback:
· There is only one HARQ-ACK bit for the configured grant
· There is one PUCCH transmission occasion after the last resource in the set of resources provided by a configured grant.

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.

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

At RAN1#98b, it was agreed to use PUCCH. There is still an ‘FFS’ left:
· FFS how to indicatae timing of transmission in PUCCH, including whether physical or logical slots are used

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 of DCI format 1_0 can be reused to a large extent. Thus, we propose to define a PSSCH-to-HARQ feedback timing indicator.
As for the logical vs. indexing slot, both are possible since the feedback is on the uplink. We propose to use logical indexing on the uplink. 
Proposal 1: 
· For the purpose of sending SL HARQ feedback, DCI format 3_0 uses a similar signaling as DCI format 1_0 for the signaling the timing of transmission in PUCCH:
· A PSSCH-to-HARQ feedback timing indicator is defined
· Logical slot indexing on the uplink resources is used

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
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 4: 
· 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

DCI format 3_0 fields
In this section, we discuss the fields of the DCI format 3_0. The fields are listed in Table 1.

Table 1. DCI format
	Field
	Length
	Details

	Time gap
	3 bits
	Indicates the time between receiving the DCI and the SL transmission

	Carrier indicator
	3 bits
	For cross carrier scheduling

	Lowest index of the subchannel allocation to the initial transmission 
	[image: ] bits
	Similar to the indication for LTE-V. In order to avoid any ambiguity, the allocation should be indexed on the carrier, not on the resource pool (in case UEs use different resource pools) 

	Frequency resource of initial transmission
	[image: ] bits
	Indicates the number of allocated channels for the first transmission

	Number of scheduled transmissions
	2 bits
	Indicates 1..4 transmissions

	Pattern index
	8 bits
	Indicates the time-frequency pattern

	MCS table
	2 bits
	Indicates which table to use

	L1 ID
	TBD
	A reduced-size L1 ID may be needed if the full L1 ID cannot fit in the DCI

	HARQ process
	4 bits
	

	NDI
	1 bit
	

	Power control bit
	1 bit
	Indicates whether open loop power control is enabled for these transmissions or not

	PSSCH-to-HARQ feedback timing indicator
	3 bits
	Similar to PUSCH-to-HARQ feedback indcator

	PUCCH resource indicator
	3 bits
	To indicate where the SL HARQ feedback is sent

	SL CG type 2 index
	3 bits
	

	Activation/release indication 
	1 bit
	

	Padding
	TBD
	To match the size of an existing DCI



Time gap
The time gap was agreed on at RAN1 #98b. Two ‘FFSs’ still need to be addressed:
· FFS how to determine the slot for the first sidelink transmission (e.g., based on the indicated value, potential async between Uu & SL, different numerologies, etc.)
· FFS if the gap is in physical or logical slots.
We suggest to have the time gap being an index to a table that is dependent on the sidelink numerology, and that the value indicated in the table is an actual time value. In order to eliminate issues in case the UL and SL are not synchronized with each other, the UE should start the transmission in the first slot immediately after the time indicated. 
Resource allocation
The resource allocation (time and frequency) can be signaled using five fields:
· A carrier indicator 
· The lowest index of the subchannel for the first transmission, along with the number of allocated subchannels. This allocation is similar to the one carried in DCI 5A. One small difference is that the resource pools should be indexed on the carrier, and not the resource pool since two UEs may have different resource pools
· The number of scheduled transmissions (from 1 to 4)
· A pattern to indicate the time-frequency resources for transmissions 2-4, if present. The rational for this field is to reduce the overhead: it would be possible to indicate each used timeslot with a bitmap, and then indicate the lowest subchannel indication. However, this indication would be high overhead. By reducing a little bit the frequency resource allocation, it is possible to significantly reduce the overhead. 8 bits, or even less, should be used
MCS allocation
It was agreed that the MCS range was configured. Thus, it does not need to be signaled in the DCI. Thus, no indication is needed in the DCI.
In the agreement of last meeting, there is an FFS to be resolved about the MCS table. Up to three MCS tables can be used. There are several possibilities for determining with table to use:
Option 1: the MCS table is fully (pre-)configured by higher layer signalling for instance based on traffic type, congestion level. No signalling is needed
Option 2: a configurable field size, with 0 bit indicating the default table, 1 bit (or two bits) indicating which table to use. This option requires physical layer signalling in the DCI to indicate the table, and RRC signalling to indicate the field length
Option 3: the table to use indicated into the DCI using 2 bits.
Given that the DCI for scheduling mode 1 UE is of relatively small size, we suggest indicating the MCS table to use in the DCI with 2 bits (option 3). If the overhead of option 3 is too high, option 2 could be used to reduce the overhead by 1 bit.
Destination ID
Putting the destination ID in the DCI has advantages and can lead to better resource management, such as reducing the half duplex problem. However, this is a significant overhead. If the full L1 ID cannot fit in the DCI, we suggest using reduced size ID (e.g., 4 bits)/
HARQ feedback
For HARQ feedback, the followings are needed:
· HARQ process index. The number of HARQ processes a UE can support has not been discussed yet. We suggest to support up to 16, which should be enough for most of the V2X scenarios.
· NDI
· RV. Note however that the RV can follow a given order, and does not need to be explicitly signalled
Power control bit
In LTE DCI format 5, there is one bit to indicate if the UE has to follow the gNB-to-UE open loop power control rule or not. The rationale is that if there is no cellular transmission, there is no need to protect the gNB from sidelink interference. Having this bit is advantageous for NR sidelink as well.
PUCCH resources
As discussed in Section 2.1. The same bit field length as for eMBB can be used.
CG type 2 activation/deactivation
It was discussed whether a DCI could active a single or several CG type 2 allocation. A similar issue was discussed for LTE and SPS signaling, and no clear benefit was shown at the time. On the other hand, supporting the activation of multiple CG type 2 grants would complicate the DCI design. Thus, our preference is to activate/deactivate a single grant at a time, and to use an activation/deactivation mechanism similar to what is done in DCI format 5A.
Proposal 5: A DCI activates/deactivates a single configured grant type 2 allocation
Padding
To match the size of an existing DCI.


[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed mode-1 scheduling. We propose the following:
Proposal 1: 
· For the purpose of sending SL HARQ feedback, DCI format 3_0 uses a similar signaling as DCI format 1_0 for the signaling the timing of transmission in PUCCH:
· A PSSCH-to-HARQ feedback timing indicator is defined
· Logical slot indexing on the uplink resources is used
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: 
· 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 5: A DCI activates/deactivates a single configured grant type 2 allocation

In addition, our proposal for the DCI format is as follows:
	Field
	Length
	Details

	Time gap
	3 bits
	Indicates the time between receiving the DCI and the SL transmission

	Carrier indicator
	3 bits
	For cross carrier scheduling

	Lowest index of the subchannel allocation to the initial transmission 
	[image: ] bits
	Similar to the indication for LTE-V. In order to avoid any ambiguity, the allocation should be indexed on the carrier, not on the resource pool (in case UEs use different resource pools) 

	Frequency resource of initial transmission
	[image: ] bits
	Indicates the number of allocated channels for the first transmission

	Number of scheduled transmissions
	2 bits
	Indicates 1..4 transmissions

	Pattern index
	8 bits
	Indicates the time-frequency pattern

	[bookmark: _GoBack]MCS table
	2 bits
	Indicates which table to use

	L1 ID
	TBD
	A reduced-size L1 ID may be needed if the full L1 ID cannot fit in the DCI

	HARQ process
	4 bits
	

	NDI
	1 bit
	

	Power control bit
	1 bit
	Indicates whether open loop power control is enabled for these transmissions or not

	PSSCH-to-HARQ feedback timing indicator
	3 bits
	Similar to PUSCH-to-HARQ feedback indcator

	PUCCH resource indicator
	3 bits
	To indicate where the SL HARQ feedback is sent

	SL CG type 2 index
	3 bits
	

	Activation/release indication 
	1 bit
	

	Padding
	TBD
	To match the size of an existing DCI
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