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Introduction
In this contribution, we further discuss the remaining topics in physical layer structures for NR V2X, including providing the exact DMRS patterns, channel multiplexing, SCI content, as well as other details.
Physical layer structures
DMRS
For PSSCH DMRS, we propose to use the comb-2 cs-2 mapping aspect of NR Type 1 DMRS, that will give us a maximum of 4-ports for PSSCH. The WID requires the support of only up to rank-2, two-port transmission for PSSCH, hence NR Type 1 DMRS meets and exceeds (for future flexibility) the target of the WID. Even for future flexibility, Type 1 DMRS should be sufficient for NR V2X as we only need support of SU-MIMO and hence support of higher number of ports that are particularly beneficial for MU-MIMO is not needed. Type-2 DMRS was mainly designed to support massive MIMO application where the number of streams is larger than 8. Since these are not the primary use-cases for V2X, it is considered that Type-1 DMRS would be more suitable. 
The time-density and the location of the DMRS symbols will differ from NR. However, as a design principle, we propose to support varying time-densities for DM-RS for PSSCH depending on Tx and Rx UE speeds (either known or worst-case expectation for Rx UE) and MCS of the transmission. This is to allow for lower overheads / higher spectral efficiency for low speeds and introduce higher time densities as needed for high speeds. This idea is also similar to NR Uu, where we have front loaded DM-RS + additional DMRS (+1 or +2 or +3) for high doppler.
[bookmark: _Toc25231507]Proposal 1: Frequency-domain DMRS pattern for PSSCH is NR Configuration Type 1 DM-RS with 1-symbol (l’ = 0) (i.e. reuse comb-2 cs-2 mapping, sequence, and same frequency density / no staggering on additional DMRS symbols).
[bookmark: _Toc25231508]Proposal 2: No power boosting of PSCCH and/or DMRS for PSCCH is applied.
Since different SCS can have different performance in different speeds, MCS. Hence it should be allowed to select optimal DMRS pattern based on vehicle speed and MCS for different SCS.
[bookmark: _Toc25231509]Proposal 3: DMRS pattern is selected based on sub carrier spacing.
The following email agreement was made in 98b-NR-10:
Email agreement:
· 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.
In this section, we provide simulation results for DMRS patterns with PSCCH starting on the second SL symbol in the slot and compare to the design proposed in our previous contribution where PSCCH started on the third SL symbol in the slot.
The three patterns we study are shown in Figure 1. The first sidelink symbol is marked with “AGC” and the last symbol in the slot is a gap symbol.
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	Pattern 1 (for reference)
	Pattern 2
	Pattern 3


[bookmark: _Ref24141473]Figure 1 DMRS patterns for high speed scenarios
Performance of the three patterns in a high-speed (250/250 km/h) setting is presented in Figure 2 and Figure 3 when PSSCH is mapped to the first (AGC) symbol and when PSSCH is not mapped to the first (AGC) symbol, respectively. The simulation assumptions are provided in the appendix.
We observe that Pattern 1 performs the best when PSSCH is mapped to the first symbol, followed by Pattern 2, then Pattern 3. This is due to some or all RBs in the first symbol being too far from DMRS in Patterns 2 and 3. 
When PSSCH is not mapped to the first SL symbol, Pattern 1 and 2 perform the same for the low and medium spectral efficiency cases and Pattern 2 performs better than Pattern 1 in the high spectral efficiency case. Pattern 3 performs worse than the other two and cannot reach a TBLER of 10% in the high spectral efficiency case.
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[bookmark: _Ref24142007]Figure 2 Performance of the DMRS patterns when PSSCH is mapped to the first (AGC) symbol.
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[bookmark: _Ref24142009]Figure 3 Performance of the DMRS patterns when PSSCH is not mapped to the first (AGC) symbol.
[bookmark: _Toc25231503]Observation 1: Placing DMRS on the second SL symbol provides better performance than placing DMRS after PSCCH for high speed (250/250 km/h) scenarios.
CSI-RS
For unicast, we propose support of CSI-RS to gather CSF to be transmitted as a part of PSSCH. The configuration for CSI-RS can be very light, e.g., one symbol within the transmission and the design can be similar to DM-RS for PSSCH. The CSI-RS presence, CSF information requested, etc. can be indicated by the transmitter in the control or could be negotiated during connection setup for unicast transmission. 
The CSI-RS design can follow NR CSI-RS to allow for reuse of the receiver processing at the UE. As we are restricted to a maximum of 2 layers, rows two and three in Table 7.4.1.5.3-1 [38.211] apply. Further, we propose no multiplexing of DMRS and CSI-RS on the same symbol.
[bookmark: _Toc25231510]Proposal 4: CSI-RS transmission multiplexed with PSSCH transmission to gather CSF from the receiver. CSI-RS can follow NR CSI-RS with restriction to maximum of two-ports (rows two and three in Table 7.4.1.5.3-1 [38.211]).
[bookmark: _Toc25231511]Proposal 5: CSI-RS is transmitted over the entire transmission bandwidth spanned by the corresponding PSSCH transmission with fixed (transparent) precoding across the transmission bandwidth.
To simplify CSI-RS multiplexing procedure and its impact on UE implementation, we propose to not have CSI-RS and DMRS transmitted on the same symbol.
[bookmark: _Toc25231512]Proposal 6: CSI-RS and DMRS are not transmitted on the same OFDM symbol.
PT-RS
The following agreement was made in the [98b-NR-11] email discussion:
Email agreement:
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
The RB offset on Uu is configurable under control of the gNB with its knowledge of the number and properties of the UEs and its control over the UE IDs used to determine the offset. This information is absent in a distributed setting. Therefore, it is simplest to fix the RB offset as 0.
In a vehicle, there could be multiple antenna panels mounted in different locations. Always one PT-RS antenna port in a such a setup would be very limiting. Therefore, the number of PT-RS ports should be the same as the number of DMRS ports. The PT-RS ports would be associated one-to-one with DMRS ports since configuration of the association does not bring benefit in a decentralized setting such as V2X.
[bookmark: _Toc25231513]Proposal 7: The number of PT-RS antenna ports is the same as the number of DMRS antenna ports.
PSFCH format
The following agreement was made in the 98b-NR-09 email discussion:
Email agreement:
For the agreed sequence-based PSFCH format with one symbol (not including AGC training period),
· 1 PRB is used.
· Only 1 bit 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.
Based on the WID objectives, only HARQ ACK/NACK information is carried in PSFCH. Hence, only a sequence based HARQ feedback (1 bit) similar to NR PUCCH format 0/1 is needed for PSFCH.
[bookmark: _Toc25231514]Proposal 8: PSFCH transmission format is based on NR PUCCH Format 0.
When the period of PSFCH resources in a resource pool is 2 or 4, the same can applied: the sequence carries one bit and the UE will transmit on more than one PSFCH resource as discussed in our companion contribution [6].
[bookmark: _Toc25231515]Proposal 9: Only 1 bit can be carried for the case of N=2, 4
To provide sufficient AGC training time. PSFCH must be transmitted on two symbols, where the first symbol will include the AGC training time and the second symbol, which is a repetition of the first, can be decoded reliably.
[bookmark: _Toc25231516]Proposal 10: The PSFCH format consists of two symbols where the second is a repetition of the first.
For feedback transmissions without data, the same slot structure and procedure as for the case of feedback transmissions should be followed: the UE only transmit PSFCH in the PSFCH symbols. Introducing a special slot format for this case, or a special slot comprising only PFSCH symbols, increases design complexity.
[bookmark: _Toc25231517]Proposal 11: No special slot format comprising only PFSCH symbols is introduced.
Slot Aggregation
Packet sizes for an application can vary dramatically in NR-V2X. From the receiver’s point of view, it is important that the link budget is the same or similar for all packets in order to maintain reliability for an application. Maintaining similar Tx power per tone for all the packet sizes while also maintaining a similar code rate ensures that the decoding performance for all packet sizes is similar at a target receiver. This is crucial to support different application types in NR V2X. 
The number of aggregated slots for a TB is indicated through SCI for both decoding and for resource allocation. It can be assumed that the number of aggregated TTIs is known to Rx UEs
Slot aggregation in V2X follows similar principles of repetition defined in NR with minor changes. The elements of slot aggregation in the context of V2X are: 
· Selection of MCS, TBS and effective code rate is based on the combined REs across all the aggregated slots
· CR for an individual slot may be greater than 1 for large TB sizes. 
· Each slot in the aggregated set would have the same MCS applied
· Available REs across all the slots are known to both Tx/Rx based on the number of aggregated slots
· Each slot is an individual repetition of the TB with a specific RV associated with it. Once the entire TB is encoded, a circular buffer is used to select the bits for transmission based on the RV for each slot
· The RV pattern is (pre-)configured for V2X similar to the NR specification
· All other aspects of the encoding/decoding and HARQ operation remain the same as it is for NR. 
As explained above, most of the functionality of slot aggregation can be assumed to be the same as that defined for NR Uu in Rel-15. The only differences are in the consideration of the entire set of aggregated slots for MCS and TBS selection. 
[bookmark: _Toc25231518]Proposal 12: Slot aggregation is supported in NR V2X.
Modulation and transmission modes (PSCCH/PSSCH)
Modulation: For the minimum and maximum MCS for PSSCH, we propose to support two MCS tables: one with QPSK (min) though 64QAM for the main purpose of broadcast/multicast, and another with QPSK though 256QAM for the main purpose of unicast transmissions. The MCS table used can be indicated in the control, or can be negotiated during connection setup, i.e. baseline MCS table is used, and for unicast, if both Tx/Rx UEs are capable and the channel conditions are favourable, then they can upgrade to higher spectral efficiency MCS table.
[bookmark: _Toc25231519]Proposal 13: Which MCS table to use can be negotiated using connection setup based on UE capability and channel conditions.
Transmission schemes: 
For PSCCH, we propose to consider only single-port transmission scheme. Further, transparent transmit diversity schemes could be used for transmission of PSCCH. Since support of any non-transparent scheme will ultimately be up to UE capability (as we cannot mandate support of 2 Tx at the UE), and since PSCCH is required to be decoded by all, only transparent schemes can be potentially supported for PSCCH. This is to avoid increasing blind decoding complexity of PSCCH at the receiver, even if we assume that all receivers can receive non-transparent TxD PSCCH (even though that should still be up to UE capability).
For PSSCH, open-loop spatial multiplexing needs to be supported based on the WID objectives for unicast communications. Given the dynamic environment and low periodicity of transmission (i.e. application of feedback for next transmission given (potentially) significant changes in small scale channel parameters), the link adaptation is expected to be done in a more conservative manner to exploit the feedback for knowledge of the large-scale parameters (e.g. rank variations over time, or correlation between the spatial locations and DFT-based precoding). 
For transmit diversity techniques for PSSCH, we propose to use transparent diversity as the baseline similar to PSCCH, and to maintain commonality with NR Uu. Furthermore, as studied in LTE V2X Rel-15, presence of non-transparent interference can degrade the performance of IRC receivers more significantly as opposed to when the interference is transparent. Given that interference limited scenarios are quite common for V2X, and the resource allocation schemes being adopted for NR V2X based on Tx-yielding/resource exclusion will result in the interference-limited scenarios to further be a single dominant interferer scenario (similar to LTE V2X), it can be excepted that most of the IRC receivers in the system will exhibit higher degradation due to presence of non-transparent interference.
[bookmark: _Toc25231520]Proposal 14: Support only transparent TxD for both PSCCH and PSSCH.
It is already agreed in RAN1 that CSI reporting comprises wideband CQI and RI only. The UE will not calculate or report sub-band CQI or PMI. In the absence of this information, the transmitter will not have sufficient information to perform sub-band precoding and would either use random precoder cycling or cyclic delay diversity (CDD). We compare the performance of random precoder cycling (PRG sizes 2 and 5) using sub-band channel estimation with that of CDD using wideband channel estimation. MCS 3 (QPSK, R=449/1024) and MCS 12 (64-QAM, R=517/1024) are used with allocation sizes of 10 and 20 PRBs in Figure 4 and Figure 5, respectively. From the figures, it can be observed that CDD provides better or comparable performance to precoder cycling. Moreover, for precoder cycling, the PRG size affects the performance and the better PRG size depends on MCS and allocation sizes. This presents a problem as allocation size is dynamic and different UEs could be using different allocation sizes and MCS values. Wideband channel estimation provides consistently good performance across all scenarios. This was also observed during discussion of transmission mode for PDSCH [7][8], the results are included in Appendix B. Therefore, we propose to restrict precoding to be wideband for PSSCH. 
[bookmark: _Toc25231504]Observation 2: Wideband channel estimation with CDD provides more consistent performance than sub-band channel estimation with random precoder cycling.
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[bookmark: _Ref25229758]Figure 4 Performance of precoder cycling with PRG = 2 and 5 PRBs compared with CDD for 10 PRB allocation
[image: ][image: ]
[bookmark: _Ref25229760]Figure 5 Performance of precoder cycling with PRG = 2 and 5 PRBs compared with CDD for 20 PRB allocation
[bookmark: _Toc25231521]Proposal 15: Only wideband precoding is applied to PSSCH (sub-band precoding is not supported) and PRG size is set to the allocated bandwidth.
Resource pool configuration
The following agreement was made in RAN1 98bis [3]:
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

[bookmark: _Hlk525915125][bookmark: _Hlk528932110]Using a periodic bitmap to (pre-)configure the sidelink slots in a resource pool follows the LTE approach and can be adopted in NR. One issue to note is that NR provides far more flexibility in slot formats than LTE did, potentially leading to large bitmaps. So while a bitmap is suitable for (pre-)configuration it is not suitable for dynamic indication over PSBCH for example.
[bookmark: _Toc25231505]Observation 3 A bitmap can be used to (pre-)configure slots for a resource pool, but would be too large for dynamic indication in PSBCH.
[bookmark: _Toc25231522]Proposal 16: A bitmap can be used to (pre-)configure slots for a resource pool.
SL BWP
With respect to the FFS on the relationship between the SL BWP and the DL BWP, multiple aspects need to be considered.  If the UE is configured with a sidelink BWP in a CC where it is also configured with UL BWP, the SCS should be the same
· If that UL is NUL (‘normal UL’), the SCS is the same as the DL SCS
· If that UL is SUL (‘supplemental UL’), the SCS can be different from the DL SCS
· If there is no UL BWP configured on a given carrier but there is sidelink BWP configured? 
· In this case the SL SCS is the same as the DL SCS, where the DL is the one that has a default pairing with the carrier on which the sidelink is configured.

[bookmark: _Toc25231523]Proposal 17: Whenever UL and DL BWP have same numerology, UE can expect to have same numerology used in SL BWP and active DL BWP.
[bookmark: _Toc25231524]Proposal 18: If there is no UL BWP configured on a given carrier but there is sidelink BWP configured then the UE can expect to have SL SCS is the same as the DL SCS, where the DL is the one that has a default pairing with the carrier on which the sidelink is configured.
Vulnerable symbol handling
One unique problem to sidelink is the presence of (potentially) vulnerable symbols that could get punctured at the receiver. The presence and impact of vulnerable symbols depends a lot of the physical layer design (e.g., whether the data is mapped on to AGC symbol, gap symbol handling when slot-aggregation is performed, etc.). Hence, we propose to quantify the impact of vulnerable symbols on the performance once an initial physical layer design is agreed in RAN1 (in particular, when agreements on AGC symbol handling and gap symbol handling are made in RAN1). For any design, it should be ensured that loss of the vulnerable symbol(s) in the TTI does not lead to significant loss in performance, including combinations that lead to catastrophic errors (BLER = 1). Due to the potential loss in performance of the first symbols in the slot, it should not contain DMRS or control and instead should carry PSSCH.
[bookmark: _Toc25231525][bookmark: _Hlk525915138]Proposal 19: Quantify the impact of loss of vulnerable symbol(s) (e.g. AGC symbol) on demodulation performance and ensure that it does not lead to significant loss in demodulation performance, including catastrophic error (BLER = 1) in demodulation.
[bookmark: _Toc25231526]Proposal 20: The first (AGC) symbol does not contain control information.
Physical layer procedures
[bookmark: _Hlk16860777]PSCCH/PSSCH multiplexing
The following figure illustrates the candidate options listed in the last RAN1 meeting:
[image: ]
In our assessment, following trade-offs can be observed for these options:
Option 1A: TDM PSCCH and PSSCH with same frequency allocation
· Pro: control is upfront and hence has better data decoding latency
· Pro: Same allocation for PSSCH/PSCCH will reduce the overhead of indicating the frequency allocation (if we are indicating) or blind/semi-blind detection of frequency allocation of PSCCH/PSSCH.
· Con: mismatched link budgets for control and data can occur. For example, data is high MCS with large frequency allocation, then control link budget could be much higher than data link budget due to very low code rate (as a result of large frequency allocation) and may not be needed in all cases (unless there is benefit in other Tx/Rx UEs decoding the control only for channel reuse purpose)
Option 1B: TDM PSCCH and PSSCH with (potentially) different frequency allocation
· Pro: control is upfront and hence has better data decoding latency
· Pro: link budget matching between PSCCH and PSSCH is possible
· Con: As indicated by RAN4 in R4-1902514, transients will be needed due to change in allocation size. In our view, handling the transients is a major concern in the design that will lead to significant challenge in link level design (and/or device implementation constraints) and hence should be ruled out.
Option 2: FDM PSCCH/PSSCH
· Pro: Link budget of control can be improved as transmitting for higher number of symbols
· Con: data decoding latency (and this buffering) impacts as UE has to wait till end of slot before it can start the demodulation procedures.
· Con: Constraints on PSCCH precoding / antenna virtualization due to FDM with multi-port PSSCH.
Option 3: TDM+FDM PSCCH/PSSCH
· Pro: control can be upfront / at the start, and will hence have better decoding latency
· Pro: Depending on flexibility in time/frequency allocation, it is possible to meet the different link budget requirements and link budget matching with PSSCH. However, this depends on the flexibility in time/frequency allocation of PSCCH, without which this may be a constraint rather than a benefit.
· Con: Introduces some constraints/consideration for DM-RS placement for PSSCH, since it’s desired (needed) to TDM the DM-RS of PSSCH with the symbols that have PSCCH to avoid puncturing in frequency. Thus, the symbol placement for PSSCH DM-RS is constrained.
Based on the above analysis, Option 3 is preferred for PSCCH/PSSCH multiplexing.
[bookmark: _Toc25231506][bookmark: _Hlk525915175][bookmark: _Hlk528932275]Observation 4: Option 3 is the preferred option to support PSCCH/PSSCH multiplexing for NR V2X.
In RAN1 98bis, the following agreement was made about the bandwidth of PSCCH.
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

The reason for having (pre-)configurable number of PSCCH RBs is to limit PSCCH size in larger sub-channels. On the Uu link, the maximum aggregation level is 16 where the number of coded bits for DCI is 1664. A similar number is reached for PSCCH with 3 symbols and 30 PRBs. Therefore, we propose the following values:
[bookmark: _Toc25231527]Proposal 21: The size of PSCCH X is (pre-)configurable from {10, 15, 20, 30} PRBs.
Multiplexing Second Stage Control
The following agreement was made in RAN1 98bis [3], providing alternatives for multiplexing second stage control on 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

Stage 2 control is targeted towards the receivers for which the data is intended and hence the code rate can be chosen as a function of the data MCS (similar to betaOffset in UCI multiplexing on PUSCH). Stage 2 control however needs to have much higher reliability than data as we will not have soft-combining for stage 2 control. 
In terms of multiplexing stage 2 with data, we propose the following principles. 
· Modulation for stage 2 is fixed to QPSK so that robust performance of stage 2 can be achieved.
· Code rate for stage 2 is derived as a function of the MCS for data (using betaOffset concept used in  UCI code rate derivation and betaOffset is indicated in stage 1). Choice of betaOffset is left up to UE implementation. However, to ensure reasonable UE behaviour RRC (pre)-configuration provides range of code rate for given data MCS. UE selects code rate from this (pre)-configured range.
· Stage 2 uses the data DMRS for demodulation and is mapped to the same number of layers as data.
· Stage 2 is mapped frequency-first and its REs are not interlaced with data RE in PSCCH as shown below (example). The rationale for localized (non-interlaced) multiplexing is to support different modulations with ease of decoding at the UE receiver (i.e. processing is similar to stage-1).


Figure 6: Example depiction of stage-1, stage-2, data multiplexing
Based on the above, we propose the following for stage 2 control (if two-stage design is adopted).
[bookmark: _Toc25231528]Proposal 22: Modulation order for the stage-2 is fixed to QPSK and the REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
[bookmark: _Toc25231529]Proposal 23: The code rate for stage-2 is derived as a function of the data MCS
[bookmark: _Toc25231530]Proposal 24: RRC (pre)-configuration provides range of code rate for given data MCS. UE selects code rate from this (pre)-configured range.
[bookmark: _Toc25231531]Proposal 25: The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE. 
[bookmark: _Ref16762838]SCI Content
Table 1 and Table 2 lists the potential fields required for stage 1 control and stage 2 control, respectively. 
[bookmark: _Ref24136198]Table 1: Information contents of first stage control
	Fields
	Num. bits
	Comments

	#Slots
	3
	Indicated the #slots aggregated for this transmission

	Frequency allocation for first reservation
	4--5
	Frequency allocation only (time allocation corresponds to current slot)

	Joint time-frequency resource reservation for 2nd reservation
	10--12
	Time allocation is offset from current slot, frequency allocation is independent of first reservation

	Joint time-frequency resource reservation for 3rd  reservation (if configured)
	0 or 10—12
	Time allocation is offset from the 2nd reservation, frequency allocation is independent of first and second reservations

	Priority
	3
	Priority information 

	CCH-2 format indicator 
	3
	 One additional bit for forward compatibility

	CCH-2/SCH rate offset
	3
	

	DMRS Pattern 
	2
	

	MCS
	5
	 

	TM (rank, layers: (a) single port, (b) rank-2, etc.)
	2
	 

	CRC
	24
	 

	Total #bits
	56—59
or 66—71
	




[bookmark: _Ref16762841]Table 2: Information content of second stage control (different formats for unicast, multicast, and  broadcast)
	Fields
	Num. bits
	Comments

	CCH-2 Format 1 (for broadcast)

	Layer-1 source ID
	8
	Note: Rx UEs does HARQ combining based on source ID and destination ID (to determine the same link), HARQ ID/NDI/RV

	Layer-1 destination ID 
	16
	

	HARQ process ID
	3
	

	NDI
	1
	

	RV ID
	2
	

	CRC
	24
	 

	 
	 
	 

	Total bits:
	54
	 

	CCH-2 Format 2 (for multicast)

	Layer-1 source ID
	8
	Note: Rx UEs does HARQ combining based on source ID and destination ID (to determine the same link), HARQ ID/NDI/RV

	Layer-1 destination ID 
	16
	

	HARQ process ID
	3
	

	NDI
	1
	

	RV ID
	2
	

	Zone ID for Distance based feedback
	10—16
	For multicast NACK functionality

	feedback range
	4—6
	For multicast NACK functionality

	HARQ ACK/NACK feedback needed
	1
	For multicast NACK functionality

	CRC
	24
	 

	 
	 
	 

	Total bits:
	69—77
	 

	CCH-2 Format 3 (for unicast)

	Layer-1 source ID
	8
	Note: Rx UEs does HARQ combining based on source ID and destination ID (to determine the same link), HARQ ID/NDI/RV

	Layer-1 destination ID 
	16
	

	HARQ process ID
	3
	

	NDI
	1
	

	RV ID
	2
	

	HARQ ACK/NACK feedback needed
	1
	 

	CSI-RS configuration 
	2
	 

	OLPC reference Tx power
	4
	For open loop power control

	CRC
	24
	 

	 
	 
	 

	Total bits:
	61
	 




Conclusion
In this contribution, we proposed the following aspects for NR V2X physical layer structure:
Observation 1: Placing DMRS on the second SL symbol provides better performance than placing DMRS after PSCCH for high speed (250/250 km/h) scenarios.
Observation 2: Wideband channel estimation with CDD provides more consistent performance than sub-band channel estimation with random precoder cycling.
Observation 3 A bitmap can be used to (pre-)configure slots for a resource pool, but would be too large for dynamic indication in PSBCH.
Observation 4: Option 3 is the preferred option to support PSCCH/PSSCH multiplexing for NR V2X.

Proposal 1: Frequency-domain DMRS pattern for PSSCH is NR Configuration Type 1 DM-RS with 1-symbol (l’ = 0) (i.e. reuse comb-2 cs-2 mapping, sequence, and same frequency density / no staggering on additional DMRS symbols).
Proposal 2: No power boosting of PSCCH and/or DMRS for PSCCH is applied.
Proposal 3: DMRS pattern is selected based on sub carrier spacing.
Proposal 4: CSI-RS transmission multiplexed with PSSCH transmission to gather CSF from the receiver. CSI-RS can follow NR CSI-RS with restriction to maximum of two-ports (rows two and three in Table 7.4.1.5.3-1 [38.211]).
Proposal 5: CSI-RS is transmitted over the entire transmission bandwidth spanned by the corresponding PSSCH transmission with fixed (transparent) precoding across the transmission bandwidth.
Proposal 6: CSI-RS and DMRS are not transmitted on the same OFDM symbol.
Proposal 7: The number of PT-RS antenna ports is the same as the number of DMRS antenna ports.
Proposal 8: PSFCH transmission format is based on NR PUCCH Format 0.
Proposal 9: Only 1 bit can be carried for the case of N=2, 4
Proposal 10: The PSFCH format consists of two symbols where the second is a repetition of the first.
Proposal 11: No special slot format comprising only PFSCH symbols is introduced.
Proposal 12: Slot aggregation is supported in NR V2X.
Proposal 13: Which MCS table to use can be negotiated using connection setup based on UE capability and channel conditions.
Proposal 14: Support only transparent TxD for both PSCCH and PSSCH.
Proposal 15: Only wideband precoding is applied to PSSCH (sub-band precoding is not supported) and PRG size is set to the allocated bandwidth.
Proposal 16: A bitmap can be used to (pre-)configure slots for a resource pool.
Proposal 17: Whenever UL and DL BWP have same numerology, UE can expect to have same numerology used in SL BWP and active DL BWP.
Proposal 18: If there is no UL BWP configured on a given carrier but there is sidelink BWP configured then the UE can expect to have SL SCS is the same as the DL SCS, where the DL is the one that has a default pairing with the carrier on which the sidelink is configured.
Proposal 19: Quantify the impact of loss of vulnerable symbol(s) (e.g. AGC symbol) on demodulation performance and ensure that it does not lead to significant loss in demodulation performance, including catastrophic error (BLER = 1) in demodulation.
Proposal 20: The first (AGC) symbol does not contain control information.
Proposal 21: The size of PSCCH X is (pre-)configurable from {10, 15, 20, 30} PRBs.
Proposal 22: Modulation order for the stage-2 is fixed to QPSK and the REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
Proposal 23: The code rate for stage-2 is derived as a function of the data MCS
Proposal 24: RRC (pre)-configuration provides range of code rate for given data MCS. UE selects code rate from this (pre)-configured range.
Proposal 25: The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
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Appendix A
Simulation assumptions for the link level performance results for comparing DMRS pattern densities provided in this contribution.
	Simulation Parameter
	Value

	Antenna configuration 
	2 Tx, 2 Rx

	Small scale fading model
	V2X Urban NLOS CDL

	Carrier frequency 
	5.9GHz

	Frequency error
	Uniform (-0.1ppm, 0.1ppm)

	Timing error 
	0us

	DMRS configuration 
	Type 1 (comb-2 cs-2)

	TTI
	1 slot transmission

	Transmission bandwidth
	10 or 20 RBs

	Control REs
	10RBs x 3symbols

	SCS
	30 KHz
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	Figure B1.  Rank-1, DS=100ns, Doppler=5Hz.	Figure B2.  Rank-1, DS=300ns, Doppler=5Hz.
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	Figure B3. Rank-1, DS=100ns, Doppler=500Hz	Figure B4.  Rank-1, DS=300ns, Doppler=500Hz.
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	Figure B5. Rank-2, DS=100ns, Doppler=500Hz	Figure B6.  Rank-2, DS=300ns, Doppler=500Hz


6/6
	Parameter
	Value

	Carrier frequency
	4GHz

	Tone spacing
	35kHz

	FFT length
	2048

	RB size (# of tones)
	16

	# PDSCH RBs
	4

	Slot duration
	0.5 ms

	Tx antenna
	8 with x-pol

	Rx antenna
	4 with x-pol

	Antenna correlation
	Medium

	Channel
	TDL-C

	Delay spread
	100ns, 300ns

	Doppler
	5Hz, 500Hz

	Channel estimation
	Robust MMSE with bundling = 1, 4
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