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Introduction
In the RAN1 #98b meeting, physical structure of NR-V2X was discussed and the following agreements were achieved [1]:

Agreements:
· A slot is the time-domain granularity for resource pool configuration.
· To down-select:
· Alt 1. Slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity
· Alt 2. Slots for a resource pool is (pre-)configured, where the slots are applied with periodicity.
· FFS: signaling details
· FFS: how to apply the above bitmap signaling, e.g., to all slots or only to a set of slots
· FFS: symbols for sidelink in the slot, how to indicate for the case when not all symbols are for SL

Agreements:
· Support (pre-)configuration of a resource pool consisting of contiguous PRBs only
 
Agreements:
· For the number of bits of L1 IDs,
· Layer-1 destination ID: 16 bits
· Layer-1 source ID: 8 bits
Agreements:
· 256QAM is supported for SL.
· Support of 256QAM by a UE is FFS between mandatory vs. based on UE capability from the Rx perspective 
· Support of 256QAM is based on UE capability from the Tx perspective
· 64QAM is mandatory

Agreements:
· Three MCS tables supported in Rel-15 NR Uu CP-OFDM are also used for SL. 
· Support of the the low-spectral efficiency 64QAM MCS table is an optional UE feature in SL as in the Uu link
· For each resource pool, at least one MCS table is (pre)-configured
· FFS whether or not to introduce a case where the MCS table can be overwritten by PC5 RRC or indicated in SCI
· Each resource pool is only configured with one 1st stage SCI PSCCH format

Agreements:
· Rel-15 NR PDCCH DMRS pattern is reused for PSCCH DMRS pattern.	
· For frequency-domain pattern for PSCCH DMRS, reuse Rel-15 NR PDCCH DMRS, i.e., comb-4 fixed RE mapping for PSCCH DMRS.
· (Working assumption) For time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
· FFS: how to initialize DMRS sequence generator

Agreements:
· PSCCH for 1st stage SCI with 2 and 3 symbols is supported in Rel-16. 
· FFS: other length(s) of symbols (e.g., all symbols)
· The number of symbols above excludes AGC symbols if any
· The number of PSCCH symbols is explicitly (pre-)configured per Tx/Rx resource pool

Agreements:
· Resource mapping of SL CSI-RS is performed by using one SL CSI-RS pattern in an RB, where the possible patterns in an RB are a subset of NR Uu CSI-RS time-frequency/CDM resource mapping patterns in an RB
· The subset is to be pre-defined by spec 
· FFS how the one pattern is determined (but not part of SCI)
· FFS which subset
Agreements:
· SL CSI-RS is transmitted by a UE only if: 
· when the corresponding PSSCH is transmitted (as agreed before) by the UE, and,
· when SL CQI/RI reporting is enabled by higher layer signaling, and 
· when enabled, if the corresponding SCI by the UE triggers the SL CQI/RI reporting 

Agreements:
· The 2nd stage SCI is carried within the resource of the corresponding PSSCH.
· Scrambling operation for the 2nd stage SCI is applied separately with PSSCH


Agreements:
· Support 1st stage SCI in PSCCH in one subchannel only. 
· Within one subchannel, there is at most one 1st stage SCI, except for spatial re-use
· For RE mapping of the 2nd stage SCI, frequency-first mapping within the PSSCH is used. To down-select:
· Alt 1. The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
· Alt 1-1. only RBs in the subchannel having the corresponding 1st stage SCI can be possibly used for mapping the 2nd stage SCI
· Alt 1-2. only RBs in the all sub-channels for the scheduled PSSCH can be possibly used for mapping the 2nd stage SCI.
· Alt 2. The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE.
· Whether to allow mapping with the same symbol of PSSCH DMRS
· For modulation order of the 2nd stage SCI, to down-select:
· Alt 1. Fixed as QPSK
· Alt 2. Same as PSSCH
· The same PSSCH DM-RS port(s) is used for transmitting the 2nd stage SCI.
· When PSSCH is 2-layer, FFS how to map the 2nd stage SCI modulation symbols to the two layers, to down-select:
· Alt 1: when PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers
· Alt 2: when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers
· A combination thereof

Agreements:
· Support {10, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size.
· FFS other values (e.g., 4, 5, 6, etc.)
· One value of the above set is (pre)configured for the sub-channel size for the resource pool.
· Size of PSCCH: X
· X  N, where N is the number of PRBs of the subchannel
· X is (pre)-configurable with values FFS, X

Furthermore, the following were agreed during email discussion.

Agreements:

· For the agreed sequence-based PSFCH format with onesymbol (not including AGC training period),
· 1 PRB is used. 
· Only 1 bit can be carried for the caseof N=1, where N denotes the periodof slot having PSFCH resource in a resource pool,
· FFS: for the case of N=2, 4
Note: Each company is encouraged to discuss on how to handle AGC issue for the agreed sequence-based PSFCH format with one symbol (not including AGC training period) to decide whether/how to support2-symbol PSFCH format.

Agreements

· For the starting symbol of PSCCH in a slot, 2nd SL symbol in the slot is used.
· FFS: which signal/channel(s) is mapped in the 1st SL symbol in the slot. It is not precluded to map certain portion of PSCCH to the 1st SL symbol in a slot.
· FFS: whether/how to support that PSSCH DMRS and PSCCH are mapped in the same OFDM symbol
·  If RAN1 decides to support mapping PSSCH DMRS and PSCCH in the same OFDM symbol, then this mapping within a single sub-channel is only supported for sub-channel sizes >= 20 PRBs.
· Note: This might not have specification impact, pending the outcome of other discussions in RAN1#99.
· Note: This does not imply that PSSCH DMRS and PSCCH are mapped in the same OFDM symbol within the same sub-channel for other cases and within the different sub-channels.
 
Agreements

· For FR2,
· Sidelink PT-RS RE patterns are the same as Rel-15 NR Uu
· Support multiple densities in time and frequency domains, as Uu
· The equivalent of PTRS-UplinkConfig giving the bandwidth and MCS thresholds for setting the densities is (pre-)configured per resource pool
· RE offset is determined based on a (pre-)configured resourceElementOffset value
· RB offset is down-selected in RAN1#99.
· Alt 1. Fixed as 0.
· Alt 2. Determined based on L1 destination ID.
· Alt 3. Determined based on L1 source ID.
· Alt 4. Determined based on CRC of PSCCH.
· Association with one or two of the DMRS port(s) is used, down select in RAN1#99 among:
· Alt 1. The number of PT-RS antenna ports is the same as the number of DMRS antenna ports.
· Alt 2. The number of PT-RS antenna ports and the association between DM-RS port and PT-RS port are (pre)configured.
· Alt 3. One PT-RS port is supported and the PT-RS port is associated with the lowest DMRS port index.
· Sidelink PT-RS are not mapped to 1st stage SCI REs and SL CSI-RS REs.
·  Sidelink PTRS symbols are not mapped to PSSCH symbols carrying PSSCH DMRS.
· The Rx UE does not perform blind de-rate matching of 2nd stage SCI REs
· FFS Details
 
In this contribution, we continue discussing the detailed design of physical layer structure of NR-V2X SL.
Physical channels
1.1 PSFCH
· Number of HARQ-ACK bits per PSFCH
For the case of N=1, only 1 bit per PSFCH was agreed. While for N=2 and N=4, it is still FFS. In our view, we propose only 1 bits per PSFCH is also applied in case of N=2 or N=4. 
Only 1 PRB for PSFCH was agreed. It is not possible to multiplex 4 HARQ-ACK bits into one PSFCH channel. If 2 bits is agreed, it cannot support the case if PSFCH period is 4 slots. To simplify the PSFCH design, we propose to support only 1 bit carried in PSFCH for case of N=2 and N=4. 
Proposal 1: Only 1 bit can be carried in PSFCH for N=2 and N=4 in Rel-16 NR-V2X. 
· PSFCH sequence generation
The agreed PSFCH is sequence based and PUCCH format 0 as the staring point. One difference for PSFCH sequence generation is that the TX UE (PSSCH transmitter) layer-1 ID can be used to generate the sequence. The TX UE layer-1 ID can be used to differentiate the target receiver of the PSFCH which can alleviate PSFCH transmission collision
Proposal 2: Layer-1 source ID of TX UE(PSSCH transmitter) is used for PSFCH sequence generation. 
For groupcast feedback option 2, in-group ID is used to select PSFCH resource for RX UE. We propose FDM of PSFCH is applied in this case so that in-group ID can be used to select different PSFCH frequency resource [2]. TX UE layer-1 ID is used to generate the sequence. When determining the cyclic shift of the sequence, .
Proposal 3: When generating PSFCH sequence,  is used.
Proposal 4: For groupcast option 2, in-group member ID is used to determine different PSFCH frequency resource by RX UE.
1.2 PSCCH
For 2-stage SCI, the 1st stage SCI is used for sensing and 2nd stage SCI used for decoding the associated PSSCH. To avoid blind detection of 2nd stage SCI, the transmission resource and size of 2nd stage SCI should be indicated in 1st stage SCI. 
Decoding 2nd stage SCI depends of the DMRS of PSSCH. To improve the channel estimation accuracy, the 2nd stage SCI can be mapped onto PSSCH DMRS symbols if there is RE that can be used for PSSCH mapping on it. Otherwise, the 2nd stage SCI can be mapped onto the OFDM symbols which are adjacent to PSSCH DMRS symbols. 
We propose that 2nd stage PSCCH is mapped to all of the frequency range of associated PSSCH to exploit frequency diversity. And only QPSK is used for 2nd stage PSCCH. If PSSCH is 2 layers, Alt. 1 is preferred, i.e., the same modulation symbol of the 2nd stage SCI is mapped to the two layers. 
Proposal 5: For the 2nd stage PSCCH
· The number of resource is indicated by 1st stage SCI
· Mapped onto the OFDM symbols which is PSSCH DMRS symbols or adjacent to PSSCH DMRS symbols
· Mapping to frequency domain firstly, and time domain secondly
· 2nd stage SCI can be mapped to all frequency range of the associated PSSCH 
· Only QPSK is used for 2nd stage SCI
· For 2 layers PSSCH, the same modulation symbol of the 2nd stage SCI is mapped to the 2 layers.
1.3 PSSCH
PSSCH is mapped to the 1st SL symbol within a slot which is used for AGC setting time. It was agreed PSCCH starting 2nd SL symbol, one open issue is how to map PSSCH DMRS.
We propose that the 1st SL symbol is mapped with PSSCH DMRS. In some cases, the PSSCH DMRS can be comb-like mapped on 1st SL symbol so that it can also be used for channel estimation. The 2nd PSSCH DMRS symbol is the OFDM symbol which is after PSCCH symbols.
Proposal 6: The 1st PSSCH DMRS symbol is the 1st SL symbol within a slot. The 2nd PSSCH DMRS symbol is after PSCCH symbols. 
For the MCS table, it was agreed that at least one MCS table is configured per resource pool. If only one or two MCS table is configured per resource pool, that may result in resource pool selection based on the MCS table which will complex the procedure. We propose that all 3 MCS tables are configured per resource pool. One default MCS table is used  if there is no addition signaling or indication. For example, the MCS table with 64 QAM is set as the default MCS table. For unicast communication, the MCS table can be changed during connection procedure. 
Proposal 7: For MCS table,
· All three MCS tables are configured per resource pool
· One MCS table is set as default MCS table.
· For unicast communication, MCS table can be changed/negotiated between TX and RX UE during connection procedure.
Resource pool configuration 
1.4 Resource pool configuration for PSSCH/PSCCH/PSFCH
For PSSCH on dedicated carrier, all of the symbols within the slot can be used for SL transmission. The resource pool configuration in time domain can only indicate the slot information. For example, a bitmap of slot can be used to indicate the slot that is used for PSSCH resource pool. The resource pool configuration in frequency domain can indicate the starting position, and number of PRBs or sub-channels. If there is resource used for other purpose, such as for PSBCH, within the resource pool of PSSCH, these resource will be excluded from the PSSCH resource pool. The sub-channel size of PSSCH resource pool can be (pre-)configured. 
For PSSCH on shared carrier, considering that only part of symbols can be used for SL transmission, an additional parameter, such as number of OFDM symbols used for SL transmission per slot, can be configured for PSSCH resource pool. The OFDM symbols used for SL transmission can be fixed to the last OFDM symbols within a slot. Otherwise, the starting OFDM symbol used for SL transmission within a slot should be configured. If the number of UL symbol of a slot is less than the configured number of OFDM symbols used for SL transmission, the slot is not used for SL transmission. 
Proposal 8: The resource pool configuration of PSSCH should include the following parameters:
· Bitmap of slot: used to indicate the slot that is used for PSSCH resource pool
· Offset indicator: used to indicate the offset of the first slot for PSSCH within a SFN circle
· Starting position in frequency domain;
· Number of sub-channels: to determine the RP size in frequency domain
· Size of sub-channel of PSSCH;
· Number of PRBs per PSCCH;
· Number of OFDM symbols per PSCCH;
· Number of OFDM symbols used for SL transmission within a slot: used to indicate the number of OFDM symbols used for SL transmission within a slot in shared carrier;
· Starting OFDM symbol within a slot: used to indicate the first OFDM symbol used for SL transmission within a slot in shared carrier. 
For PSCCH and PSSCH multiplexing option 3, PSCCH is transmitted within the associated PSSCH. If the resource pool for PSSCH is configured, some of the parameters for PSCCH resource pool is determined accordingly, such as the starting symbol and starting position in frequency domain. The number of OFDM symbols used for PSCCH can be configured per resource pool. PSCCH is within a sub-channel of PSSCH. 
Proposal 9: The resource pool configuration of PSCCH should be combined with the associated PSSCH resource pool, the following parameters are specifically used for PSCCH:
· Number of PRBs per PSCCH;
· Number of OFDM symbols per PSCCH;
If SL feedback is enabled, there should be a PSFCH resource pool associated to the PSSCH resource pool. It was agreed that PSFCH can exist in every N slots, where N is 1, 2, or 4. The frequency resource of PSFCH can be associated to PSSCH. For example, the starting position in frequency domain is aligned with associated PSSCH, the length of PSFCH is fixed to 4 PRBs. Then only the resource in time domain should be indicated in PSFCH resource pool configuration. 
The association between PSFCH and the PSSCH transmission within N slots should be deterministic. The association can be implicated determined by the minimal processing capability. For example, if the minimal processing capability of UE is 2 ms, then the PSSCH transmission in slot n corresponds to a PSFCH which is later than slot n+2. In that case, the resource pool configuration cannot include the association between PSSCH and PSFCH. 
Proposal 10: The resource pool configuration of PSFCH should be combined with the associated PSSCH resource pool, the following parameters are specifically used for PSFCH:
· Starting position in frequency domain;
· Number of PRBs: to configure a set of frequency resource used for PSFCH transmission
· N: used to indicate the period in unit of slots of PSFCH;
· Offset indicator: used to indicate the offset of the first slot for PSFCH within a SFN circle.
· K: minimal timing gap between PSFCH and associated PSSCH in unit of slot, K is logical slot.

How to determine the slots that can be used for a resource pool can follow the same mechanism as LTE-V2X. For example, the slots that is used for S-SSB are excluded from PSSCH resource pool. If the remaining slots within an SFN period cannot be divided by the number which corresponds to the bitmap length, a set of reserved slot is determined and excluded from the PSSCH resource pool. The remaining slots is re-indexed, and the bitmap is mapped to these slots repeatedly. The slot corresponds to 1 in the bitmap is included in the PSSCH resource pool.
1.5 NR-V2X SL deployed on shared carrier
In shared carrier case of LTE-V2X, UL subframe can be used for sidelink transmission. Similarly in NR-V2X, we propose that UL symbol can be used for sidelink transmission. If flexible symbol can be used for SL transmission, the network should promise that the flexible symbols in cell-specific configuration cannot be used for DL transmission. Otherwise, there will be interference between DL and SL transmissions. If flexible symbol in cell-specific configuration cannot be used for SL transmission, the network can change the flexible symbol to either DL or UL by dynamic SFI, which can leave more flexibility for the network’s scheduling for Uu transmission.
Proposal 11: UL symbol is used for SL transmission if NR-V2X is deployed on shared carrier.

Conclusion
In this contribution, the physical layer structures of NR-V2X sidelink are discussed. The following proposals are given to summarize our view.
Proposal 1: Only 1 bit can be carried in PSFCH for N=2 and N=4 in Rel-16 NR-V2X. 
Proposal 2: Layer-1 source ID of TX UE(PSSCH transmitter) is used for PSFCH sequence generation. 
Proposal 3: When generating PSFCH sequence,  is used.
Proposal 4: For groupcast option 2, in-group member ID is used to determine different PSFCH frequency resource by RX UE.
Proposal 5: For the 2nd stage PSCCH
· The number of resource is indicated by 1st stage SCI
· Mapped onto the OFDM symbols which is PSSCH DMRS symbols or adjacent to PSSCH DMRS symbols
· Mapping to frequency domain firstly, and time domain secondly
· 2nd stage SCI can be mapped to all frequency range of the associated PSSCH 
· Only QPSK is used for 2nd stage SCI
· For 2 layers PSSCH, the same modulation symbol of the 2nd stage SCI is mapped to the 2 layers.
Proposal 6: The 1st PSSCH DMRS symbol is the 1st SL symbol within a slot. The 2nd PSSCH DMRS symbol is after PSCCH symbols. 
Proposal 7: For MCS table,
· All three MCS tables are configured per resource pool
· One MCS table is set as default MCS table.
· For unicast communication, MCS table can be changed/negotiated between TX and RX UE during connection procedure.
Proposal 8: The resource pool configuration of PSSCH should include the following parameters:
· Bitmap of slot: used to indicate the slot that is used for PSSCH resource pool
· Offset indicator: used to indicate the offset of the first slot for PSSCH within a SFN circle
· Starting position in frequency domain;
· Number of sub-channels: to determine the RP size in frequency domain
· Size of sub-channel of PSSCH;
· Number of PRBs per PSCCH;
· Number of OFDM symbols per PSCCH;
· Number of OFDM symbols used for SL transmission within a slot: used to indicate the number of OFDM symbols used for SL transmission within a slot in shared carrier;
· Starting OFDM symbol within a slot: used to indicate the first OFDM symbol used for SL transmission within a slot in shared carrier. 
Proposal 9: The resource pool configuration of PSCCH should be combined with the associated PSSCH resource pool, the following parameters are specifically used for PSCCH:
· Number of PRBs per PSCCH;
· Number of OFDM symbols per PSCCH;
Proposal 10: The resource pool configuration of PSFCH should be combined with the associated PSSCH resource pool, the following parameters are specifically used for PSFCH:
· Starting position in frequency domain;
· Number of PRBs: to configure a set of frequency resource used for PSFCH transmission
· N: used to indicate the period in unit of slots of PSFCH;
· Offset indicator: used to indicate the offset of the first slot for PSFCH within a SFN circle.
· K: minimal timing gap between PSFCH and associated PSSCH in unit of slot, K is logical slot.
Proposal 11: UL symbol is used for SL transmission if NR-V2X is deployed on shared carrier.
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