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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#94 and RAN1#94bis [1][2] the following was agreed:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier
· Study further which resources to use for SL transmission and other network-control sidelink issues (e.g., power control) in the case of shared carrier 

In this contribution, we discuss frame and slot structure for sidelink in shared licensed carriers, and dedicated NR sidelink carriers.
Sidelink frame and slot structure
NR Uu supports eMBB and URLLC use cases with differing technical requirements and scenarios. In order to accommodate these widely differing requirements, the frame and slot structure was designed to be flexible. OFDM symbols in a NR Uu slot can be classified as 'downlink', 'flexible', 'uplink' or 'sidelink'. The NR Uu slot configuration can be via cell-specific RRC signaling, UE-specific RRC signaling, or group-common DCI with SFI-RNTI. Flexibility in the slot configuration is crucial to support the set of use cases demanded in NR V2X [3], and therefore NR sidelink frame structure design can be based on NR Uu frame structure. 
Proposal 1: The NR sidelink frame structure design is based on the existing NR Uu frame structure to support flexible configuration of sidelink symbols and slots.
Shared Uu and SL carrier
The frame and slot structure must be able to accommodate the case when the sidelink and Uu share the same carrier. There are two considerations for multiplexing Uu and sidelink:
(1) Multiplexing of Uu and SL at slot level
A sidelink slot should be defined, where a UE can only transmit/receive on sidelink in 'sidelink' symbols within configured/scheduled sidelink resources. One case is that OFDM symbols in a sidelink slot are used only for the source UE transmitting PSCCH and associated PSSCH, as shown in Figure 1(a). Note that on the figure, only one PRB is shown. Note also that UL/SL multiplexing in frequency, with PRBs using the format shown in Figure 1(a) for SL, and other PRBs configured for UL eMBB transmission is also possible. Another case is that OFDM symbols in a sidelink slot are used only for destination UE transmitting PSFCH (as shown in Figure 1(b)), which conveys sidelink control feedback information (SCFI), e.g. ACK/NACK, SL SCI feedback. This is also referred to as long PSFCH format, as discussed in our companion paper [5].
         [image: ]
[bookmark: _Ref527736424]Figure 1. A sidelink-only slot for PSCCH and its associated PSSCH, or for long PSFCH (note: only time domain within a slot is shown. Frequency multiplexing options are not depicted. This also applies for other figures in this paper).
In addition, OFDM symbols in a sidelink slot can be used for both the source UE and destination UE, where the last symbol(s) (except gap symbol) can be used by the destination UE to transmit  the PSFCH. Note that a UE may also need an additional symbol for AGC settling and processing for receiving PSFCH. Since UEs in NR Uu Rel-15 can already be capable of   slot processing, there is no additional complexity for the UE to do so on the sidelink. In this case, the PSFCH can be fed back to the source UE as soon as possible in order to achieve lower latency. This PSFCH is referred to as short PSFCH format, as shown in Figure 2, and is discussed in our companion paper [5].
[image: ]
[bookmark: _Ref527736496]Figure 2.  A sidelink slot for PSCCH and its associated PSSCH and corresponding short PSFCH (note: only time domain within a slot is shown. Frequency multiplexing options are not depicted).
For the case where a UE supports slot processing time, the gap symbol between PSSCH and PSFCH within a slot can be saved to reduce overhead, as shown in Figure 3. However, in this case, latency is higher since the HARQ feedback is delayed by one slot duration.
 [image: ]
[bookmark: _Ref527736672]Figure 3. The corresponding PSFCH is fed back on n + 1 slot after reception of PSSCH on n slot.
For the shared Uu/sidelink carrier, a sidelink slot is multiplexed with a Uu slot and can be configured as 'downlink', ' uplink' or ' flexible' slot. An example of slot configuration is shown in Figure 4.
[image: ]
[bookmark: _Ref527736655]Figure 4. Multiplexing of DL, SL and UL in slot level.
 (2) Multiplexing of Uu and SL at symbol level
It can be worthwhile to multiplex sidelink and Uu transmissions in the same slot: this is especially beneficial for mode 1 communication, where one UE can receive its sidelink assignment on the PDCCH, then switch to the SL for SL transmission. It is also useful to be able to send the PUCCH on a SL subframe. OFDM symbols in a slot can be configured as 'downlink', 'uplink', 'sidelink', or 'flexible'. Fast scheduling of sidelink transmission can be enabled, where a UE can transmit SL as soon as a sidelink grant is signaled in downlink symbols (conveyed on PDCCH) located at the beginning of a slot. A few multiplexing options are shown in Figure 5.
[image: ]
[bookmark: _Ref527736830]Figure 5. Uu and SL multiplexing within a slot
For the case where a UE supports  slot processing time, the gap symbols used for TX/RX transitions can be saved to reduce the large overhead, and this is particularly helpfully when DL, UL and SL are all present in a slot, as shown in Figure 6. Note that in this case, within a slot, PSCCH/PSSCH and PSFCH symbols are for different UEs.
 [image: ]
[bookmark: _Ref527736815]Figure 6. n + 1 slot processing time for Uu-sidelink operation. 
For the shared carrier case, symbol level multiplexing enables finer time resource granularity for resource allocation. This is beneficial for improving resource utilization efficiency for both Uu and sidelink. Moreover, multiplexing of Uu and SL in a slot allows fast scheduling of sidelink transmission and immediate feedback from sidelink source UE to the gNB, thus improves latency and reliability [4] .
Proposal 2: Sidelink subframe configuration can allow sidelink-only slots and sidelink-Uu multiplexing within a slot.
Dedicated SL carrier
In a dedicated sidelink carrier, either sidelink is assisted by Uu or operated standalone, i.e. NR SL mode 1 or mode 2, a sidelink slot has to be defined. This is the same structure as a sidelink-only slot structure for shared carrier case, as illustrated in Figure 1 and Figure 2.
Slot format signaling
For the shared carrier case, 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. The sidelink should use uplink symbols/slots, and in addition, should be allowed to use flexible symbols/slots. Consequently, 'uplink' (denoted as 'U') and 'flexible' (denoted as 'F') symbols/slots can be overwritten as 'sidelink' (denoted as 'S') symbols/slots. For instance, in Figure 7, a cell-specific TDD DL-UL configuration on a flexible slot is configured, and some of 'F' and 'U' symbols of this slot can be overwritten as 'S' symbols via cell- and/or UE-specific RRC signaling. 
[image: ]
[bookmark: _Ref527736926]Figure 7. TDD DL-UL-SL configuration overwrites 'F' and 'U' symbols
A UE that does not receive SL configuration cannot transmit sidelink on 'F' or 'U' symbols or slots. 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. 
In addition, for NR Uu, a UE is configured by higher layers with the parameter SlotFormatIndicator together with a specific RNTI for slot format indicator (SFI-RNTI). A group common DCI scrambled with the SFI-RNTI can indicate to a group of UEs a TDD DL-UL slot configuration. Similarly, for the sidelink, a sidelink SFI (SL-SFI) can be defined and a group common DCI scrambled with sidelink SFI-RNTI (SL-SFI-RNTI) can be signaled to a group of UEs for indication of TDD DL-UL-SL slot configuration. The SL-SFI is only intended for sidelink operation, and does not cause impact on existing NR slot format for downlink and uplink operation. Therefore a new SL-SFI table containing different slot sets of 'sidelink', 'downlink', 'uplink' and/or 'flexible' symbols should be defined. 
Proposal 3: Uplink and flexible symbols/slots configured on a cell-specific basis can be overwritten with cell-/UE-specific signaling, or group-common DCI with SL-SFI-RNTI:
· The 'uplink' and 'flexible' symbols/slots can be configured cell-/UE-specifically as 'sidelink'.
· A SL-SFI table for indicating TDD DL-UL-SL configuration is defined.
The slot format can preconfigured in case of a UE is out-of-coverage.
Conclusions
This contribution has provided our view on frame and slot structure for NR V2X sidelink:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The NR sidelink frame structure design is based on the existing NR Uu frame structure to support flexible configuration of sidelink symbols and slots.
Proposal 2: Sidelink subframe configuration can allow sidelink-only slots and sidelink-Uu multiplexing within a slot.
Proposal 3: Uplink and flexible symbols/slots configured on a cell-specific basis can be overwritten with cell-/UE-specific signaling, or group-common DCI with SL-SFI-RNTI:
· The 'uplink' and 'flexible' symbols/slots can be configured cell-/UE-specifically as 'sidelink'.
· A SL-SFI table for indicating TDD DL-UL-SL configuration is defined.
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