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[bookmark: _Ref24139604]Introduction
At the RAN#83 meeting, the work item on NR V2X was approved [1]. The specification of technical solutions for NR sidelink is one of the major work item objective:
	1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]


In this contribution, we continue discussion on sidelink physical layer structure for NR V2X. Our views on other NR-V2X design aspects are summarized in our companion contributions [6] - [12]. The discussion is currently mainly focusing on Frequency Range 1 (FR1), since according to the WID description [1], “NR sidelink in FR2 is supported by applying the design for FR1”.
Sidelink Slot Structure
AGC and TX-Rx Switching gap
According to the RAN4 WG reply in [2], the following AGC settling time is required for sidelink in FR1:
For single CC using CP-OFDM waveform and at least 10 RB allocation
·  35 usec for 15 kHz SCS
·  35 usec for 30 kHz SCS
·  18 usec for 60 kHz SCS
RAN4 has not studied the multicarrier cases.


· Considering AGC settling time requirements provided by RAN4, SCS specific optimizations of slot structure for NR-V2X sidelink communication are needed to maximize spectral efficiency of sidelink communications

In Figure 1, we present some options of sidelink slot structures for NR V2X communication in FR1 that can be considered for 15, 30 and 60 kHz SCS, and two types of slot formats with and w/o PSFCH. These options aim to reduce the implementation overhead due to AGC settling time plus TX-RX switching time and thus can save additional OFDM symbols for sidelink communication.


[bookmark: _Ref24132327]Figure 1: Sidelink slot physical structures 

Proposal 1: 
· Support the following sidelink physical structure (slot) options depending on SCS
· 15kHz SCS: - One OFDM symbol is used for both AGC settling and TX-RX switching time per slot
· For slots w/o PSFCH, the first half of the first symbol is used for TX-RX switching and second half for AGC settling
· For slots w/ PSFCH, the PSFCH transmission starts right after the TX-RX switching time, following the last symbol of PSSCH transmission. Half of a symbol duration before the PSFCH is allocated for TX-RX switching and another half for AGC settling
· 30kHz SCS: - Two or three OFDM symbols are used for AGC settling and TX-RX switching time subject to PSFCH allocation in slot
· For slots w/o PSFCH, the last symbol is allocated for TX-RX switching and the first symbol is used for AGC settling time
· For slots w/ PSFCH, the PSFCH transmission starts right after the TX-RX switching time, following the last symbol of PSSCH transmission. Half of a symbol duration before the PSFCH is allocated for each TX-RX switching and the first symbol of PSFCH is used for AGC settling
· 60kHz SCS: - Two or four OFDM symbols are used subject to PSFCH allocation in slot
· For slots w/o PSFCH, the last symbol allocated for TX-RX switching and the first symbol is used for AGC settling time
· For slots w/ PSFCH, the PSFCH transmission starts right after the TX-RX switching time, following the last symbol of PSSCH transmission. One symbol duration before and one after the PSFCH is allocated for Tx/Rx switching, and the first PSFCH symbol is used for AGC settling

For the operation in licensed carrier, many different slot configurations are possible. In order to limit the design complexity and specification efforts it is desirable to limit the possible options. In particular, the following is proposed:

Proposal 2: 
· For the operations in a licensed carrier, limit options to the following slot formats
· Full slot allocation for PSCCH/PSSCH
· Full slot allocation for PSCCH/PSSCH + PSFCH
· Partial slot (i.e. slot structure with PSCCH/PSSCH only and punctured PSFCH region or slot structure for PSFCH only w/o PSCCH/PSSCH)
· Half slot allocation for PSCCH/PSSCH

In order to further reduce sidelink implementation overhead from AGC and TX-RX switching, two sidelink slots can be concatenated. The pairwise physical concatenation of two consecutive slots is beneficial at least for 30 kHz and 60 kHz SCS, which can increase coverage and reduce the implementation overhead (see ). In addition, the slot concatenation can be used to more efficiently handle large packet sizes typical for V2X applications.


Figure 2: Dual sidelink slot structure (two concatenated slots) - w/ reduced implementation overhead

Proposal 3: 
· For 30 and 60 kHz SCS, 
· NR V2X supports concatenation of two consecutive slots into one physical structure (dual slot)
· Pairwise slot concatenation is configured system-wide

PSCCH Design

Main Principle of Two-Stage SCI Design
At the previous RAN1 WG meeting, the two-stage SCI design was agreed for NR V2X communication. In two-stage SCI design, the first stage carries all information required for the sensing procedure and a pointer to the second stage SCI. The second stage SCI carries the remaining information required for the PSSCH demodulation.

Proposal 4: [bookmark: _Hlk23846869]
· In two-stage SCI design for NR-V2X communication
· The first stage SCI carries information for sensing procedure and a pointer to the second stage SCI
· The second stage SCI carries the remaining information required for PSSCH demodulation, HARQ feedback and CSI related procedures

SCI Payload
SCI Content for the 1st Stage PSCCH
The set of SCI fields corresponding to the 1st SCI stage is proposed in Table 1. The identified set of fields is enough to perform sensing for sidelink communication.
[bookmark: _Ref16868410]Table 1: Content for the First Stage of Two Stage SCI Design
	Field Name
	Comments
	Number of bits

	Destination ID (first part)
	Function of the Destination ID (first part)
	8 bits

	Time and Frequency Resources for PSSCH
	- Number of resources scheduled in TX window (up to max 3 resources)
- Indicates position of allocated sub-channels in all slots (RIV signaling)
- Combinatorial index for time indication with respect to current transmission
- Pointer to current position in TX window
	Depends on time window and number of scheduled TTIs, as well as number of sub-channels (See Section 3.2.2)

	Periodicity
	0, 5, 10, 20, 50, 100, 200, 300, …, 900, 1000 ms
	4 bits

	PSSCH DMRS pattern
	Indicates PSSCH DMRS pattern for SL-RSRP measurements
	1-2 bits

	Stage 2 SCI Format
	It is expected that stage-2 SCI format should be aligned with PSSCH link budget/robustness characteristics
	≤ 3 bits

	Priority 
	Priority of sidelink transmission (sensing and resources selection procedure)
Field may not be needed for Mode-1, if no shared pool of resources is assumed 
	3 bits

	PSSCH TM/MIMO
	Transmission mode. SL Rank 1 or 2 and associated TX antenna ports (e.g. used for Type-1 DMRS)
	2-3 bits

	Reserved bits
	Note: Forward compatibility coexistence configuration. This can possibly be (pre)-configured to enable future extension without sacrificing backward compatibility. 
	Up to 8 bits
[from 0 to 8]


	(Initial transmission indication)
	[bookmark: _GoBack]Indicating a reduced size initial transmission. Note: this does only need to be agreed if the corresponding feature is agreed.
	1 bit

	CRC
	SCI CRC field
	24 bits


[bookmark: _Hlk23846877]
Proposal 5:  
Adopt the 1st stage SCI content provided in Table 1 containing the following information:
First part of the Destination ID, resources for sidelink transmissions, periodicity of sidelink transmission, PSSCH DMRS pattern, PSSCH transmission mode, stage-2 SCI format, priority, reserved bits and CRC
If  a single sub-channel initial transmission indication is agreed add the corresponding bit to the first stage SCI

[bookmark: _Ref24135202]Encoding of Time-Frequency Resources in the 1st Stage PSCCH
In current resource signaling schemes, the time and frequency resources are signaled independently. However, it is possible to jointly signal the time-frequency resource using a combinatorial indexing method. If all  transmissions have the same number of sub-channels allocated and there are in total  sub-channels available in the resource pool. The number of combinations and thus the combinatorial index can be calculated with the following formula:



Based on this, the required number of SCI signaling bits depending on the number of signaled TTIs  can be calculated, the number of sub-channels  and the time window length  (see Figure 3).
The general procedure to calculate the actual resource allocation from the index is as follows: First divide the interval of all available indices into sub-groups representing the different number of allocated slots n. After the correct value of n is found this interval is further sub-divided into intervals representing the different number of allocated sub-channels m. After this, the remaining interval represents the time slot and frequency allocation index multiplied. Therefore, divide the index by the number of possible frequency allocation rounded down to an integer. The remainder of this division is the frequency resource start index. 
[image: ]
[bookmark: _Ref24027288]Figure 3: Resource reservation signaling bits dependent on the resource pool configuration. 
Based on discussion above, we have the following proposal:
[bookmark: _Hlk23846885]
Proposal 6:  
Jointly signal time and frequency resource using a combinatorial index from the range, calculated as:

where n - resource index within the configured NMAX,
NCH – number of sub-channels in a resource pool
m – index of sub-channel

SCI Content for the 2nd Stage PSCCH
The set of SCI fields corresponding to the 2nd SCI stage is proposed in Table 2. The identified set of fields in combination with information from stage-1 is enough to perform the demodulation of sidelink transmissions.
[bookmark: _Ref16868418]Table 2: Content of the Second Stage of Two Stage SCI Design
	Field Name
	Description
	Cast/format 
	Number of bits

	Source ID 
	Source ID
	common
	8 bits

	Destination ID (second part)
	Function of the Destination ID (second part)
	common
	8 bits

	TX location
	Information on TX location coordinate
	groupcast option-1 
(go-1)
	10 bits

	Communication range
	Communication range requirement
	go-1
	4 bit

	MCS Index
	Used to determine TBS based on indicated allocation
Note: Number of bits may be reduced in case of predefined association with PSCCH format for 2nd stage SCI
	common
	≤ 5 bits 

	RV Index
	Redundancy version index
	common
	2 bits

	HARQ Process ID
	Identifier of HARQ process. It is needed for unicast and groupcast. 
	common
	≤ 4 bits

	NDI
	Indicates new data, toggles b/w transmissions of different TBSs with same HARQ Process ID
	common
	1 bit

	CSI-RS Info
	Indicates presence of CSI-RS in current sidelink transmission.
Trigger of CSI-RS report and request for CSI-RS transmission.
Unicast operation only
	
	1-2 bits

	PSFCH REQ
	Request for HARQ feedback from target RXs
	u/go-1/go-2
	1 bit

	Reserved bits
	Note: Forward compatibility coexistence configuration. This can possibly be (pre)-configured to enable future extension without sacrificing backward compatibility. 
	common
	0 bits

	CRC
	Note: Reduced CRC length can be used
	common
	6 bits


[bookmark: _Hlk23846892]
Proposal 7: 
Adopt the 2nd stage SCI content provided in Table 2 containing the following information:
Source ID, destination ID second part, TX location for groupcast only, Communication range for groupcast only, MCS index, RV index, HARQ process ID, NDI, CSI-RS info, PSFCH request, PSFCH info, reserved bits and CRC

Physical Structure of the 1st Stage
Resource Allocation / RE Mapping
The resource allocation for physical structure of the two stage SCI/PSCCH design is shown in Figure 4 for sub-channel size of 6 and 10 PRBs, and different DMRS patterns per slot (2 and 4 OFDM symbols). In the case that a sub-channel has 7 to 9 PRBs, a combination of the structure with 6 PRBs with first stage PSCCH plus additional PRBs without first stage PSCCH, and containing the same PSSCH DMRS density is used. The same holds true for sub-channel sizes that are larger than 10 PRBs, where a combination of 10 PRBs with first stage PSCCH, and PRBs without first stage PSCCH. 

[image: ]
(a) Small PSSCH sub-channel size (6 PRBs)

[image: ]
(b) Medium/Large PSSCH sub-channel size (10 PRBs)

[bookmark: _Ref24033177]Figure 4: Two Stage SCI/PSCCH design and its allocation within a slot for difference sub-channel sizes
[bookmark: _Hlk23846907]
Proposal 8: 
· The first stage PSCCH/SCI design supports:
· Configurable number of reserved bits in SCI
· Configurable number of PRBs which is dependent on Z - sidelink/PSSCH sub-channel size, e.g. 
· For sub-channel size < Z = 10 PRBs:
(a) Y OFDM symbols with X PRBs being allocated to the first stage PSCCH, e.g. Y = 5 and X = 6
· For sub-channel size ≥ Z = 10 PRBs:
(a)  Y OFDM symbols with up to X PRBs for the first stage PSCCH, e.g. Y = {2, 3} and X = {15, 10} respectively
· The first symbol of the 1st stage PSCCH is repeated on first and second symbol in a slot available for SL

Furthermore, it is FFS whether to support mapping of PSCCH starting from the highest PRB of PSSCH. In our view, it should be supported in order to solve the highly non-uniform PSCCH resource utilization in the system. As illustrated in Figure 5, the mapping from lowest PRBs only leads to an increased utilization of PSCCH in the lower part of spectrum while underutilized the PSCCH in the higher part of spectrum.



[bookmark: _Ref24018447]Figure 5. Mapping of PSCCH only from lowest PRB of PSSCH.

The problem can be easily solved by configuring the first half of the sub-channels to be used for the mapping of PSCCH from the lowest PRB of PSSCH and the second half of sub-channels to be used for the mapping of PSCCH from the highest PRB of PSSCH, as illustrated in Figure 7.


Figure 6. Mapping of PSCCH from both lowest PRB of PSSCH and highest PRB of PSSCH, in non-interlaced manner.

The proposed modification preserves the agreement on contiguous mapping of PSSCH as well as greatly relaxes the PSCCH collision/utilization problem, as discussed in [98b-NR-10] email discussion. In that case, when a UE selects a PSSCH resource where both mapping directions are available, it should randomly select which one to use. Note, it is not needed to signal which direction is used since it is unambiguously derived from the PSCCH sub-channel where the SCI was decoded.

Proposal 9: 
· Support the mapping of PSCCH from both highest and lowest PRBs of the corresponding PSSCH
· First half of the sub-channels are dedicated to the mapping of PSCCH from the lowest PRB
· Second half of the sub-channels are dedicated to the mapping of PSCCH from the highest PRB
· When a UE selects a PSSCH resource where both mapping directions are available, it should randomly select which one to use

DMRS Design
For the DMRS design, the following agreements have been met:
	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


A cyclic shift (CS) of the base sequence can be introduced to avoid the impact of a composite channel from different transmitters occupying the same control channel resources.
In order to cope with PSCCH collisions, a UE may randomly select one of the allowed CS values. The system-level simulation results showing the benefits of this approach are shown in 	Figure 7. For details on the system-level evaluation assumptions please refer to Annex C.
[image: ]
[bookmark: _Ref24028928][bookmark: _Ref24147672]	Figure 7: System-level evaluation results for a PSCCH transmission w/ and w/o random selection of CSs	
[bookmark: _Hlk23846925]
Proposal 10: 
· PSCCH DMRS for the 1st Stage SCI is based on the PDCCH DMRS with the following modifications:
· Signal generation: 
· Cyclic Shift (CS) as well as different sequence initialization values (c_init) to orthogonalize PSCCH transmissions is introduced
· At least the following 4 CS values are supported for NR-V2X sidelink communication: {-π/2, 0, π/2, π}
· At least two different c_init values are supported and configured to UE
· UE behavior: 
· UE randomly selects CS as well as c_init for each PSCCH transmission

Transmission Scheme
In order to benefit from multiple transmit antennas, transparent Tx diversity schemes should be considered with the higher priority vs non-transparent transmit diversity schemes, given that non-transparent TX diversity schemes may preclude a single port transceiver design, which is not desirable. The rank-1/single port PSCCH transmission should be a priority for the analysis, given that it reduces complexity and it is more robust to interference. The applicability of precoder cycling for the control channel may depend on overall physical structure for PSCCH. If the precoder cycling is agreed for PSCCH, the proper PRB bundling size needs to be selected to optimize the performance.
[bookmark: _Hlk23846931]
Proposal 11: 
· Single port transmission is used for the 1st stage PSCCH design
· In combination with the defined sub-channel size, define a minimum PRB bundling size to be assumed for 1st stage PSCCH transmissions (e.g. 5 PRBs)

Channel Coding
For the NR DL polar code, the 16 bits of the CRC are XORed with the RNTI. As there is no RNTI for the sidelink this step can be omitted. 

Proposal 12: 
· For the 1st Stage PSCCH use the NR DL polar code with the following modifications
· RNTI that is XORed with the CRC in the NR DL polar code is replaced with a (pre)-configured value

Scrambling
[bookmark: _Hlk23846937]After the blind detection of the 1st stage PSCCH, the information of which antenna port is used is available. Therefore, the antenna port information can be used to initialize the 1st stage PSCCH scrambling.

Proposal 13: 
· The scrambling is initialized with the first stage PSCCH antenna port

Physical Structure of the 2nd Stage
Resource Allocation / RE Mapping
	Agreements:
· 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


[bookmark: _Hlk23846945]For an allocation, with a larger amount of frequency resources allocated, it is expected that the performance does improve as more frequency diversity is expected. The results are shown in Figure 8 for PRB bundling sizes 20 (B20) and 5 (B5). As predicted by the theoretical diversity consideration, the wider allocation of 20 PRBs outperforms the one confined to 10 PRBs, especially if a precoder cycling with a smaller PRB bundling size is considered. Thus, for any case the second stage should consider a wider bandwidth for the transmission. However, from a complexity perspective, it is desirable that the second stage SCI can be decoded as fast as possible to enable the demodulation of the corresponding PSSCH. Detailed simulations assumption can be found in Annex A Table 6.
[image: ]
[bookmark: _Ref24068655]Figure 8: Link-level evaluation results of different 2nd stage PSCCH using the same number of REs allocated with different PRB bundling sizes. 
We propose the following allocation of  REs to the second stage SCI: Starting from the sub-channel containing the 1st stage PSCCH the REs before the symbol containing the first PSSCH DMRS are allocated to the 2nd stage PSCCH. This RE reservation continues with until all sub-channels have the OFDM symbol before the first OFDM symbol with PSSCH DMRS allocated to the 2nd stage PSCCH. If there are still any of the defined  REs available, this allocation continues with the OFDM symbol following the first OFDM symbol with PSSCH DMRS until all  REs are allocated. The resulting  REs represent the maximum allocation of the 2nd stage PSCCH. To also have a PSCCH having a lower overhead (based on the 1st stage PSCCH signaled 2nd stage PSCCH format) this  allocated REs are interleaved with PSSCH resources. The resulting 2nd stage PSCCH RE represent a comb like mapping. An example with  with a 2nd stage format only utilizing 50% of the  possible 2nd stage PSCCH resource is shown in Figure 9. The current proposed allocation represents a maximum coverage that is sufficiently better than MCS 0 of the MCS table 1, based on our assumptions of the 2nd stage SCI content. 


[bookmark: _Ref24071702]Figure 9: Example allocation of the 2nd stage PSCCH used with a 2nd stage PSCCH format requiring 3 dB less coverage than the maximum. 

Proposal 14: 
· The 2nd stage PSCCH REs are mapped in symbols adjacent to PSSCH DMRS symbols
· Alt.2 is used for the 2nd stage PSCCH RE mapping 
· Do not map the 2nd stage PSCCH RE to OFDM symbols containing PSSCH DMRS

It has been discussed to make the 2nd Stage PSCCH to have the same modulation format as the PSSCH where the number of REs is defined by a beta offset to the PSSCH code-rate. However, this solution implies that the 1st stage PSCCH already contains the MCS information. As we believe that the 1st stage PSCCH should only contain the information related to sensing information, we do not think that is a proper solution. This also enables the extension for a higher number of MIMO layers for future releases.
 
Proposal 15: 
· Use only QPSK modulation for the 2nd stage PSCCH transmission

Channel Coding
The current agreements say that the 2nd stage PSCCH uses DL polar code. However, the DL polar code has only a 24-bit CRC variant. For the 2nd stage PSCCH, such a large CRC introduces a substantial loss in BLER performance w/o any benefit in terms of false alarm rate (FAR), because the FAR is already handled by the first stage CRC. The presence of the 2nd stage is known after the successful decoding of the 1st stage PSCCH. This is identical to the UCI encoding where the CRC size may be much smaller, since the UCI is a scheduled channel not requiring blind decoding.
The main issue with adopting a smaller CRC size is the distributed CRC interleaver, which is optimized for 24-bit size. However, it may be either bypassed or reused with a reduced CRC size. In Figure 10, the left part shows that there is no performance difference when the same total size encoded with different CRC mappings: distributed CRC 24, distributed CRC 6 (using current interleaved), and non-distributed CRC 6. Furthermore, the right part shows BLER vs. SNR gains for a typical 2nd stage PSCCH payload with reduced CRC, where up to ~2.5 dB gain may be achieved.

 
[bookmark: _Ref24137869]Figure 10: Link-level evaluation of the NR DL polar code with interleaved and not interleaved, reduced size CRC. 

Proposal 16: 
· The 2nd Stage PSCCH uses NR DL polar code with a modified CRC size of < 24 bit, e.g. 6 bit without combining the CRC value with any additional information

Scrambling
[bookmark: _Hlk23846958]
The scrambling for the 2nd stage PSCCH should be derived from the information available after the decoding of the first stage.

Proposal 17: 
· The 2nd stage PSCCH scrambling is initialized with the decimal representation of the first stage SCI CRC

 PSCCH Performance Analysis
	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


The PSCCH coverage and amount of occupied resources are important design aspects. In Figure 11, we analyze NR PSCCH coverage for two stage PSCCH design. It needs to be mentioned that overhead of the second stage can be adapted to more closely match the PSSCH coverage given the chosen MCS. The provided analysis targets to compare with MCS 0 coverage representing a worst case scenario that is not likely to occur often in practice. (Simulations assumptions are given in Table 4, Annex A). Our analysis of SCI content showed that ~ 66% of the SCI payload will be in the first stage and ~33% in the second stage. 
[image: ] [image: ]
[bookmark: _Ref16868458]Figure 11: NR PSCCH two stage design coverage analysis for NLOS (left) and LOS (right) with 120 km/h.


· The performance of the proposed two stage SCI design is close to MCS0 coverage for MCS table 1 and table 2 of TS 38.214 [5]

The results in the right of Figure 11 shows a coverage comparison of the 1st stage PSCCH and PSSCH MCS0 of table 3 in TS 38.214 [5]. To achieve the same coverage under the assumption of a 10 PRB sub-channel, the number of OFDM symbols only allocated to the 1st stage PSCCH needed to be substantially increased from the currently agreed 3 symbols. Considering the additional overhead required to also implement the 2nd stage SCI, we believe the control channel should not be optimized to have a better coverage than MCS0 to MCS5 of table 3.  


· The amount REs required to enable the 1st stage PSCCH to have better coverage than MCS0 of table 3 of TS 38.214 ([5]) is a high overhead

Proposal 18: 
· Do not optimize the control channel design to support MCS0-MCS5 of table 3 in TS 38.214 ([5])

PSSCH Physical Structure
PSSCH Transmission Scheme
For a relative speed of as low as 36 km/h, the coherence time for the small-scale parameters of the channel is about 5 ms. Therefore, the small-scale properties of the channel change too fast to acquire, share and use the instantaneous channel information to enable coherent combining for NR-V2X applications.
The large-scale parameters will change less frequently. However, to acquire this large-scale parameters of the system, an averaging of different channel realizations is necessary. In Figure 12, we compare the performance of different transmit diversity schemes, namely, SFBC, Precoder Cycling (PC), Cyclic Delay Diversity (CDD) and single port (no Tx diversity). The corresponding simulation assumptions can be found in the Table 5. From the results in Figure 12, we see that in the case of perfect channel knowledge (PCE), the theoretically optimal SFBC scheme outperforms the transparent transmit diversity schemes. However, as soon as MMSE based channel estimation is used, the performance of SFBC becomes worse than transparent transmit diversity schemes. The non-transparent scheme has disadvantage that multiple orthogonal antenna ports need to be handled. Given that, there is no clear benefit of using non-transparent transmit diversity schemes, the transparent schemes should be considered with higher priority for NR-V2X.


[bookmark: _Ref16868599]Figure 12: Comparison of different transmit diversity schemes: SFBC, Precoder Cycling (PC), CDD with perfect channel knowledge (PCE) and MMSE based channel estimation.
[bookmark: _Hlk23847005]
Proposal 19: 
· For PSSCH, use precoder cycling based open loop transmission schemes

PSSCH DMRS
The following aspects were discussed with respect to PSCCH DMRS at the previous meeting without consensus reached by RAN1 WG:
	Working assumption:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· FFS whether to support either one or both types
· FFS details on multiplexing of different ports for PSSCH DMRS



According to the WID [1], NR-V2X should support up to two DMRS antenna ports from single UE perspective, which is motivated by support of two-layer spatial multiplexing. Additional, orthogonal DMRS ports may be beneficial to resolve potential inter-UE collisions, i.e. from a system perspective. Based on these considerations, we believe that Type-1 PDSCH DMRS pattern is sufficient for NR V2X sidelink.
It was agreed that DMRS patterns are semi statically (pre)-configured per sidelink resource pool. Given that agreement, we believe that the number of patterns per pool should not exceed two and eventually should be SCS specific. The following table provides our considerations on the amount of patterns vs MCS for operation in FR1:

Table 3: Number of DMRS patterns per resource pool vs SCS settings in FR1
	SCS
	15 kHz SCS
	30 kHz SCS
	60kHz SCS

	Number of DMRS patterns and symbols per slot
	One pattern
4 symbols per slot
	Two patterns
2 and 4 symbols per slot
	One pattern
2 symbols per slot



Another aspect that needs to be discussed is whether PSSCH DMRS can be multiplexed with sidelink data. In our view, the specification should preserve the flexibility of whether the FDM of DMRS and data is allowed or not. Therefore, the resource pool configuration should indicate whether this is allowed or not.
[bookmark: _Hlk23847045]
Proposal 20: 
· Maximum number of DMRS patterns per resource pool depends on SCS: 
· 15kHz SCS – one pattern with 4 symbols per slot
· 30kHz SCS – two patterns with 2 and 4 symbols per slot
· 60kHz SCS - one pattern with 2 symbols per slot
· Multiplexing of PSSCH DMRS with PSSCH data is controlled by independent parameter configured per sidelink resource pool or carrier
· Use Type-I NR CP-OFDM DMRS pattern for sidelink
· Ports transmitted from the same UE are orthogonalized via CS
· Ports from multiple UEs are orthogonalized via CS and FDM
· Generator of PSSCH DMRS sequence is initialized with a parameter which is a function of destination ID carried in the first stage SCI
· Amount and position of DMRS symbols in sub-channels depends on whether PSFCH channel is allocated as well as whether sub-channel contains the 1st stage of PSCCH (see Figure 4)
· To avoid PAPR issues use Rel. 16 CP-OFDM DMRS instead of Rel. 15 ones

PSSCH TBS Determination
Calculation of the TBS in DL assumes that the number of PSSCH REs per PRB is constant across the whole allocation of the PDCCH. Afterwards the TBS is determined by multiplying the number of REs with the spectral efficiency defined by the MCS. However, for SL option 3 multiplexing of PSCCH and PSSCH the assumption of constant PSSCH REs across all allocated PRBs is not valid. In contrast to the DL, the SL also must handle the effect of symbols possibly being not usable due to the AGC adaptation.




[bookmark: _Ref21374361]Figure 13: Example sub-channel configuration with 10 PRB per sub-channel and a specific PSCCH allocation. 

The example in Figure 13 illustrates the problem. The PSCCH is not allocated in all PRBs, the PRB structure is not uniform and the calculation in [5] section 5.1.3.2 would lead to a wrong result. For this example, Rel. 15 Type-I CP-OFDM DMRS with multiplexing of DMRS and PSSCH symbols in the same OFDM symbol is used. In this case the calculation of the number of REs according to [5] section 5.1.3.2 would look as follows: 


Inserting, the numbers for the example we would get: 


Basically, even for the ideal case without any additional channels, we would not get the correct result as this formula implicitly assume a uniform structure of the allocated channels for each PRB. As this is not the case for our system to get the correct number of REs we need to use the following calculation: 


In this case the parameters [image: ] and [image: ] represent the number of REs allocated for RS (DMRS) and PSCCH. The RE overhead associated with the PSCCH can be directly determined from the resource pool configuration of the PSCCH. As not all devices can receive the REs transmitted in the symbol with a possible AGC impact, the first OFDM symbol should be excluded from calculation of the REs.
To make the determined TBS the same as, for the case the CSI-RS, PT-RS or other dynamic allocated resources which reduce the resources available for PSSCH are allocated or not, this overhead is excluded from the calculation. 
For the case that the PSFCH is either present in every TTI or not present at all, no special handling of the TBS determination regarding this aspect is required. For the case when the PSFCH is only present every Nth slot special handling needs to be introduced. From system level perspective this can be solved by overwriting the RE values used for the PSSCH RE determination with (pre)-defined values. To handle different sub-channel allocations this does also need to be considered for this pre-configuration. With the same solution we can also handle the case of different slot length in the case of sidelink transmission within a licensed carrier.  
[bookmark: _Hlk23847105]
Proposal 21: 
· Modify TBS determination procedure for NR V2X PSSCH:
· Use the actual number of REs available for PSSCH for the TBS calculation
· Exclude (subtract) REs occupied by PSSCH DMRS and two stage PSCCH overhead
· Exclude (subtract) REs of the first symbol (due to potential AGC distortion)
· Exclude (subtract) REs occupied by CSI-RS and PTRS
· If PSFCH is allocated every N-th slot (N > 1), define (pre)-configured value/rule for the PSSCH RE determination
· e.g. RE determination is based on actual amount of PSSCH REs in slot w/ or w/o PSFCH and scaling coefficient
· For single sub-channel initial transmissions reserving multiple sub-channels for retransmission, use the RE size of reserved allocation for the TBS determination
· If PSSCH resource pool is partitioned into different sub-channel sizes (e.g. N PRBs and (N+X) PRBs), use RE size determined based on minimum sub-channel size (i.e. assuming that all sub-channels have N PRBs)

For larger packet transmission a (pre)-configured scaling of the TBS values can be configured to support sidelink transmission with CR per TTI > 1 and allocation of multiple TTIs with effective code rate < 1.
[bookmark: _Hlk23847110]
Proposal 22: 
· In order to enable transmissions with CR per TTI > 1 that allocate multiple TTIs, introduce (pre)-configured TBS scaling of the MCS entries

AGC and Problematic MCSs
As described in [5], if the TBS size is greater than 8448 bits the codeword is split into multiple code blocks (CBs). Every CB has its own CRC bits and is separately encoded and interleaved. The interleaving only consists of a uniform mapping of systematic bits to modulated symbols. Essentially, first the systematic bits are mapped to the MSB of modulated symbol, followed by the next low bitter and so on, until no more systematic bits are available. The concatenated code blocks are than mapped to modulated symbols. This string of symbols is afterwards mapped to physical resources. They are first mapped to the space (layer) direction then frequency direction and last time direction. The layer direction is only applicable if one codeword is mapped to multiple spatial layers. An example for only one spatial layer is shown in Figure 15-a. As described in [2] a certain amount of time at the start of the transmission is necessary to adapt the AGC. This means that during this time it is very likely that the first symbols are distorted. According to [2] the time is about 1 OFDM symbol for 30 and 60 kHz SCS. For the example in Figure 15-a this would mean that the first OFDM symbol cannot be received. If the remaining symbols of a CB after the removal of the AGC impacted symbol are not self decodable anymore, the whole CB is going to fail. This would result in the overall transmission to also be failing. For a 40 MHz channel this means that for Table 5.1.3.1-1 of [5] the MCS 9, 14 – 16, 19-28 cannot be received and for Table 5.1.3.1-2 of [5] the MCS 8 - 10, 12 – 27 cannot be received, and for the lower MCS there is a significant penalty in performance, due the different effective coderate of the first CB. It is important to mention that this is bandwidth dependent, thus the larger the bandwidth the more MCS are going to fail with frequency first mapping. It is also important to mention that the MCS that don’t fail have a significant performance degradation as essentially the BLER is dominated by the performance of the first CB. For the same scenario if time first mapping is used only the MCS 26 – 28 of table 1 and MCS 25 – 27 of table 2 are not decodable and for the decodable ones there is in many cases only a minor impact on the demodulation performance. For the case of MCS table 1 (MC table without 256 QAM) in [5] this is illustrated in Figure 14.
The most straight forward solution would be to use time first mapping instead of frequency first mapping. Instead of mapping the concatenated CBs first to the frequency direction we start with the time direction. The example in Figure 15-b show how time first mapping could be implemented. It is obvious that if the first symbol is punctured there is only a minimal impact on the performance of each CB. If the MCS at the Tx was chosen to also include this effect it can be ensured that no additional performance impact is there.


[bookmark: _Ref21377846]Figure 14: Problematic MCS with frequency first mapping (top) and time first mapping (bottom) for a full bandwidth allocation of a 40 MHz channel with 30 kHz SCS.
[bookmark: _Ref21332469]



[bookmark: _Ref22107332]Figure 15: CBs location for a large bandwidth allocation for a) frequency first and b) time first mapping.


Proposal 23: 
· Use time first RE mapping for PSSCH transmissions. 

It is important to mention that time first mapping provides enough frequency diversity. We don’t think that is the case, especially considering precoder cycling and a minimum bundling size that is smaller than minimum sub-channel size. It needs to be noted due to the maximum CB size of 8448 bits the number of PRBs allocated to one CB is highly dependent on the MCS. As an example, assuming 2 DMRS symbols and full PSSCH allocation in a slot without PSFCH utilizing MCS 20 of MCS table 1 in [5], one CB will span approximately 18 PRBs. This should provide sufficient diversity. To have no time diversity we simulated this scenario with only using 30 km/h relative speed in Figure 16, assuming the first symbol does not have any AGC impact in neither case. As predicted the performance of time and frequency first mapping is identical. The simulations assumptions are available in Annex A Table 7.
[image: ]
[bookmark: _Ref24125818]Figure 16: Performance comparison between time first and frequency first mapping. 

Scrambling
The scrambling for the PSSCH should be derived from the information available after the decoding of PSCCH.  

Proposal 24: 
· The PSSCH scrambling is initialized with the decimal representation of the first stage SCI CRC

PSFCH Physical Structure
RAN1 agreed that the PSFCH should be transmitted in the last available sidelink symbols within a slot and at least in a TDM fashion with PSCCH/PSSCH. In our view, there is no motivation to support other formats, e.g. long PSFCH since the short channel already sufficient for to carry a few HARQ-ACK bits.
[bookmark: _Hlk23847122]
Proposal 25: 
· Do NOT introduce other physical formats of PSFCH in Rel.16, which include more than 2 symbols and/or payload based structures.

Before the transmission or reception of the PSFCH there should be some time gap to allow the Tx/Rx or Rx/Tx switching whenever a UE needs to transmit PSCCH/PSSCH and receive PSFCH or vice-versa. To accommodate the switching time, a time gap needs to be included before and after the PSFCH symbol(s). In addition to that, the receiver of the PSFCH needs time until its AGC is settled. To allow the AGC to settle when receiving the PSFCH, a repetition of the PSFCH in two symbols carrying the same information may be employed. In this way, a first possibility is that the PSFCH is transmitted in last two available sidelink symbols within a slot with one symbol gap before PSFCH as depicted in Figure 17 for multiplexing of PSCCH / PSSCH Option 3 and long PSSCH.


[bookmark: _Ref16868663]Figure 17: Slot structure including a two-symbol PSFCH, long PSSCH, Option 3, AGC distorted symbol and Tx/Rx or Rx/Tx gaps.

An alternative format to be considered is for the case where the Tx/Rx resp. Rx/Tx switching time is shortened w.r.t. to the symbol duration. In this case, a second possibility is that the PSFCH is transmitted in last two available sidelink symbols within a slot with only half symbol gap before and after the PSFCH as depicted in Figure 18 for multiplexing of PSCCH / PSSCH Option 3 and long PSSCH. With this alternative one additional PSSCH symbol can be transmitted, for example.


[bookmark: _Ref16868708]Figure 18: Slot structure including a two-symbol PSFCH, long PSSCH, Option 3, AGC distorted symbol and half symbol Tx/Rx or Rx/Tx gaps.

It is worth noting that the gap before or after the PSFCH can be shorter in duration than half a symbol.
Based on the above, the following first proposal for the slot structure including PSFCH should be considered by RAN1:
[bookmark: _Hlk23847128]
Proposal 26: 
· PSFCH is transmitted in the last two available SL symbols in a slot with one or a half symbol gap before and after PSFCH

Assuming the largest PSFCH periodicity of N = 4, a single UE might need to multiplex up to four HARQ-ACK bits in a single PSFCH, unless restrictions on number of TBs transmitted within a PSFCH period is introduced. Therefore, the PSFCH resource should be able to carry up to N HARQ-ACK bits ranging from 1 to N. If LTE-TDD PUCCH format 1b like approach is used where the 2 or 4 bits are mapped to 2 or 4 resources and 2 sequences, then PSFCH resource may need to carry up to 2 bit even for N = 4.
Those bits can be mapped to the low PAPR sequences defined in TS 38.211, section 5.2.2, which will be allocated in time-frequency resources like PUCCH format 0. Given the base sequences the different bit combinations are mapped into circular shifts of the base sequence.
For 1 bit PSFCH, use length-12 sequences mapped to 1 PRB
For 2 bit PSFCH, use length-12 sequences mapped to 1 PRB and two different resources, as in LTE PUCCH format 1b.
For 4 bit PSFCH, use length-12 sequences mapped to 1 PRB and four different resources, as in LTE PUCCH format 1b.

Proposal 27: [bookmark: _Hlk23847135]
· For 1 bit PSFCH, use length-12 sequences defined for NR PUCCH format 0 mapped to 1 PRB and one resource
· For 2 bits PSFCH, use length-12 sequences defined for NR PUCCH format 0 mapped to 1 PRB and two different resources, with resource selection as in LTE PUCCH format 1b
· For 4 bits PSFCH, use length-12 sequences defined for NR PUCCH format 0 mapped to 1 PRB and four different resources, with resource selection as in LTE PUCCH format 1b

In addition to that, the two PSFCH symbols (one AGC + one useful) are constructed by repeating the one-symbol PSFCH that contains the one, two or four HARQ-ACK bits, which leads to the further proposal:
[bookmark: _Hlk23847140]
Proposal 28: 
· The two PSFCH symbols are constructed by repetition of one-symbol PSFCH for one, two and four bits

How the sequence is selected by a receiver UE is discussed in the procedure’s agenda [10]. When the PSFCH resource and sequence is selected, a hopping over resources and sequences or only sequences may be applied in order to randomize collisions. The PUCCH group and/or sequence hopping may be applied in this case, with modified parameters.
[bookmark: _Hlk23847145]
Proposal 29: 
· Adopt PSFCH sequence hopping depending on SL slot index

Sidelink Reference Signals
Sidelink CSI-RS and CSI Reporting
Sidelink CSI-RS was agreed for sidelink CSI acquisition. There are multiple challenges for sidelink link adaptation:
The environment and channel change very fast due to the high mobility of vehicles
Interference level may change significantly across slots and frequency sub-channels
Overall gain from sidelink link adaptation is not obvious
Since CSI-RS need to be confined inside the region allocated for the PSSCH, which is used for data transmissions, the presence of CSI-RS needs to be dynamically signaled. CSI-RS resource configuration should be exchanged between different devices during the unicast/groupcast connection setup. To fit the CSI-RS into the PSSCH it is important that CSI are only present in one OFDM symbol. 
[bookmark: _Hlk23847151]
Proposal 30: 
· CSI-RS allocation does not overlap with any possible 1st or 2nd stage PSCCH transmissions
· CSI-RS resource configuration is provided during unicast/groupcast connection setup
· Presence of specific CSI-RS resource configuration is signaled in SCI 
· Support for CSI-RS is not mandatory for unicast communication 
· Only configurations in rows 1-4 of Table 7.4.1.5.3-1 in [13] (single OFDM symbol configurations with up to 4 ports)
· To avoid transient period the CSI-RS resource are always scaled to have the same power at each transmit antenna as the surrounding PSSCH transmission
[bookmark: _Hlk23847157]
In the current specification there is only a limited number of CSI-FB configurations not taking into account PMI. 

Proposal 31: 
· Reuse the CSI-FB mode configured with cri-RI-i1-CQI in section 5.2.1.4.2 of 38.214 [5] for NR V2X CQI/RI feedback

Sidelink Resource Pool and BWP Considerations
Discussion on NR Sidelink BWP
In January 2019, during RAN1 AH the support of BWPs was discussed with the following agreements made by RAN1 WG.
	Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale
· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth
For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs


Regarding the above agreement, we have the following proposal:
[bookmark: _Hlk23847170]
Proposal 32: 
· Timescale for switching b/w UL and SL BWPs should be clarified with RAN4
· In TDD,
· 	SL BWP, UL BWP and DL BWP have the same center frequency
· In FDD,
· Either SL BWP is allocated inside of UL BWP or UL BWP is allocated inside of SL BWP
· FFS if center frequency of SL-BWP and UL-BWP should be aligned

Discussion on NR Sidelink Resource Pools
	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




As the resources pools for NR-V2X serve a similar function as for LTE V2X their definition should be similar. 

Proposal 33: 
· Sidelink slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity 

Discussion on NR Sidelink Sub-channels

	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



Due to necessity to support flexible channel bandwidths and sub-channel sizes it may not be always possible to divide pool into sub-channels of equal sizes utilizing all PRBs. In order to address this problem two alternatives can be considered:
Alt.1 Divide total number of PRBs N on sub-channel size M and remainder of division P add to the first or last sub-channel so that its size is always larger by P comparing to other subchannels - N(N+P) partitioning
Alt.2 Divide total number of PRBs N on sub-channel size M and remainder of PRBs P distribute equally across P sub-channels (e.g. P first or last subchannels) so that their size is equal to (N+1) comparing to other subchannels – N(N+1) partitioning
It is obvious that having uniform subchannel sizes is more desirable from system perspective and therefore alternative 2 should be preferred by RAN1. Therefore, we recommend the following approach configure number of subchannels NS per resource pool and derive subchannel size as follows
S = floor(N/Ns) – basic sub-channel size in PRBs
P = mod(N, NS) – number of subchannels with size in PRBs (S+1)
(NS-P) number of subchannels of size S PRBs
[bookmark: _Hlk23847185]A numerical example with the currently agreed sub-channel size would be a 10 MHz channel with 30 kHz SCS and 10 PRB sub-channel size. This means that the resulting sub-channels with the here shown alternative 1 would (LTE legacy procedure) result in one sub-channel with 10 PRBs and one with 14 PRBs. As these 4 additional PRBs result in a huge performance difference between the two subchannels we don’t think this is a good solution. Especially, considering that since for multi-TTI transmission the presence cannot be taken into account as for single sub-channel transmissions not always the same one will be selected. 

Proposal 34: 
· The remaining PRB after the resource pool is divided into sub-channels are distributed between the sub-channels
· Introduce a sub-channel size of 6 PRBs for operation in systems with narrow bandwidths


Conclusions
In this contribution, we provided our views on sidelink physical structure for NR V2X communication. In summary, we have following proposals:

Proposal 1: 
· Support the following sidelink physical structure (slot) options depending on SCS
· 15kHz SCS: - One OFDM symbol is used for both AGC settling and TX-RX switching time per slot
· For slots w/o PSFCH, the first half of the first symbol is used for TX-RX switching and second half for AGC settling
· For slots w/ PSFCH, the PSFCH transmission starts right after the TX-RX switching time, following the last symbol of PSSCH transmission. Half of a symbol duration before the PSFCH is allocated for TX-RX switching and another half for AGC settling
· 30kHz SCS: - Two or three OFDM symbols are used for AGC settling and TX-RX switching time subject to PSFCH allocation in slot
· For slots w/o PSFCH, the last symbol is allocated for TX-RX switching and the first symbol is used for AGC settling time
· For slots w/ PSFCH, the PSFCH transmission starts right after the TX-RX switching time, following the last symbol of PSSCH transmission. Half of a symbol duration before the PSFCH is allocated for each TX-RX switching and the first symbol of PSFCH is used for AGC settling
· 60kHz SCS: - Two or four OFDM symbols are used subject to PSFCH allocation in slot
· For slots w/o PSFCH, the last symbol allocated for TX-RX switching and the first symbol is used for AGC settling time
· For slots w/ PSFCH, the PSFCH transmission starts right after the TX-RX switching time, following the last symbol of PSSCH transmission. One symbol duration before and one after the PSFCH is allocated for Tx/Rx switching, and the first PSFCH symbol is used for AGC settling
Proposal 2: 
· For the operations in a licensed carrier, limit options to the following slot formats
· Full slot allocation for PSCCH/PSSCH
· Full slot allocation for PSCCH/PSSCH + PSFCH
· Partial slot (i.e. slot structure with PSCCH/PSSCH only and punctured PSFCH region or slot structure for PSFCH only w/o PSCCH/PSSCH)
· Half slot allocation for PSCCH/PSSCH
Proposal 3: 
· For 30 and 60 kHz SCS, 
· NR V2X supports concatenation of two consecutive slots into one physical structure (dual slot)
· Pairwise slot concatenation is configured system-wide
Proposal 4: 
· In two-stage SCI design for NR-V2X communication
· The first stage SCI carries information for sensing procedure and a pointer to the second stage SCI
· The second stage SCI carries the remaining information required for PSSCH demodulation, HARQ feedback and CSI related procedures
Proposal 5: 
Adopt the 1st stage SCI content provided in Table 1 containing the following information:
First part of the Destination ID, resources for sidelink transmissions, periodicity of sidelink transmission, PSSCH DMRS pattern, PSSCH transmission mode, stage-2 SCI format, priority, reserved bits and CRC
If  a single sub-channel initial transmission indication is agreed add the corresponding bit to the first stage SCI
Proposal 6: 
Jointly signal time and frequency resource using a combinatorial index from the range, calculated as:
Proposal 7: 
Adopt the 2nd stage SCI content provided in Table 2 containing the following information:
Source ID, destination ID second part, TX location for groupcast only, Communication range for groupcast only, MCS index, RV index, HARQ process ID, NDI, CSI-RS info, PSFCH request, PSFCH info, reserved bits and CRC
Proposal 8: 
· The first stage PSCCH/SCI design supports:
· Configurable number of reserved bits in SCI
· Configurable number of PRBs which is dependent on Z - sidelink/PSSCH sub-channel size, e.g. 
· For sub-channel size < Z = 10 PRBs:
(a) Y OFDM symbols with X PRBs being allocated to the first stage PSCCH, e.g. Y = 5 and X = 6
· For sub-channel size ≥ Z = 10 PRBs:
(a)  Y OFDM symbols with up to X PRBs for the first stage PSCCH, e.g. Y = {2, 3} and X = {15, 10} respectively
· The first symbol of the 1st stage PSCCH is repeated on first and second symbol in a slot available for SL
Proposal 9: 
· Support the mapping of PSCCH from both highest and lowest PRBs of the corresponding PSSCH
· First half of the sub-channels are dedicated to the mapping of PSCCH from the lowest PRB
· Second half of the sub-channels are dedicated to the mapping of PSCCH from the highest PRB
· When a UE selects a PSSCH resource where both mapping directions are available, it should randomly select which one to use
Proposal 10: 
· PSCCH DMRS for the 1st Stage SCI is based on the PDCCH DMRS with the following modifications:
· Signal generation: 
· Cyclic Shift (CS) as well as different sequence initialization values (c_init) to orthogonalize PSCCH transmissions is introduced
· At least the following 4 CS values are supported for NR-V2X sidelink communication: {-π/2, 0, π/2, π}
· At least two different c_init values are supported and configured to UE
· UE behavior: 
· UE randomly selects CS as well as c_init for each PSCCH transmission
Proposal 11: 
· Single port transmission is used for the 1st stage PSCCH design
· In combination with the defined sub-channel size, define a minimum PRB bundling size to be assumed for 1st stage PSCCH transmissions (e.g. 5 PRBs)
Proposal 12: 
· For the 1st Stage PSCCH use the NR DL polar code with the following modifications
· RNTI that is XORed with the CRC in the NR DL polar code is replaced with a (pre)-configured value
Proposal 13: 
· The scrambling is initialized with the first stage PSCCH antenna port
Proposal 14: 
· The 2nd stage PSCCH REs are mapped in symbols adjacent to PSSCH DMRS symbols
· Alt.2 is used for the 2nd stage PSCCH RE mapping 
· Do not map the 2nd stage PSCCH RE to OFDM symbols containing PSSCH DMRS
Proposal 15: 
· Use only QPSK modulation for the 2nd stage PSCCH transmission
Proposal 16: 
· The 2nd Stage PSCCH uses NR DL polar code with a modified CRC size of < 24 bit, e.g. 6 bit without combining the CRC value with any additional information
Proposal 17: 
· The 2nd stage PSCCH scrambling is initialized with the decimal representation of the first stage SCI CRC
Proposal 18: 
· Do not optimize the control channel design to support MCS0-MCS5 of table 3 in TS 38.214 ([5])
Proposal 19: 
· For PSSCH, use precoder cycling based open loop transmission schemes
Proposal 20: 
· Maximum number of DMRS patterns per resource pool depends on SCS: 
· 15kHz SCS – one pattern with 4 symbols per slot
· 30kHz SCS – two patterns with 2 and 4 symbols per slot
· 60kHz SCS - one pattern with 2 symbols per slot
· Multiplexing of PSSCH DMRS with PSSCH data is controlled by independent parameter configured per sidelink resource pool or carrier
· Use Type-I NR CP-OFDM DMRS pattern for sidelink
· Ports transmitted from the same UE are orthogonalized via CS
· Ports from multiple UEs are orthogonalized via CS and FDM
· Generator of PSSCH DMRS sequence is initialized with a parameter which is a function of destination ID carried in the first stage SCI
· Amount and position of DMRS symbols in sub-channels depends on whether PSFCH channel is allocated as well as whether sub-channel contains the 1st stage of PSCCH (see Figure 4)
· To avoid PAPR issues use Rel. 16 CP-OFDM DMRS instead of Rel. 15 ones
Proposal 21: 
· Modify TBS determination procedure for NR V2X PSSCH:
· Use the actual number of REs available for PSSCH for the TBS calculation
· Exclude (subtract) REs occupied by PSSCH DMRS and two stage PSCCH overhead
· Exclude (subtract) REs of the first symbol (due to potential AGC distortion)
· Exclude (subtract) REs occupied by CSI-RS and PTRS
· If PSFCH is allocated every N-th slot (N > 1), define (pre)-configured value/rule for the PSSCH RE determination
· e.g. RE determination is based on actual amount of PSSCH REs in slot w/ or w/o PSFCH and scaling coefficient
· For single sub-channel initial transmissions reserving multiple sub-channels for retransmission, use the RE size of reserved allocation for the TBS determination
· If PSSCH resource pool is partitioned into different sub-channel sizes (e.g. N PRBs and (N+X) PRBs), use RE size determined based on minimum sub-channel size (i.e. assuming that all sub-channels have N PRBs)
Proposal 22: 
· In order to enable transmissions with CR per TTI > 1 that allocate multiple TTIs, introduce (pre)-configured TBS scaling of the MCS entries
Proposal 23: 
· Use time first RE mapping for PSSCH transmissions. 
Proposal 24: 
· The PSSCH scrambling is initialized with the decimal representation of the first stage SCI CRC
Proposal 25: 
· Do NOT introduce other physical formats of PSFCH in Rel.16, which include more than 2 symbols and/or payload based structures.
Proposal 26: 
· PSFCH is transmitted in the last two available SL symbols in a slot with one or a half symbol gap before and after PSFCH
Proposal 27: 
· For 1 bit PSFCH, use length-12 sequences defined for NR PUCCH format 0 mapped to 1 PRB and one resource
· For 2 bits PSFCH, use length-12 sequences defined for NR PUCCH format 0 mapped to 1 PRB and two different resources, with resource selection as in LTE PUCCH format 1b
· For 4 bits PSFCH, use length-12 sequences defined for NR PUCCH format 0 mapped to 1 PRB and four different resources, with resource selection as in LTE PUCCH format 1b
Proposal 28: 
· The two PSFCH symbols are constructed by repetition of one-symbol PSFCH for one, two and four bits
Proposal 29: 
· Adopt PSFCH sequence hopping depending on SL slot index
Proposal 30: 
· CSI-RS allocation does not overlap with any possible 1st or 2nd stage PSCCH transmissions
· CSI-RS resource configuration is provided during unicast/groupcast connection setup
· Presence of specific CSI-RS resource configuration is signaled in SCI 
· Support for CSI-RS is not mandatory for unicast communication 
· Only configurations in rows 1-4 of Table 7.4.1.5.3-1 in [13] (single OFDM symbol configurations with up to 4 ports)
· To avoid transient period the CSI-RS resource are always scaled to have the same power at each transmit antenna as the surrounding PSSCH transmission
Proposal 31: 
· Reuse the CSI-FB mode configured with cri-RI-i1-CQI in section 5.2.1.4.2 of 38.214 [5] for NR V2X CQI/RI feedback
Proposal 32: 
· Timescale for switching b/w UL and SL BWPs should be clarified with RAN4
· In TDD,
· 	SL BWP, UL BWP and DL BWP have the same center frequency
· In FDD,
· Either SL BWP is allocated inside of UL BWP or UL BWP is allocated inside of SL BWP
· FFS if center frequency of SL-BWP and UL-BWP should be aligned
Proposal 33: 
· Sidelink slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity 
Proposal 34: 
· The remaining PRB after the resource pool is divided into sub-channels are distributed between the sub-channels
· Introduce a sub-channel size of 6 PRBs for operation in systems with narrow bandwidths
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Annex A – Simulation Assumptions
[bookmark: _Ref16868491]Table 4: PSCCH simulations assumptions
	Parameter
	Value

	SCI Size 
	44 bits SCI + 24 bit CRC for the first stage in the two stage design
32 bit SCI + 6 bit CRC for the second stage in the two stage desgin

	PSCCH FEC
	DL Polar code

	PSCCH allocation
	Two stage, first stage: 3 OFDM symbols 10 PRBs
Two stage, second stage: 2 OFDM Symbols 6 PRBs

	Channel model
	CDL Urban LOS, NLOS with 120 km/h according 

	Carrier frequency
	5.9 GHz

	Modulation format
	QPSK

	SCS
	30 kHz 

	Channel Estimation
	MMSE based on ideal knowledge of Doppler-delay statistics

	Tx antenna configuration
	2 cross polarized antennas

	Rx antenna configuration
	4 antennas with 2 polarizations

	EVM
	No EVM is applied

	UE receiver algorithm
	MMSE

	AGC settling time
	1 OFDM symbol (Current LLS assumption, currently waiting till final guidance from RAN4 is available)

	Tx/Rx switching gap
	1 OFDM symbol


[bookmark: _Ref16868540]Table 5: Tx diversity simulation assumptions. 
	Parameter
	Value

	Relative speed
	120 km/h

	Channel model 
	V2X CDL Urban LOS/NLOS

	Rx Antennas
	4

	Tx Antennas
	2

	Waveform
	OFDM

	RBs
	25

	Carrier Frequency
	5.9 GHz

	Modulation format
	16 QAM, 64 QAM

	SCS
	30 kHz

	Code rate
	0.5

	Tx Diversity Schemes
	SFBC, CDD, Precoder cycling, CDD + Precoder cycling

	Channel Estimation
	Ideal knowledge, MMSE based

	DMRS
	NR CP-OFDM type I DMRS on symbols 3 and 10 with 1 and 2 ports (2 ports only for SFBC)


[bookmark: _Ref24139666]Table 6: 2nd stage PSCCH localized vs distributed
	Parameter
	Value

	SCI Size 
	32 bit SCI + 6 bit CRC 

	PSCCH FEC
	DL Polar code

	PSCCH allocation
	2 OFDM symbols 10 PRBs and 1 OFDM symbol 20 PRBs

	Channel model
	CDL Urban LOS with 120 km/h according 

	Carrier frequency
	5.9 GHz

	Modulation format
	QPSK

	SCS
	30 kHz 

	Channel Estimation
	MMSE based on ideal knowledge of Doppler-delay statistics

	Tx antenna configuration
	2 cross polarized antennas

	Rx antenna configuration
	4 antennas with 2 polarizations

	EVM
	No EVM is applied

	UE receiver algorithm
	MMSE

	AGC settling time
	1 OFDM symbol (Current LLS assumption, currently waiting till final guidance from RAN4 is available)

	Tx/Rx switching gap
	1 OFDM symbol


[bookmark: _Ref24139700]Table 7: PSSCH time first vs frequency first mapping
	Parameter
	Value

	MCS 
	Table 1 MCS20 

	PSSCH FEC
	LDPC code

	PSSCH allocation
	50 PRBs

	Channel model
	CDL Urban NLOS with 30 km/h according 

	Carrier frequency
	5.9 GHz

	Modulation format
	QPSK

	SCS
	30 kHz 

	Channel Estimation
	MMSE based on ideal knowledge of Doppler-delay statistics

	Tx antenna configuration
	2 cross polarized antennas

	Rx antenna configuration
	4 antennas with 2 polarizations

	EVM
	No EVM is applied

	UE receiver algorithm
	MMSE

	AGC settling time
	0 OFDM symbols

	Tx/Rx switching gap
	1 OFDM symbol




Annex B – System Level Evaluation Assumptions
In this section, we provide summary of evaluation assumptions:
[bookmark: _Ref534982661]Table 8: System level evaluation assumptions
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology 
· Vehicle speed = 140 km/h

	Channel model
	TR 37.885, NR V2X Channel Model 

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	Aperiodic variable packet size broadcast traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] Byte with quantization step of 200 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms
· 100% Vehicle UEs transmit data 

	Resource selection window
	16 ms for broadcast
45 ms for unicast with PSFCH

	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 Symbols total overhead
When PSFCH is present: 8 symbols for Data

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data resource multiplexing
	Same slot SCI and Data transmission with Option 3 multiplexing scheme

	SCI/Data frequency resource allocation
	· PSCCH: 5 PRB
· PSSCH: 25 PRB

	SCI/Data time resource allocation
	· PSCCH: 2 Symbols
· PSSCH: 10 Symbols

	PSFCH (for unicast)
	Periodicity of PSFCH slots is 2
2 symbols, 1 PRB
Random PSFCH resource assignment within a sub-channel associated with the received PSCCH/PSSCH

	Unicast association
	600 m association distance

	Data Packet Tx parameters
	Aperiodic variable packet size evaluations: 
· 200 Byte packet: QPSK, 2 TTI (CRTTI = 0.28, CRAll = 0.14)
· 400 Byte packet: QPSK, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 600 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.42, CRAll = 0.21)
· 800 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 1000 Byte packet: 16-QAM, 3 TTI (CRTTI = 0.70, CRAll = 0.23)
· 1200 Byte packet: 16-QAM, 3 TTI (CRTTI = 0.83, CRAll = 0.28)
· 1400 Byte packet: 16-QAM, 4 TTI (CRTTI = 0.97, CRAll = 0.24)
· 1600 Byte packet: 16-QAM, 4 TTI (CRTTI = 1.11, CRAll = 0.27)
· 1800 Byte packet: 16-QAM, 5 TTI (CRTTI = 1.25, CRAll = 0.31)
· 2000 Byte packet: 16-QAM, 5 TTI (CRTTI = 1.39, CRAll = 0.35)

Note: for unicast, the maximum number of TTI after HARQ retransmissions is 5 for any packet size
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