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Introduction
The work item of 5G V2X with NR sidelink was approved in RAN#83[1], in RAN1#98bis, physical layer structure was discussed with following agreements and working assumption [2]:
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: signalling details
· FFS: how to apply the above bitmap signalling, 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
In email discussion [98b-NR-09], following agreements was made: 
· 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 support 2-symbol PSFCH format.
In email discussion [98b-NR-11], following agreements was made: 
· 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
· [bookmark: _GoBack]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 will discuss and give our views on resource pool, control and data multiplexing, DMRS, AGC settling, and PSFCH multiplexing.
Discussion
Resource pool
Two alternatives were identified on the (pre-) configuration of slots for a resource pool, in both of the alternatives, slots for a resource pool are applied periodically, while how to (pre-)configure the slots for a resource pool within a periodicity is different. In order to guarantee sufficient flexibility on slots (pre-) configuration for a resource pool, bitmap should be used, this is also the manner used in LTE V2X. Furthermore, in LTE V2X the length of bitmap can be 10, 16, 20, 30, 40, 50, 60, and 100, the bitmap is applied on a set of logical subframes, the logical subframe set is derived by precluding DL subframes, special subframes, and synchronization resource sub-frames firstly, if the number of remaining subframes within the set is not dividable by the length of bitmap, a certain number of reserved subframes are further precluded such that the number of subframes within the set are integer multiples of the bitmap length. In our view, this mechanism should be reused for NR V2X.
Proposal 1: Slots for a resource pool is (pre-) configured with bitmap, the length of bitmap is one of {10, 16, 20, 30, 40, 50, 60, and 100}, the bitmap is applied on a set of slots, and the set is derived through the same manner as LTE-V2X.
On the Uu carrier, OFDM symbols can be semi-statically configured as DL symbols, flexible symbols or UL symbols, where the direction of flexible symbols can be dynamically changed. As typically resource pool is configured semi-statically, to avoid the introduction of dynamic signaling, only UL symbols should be used for sidelink in a slot.
 Proposal 2: Only UL symbols in a slot can be used for sidelink.
256QAM
256QAM should be able to be used in all of broadcast, connection based groupcast, connection-less groupcast and unicast, such as to improve the spectrum efficiency on sidelink. From that point of view, 256QAM should be a mandatory feature for receiver, otherwise, 256QAM cannot be used by transmitter even it supports this feature.
Proposal 3: From RX perspective, 256QAM is mandatory.
MCS Table
There is one FFS issue last meeting that whether or not to introduce a case where the MCS table can be overwritten by PC5 RRC or indicated in SCI. In our view, none of them should be supported. If MCS table can be overwritten by PC5 RRC, then negotiation between transmitter and receiver is needed, which will introduce additional complexity to higher layers, especially for groupcast. As low-spectral efficiency 64QAM MCS table is an optional UE feature, there is no clear benefit to (pre-) configure multiple MCS tables for a resource pool, to indicate MCS table via SCI is not necessary.
Proposal 4: 
· Only one MCS table is (pre-) configured for a resource pool;
· Overwritten MCS table by PC5 RRC and indication MCS table by SCI are not supported.
Mapping of 2nd stage SCI
For the RE mapping of the 2nd stage SCI, Alt. 1-2 should be supported, comparing with other alternatives, the 2nd stage SCI can span relatively larger bandwidth and also ends relatively earlier in Alt. 1-2, which can bring frequency diversity gain and reduce PSSCH decoding latency. Reliability of 2nd stage SCI has to be higher than data, for this end, modulation order of the 2nd stage SCI should be fixed to QPSK, in case of PSSCH is 2-layers transmission, same modulation symbol of the 2nd stage SCI is mapped to the 2 layers.
Proposal 5: 
· The REs for the 2nd stage SCI are not interlaced with (localized in) PSSCH data RE,RBs in the all sub-channels for the scheduled PSSCH can be used for mapping 2nd stage SCI;
· Modulation order of 2nd stage SCI is fixed to QPSK;
· In case of PSSCH is 2-layers transmission, the same modulation symbol of the 2nd stage SCI is mapped to the two layers.
Sub-channel size
To avoid blind detection of PSCCH, the sub-channel size should be sufficient to accommodate the first stage SCI. From this point of view, sub-channel size smaller than 10 PRBs should not be supported. To avoid additional UE implementation complexity in terms of channel estimation, for sub-channel with 10 or 15 PRBs, PSCCH should span the whole sub-channel in frequency domain, such that PSSCH DMRS and PSCCH will not FDMed within a sub-channel. In case of sub-channel size is larger than 15 PRBs, X should be fixed to 15 PRBs to avoid extremely low PSCCH coding rate.
Proposal 6: 
· Sub-channel size with smaller than 10 PRBs are not supported;
· For sub-channel with 10 or 15 PRBs, PSCCH spans the whole sub-channels in frequency;
· X=min (size of sub-channel, 15).
PSFCH format
As periodicity can be configured to 4, to support the data rate required in SA specification, up to 4 HARQ-ACK bits corresponding to 4 PSCCH/PSSCH need to be reported in one PSFCH occasion. To convey the 4 bits HARQ-ACK information, the capacity of the 1 symbol sequence-based PSFCH (i.e. 2 bits) should firstly be fully used. Additionally, according to the implicit mechanism for PSFCH resource determination, 4 PSFCH resources can be determined based on time/frequency resources of the corresponding 4 PSCCH/PSSCH transmissions, by reusing PUCCH format 1b with channel selection HARQ-ACK procedure in LTE [3], the 4 bits can be reported via one PSFCH.
Proposal 7:
· The payload of the 1 symbol sequence-sequence based PSFCH format should be 2 bits;
· Reusing PUCCH format 1b with channel selection HARQ-ACK procedure in LTE to report up to 4 SL HARQ-ACK bits.
For the sequence-based PSFCH format with one symbol (not including AGC training period) located at the last SL symbol of a slot, it should be replicated in the symbol ahead for AGC settling, since to settle AGC within one symbol based on comb-like PSFCH mapping is not applicable to all SCS. If UE is allowed to change TX/RX operation in the middle of slot, e.g. from transmitting PSSCH/PSCCH to receiving PSFCH, additional 1 symbol ahead of the symbol for PSFCH AGC settling is needed for TX/RX switching for 30 KHz and 60 KHz SCS. 
Proposal 8: 
· Sequence-based PSFCH format with one symbol (not including AGC training period) is replicated in 2 continuous symbols;
· For 30 KHz and 60 KHz SCS, if TX/RX switching is allowed in the middle of slot, one symbol ahead of the 2 PSFCH symbols is reserved as gap.
According to the WID, CSI is transmitted via PSSCH in Rel-16, which implies PSFCH is only used to convey HARQ-ACK information. The number of HARQ-ACK to be reported in one slot is 4 bits at most, a PSFCH format with 2 bits capacity is sufficient if channel selection mechanism as LTE is reused. From this point of view, PSFCH format based on PUCCH format 2 is not necessary. On the contrary, if this PSFCH format was introduced, it can definitely complicate the PSFCH design and PSFCH resource selection procedure.
Proposal 9: A PSFCH format based on PUCCH format 2 is not supported in Rel-16.
AGC settling in the first SL symbol of slot
As agreed PSCCH starts from 2nd SL symbols in the slot, and occupy 2 or 3 symbols. For the first SL symbol in the sub-channel where PSCCH is transmitted, which may be distorted due to AGC settling, a repetition of one the 2 or 3 symbols for PSCCH should be transmitted. As some UEs may not need to settle AGC in a slot or it can settle AGC fast in the first symbol of a slot, and these UEs are able to receive the PSCCH repetition transmitted in the first symbol, which can increase the decoding ratio of PSCCH. On the contrary, if PSSCH is transmitted there, due to the separation of PSCCH symbols, the first SL symbol cannot share DMRS with other PSSCH symbols, this symbol cannot contribute to the PSSCH decoding.
Proposal 10: One of the 2 or 3 PSCCH symbols is replicated in the first SL symbol for AGC settling.
DMRS for PSSCH
Physical data channel in NR Uu supports two DMRS configurations in frequency domain, and for each DMRS configuration, DMRS pattern can be either single-symbol or double-symbols. For single-symbol DMRS configuration type 1 or type 2, up to 4 or 6 DMRS ports are supported, and the number of supported DMRS ports are doubled for double-symbols DMRS pattern. Considering the requirement on number of layers in NR sidelink and also the DMRS overhead, single-symbol DMRS pattern should be used for PSSCH.  Furthermore, DMRS configuration type 2 is preferable than DMRS configuration type 1, since the former has lower frequency domain density and could further reduce the DMRS overhead given DMRS and data can be multiplexed in the same symbol. Different ports for PSSCH DMRS is preferably CDMed, such that more REs can be used for data symbols.
Proposal 11: Configuration type 2 single-symbol PDSCH DMRS is reused for PSSCH, different ports for PSSCH DMRS are CDMed.
In NR Uu, for each data channel mapping Type, i.e. mapping Type A and mapping Type B, DMRS pattern is defined per combination of data channel duration and the number of additional DMRS number, where the supported data channel duration spans from 4 symbols to 14 symbols, and number of additional DMRS vary from 0 to 3. These time domain DMRS pattern should be suffice to satisfy all requirement in NR V2X, hence, no new DMRS pattern is necessary in addition to what have been defined in NR Uu. More specifically, the single-symbol DMRS pattern for PUSCH with duration smaller than 13 and frequency hopping disabled should be reused for NR V2X.
Proposal 12: Time domain DMRS pattern defined for data channel in NR Uu should be a supper set of time domain DMRS pattern for NR V2X.
In Option 3 for PSCCH and PSSCH multiplexing, the duration of PSSCH transmitted on sub-channel overlapped with PSCCH and that transmitted on sub-channels without PSCCH are different. To guarantee the accuracy of channel estimation for each part of PSSCH, for the PSSCH transmitted on sub-channel overlapped with PSCCH, DMRS pattern for mapping type B should be used, and for the other PSSCH, DMRS pattern for mapping Type A should be used. 


Figure 1 The duration for PSSCH transmitted on sub-channel overlapped with PSCCH and PSSCH transmitted on sub-channels w/o PSCCH are different

Proposal 13: In Option 3 of PSCCH and PSSCH multiplying, for the PSSCH transmitted on sub-channel overlapped with PSCCH, DMRS for mapping Type B should be used, for the PSSCH transmitted on sub-channel without PSCCH, DMRS for mapping type A should be used.
Furthermore, the DMRS pattern is related to the duration of PSSCH, which is related to the configuration of PSCCH and PSFCH. For a slot where PSFCH resources are not configured on the carrier, the duration of PSSCH transmitted on the sub-channels without PSCCH can be calculated by subtracting the first AGC symbol and the last Gap symbol, and the duration of PSSCH transmitted on the sub-channel overlapped with PSCCH, the symbols for PSCCH should be subtracted further. Whereas, if PSFCH resources is configured at the end of a slot, the symbols for PSFCH and the symbol for AGC settling of PSFCH should be subtracted when calculating the duration of PSSCH. In addition, if TX/RX switching is allowed in the middle of slot and SCS is larger than 15 kHz, one more symbol for TX/RX switching before the symbol for AGC settling of PSFCH is needed, this symbol should be subtracted when calculating the duration of PSSCH.
[image: ]
Figure 2 The duration of PSSCH in a slot where PSFCH resources are configured at the end of the slot
Proposal 14: The calculation of PSSCH duration should be specified by taking into account the configuration of PSCCH and the configuration of PSFCH.
Conclusion
In this contribution, we discussed the issues related to physical layer structure in NR-V2X, we have following proposals:
Proposal 1: Slots for a resource pool is (pre-) configured with bitmap, the length of bitmap is one of {10, 16, 20, 30, 40, 50, 60, and 100}, the bitmap is applied on a set of slots, and the set is derived through the same manner as LTE-V2X.
 Proposal 2: Only UL symbols in a slot can be used for sidelink.
Proposal 3: From RX perspective, 256QAM is mandatory.
Proposal 4: 
· Only one MCS table is (pre-) configured for a resource pool;
· Overwritten MCS table by PC5 RRC and indication MCS table by SCI are not supported.
Proposal 5: 
· The REs for the 2nd stage SCI are not interlaced with (localized in) PSSCH data RE,RBs in the all sub-channels for the scheduled PSSCH can be used for mapping 2nd stage SCI;
· Modulation order of 2nd stage SCI is fixed to QPSK;
· In case of PSSCH is 2-layers transmission, the same modulation symbol of the 2nd stage SCI is mapped to the two layers.
Proposal 6: 
· Sub-channel size with smaller than 10 PRBs are not supported;
· For sub-channel with 10 or 15 PRBs, PSCCH spans the whole sub-channels in frequency;
· X=min (size of sub-channel, 15).
Proposal 7:
· The payload of the 1 symbol sequence-sequence based PSFCH format should be 2 bits;
· Reusing PUCCH format 1b with channel selection HARQ-ACK procedure in LTE to report up to 4 SL HARQ-ACK bits.
Proposal 8: 
· Sequence-based PSFCH format with one symbol (not including AGC training period) is replicated in 2 continuous symbols;
· For 30 KHz and 60 KHz SCS, if TX/RX switching is allowed in the middle of slot, one symbol ahead of the 2 PSFCH symbols is reserved as gap.
Proposal 9: A PSFCH format based on PUCCH format 2 is not supported in Rel-16.
Proposal 10: One of the 2 or 3 PSCCH symbols is replicated in the first SL symbol for AGC settling.
Proposal 11: Configuration type 2 single-symbol PDSCH DMRS is reused for PSSCH, different ports for PSSCH DMRS are CDMed.
Proposal 12: Time domain DMRS pattern defined for data channel in NR Uu should be a supper set of time domain DMRS pattern for NR V2X.
Proposal 13: In Option 3 of PSCCH and PSSCH multiplying, for the PSSCH transmitted on sub-channel overlapped with PSCCH, DMRS for mapping Type B should be used, for the PSSCH transmitted on sub-channel without PSCCH, DMRS for mapping type A should be used.
Proposal 14: The calculation of PSSCH duration should be specified by taking into account the configuration of PSCCH and the configuration of PSFCH.
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