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Introduction
The physical layer structure for NR V2X sidelink has been discussed in the past RAN1 meetings. The following agreements have been made in RAN1 meeting #98bis and e-mail discussions: 

[bookmark: _Hlk528874692]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 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
Agreements from e-mail discussion [98b-NR-11]:
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
Agreements from e-mail discussion [98b-NR-10]:
· 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 PSCCH 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 size >=20PRBs
· 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 subchannels 
Agreements from e-mail discussion [98b-NR-09]:
· For the agreed sequence-based PSFCH format with one symbol (not including AGC training period),
· 1 PRB is used
· Only 1bit can be carried for the case of N=1, where N denotes the period of 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 support 2 symbol PSFCH format

In this contribution, we provide our views on multiple aspects of physical layer structures design, including resource pool, RS design, PSCCH and associated PSSCH multiplexing, PSFCH formats and resources, as well as PSCCH design. 
Discussion
[bookmark: _Ref525650182]NR sidelink resource pool 
It was agreed [4] that NR sidelink supports two cases: Case 1 where all the symbols in a slot are available for sidelink, and Case 2 where only a subset of consecutive symbols in a slot is available for sidelink. The second case is only applicable on shared carrier, where the slot format configuration is not dynamically indicated to a UE.
One usage scenario of Case 2 is that only a subset of symbols of a slot is indicated as UL symbols and sidelink transmissions can only use the UL symbols. The slot format indication can be configured via cell-specific SIB or UE-specific RRC signaling. In order to align between sidelink transmit UE and sidelink receiver UE, it is preferred that only the UL symbols configured by cell-specific SIB configuration can be used for sidelink transmissions. Still, the cell-specific slot format configuration does not work for the partial coverage scenario, where one UE cannot receive the cell-specific slot format configuration if it is out of coverage.
Proposal 1: Use the UL symbols only in cell-specific slot format configuration for sidelink in a shared carrier. 
In LTE V2X, SL time domain resources (i.e. sub-framed) available for a SL resource pool include all sub-frames except DL and special sub-frames (TDD), sub-frames configured for SLSS and reserved sub-frames.  A set of the available SL sub-frames are subsequently assigned to a resource pool based on a bit map associated with the resource pool.  The bit map is configured by the higher layers with a periodicity equal to the length of the bit map.  
The bit map is a simple yet flexible approach to assign SL time resources to a resource pool and can also be applied in NR SL.  As for the NR sidelink time domain resource configuration, the slot has been agreed as a minimum time domain resource granularity.  As UL symbols are agreed to use for SL operation, the NR SL slots can be a set of slots including full and partial UL slots.  The SL slots that belong to a resource pool can be then indicated in a bit map and multiple bit maps can be configured for different resource pools.  Therefore, SL slots of a resource pool can be configured with X bits bitmap (e.g., X=20) and its periodicity is the same as X slots.
Proposal 2: Slots for a resource pool is (pre-)configured with X bits bitmap (e.g., X= 20) and its periodicity is the same as X slots. 

NR sidelink reference signal
PSSCH DM-RS
In Mode 2, given that multiple time domain DM-RS patterns are configured for a resource pool, a Mode-2 UE should determine a DM-RS pattern for a PSSCH transmission based on the channel condition as well as other transmission parameters. In order to guarantee the sidelink performance and similar UE behavior for a certain channel condition, scheduling parameters can be restricted to a certain range based on the channel condition and other transmission parameters. Note that the DM-RS time domain pattern should be considered as a part of the scheduling parameter as it needs to be adapted based on the link quality.
In many cases of NR V2X, a Tx UE may not know the channel condition of the Rx UE including groupcast and unicast. Note that CSI feedback for unicast can be disabled. On the other hand, the Tx UE may receive HARQ feedback from Rx UEs. In general, increased DM-RS density will help reducing PSSCH reception errors especially under high Doppler and/or low SNR scenario. Considering there are many cases that a Tx UE may not know the channel condition for initial transmission and retransmission, the DM-RS patterns should be restricted to higher DM-RS density for retransmissions to avoid the situation that a Rx UE keeps having erroneous PSSCH reception due to poor channel estimation quality.
Proposal 3: A Tx UE is restricted to a subset of DM-RS time patterns with higher DM-RS density for retransmission for better channel estimation quality.
In NR Uu, two types of DM-RS mapping are supported for PDSCH and PUSCH, where the Type-1 DM-RS mapping supports up to 8 DM-RS ports with a higher DM-RS density per port and the Type-2 DM-RS mapping supports up to 12 DM-RS port with a lower DM-RS density per port. Therefore, in general, Type-1 DM-RS mapping provides better channel estimation performance while Type-2 DM-RS mapping has higher multi-user multiplexing capacity for MU-MIMO operation with more orthogonal DM-RS ports. 
It was agreed [1] that Release 15 PDSCH DM-RS configuration type 1 and/or type 2 are reused for frequency domain pattern of PSSCH DM-RS, where it is still open to support either one or both types. In our contribution [5], it is shown that the Type-1 DM-RS mapping always provides the same or better performance over Type-2 DM-RS mapping when single-user MIMO is used. Note that MU-MIMO is rarely used in NR V2X scenarios since there is no scenario that supports a single source UE schedules multiple unicast traffics to different destination UEs at the same time. Based on these observations, it seems straightforward to support Type-1 DM-RS mapping only for PSSCH.
Proposal 4: PDSCH DM-RS configuration type 1 is reused and only supported for PSSCH DM-RS. 
Due to the PSCCH/PSSCH multiplexing option 3, PSSCH and PSCCH can be mapped in the same OFDM symbol and there was proposal to allow to map PSSCH DM-RS in the same OFDM symbol carrying PSCCH so that the PSSCH DM-RS is transmitted as early as possible. The early transmission of PSSCH DM-RS provides a couple of benefits including higher demodulation performance as channel extrapolation is minimized and lower processing latency. The benefit could be more significant as the subchannel size gets bigger as compared with sending PSSCH DM-RS always after PSCCH symbol since the number of RBs not containing PSCCH becomes larger. On the other hand, it may increase UE implementation complexity as DM-RS symbol locations may be different for the RBs containing PSCCH and the other RBs not containing PSCCH within the same subchannel. However, the channel estimation complexity may not be increased with two different DM-RS time domain patterns within a same subchannel as long as two different time domain patterns are mixed within a same precoding granularity (i.e., PRB bundling size).
Therefore, the mapping PSSCH DM-RS and PSCCH in the same OFDM symbol within a subchannel needs to be supported. 
Proposal 5: Mapping PSSCH DM-RS and PSCCH in the same OFDM symbol within a subchannel is supported. 

Sidelink CSI-RS
In NR Uu, pseudo-random sequence is initialized by Cinit which is determined as a function of slot number within a radio frame, OFDM symbol number and higher layer configured scrambling ID to randomize the sequence. We can reuse the NR Uu design as much as possible. The slot number and OFDM symbol number can be kept as it is and the scrambling ID can be (pre-)configured per resource pool or negotiate between pair of UEs for a unicast link.
Proposal 6: ScramblingID of Cinit for CSI-RS is configured per resource pool or unicast link. 
In NR Uu, the density of CSI-RS is configurable, for example, 1RE per RB per port (i.e., ρ=1) or 0.5RE per RB per port (i.e., ρ=0.5). It is mainly to reduce CSI-RS overhead especially when multiple CSI-RSs and larger number of antenna ports are configured. Note that a single CSI-RS resource configuration with one or two antenna ports is only needed for sidelink unicast transmission. Therefore, reducing the density by transmitting CSI-RS within a subset of RBs (e.g., even numbered or odd numbered) doesn’t seem to be required. 
In addition, 3REs per RB per port (i.e., ρ=3) has been introduced for single antenna port CSI-RS, especially for beam management and later also used as TRS. As beam management is not considered in Rel-16, it can be also precluded for sidelink CSI-RS configuration. 
Proposal 7: CSI-RS port X=1, 2 are supported with density ρ=1 only (i.e., ρ=0.5 or 3 is not supported). 

Sidelink PTRS
It has been agreed to support PTRS (for FR2 only) for NR V2X sidelink and NR Uu PTRS design should be reused as much as possible per RAN plenary guidance. In that sense, the agreements made during e-mail discussion [98b-NR-11] is relatively well aligned with the guidance. There are still a couple of issues are open including RB offset, number of PTRS ports, and impacts on SCI-2 decoding. 
Regarding the PTRS RB offset, it has been introduced to randomize the interference based on layer-1 ID (i.e., C-RNTI for NR Uu) especially for unicast traffic. To enjoy the same benefit and follow the RAN plenary guidance, the randomization of the RB offset should be kept as it is based on the equivalent layer-1 ID in sidelink.
Which ID is used for PTRS RB offset can be discussed after the SCI-1/2 contents and modulation order of SCI-2 are decided. If L1 destination-ID is sent in SCI-1 for filtering of PSSCH reception, it is straightforward to use L1 destination-ID as layer-1 ID to determine PTRS RB offset. Alternatively, if PTRS RB offset doesn’t impact SCI-2 decoding (e.g., PTRS is not mapped onto SCI-2 REs), the L1 destination-ID can be used irrespective of which SCI will carry the L1 destination-ID.  
Proposal 8: RB offset is determined based on layer-1 ID and FFS which layer-1 ID is used based on SCI contents discussion. 
Up to two PTRS ports are supported in NR Uu and it is configurable based on UE capability. It is related to whether a UE uses separate oscillator for each layer or a single oscillator is used for all layers. However, typically a single oscillator is implemented for MIMO operation, therefore using a single PTRS port seems to reasonable as it is also part of NR Uu PTRS configuration and the association with DM-RS port could be the same as NR Uu (i.e., lowest DM-RS port index).  
Proposal 9: A single PTRS port is used and its association with DM-RS port is the same as in NR Uu (i.e., lowest DM-RS port index). 

[bookmark: _Ref525650173][bookmark: _Ref525647335]PSCCH and PSSCH
Two physical channels, PSCCH and PSSCH, have been agreed for NR V2X, where PSCCH at least carries information necessary to decode PSSCH. Four options for multiplexing of PSCCH and the associated PSSCH have been identified for further study, where it is working assumption [3] that at least Option 3 is supported.
Among the three TDM options of multiplexing PSCCH and PSSCH (i.e., Options 1A, 1B and 3), Option 3 provides the highest utilization efficiency. Furthermore, Option 1A results in an increased PSCCH blind decoding complexity, which makes it unpreferable. It was concluded by RAN4 [6] that a transient period is needed during the switch between PSCCH and PSSCH for Option 1B, due to the significant power transient between the last PSCCH symbol and the first PSSCH symbol in case of a large power imbalance between PSCCH and PSSCH. Hence, Option 1B is also not preferred. 
In our view, the PSCCH transmission in NR V2X at least should achieve at a similar reliability level as the PSCCH transmission in LTE V2X. In LTE V2X, the PSCCH occupies a whole subframe in time domain and 2 resource blocks in frequency domain. The number of effective resource elements for PSCCH is 192, excluding the DM-RS, AGC and GAP symbols. 
In Option 3 of PSCCH and PSSCH multiplexing, if the number of PSCCH symbols is 3 and 1/4 PSCCH DM-RS overhead is considered, the number of effective resource elements for PSCCH is 108 (or 216) if the minimum sub-channel size is 4 (or 8) PRBs. It is expected that the SCI payload size for NR V2X is no less than the SCI payload size for LTE V2X (i.e., 48 bits). For example, it was agreed [7] that for evaluation purpose, the total SCI payload sizes are 60, 90, 120 bits. Hence, the resulting coding rate of NR SCI in Option 3 is generally higher than the coding rate of LTE SCI. 
For more reliable PSCCH transmissions in Option 3, the number of PSCCH symbols should be large (e.g., more than 7 symbols). One possibility is that the number of PSCCH symbols is equal to the number of its associated PSSCH symbols, no matter whether PSFCH resource is configured for this slot or not. 
Proposal 10: Confirm Option 3 of PSCCH and PSSCH multiplexing for NR V2X sidelink in condition that the PSCCH symbols could occupy all available symbols in a slot for sidelink.
As for the RE mapping of SCI-2, following two alternatives have been discussed:
· 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.
Between two alternatives, it is unclear the benefit of Alt-1 since the localized allocation limits frequency diversity. The SCI-2 multiplexing with PSSCH could follow the UCI multiplexing mechanism as much as possible which is similar to Alt 2. Therefore, Alt-2 should be supported as RE mapping rule for SCI-2.
Proposal 11: Support Alt-2 for SCI-2 RE mapping (i.e., The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE).
As a modulation order for SCI-2 transmission, following two alternatives are on the table:
· Alt 1. Fixed as QPSK
· Alt 2. Same as PSSCH
Considering link adaptation for sidelink transmission may not be quite accurate due to the absence of channel state information when CSI feedback is disabled or delayed in high mobility scenarios, relying on the selected MCS for SCI-2 decoding may result in contiguous control channel decoding error at Rx UE. Therefore, using QPSK as SCI-1 seems to be reasonable to guarantee the performance of sidelink control channel. Note that sidelink control channel performance is based on successful decoding of both SCI-1 and SCI-2. 
Proposal 12: Support Alt-1 for SCI-2 modulation order (i.e., Fixed as QPSK).
In the case when PSSCH is rank-2 transmission, how to send SCI-2 has been discussed and following two alternatives have been identified:
· 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
Since it has been agreed that same DM-RS ports will be shared for PSSCH and SCI-2, the followings are assumed for link level evaluation to compare two alternatives: 
· Two DM-RS ports are used with precoder cycling in every two RBs
· The same number of REs and RE locations are used for both alternatives, resulting in higher coding rate for Alt-1 since it repeats same data symbol to two layers
· QPSK is used for SCI-2 and 4 DM-RS symbols are used to guarantee channel estimation performance
Additional simulation assumptions are available in Table 3 in Annex
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Figure 1. SCI-2 decoding performance according to alternatives in TDL-A with high spatial correlation
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Figure 2. SCI-2 decoding performance according to alternatives in TDL-A with medium spatial correlation
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	Figure 3. SCI-2 decoding performance according to alternatives in TDL-A with low spatial correlation
As seen in the Figures 1-3, the SCI-2 decoding performance gets significantly worse with Alt-2 in higher correlation channels since its performance is highly dependent on the MIMO receiver performance (e.g., MMSE filter) while it may not be able to decouple two spatially multiplexed data symbols in highly correlated spatial channel due to poor degree of freedom in the channel matrix. On the other hand, Alt-1 performs relatively robust regardless of the spatial correlation level as it doesn’t require decoupling of the spatially multiplexed data symbols. Note that repeating same data symbol to two antenna ports is effectively same as rank-1 transmission as there is no spatially multiplexed data symbols. 
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Figure 4. SCI-2 decoding performance according to alternatives in CDL Highway (LoS) with X-pol antennas 
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Figure 5. SCI-2 decoding performance according to alternatives in CDL Highway (LoS) with Co-pol antennas 
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Figure 6. SCI-2 decoding performance according to alternatives in CDL Urban (LoS) with X-pol antennas 
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Figure 7. SCI-2 decoding performance according to alternatives in CDL Urban (LoS) with Co-pol antennas 
Figures 4-7 show the SCI-2 decoding performance in CDL Highway and Urban channels with different antenna configuration. The results show that Alt-1 performs better irrespective of the antenna configuration and the performance gap gets more significant when Co-polarized antennas are used with multiple panels as its spatial correlation is relatively higher than cross polarized antenna setup.
In general, it is observed that Alt-1 provides relatively robust performance irrespective of the spatial correlation and antenna configuration. On the other hand, Alt-2 shows significant performance loss especially when linear antenna array is used. 
Note that the spatial correlation may change dynamically in V2X scenario due to dynamic blockage and high mobility, and the rank adaptation won’t be as accurate as NR Uu since no periodic CSI reporting is supported and CSI reporting is performed in higher layer which will likely increase the delay. Therefore, in order to guarantee the performance of SCI-2 (e.g., a similar decoding performance to the SCI-1), the transmission rank should be fixed to 1 irrespective of the transmission rank of the PSSCH.
Proposal 13: Support Alt-1 for SCI-2 transmission when PSSCH is rank-2 (i.e., when PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers).

PSFCH
The number of HARQ bits indicated by the sequence-based PSFCH format could be determined based on the number of cyclic shifts reserved for a HARQ feedback transmission. In NR Uu, up to two HARQ bits can be transmitted by reserving four cyclic shift values. In the case when N>1, there is a possibility that a UE may need to send more than one HARQ bit when the UE received TBs consecutively for the same unicast link. Therefore, it is straightforward that at least up to two HARQ bits can be supported with a sequence-based PSFCH.
Proposal 14: Up to 2bits can be carried in the agreed sequence-based PSFCH format when N>1. 
In the case that more than 2bits HARQ feedback is needed for a same unicast link, it may not be possible to be supported with the currently agreed sequence-based PSFCH format. Therefore, an additional PSFCH format can be supported.
Proposal 15: Supports additional PSFCH format to support more than 2bits when N=4. 

2-stage SCI design 
It was agreed in RAN1 #98 that 2-stage SCI is supported in NR SL. Hereafter, the 1st stage SCI is referred to as SCI-1 and the 2nd stage SCI is referred to as SCI-2. It was also concluded in RAN1 #97 that the SCI-1 includes information related channel sensing and its payload size is the same for unicast, groupcast and broadcast in a resource pool. The sensing-related information includes frequency resource allocation of initial TB transmission, time/frequency resource allocation for blind re-transmissions, TB priority (e.g. L1 priority or priority information provided by higher layers), Resource reservation information (e.g. reservation interval), DMRS configuration (e.g. pattern). In addition, HARQ re-transmission resource is agreed to be reserved in the SCI of the initial transmission of the same TB. Since this information is required for sensing, it is included in the SCI-1. 
Furthermore, since it has been agreed that a UE is not required to perform blind decoding of SCI-2, a SCI-1 should also provide information that is necessary to decode for the corresponding SCI-2 (e.g. SCI format if different SCI format is used for SCI-2 according to the cast type). Considering that the SCI-2 can be optimized per cast type in terms of sizes and contents, it makes sense to support different SCI format per cast type and the SCI format for SCI-2 is indicated in the associated SCI-1.
Proposal 16: A different SCI format is used for SCI-2 per cast type.
In RAN1 #98bis meeting, it was agreed that three MCS tables are agreed for SL transmission and at least one MCS table is (pre)-configured for each resource pool.  Considering one resource pool is agreed to support multiple QoS, it is beneficial to (pre)-configure more than one MCS table for each resource pool and a UE can select a MCS table suitable for the QoS of TB without switching resource pool.  Furthermore, such TBs can be aperiodic so it is important that the MCS table selection shall be indicated with the TB in a dynamic manner.  For example, the MCS information carried in SCI-1 can include a MCS table indication.   
Proposal 17: Support MCS table indication in SCI-1.   
RAN1 has agreed to support 16bits for L1 destination ID and 8bits for L1 source ID in order to reduce the ID collision issues considering a larger population of V2X UEs. RAN2 has agreed to have 24bits of destination and source IDs. As similar to LTE, LSB of L2 IDs can be used as L1 destination ID and L1 source ID for the sake of simplicity. 
Proposal 18: L1 destination ID and L1 source ID are LSB of corresponding L2 IDs. 
Sending L1 destination ID in SCI-1 may allow a Rx UE to filter out and not attempt to decode SCI-2. Note that decoding of SCI-2 requires channel estimation of PSSCH DM-RS and it increases power consumption as well as processing delay. This decision may also impact new types of V2X UEs (e.g., VRU) which may be introduced in the future release. If the overhead is an issue for SCI-1, a subset of L1 destination ID is only transmitted in SCI-1 for filtering purposes and the rest can be transmitted in SCI-2. 
In addition, the L1 destination ID can provide information regarding the cast type (e.g. groupcast or unicast) and thereby the SCI format of SCI-2. For example, a UE can determine a unicast transmission is received when the L1 destination ID in SCI-1 is identical to its L1 Source ID. 
Proposal 19: L1 destination ID can be split into two SCIs if its overhead is considered too large for SCI-1. Otherwise, whole L1 destination ID is transmitted in SCI-1. 
When including MCS and L1 destination ID in SCI-1, one SCI format for SCI-1 can suffice for all cast types of transmission. The SCI content of this SCI format is summarized in Table 1. Note an explicit SCI-2 decoding information may not be necessary when L1 destination ID is used to indicate the SCI format of SCI-2 SCI as discussed above.    
Proposal 20: One single SCI format is used for the 1st stage SCI for broadcast, groupcast and unicast transmissions.  
[bookmark: _Ref20999706]Table 1. SCI content for SCI-1
	SCI content
	Presence in SCI-1

	Frequency resource allocation for initial TB transmission
	Yes

	Time/frequency resource allocation for blind/HARQ re-transmissions
	Yes

	Resource reservation information, e.g. reservation interval
	Yes

	Priority information, e.g. L1 priority, higher-layer configured priority
	Yes

	DMRS configuration information, e.g. pattern
	Yes

	PSSCH Modulation and coding scheme information
	Yes

	L1 identity, e.g. L1 Destination address
	Yes

	SCI-2 decoding information, e.g. SCI-2 decoding indication, SCI format, aggregation level, MCS if modulation order of SCI-2 is the same as PSSCH  
	Yes



With all these information in SCI-1, a UE will be able to decode a broadcast transmission without decoding SCI-2, i.e. 1-stage SCI for broadcast transmission. As a V2X UE can receive significant amount of broadcast transmissions, 1-stage SCI scheme can save UE processing.  A NR V2X UE can decide whether or not to continue decoding SCI-2 based on the cast type indicated by the received SCI-1 (via either L1 destination ID or SCI-2 decoding information).  
It is being discussed that 2-stage SCI scheme for broadcast transmission provides forward compatibility in case more SCI parameters are needed for broadcast transmission in future releases.  However, this can be addressed by specifying a different UE behavior in future release.  
Proposal 21: When broadcast transmission is indicated in SCI-1, UE decodes PSSCH without SCI-2. 
Also, because a different SCI format is used for SCI-2 per cast type as proposed above, the type cast information carried in SCI-1 will indicate which SCI format to use to decode SCI-2.   
Proposal 22: When unicast or groupcast transmission is indicated in SCI-1, UE decodes SCI-2 using the SCI format defined for the cast type.
It is desirable that the SCI-1 design reduces UE blind decoding effort. Thus, in addition to a small payload size, SCI-1 can have a fixed and pre-defined resource allocation (e.g. SCI-1 CORESET) specific to a resource pool.  The resource allocation in frequency domain is preferred to be within a sub-channel, so no blind decoding spanning over multiple sub-channels is needed. The PSSCH sub-channel to include a SCI-1 can be pre-defined, e.g. the PSSCH sub-channel with the lowest sub-channel index. A SCI-1 CORESET (pre)configuration can include the starting RB, the number of RBs (in a sub-channel) and symbols (from the beginning of a slot). The starting RB can have an offset from the bottom of the sub-channel and the offset can be pre-defined or based on L1 UE ID.  
Proposal 23: Support SCI-1 time and frequency resource (SCI-1 CORESET) configuration specific to a resource pool. 
Within SCI-1 CORESET, the SCI-1 aggregation level can vary depending on the QoS parameter, e.g. reliability of the TB or minimum communication range requirement for a groupcast transmission.  For a unicast transmission, it can also vary according to the CSI reporting.  However, large number of aggregation levels lead to more blind decoding effort and a limited set of pre-defined aggregation levels (e.g. 2 large and robust levels) can be considered for SCI-1 transmission. The aggregation level set can be (pre)configured specific to the resource pool depending on the QoS parameter and sub-channel size.  
Proposal 24: A set of SCI-1 aggregation level set is pre-configured for a resource pool and a SCI-1 aggregation level is determined based on QoS parameter of the packet. 
SCI-2 includes all information specific to groupcast and unicast transmission and the content are listed in Table 2.  As RAN1 agreed to include UE TX location information in SCI-2 for groupcast transmission and CSI information for unicast transmission, the SCI format of the two cast types be quite different and at least one SCI format can be supported for each cast type.  Note multiple SCI formats can be defined for a cast type (e.g. based on HARQ enable/disable, CSI enable/disable, etc.) and the SCI-2 decoding information in SCI-1 can include such information. 
L1 Source ID can be either explicitly indicated in SCI-2 or applied to CRC scrambling.  In addition, L1 Destination ID can be considered partially included in SCI-2.  It is being discussed when L1 Destination ID used 8 LSBs of the L2 UE ID, the L1 Destination ID can collide between multiple UEs due to high UE density.  By including one part of L1 Destination ID in SCI-1 and the other part in SCI-2, the collision probability can be reduced.    
Table 2. SCI Content for SCI-2
	SCI content
	Presence in SCI-2 for groupcast
(Group SCI format)
	Presence in SCI-2 for unicast
(Unicast SCI format)

	HARQ process number
	Yes
	Yes

	HARQ configuration information, e.g. HARQ enabling/disabling
	Yes
	Yes

	HARQ configuration information specific to Groupcast, e.g. Option1/Option2
	Yes
	No

	New data indication
	Yes
	Yes

	Redundancy version
	Yes
	Yes

	CSI reporting triggering/presence of CSI-RS
	No
	Yes

	L1 Source ID
	Yes
	Yes

	Zone-ID
	Yes
	No

	Minimum communication range requirement
	Yes
	No



Conclusion
In this contribution, we provide our views on multiple aspects of physical layer structures design. Our proposals and observations are as follows: 
Proposal 1: Use the UL symbols only in cell-specific slot format configuration for sidelink in a shared carrier. 
Proposal 2: Slots for a resource pool is (pre-)configured with X bits bitmap (e.g., X= 20) and its periodicity is the same as X slots. 
Proposal 3: A Tx UE is restricted to a subset of DM-RS time patterns with higher DM-RS density for retransmission for better channel estimation quality.
Proposal 4: PDSCH DM-RS configuration type 1 is reused and only supported for PSSCH DM-RS. 
Proposal 5: Mapping PSSCH DM-RS and PSCCH in the same OFDM symbol within a subchannel is supported. 
Proposal 6: scramblingID of Cinit for CSI-RS is configured per resource pool or unicast link. 
Proposal 7: CSI-RS port X=1, 2 are supported with density ρ=1 only (i.e., ρ=0.5 or 3 is not supported). 
Proposal 8: RB offset is determined based on layer-1 ID and FFS which layer-1 ID is used based on SCI contents discussion. 
Proposal 9: a single PTRS port is used and its association with DM-RS port is the same as in NR Uu (i.e., lowest DM-RS port index). 
Proposal 10: Confirm Option 3 of PSCCH and PSSCH multiplexing for NR V2X sidelink in condition that the PSCCH symbols could occupy all available symbols in a slot for sidelink.
Proposal 11: Support Alt-2 for SCI-2 RE mapping (i.e., The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE).
Proposal 12: Support Alt-1 for SCI-2 modulation order (i.e., Fixed as QPSK).
Proposal 13: Support Alt-1 for SCI-2 transmission when PSSCH is rank-2 (i.e., when PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers).
Proposal 14: Up to 2bits can be carried in the agreed sequence-based PSFCH format when N>1. 
Proposal 15: Supports additional PSFCH format to support more than 2bits when N=4. 
Proposal 16: A different SCI format is used for SCI-2 per cast type.
Proposal 17: Support MCS table indication in SCI-1.   
Proposal 18: L1 destination ID and L1 source ID are LSB of corresponding L2 IDs. 
Proposal 19: L1 destination ID can be split into two SCIs if its overhead is considered too large for SCI-1. Otherwise, whole L1 destination ID is transmitted in SCI-1. 
Proposal 20: One single SCI format is used for the 1st stage SCI for broadcast, groupcast and unicast transmissions.  
Proposal 21: When broadcast transmission is indicated in SCI-1, UE decodes PSSCH without SCI-2. 
Proposal 22: When unicast or groupcast transmission is indicated in SCI-1, UE decodes SCI-2 using the SCI format defined for the cast type.
Proposal 23: Support SCI-1 time and frequency resource (SCI-1 CORESET) configuration specific to a resource pool. 
Proposal 24: A set of SCI-1 aggregation level set is pre-configured for a resource pool and a SCI-1 aggregation level is determined based on QoS parameter of the packet. 
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Annex
Table 3: Simulation assumptions
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	10 RB

	Channel 
	TDL-A, 300 ns
CDL : Urban LOS (UL), Highway LOS (HL)

	Coding
	Rank 2: Polar, QPSK, code rates 0.25, 0.166, 0.135
Rank 1: Polar, QPSK, code rates 0.5, 0.333, 0.270

	Waveform
	CP-OFDM

	Subcarrier Spacing
	30 kHz CDL Urban, 60 kHz for TDL and CDL Highway

	CP length
	Normal CP

	Time/frequency synchronization error
	Not modeled

	PSSCH DM-RS
	Type 1 DM-RS configuration
4 DM-RS symbols (5,7,9,11) for 240 kph UE speed

	SCI-2 RE location
	4th symbol (next to the first DM-RS symbol)

	Number of REs for SCI-2
	54, 81, 100	

	Number of Tx/Rx antennas
	2 Tx, 2 Rx

	Antenna array configuration
	2x2 for TDL-A	
11211 x 11211 for CDL with X-pol
11121 x 11121 for CDL with Co-pol

	Transmission scheme
	Precoder Cycling	

	UE receiver algorithm
	Alt-1 (Rank 1): MRC
Alt-2 (Rank 2): MMSE


	UE Speed
	240 km/h for TDL-A
3km/h for CDL urban, 120km/h for CDL highway

	UE channel estimation
	Realistic
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SCI-2 decoding performance TDL-A, 300ns, 240kph, High Correlation

Rank 2 (Alt-2), CodeRate=0.250, NumRE=54

Rank 2 (Alt-2), CodeRate=0.166, NumRE=81

Rank 1 (Alt-1), CodeRate=0.500, NumRE=54

Rank 1 (Alt-1), CodeRate=0.333, NumRE=81
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SCI-2 decoding performance TDL-A, 300ns, 240kph, Med Correlation

Rank 2 (Alt-2), CodeRate=0.250, NumRE=54

Rank 2 (Alt-2), CodeRate=0.166, NumRE=81

Rank 1 (Alt-1), CodeRate=0.500, NumRE=54

Rank 1 (Alt-1), CodeRate=0.333, NumRE=81


image3.emf
-10 -5 0 5 10 15 20

SNR (dB)

10

-3

10

-2

10

-1

10

0

B

L

E

R

SCI-2 decoding performance TDL-A, 300ns, 240kph, Low Correlation

Rank 2 (Alt-2), CodeRate=0.250, NumRE=54

Rank 2 (Alt-2), CodeRate=0.166, NumRE=81

Rank 1 (Alt-1), CodeRate=0.500, NumRE=54

Rank 1 (Alt-1), CodeRate=0.333, NumRE=81
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SCI-2 decoding performance CDL Highway (LOS), 120kph, X-pol [11211]

Rank 2 (Alt-2), CodeRate=0.250, NumRE=54

Rank 2 (Alt-2), CodeRate=0.166, NumRE=81

Rank 2 (Alt-2), CodeRate=0.135, NumRE=100

Rank 1 (Alt-1), CodeRate=0.500, NumRE=54

Rank 1 (Alt-1), CodeRate=0.333, NumRE=81

Rank 1 (Alt-1), CodeRate=0.270, NumRE=100
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SCI-2 decoding performance CDL Highway (LOS), 120kph, Co-pol [11121]

Rank 2 (Alt-2), CodeRate=0.250, NumRE=54

Rank 2 (Alt-2), CodeRate=0.166, NumRE=81

Rank 2 (Alt-2), CodeRate=0.135, NumRE=100

Rank 1 (Alt-1), CodeRate=0.500, NumRE=54

Rank 1 (Alt-1), CodeRate=0.333, NumRE=81

Rank 1 (Alt-1), CodeRate=0.270, NumRE=100


image6.emf
-10 -5 0 5 10 15 20

SNR (dB)

10

-3

10

-2

10

-1

10

0

B

L

E

R

SCI-2 decoding performance CDL Urban (LOS), 3kph, X-pol [11211]

Rank 2 (Alt-2), CodeRate=0.250, NumRE=54

Rank 2 (Alt-2), CodeRate=0.166, NumRE=81

Rank 2 (Alt-2), CodeRate=0.135, NumRE=100

Rank 1 (Alt-1), CodeRate=0.500, NumRE=54

Rank 1 (Alt-1), CodeRate=0.270, NumRE=100

Rank 1 (Alt-1), CodeRate=0.333, NumRE=81
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SCI-2 decoding performance CDL Urban (LOS), 3kph, Co-pol [11121]

Rank 2 (Alt-2), CodeRate=0.250, NumRE=54

Rank 2 (Alt-2), CodeRate=0.166, NumRE=81

Rank 2 (Alt-2), CodeRate=0.135, NumRE=100

Rank 1 (Alt-1), CodeRate=0.500, NumRE=54

Rank 1 (Alt-1), CodeRate=0.333, NumRE=81

Rank 1 (Alt-1), CodeRate=0.270, NumRE=100


