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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Frame and slot structure for sidelink is time domain resource of a resource pool, as one of the key component objectives of WID [2].
· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]
· Resource allocation [RAN1, RAN2]
At RAN1#96 [1], the following was agreed:
· NR sidelink supports for a UE:
· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink
· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not
· The subset is NOT dynamically indicated to the UE
· FFS the supported slot configuration(s)
· FFS whether/how to operate it in partial coverage scenarios

In this contribution, we discuss frame and slot structure for sidelink in cases where all the symbols in a slot are available for sidelink, and where only a subset of consecutive symbols in a slot are available for sidelink.
Sidelink-only slot 
In a sidelink-only slot, all OFDM symbols are available for sidelink. There are three cases where a sidelink-only slot can be used.
Case 1: Slot with transmission of PSCCH/PSSCH only
A source UE can transmit PSCCH and associated PSSCH, as shown in Figure 1. Note that in the figure, only one PRB is shown. Note also that UL/SL multiplexing in frequency, with PRBs using the format shown in Figure 1 for SL, and other PRBs configured for UL eMBB transmission is also possible. 
 [image: ]
Figure 1. PSCCH and associated PSSCH transmitted by a source UE. (Note: only time domain within a slot is shown. Frequency multiplexing options are not depicted. This also applies for other figures in this paper).
A source UE can also transmit PSCCH without associated PSSCH, termed standalone PSCCH, as shown in Figure 2, which conveys sidelink control information, e.g. triggering a CSI report from other UEs.
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[bookmark: _Ref3898305]Figure 2. PSCCH without associated PSSCH transmitted by a source UE
PSCCH without associated PSSCH conveys control information not intended for scheduling its associated PSSCH, and this is discussed in our companion paper [2].Case 2: Slot with transmission of PSFCH only:
On the other hand, a destination UE can transmit PSFCH, as shown in Figure 3, which conveys sidelink control feedback information (SCFI) carrying ACK/NACK. This is also referred to as long PSFCH format, as discussed in our companion paper [2], where a comprehensive analysis is given to demonstrate the necessity of the long PSFCH format in terms of resource efficiency taken into account both time domain (slot structure, as in Figure 3) and frequency domain. 
[image: ]
[bookmark: _Ref3902948]Figure 3. PSFCH transmitted by a destination UE
Case 3: Slot with transmission of PSCCH/PSSCH and PSFCH:
In addition, a sidelink-only slot can be shared for transmission of PSCCH/PSSCH and PSFCH, where the last OFDM symbol(s) (except the gap symbol located at the end of the slot) can be used to transmit the PSFCH. Note that the source UE may need an additional symbol for AGC settling and processing before receiving PSFCH. This PSFCH is referred to as short PSFCH format, which is discussed in our companion paper [2] [4]. Note that PSFCH can be fed back to the source UE as soon as possible in order to achieve lower latency, e.g. n+0 or n+1 processing, depending on UE capability. 
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[bookmark: _Ref3898887]Figure 4.  A sidelink slot where a source UE transmits PSCCH and associated PSSCH in the beginning of the slot and a destination UE feedbacks PSFCH in the end of the slot: (a) n+0 slot UE processing; (b) n+1 slot UE processing
Proposal 1: A sidelink-only slot can be used for transmission of PSCCH/PSSCH only, or PSFCH only, or both PSCCH/PSSCH and PSFCH.
Uu-Sidelink slot 
NR Rel-15 supports slot configuration on the symbol level, mainly targeting very low latency deployment. This is also applied in NR V2X, where a Uu-sidelink multiplexing is beneficial in achieving lower end-to-end latency requirement in shared licensed carrier mode 1 operation.
In a Uu-sidelink slot, a subset of consecutive OFDM symbols is available for sidelink, and the remaining symbols can be used for downlink or uplink. There can be two cases for Uu-sidelink multiplexing within a slot, taken into account both latency and overhead for UE switching within a slot:  
Case 1: DL+SL
In this case, the first consecutive symbols can be used for downlink, and the remaining symbols are for sidelink. A source UE can receive PDCCH, and immediately transmit sidelink within the slot according to the decoded PDCCH. The remaining available sidelink symbols can be used by the source UE to transmit PSCCH and associated PSSCH, as shown in Figure 5 (a).
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[bookmark: _Ref3902331]Figure 5. (a) A DL + SL multiplexing slot; (b) A DL slot + a SL slot.
This slot configuration (i.e. a DL+SL slot, in Figure 5 (a)) allows the fast scheduling of sidelink transmission to achieve lower latency of sidelink transmission, in comparison with the option of “a DL slot + a SL slot” (as shown in Figure 5 (b)) in mode 1 dynamic scheduling operation.
The cost of this configuration is the UE switch between receiving DL and transmitting SL, which requires a switching gap. However, this one-symbol length overhead is acceptable to the NR V2X system, given that the supported short PSFCH conveying ACK/NACK at the end of a slot also requires a Tx/Rx switching. Consequently, a DL+SL multiplexing slot does not require additional NR V2X UE capabilities i.e. only one switching within a slot, whilst saving one slot latency, and this is particularly helpful in case of larger SCS (e.g. 60 kHz, 30 kHz ) being configured on sidelink BWP.
Proposal 2: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PDCCH carrying a sidelink DCI, and the last subset of consecutive symbols in the slot to be used for PSCCH/PSSCH.
Case 2: SL+UL
In this case, the last symbol(s) can be used for uplink, and remaining, preceding, consecutive symbols are for sidelink. A source UE can immediately ask gNB, e.g. sending a SR-like on PUCCH [5], for sidelink retransmission upon reception of NACK from destination UE within the slot.
[image: ]
[bookmark: _Ref4487037]Figure 6. (a) A SL + UL multiplexing slot; (b) A SL slot + UL slot
This slot configuration ((i.e. a SL+UL slot, Figure 6(a)) allows the fast retransmission request by the source UE to achieve lowest latency of sidelink retransmission, in comparison with the option “a SL slot + a UL slot” (as shown in  Figure 6(b)) in mode 1 dynamic scheduling operation. Consequently, A SL+UL slot saves one slot latency without introducing UE switch within the slot (assuming a sidelink slot always contains a gap symbol at the end of a slot, as in LTE-V).
Proposal 3:The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PSFCH carrying SFCI, and the last subset of consecutive symbol(s) in the slot to be used for PUCCH e.g. carrying SR.
Slot configuration
On a shared carrier, the sidelink should not reuse downlink symbols/slot since it would cause severe interference to UE reception of DL by nearby sidelink transmission as well as UE reception of sidelink by DL transmission. Note that from the system perspective, the gNB should ensure configuration of flexible symbols and slots that does not result in SL and DL conflicts. The sidelink should use uplink symbols/slots, and consequently, the configured 'uplink' (denoted as 'U') and 'flexible' (denoted as 'F') symbols/slots can be overwritten as 'sidelink' (denoted as 'S') symbols/slots. 
NR Rel-15 supports slot configuration on symbol and slot level via cell-/UE-specific signaling, and this can be reused for slot configuration for sidelink. A UE is provided a slot configuration for Uu-link, and then some of 'F' and 'U' symbols/slots of this Uu-link configuration can be overwritten as 'S' symbols/slots for sidelink via cell- and/or UE-specific signaling, for instance, as shown in Figure 7. In case of a Uu-sidelink slot, the duration of Uu symbols must be known to all UEs in a resource pool via cell-specific signaling. Since dynamic NR sidelink slot configuration is not supported, the gNB must ensure that dynamic configuration on Uu link does not cause UE confusion on sidelink.
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[bookmark: _Ref527736926]Figure 13. Uu-SL configuration overwrites Uu configuration on 'F' and 'U' symbols and slots 
A cell-specific slot configuration for sidelink is applied to all UEs on a resource pool basis so that receiving UEs are aware of slot format configuration used by transmitting UEs within the resource pool. Therefore, at a given time, the slot configuration for sidelink transmission, whether in-coverage or partial-coverage, is known to all UEs within a resource pool.
A UE-specific slot configuration on top of a cell-specific slot configuration for sidelink is beneficial in certain cases, e.g. to a pair of UEs participating unicast and/or a group of UEs participating groupcast within the resource pool. In this case, gNB can configure such a pair/group of UEs with UE-specific slot configurations. More specifically, on top of Uu configuration (“U” and “F” symbols), the sidelink configuration can indicate the starting location, i.e. the first symbol for sidelink, and following number of consecutive symbols for sidelink in a slot. Note that UE-specific configuration may only be available to a pair/group of UEs that are known and RRC-connected to the gNB in mode 1 operation. For example, gNB configures a SL+UL multiplexing slot or re-allocates part of UL resources to SL resources to provide higher priority to such a pair/group of UEs according to QoS requirements of V2X advanced services, and therefore guarantee latency and reliability for these sidelinks. 
Proposal 4: Uplink and flexible symbols/slots configured on a cell-specific basis can be overwritten as 'sidelink' by cell-/UE-specific signaling on a resource pool basis.
· For a subset of consecutive sidelink symbols in a slot, the location of the first sidelink symbol and the number of following consecutive sidelink symbols are configured.
Conclusions
This contribution has provided our view on frame and slot structure for NR V2X sidelink:
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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: A sidelink-only slot can be used for transmission of PSCCH/PSSCH only, or PSFCH only, or both PSCCH/PSSCH and PSFCH.
Proposal 2: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PDCCH carrying a sidelink DCI, and the last subset of consecutive symbols in the slot to be used for PSCCH/PSSCH.
Proposal 3: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PSFCH carrying SFCI, and the last subset of consecutive symbol(s) in the slot to be used for PUCCH e.g. carrying SR.
Proposal 4: Uplink and flexible symbols/slots configured on a cell-specific basis can be overwritten as 'sidelink' by cell-/UE-specific signaling on a resource pool basis.
· For a subset of consecutive sidelink symbols in a slot, the location of first sidelink symbol and the following number of consecutive sidelink symbols are configured.
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