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Introduction
The Release-16 NR V2X specifications were approved in Dec. 2019 [1]. There are still some remaining tasks for NR V2X, which were identified in [2].

In this contribution, we discuss the details on some of the identified remaining tasks, including TBS determination, initialization of the scrambling sequence generators for first stage SCI, second stage SCI and data transmitted on PSSCH, second stage SCI formats, the time and frequency resource indication in first stage SCI, as well as MCS table for sidelink data transmissions.  
Discussion
TBS Determination 
In NR Uu link, the transport block size (TBS) is determined by a formula or a look-up table. The selection from formula or look-up table is based on intermediate number of information bits. Specifically, if the intermediate number is larger than 3824, then TBS is calculated by formula, otherwise, TBS is obtained from look-up table. 

The intermediate number of information bits is equal to the multiplication of code rate, modulation order, number of layers and the total number of resource elements (RE) for data transmission. Under the assumption that the number of REs for data transmission in each allocated data channel resource blocks (RB) is identical, the total number of REs for data transmission is based on the calculation of the number of REs for data transmission per RB. Here, the overheads from DMRS, CSI-RS and CORESET are reduced in the calculation.

Overall, the TBS determination procedure in NR Uu link can be reused for NR V2X sidelink with some modifications on counting the number of REs for sidelink data transmission. Considering the multiplexing of PSCCH and PSSCH, the assumption of identical number of REs for sidelink data transmissions in each PSSCH RB does not hold. Specifically, PSCCH is contained in some RBs, but not in other RBs. Hence, the total number of REs for data transmission should not be calculated based on the number of REs for data transmission per RB. 

Instead, the total number of REs for sidelink transmission in a slot is first calculated. Then, the number of sidelink data REs is obtained by deducting overheads from the calculated number. Here, the total number of REs for a sidelink transmission in a slot is equal to the multiplication of number of sub-channels as indicated in SCI, sub-channel size as (pre-)configured per resource pool, and the number of sidelink symbols per slot.

Observation 1: In multiplexing of PSCCH and PSSCH, the calculation of the total number of sidelink data REs on a per RB basis is not accurate. 

Proposal 1: In sidelink TBS determination, the number of sidelink data REs is calculated by deducting overheads from the total number of REs for a sidelink transmission in a slot.

The overheads from DMRS, CSI-RS and CORESET are counted in determining NR Uu link TBS. Similarly, the overheads from PSSCH DMRS, CSI-RS and PSCCH should also be counted in determining sidelink TBS. Furthermore, some additional overheads for sidelink should be considered:

1. GAP symbol: The GAP symbol in sidelink is not used for data transmission.
2. AGC symbol: The AGC symbol are used for AGC training and are not suitable for data transmission.
3. Second stage SCI: The second stage SCI is supported for NR V2X, where it is carried in PSSCH. Since sidelink data is rate matched on second stage SCI, the PSSCH resources for second stage SCI should be deducted.
4. PSFCH symbol: It is supported that PSFCH is TDM with PSCCH/PSSCH and PSFCH uses the last symbols available for sidelink in a slot. 

Proposal 2: In sidelink TBS determination, the overheads from PSSCH DMRS, CSI-RS, PSCCH, GAP symbol, AGC symbol, second stage SCI and PSFCH symbols should be counted. 

NR V2X supports blind retransmission(s) of a TB. It is possible that the TBS calculated in initial transmission is different from the TBS calculated in blind retransmission(s), due to different PSFCH overhead. It is supported that PSFCH periodicity is 1, 2 or 4 slots. For the case where PSFCH periodicity is 2 or 4 slots, PSFCH may occur in the slot for initial transmission, but not in the slot for blind retransmission(s), or vice versa. 

It was agreed [3] that LDPC codes used for release 15 NR PDSCH is applied to PSSCH. In NR PDSCH, two LDPC base graphs are designed, and the selection between these two LDPC base graphs depends on code rate and TBS. The TBS mismatch between initial transmission and blind retransmission(s) could result in selecting different LDPC base graphs. The incorrect LDPC base graph selection will cause PSSCH decoding error. Hence, it is necessary to align the TBS calculation between initial transmission and blind retransmission(s) by introducing a common model TBS which is used for LDPC base graph selection. 

Specifically, for a resource pool without PSFCH resources, the PSFCH overhead is always not counted in TBS determination. For a resource pool with PSFCH periodicity of 1 slot, the PSFCH overhead is always counted in TBS determination. For a resource pool with PSFCH periodicity of 2 or 4 slots, whether the PSFCH overhead is counted or not is by (pre-)configuration of a resource pool. This design closes the potential gap between initial transmission and blind retransmission(s) such that a UE receiving either initial transmission or blind retransmission(s) obtains the same TBS.

Proposal 3: In sidelink TBS determination, the PSFCH overhead is not counted for a resource pool without PSFCH resources; the PSFCH overhead is counted for a resource pool with PSFCH periodicity of 1 slot; whether the PSFCH overhead is counted or not is by (pre-)configuration of a resource pool with PSFCH periodicity of 2 or 4 slots.

Initialization of Scrambling Sequences
In LTE V2X, the scrambling sequence for PSCCH is a gold sequence with initialization value being a constant 510. This constant value ensures every receiver UE could decode PSCCH. This is because LTE V2X supports sidelink broadcast and the resource reservation information in PSCCH needs to be decoded by all Mode 4 UEs for their resource allocation operations. 

In NR V2X, the resource reservation information is contained in first stage SCI, which is carried on PSCCH. Since this information is needed for all Mode 2 UEs’ resource allocation operations, PSCCH needs to be decodable by all UEs. Hence, like in LTE V2X, a constant initialization value should be used for the PSCCH scrambling sequence generator. This constant initialization value could be per resource pool based. 

Proposal 4: The scrambling sequence for first stage SCI is a gold sequence with a constant initialization value.

It was agreed [4] that separate scrambling is applied on second stage SCI and PSSCH. Similar to the scrambling sequence of PSCCH, the scrambling sequence of second stage SCI is a gold sequence. The initialization value of the gold sequence is based on PSCCH CRC. This design facilitates early termination of second stage SCI polar decoding in case of miss detection of PSCCH. For example, the initialization value could be set as , where  is a constant with value equal to PSCCH scrambling sequence initialization value,  is the 16 LSB of PSCCH CRC. 

Proposal 5: The scrambling sequence for second stage SCI is a gold sequence with initialization value depending on PSCCH CRC, e.g., , where  is a constant with value equal to PSCCH scrambling sequence initialization value,  is the 16 LSB of PSCCH CRC.

Furthermore, the scrambling sequence of PSSCH data is also a gold sequence with initialization value depending on both first stage SCI CRC and second stage SCI CRC. Note that part of PSSCH data decoding information is contained in second stage SCI (e.g., source ID, destination ID, HARQ process number, etc). The miss detection of second stage SCI will lead to unsuccessful decoding of PSSCH data. Furthermore, due to the limited randomness contained in second stage SCI (and hence, its CRC), part of first stage SCI CRC can also be used in the initialization value for PSSCH data scrambling sequence. For example, the initialization value could be set as , where  is a constant with value equal to PSCCH scrambling sequence initialization value,  is the XOR of the 16 LSB of first stage SCI CRC and 16 MSB of second stage SCI CRC. 

Proposal 6: The scrambling sequence for data on PSSCH is a gold sequence with initialization value depending on both first stage SCI CRC and second stage SCI CRC, e.g., , where  is a constant with value equal to PSCCH scrambling sequence initialization value,  is the XOR of 16 MSB of first stage SCI CRC and 16 LSB of second stage SCI CRC. 

Second Stage SCI Formats
Two-stage SCI design was adopted in NR V2X, where first stage SCI (or, SCI format 0_1) contains time and frequency resource assignment, priority, DMRS pattern, second stage SCI format, beta-offset indicator, number of DMRS port, MCS and reserved bits. Second stage SCI (or, SCI format 0_2) contains HARQ process ID, NDI, RV, source ID, destination ID, CSI request, zone ID and communication range requirement, where the last two fields are for groupcast Option 1 only. The details of second stage SCI format(s) are still open. 

In our view, not all the fields in second stage SCI is used in every cast-type and two options of groupcast. For example, the zone ID and communication range requirements are only used for groupcast option 1 (cf. [5]). It is possible that the 16-bit destination ID is not needed for broadcast. We summarize the estimated field size and applicability in the following table. 

Table 1: Estimated second stage SCI payload size for cast-types
	
	Payload size (bits)
	Broadcast
	Unicast
	Groupcast Option 1
	Groupcast Option 2

	Source ID 
	8
	Yes
	Yes
	Yes
	Yes

	Destination ID 
	16
	No
	Yes
	Yes
	Yes

	HARQ process ID, NDI, RV 
	~7
	Yes
	Yes
	Yes
	Yes

	CSI request 
	1
	No
	Yes
	No
	No

	Zone ID and communication range requirement 
	~16
	No
	No
	Yes
	No

	Total approximate payload size without CRC (bits)
	~48
	15
	32
	47
	31




It seems from the table that second stage SCI payload size for broadcast is smaller than that for unicast and groupcast, while second stage SCI payload size for groupcast option 1 is larger than that for other cast-types. Based on this observation, we propose to have three second stage SCI formats, one for broadcast, one for unicast and groupcast option 2, and one for groupcast option 1. 
 
Proposal 7: Three second stage SCI formats are respectively defined for broadcast, unicast and groupcast option 2, groupcast option 1. 

The field of “second stage SCI format” in first stage SCI should be 2 bits, to indicate one of three second stage SCI formats. The last code point of this field is reserved for future use. 

Proposal 8: The size of the “second stage SCI format” field in first stage SCI is 2 bits.  

It is working assumption [4] that for groupcast and unicast when PSFCH resource is (pre-)configured in the resource pool, SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission. The dynamic disabling of HARQ feedback can be achieved by adding a single bit in second stage SCI. 

Since groupcast option 1 already has the largest payload size for second stage SCI, it is not desirable to additionally increase its second stage SCI payload size to indicate the disabling of HARQ feedback. Actually, if HARQ feedback is disabled for groupcast option 1, the fields of zone ID and communication range requirement are not used. Hence, we could reuse these fields to indicate that HARQ feedback is disabled for groupcast option 1. One possible way is to add a candidate value to the set of communication range requirement, say 0 meter. Intuitively, the value 0 of the communication range requirement in second stage SCI implies that any distance between Tx UE and Rx UE is beyond the communication range requirement, and hence no HARQ feedback is needed. 

Proposal 9: For unicast and groupcast option 2, an additional bit is included in second stage SCI to indicate whether HARQ feedback is disabled. For groupcast option 1, the indication of disabling HARQ feedback is via setting the communication range requirement to be 0 meter.

Time and Frequency Resource Indication in First Stage SCI 
It was agreed [6] that up to  resources for a TB can be reserved in a single SCI. In other words, the SCI signaling is designed to allow to indicate up to  resources with full flexibility in time and frequency position in a window of 32 slots [7]. The indication of time resources is separate from the indication of frequency resources. The joint coding of time positions of all reserved resources and the joint coding of frequency positions of all reserved resources are supported. However, the details of joint coding of time positions or frequency positions have to be designed. 

The time resource indication value should include a code point where a single resource is reserved and 31 code points where two resources are reserved. Let us denote the resource reservation window size by , denote the time gap between the first resource and the second resource by, and denote the time gap between the second resource and the third resource by . By definition, , where  indicates the third resource is not reserved. For the case of , 
, where  indicates the second resource is not reserved; For the case of , , where  implies the second resource is always reserved. Then, the time resource indication value is given by . 

This time resource indication formula has two properties: 1). The resulting time resource indication values are contiguous over all possible values of  and ; 2). The formula is applicable to both  and . For the case of , the time resource indication formula is reduced to , by simply setting . 

Proposal 10: Time resource indication value is given by , where  is the resource reservation window size,  is the time gap between the first resource and the second resource, and  is the time gap between the second resource and the third resource. 
· , where  indicates the third resource is not reserved.
· In case , , where  indicates the second resource is not reserved.
· In case , .

The number of reserved resources is determined by the time resource indication value in SCI. For a given number of reserved resources, the number of sub-channels of each resource and the starting sub-channel index of the second and the third resources (if indicated), is calculated by the frequency resource indication value in SCI. 

Suppose the total number of sub-channels in a resource pool is , and the number of sub-channels of each resource is , . 
1. If only one resource is reserved in SCI, then the frequency resource indication value is . 
2. If two resources are reserved in SCI, where the starting sub-channel index of the second resource is , with  , then the frequency resource indication value is given by .
3. If three resources are reserved in SCI, where the starting sub-channel index of the second resource is  and the starting sub-channel index of the third resource is , with , then the frequency resource indication value is given by . 

The resulting frequency resource indication values from the above frequency resource indication formulas are contiguous over all possible values of  and . 

Proposal 11: If one resource is reserved in SCI, then the frequency resource indication value is given by ; If two resources are reserved in SCI, then the frequency resource indication value is given by ; If three resources are reserved in SCI, then the frequency resource indication value is given by , where  is the total number of sub-channels in a resource pool,  is the number of sub-channels of each reserved resource,  is the starting sub-channel index of the second resource, and  is the starting sub-channel index of the third resource.
 
MCS Table
It was agreed [4] to support all three MCS tables for Rel-15 NR Uu CP-OFDM for NR V2X sidelink. The support of the low-spectral efficiency 64QAM MCS table in sidelink is an optional UE feature, as in the Uu link. The support of 256QAM from the transmitter perspective is based on UE capability. It is open whether the support of 256QAM from the receiver perspective is mandatory or based on UE capability. 

In Rel-15 NR Uu link [8], the support of 256QAM is mandatory for PDSCH in FR1 but is optional for PDSCH in FR2. This implies that for a UE operating in FR2 on NR Uu link, the support of 256QAM from both transmitter perspective and receiver perspective is optional based on UE capability. In our view, it is natural to extend this UE capability to NR V2X sidelink, i.e., the support of 256QAM in FR2 is optional based on UE capability. 

Since NR V2X sidelink targets a common design for FR1 and FR2, it is preferred to support 256QAM from the receiver perspective in both FR1 and FR2 based on UE capability. 

Proposal 12: Support of 256QAM by a UE from the receiver perspective is based on UE capability.

The 256QAM MCS table is targeted for high throughput use cases in good channel conditions. In sidelink broadcast and groupcast, it is not guaranteed that the channels from transmitter UE to each receiver UE are in good condition simultaneously. Hence, the usage scenario of 256QAM MCS table is limited. 

On the other hand, the main motivation of using the low-spectral efficiency 64QAM MCS table is to achieve ultra-reliable transmissions in one-shot. This is useful for URLLC use cases. For ultra-reliable transmissions, the low-spectral efficiency 64QAM MCS table is used accompanied with the low-spectral efficiency 64QAM CQI table. In NR V2X sidelink, CQI report is only supported for sidelink unicast. This implies the usage of the low-spectral efficiency 64QAM MCS table is limited to sidelink unicast.

Furthermore, the support of 256QAM depends on UE capability. The exchange of UE capability is impossible for sidelink broadcast and many sidelink groupcast cases. Hence, it is inefficient to support 256QAM MCS table and low-spectral efficiency MCS table for sidelink broadcast and groupcast. 

Observation 2: The benefit of using 256QAM MCS table and low-spectral efficiency 64QAM MCS table is unclear in sidelink broadcast and groupcast. 

Since a resource pool is designed to support sidelink unicast, groupcast and broadcast. The only MCS table applicable to all cast-types is the legacy 64QAM MCS table. Hence, it is preferred to set the 64QAM MCS table as the default MCS table for NR V2X sidelink. The usage of 256QAM MCS table and low-spectral efficiency 64QAM MCS table is via PC5-RRC configuration for sidelink unicast. 

Proposal 13: The legacy 64QAM MCS table is the default MCS table for NR V2X sidelink. The usage of 256QAM MCS table or low-spectral efficiency 64QAM MCS table is via PC5-RRC configuration.

Conclusion
In this contribution, we discussed the remaining details on NR V2X physical layer structure. Our proposals are as follows: 

Proposal 1: In sidelink TBS determination, the number of sidelink data REs is calculated by deducting overheads from the total number of REs for a sidelink transmission in a slot.

Proposal 2: In sidelink TBS determination, the overheads from PSSCH DMRS, CSI-RS, PSCCH, GAP symbol, AGC symbol, second stage SCI and PSFCH symbols should be counted. 

Proposal 3: In sidelink TBS determination, the PSFCH overhead is not counted for a resource pool without PSFCH resources; the PSFCH overhead is counted for a resource pool with PSFCH periodicity of 1 slot; whether the PSFCH overhead is counted or not is by (pre-)configuration of a resource pool with PSFCH periodicity of 2 or 4 slots.

Proposal 4: The scrambling sequence for first stage SCI is a gold sequence with a constant initialization value.

Proposal 5: The scrambling sequence for second stage SCI is a gold sequence with initialization value depending on PSCCH CRC, e.g., , where  is a constant with value equal to PSCCH scrambling sequence initialization value,  is the 16 LSB of PSCCH CRC.

Proposal 6: The scrambling sequence for data on PSSCH is a gold sequence with initialization value depending on both first stage SCI CRC and second stage SCI CRC, e.g., , where  is a constant with value equal to PSCCH scrambling sequence initialization value,  is the XOR of 16 MSB of first stage SCI CRC and 16 LSB of second stage SCI CRC. 

Proposal 7: Three second stage SCI formats are respectively defined for broadcast, unicast and groupcast option 2, groupcast option 1. 

Proposal 8: The size of the “second stage SCI format” field in first stage SCI is 2 bits.  

Proposal 9: For unicast and groupcast option 2, an additional bit is included in second stage SCI to indicate whether HARQ feedback is disabled. For groupcast option 1, the indication of disabling HARQ feedback is via setting the communication range requirement to be 0 meter.

Proposal 10: Time resource indication value is given by , where  is the resource reservation window size,  is the time gap between the first resource and the second resource, and  is the time gap between the second resource and the third resource. 
· , where  indicates the third resource is not reserved.
· In case , , where  indicates the second resource is not reserved.
· In case , .

Proposal 11: If one resource is reserved in SCI, then the frequency resource indication value is given by ; If two resources are reserved in SCI, then the frequency resource indication value is given by ; If three resources are reserved in SCI, then the frequency resource indication value is given by , where  is the total number of sub-channels in a resource pool,  is the number of sub-channels of each reserved resource,  is the starting sub-channel index of the second resource, and  is the starting sub-channel index of the third resource.

Proposal 12: Support of 256QAM by a UE from the receiver perspective is based on UE capability.

Proposal 13: The legacy 64QAM MCS table is the default MCS table for NR V2X sidelink. The usage of 256QAM MCS table or low-spectral efficiency 64QAM MCS table is via PC5-RRC configuration.
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