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Introduction
RAN1 agreements on 5G V2X physical layer structure have been introduced to 3GPP specifications [1~4]. 
In this contribution, we discuss remaining details on physical layer structure of NR-V2X and give text proposals.
Physical channels
1.1 Resource pool configuration
In RAN1#100-e, following agreement and working assumptions are achieved. The working assumptions and FFS issues were discussed in the last e-meeting but unfortunately no conclusion was achieved.

	Agreements:
For derivation of the set of slots to be included in the resource pool, the baseline is the derivation with bitmap and periodicity based on Subclause 14.1.5 of TS36.213 with the following modifications.
· FFS:  Periodicity and L_bitmap value
· The slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell if serving cell timing reference is in use, or DFN 0 otherwise
· The following procedure is used. 
· The set includes all the slots except the following slots:  
· Slots in which SLSS resource is configured, 
· (Working assumption) slots not having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in a slot semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon, where  
· X is sl-LengthSymbols
· Y is sl-StartSymbol
· (Working assumption)  reserved slots which are determined by the similar steps in Subclause 14.1.5 of TS36.213                
Working assumption
· For the number of PRBs for resource pool, allow configuration of all  number of PRBs in a SL BWP. 
· FFS until RAN1#100bis-e whether/how to deal with remaining PRBs if the configured PRBs for resource pool is not a multiple of sub-channel size.




In subclause 14.1.5 of TS36.213, subframe pool for LTE V2X is (pre-)configured by a bitmap, and the bitmap for subframe pool configuration is applied to a logical subframe set, and the logical subframe set is determined within one SFN cycle (i.e. the periodicity in the agreement). Please note that the periodicity for resource pool configuration in LTE-V2X has nothing to do with TDD configuration periodicity.  Hence, although there are more TDD configuration periodicities in NR, there is no need to change the periodicity for resource pool configuration relative to LTE V2X. 
In the last e-meeting, following bitmap length for resource pool configuration were acceptable for majority companies, i.e. 10,11, …, 160. In our view, these set of bitmap length should be agreed, additional optimization on top of these are not necessary. 

[bookmark: OLE_LINK4][bookmark: OLE_LINK3][bookmark: OLE_LINK7]Due to the limited capacity of PSBCH, the set of UL slot configured by gNB could not be indicated by PSBCH completely if 2 patterns are configured in TDD-UL-DL-ConfigCommon, such that precluding slots according to TDD-UL-DL-ConfigCommon was made as working assumption in RAN1#100-e. However, it can be seen that the discordance between TDD-UL-DL-ConfigCommon for in coverage UE and tdd-config for out of coverage UE mainly happens in FR 2 when 120kHz SCS is used, in FR1,there are only 3 discordance cases, {60KHz, 5ms, 5ms},  {60KHz, 10ms, 10ms},  and {30kHz, 10ms, 10ms}. If out of coverage UE uses 30kHz SCS in default, then there would be only one discordance case, i.e. {30kHz, 10ms, 10ms}. As also discussed in our companion contribution [5], by using 15kHz as referenceSubcarrierSpacing for FR1, PSBCH is capable to indicate the number of UL slots with a relatively larger granularity, hence the discordance between in coverage UE and out of coverage UE on the UL slot can be avoided by gNB configuration. Therefore, we suggest to confirm the working assumption.

Proposal 1:
· The periodicity for resource pool configuration in NR V2X is 10240ms;
· Bitmap length 10,11, …, 160 are used in NR V2X.
· Confirm the working assumption that slots not having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in a slot semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon are precluded;

In LTE V2X, a certain number of reserved subframes are precluded to ensure that the number of remaining subframes are multiple of the bitmap length for resource pool configuration, such that periodic resource reservation could not be interrupted across boundary of SFN/DFN cycle due to inappropriate configuration. For instance, assuming all of 10240 subframes within one SFN cycle can be configure as resource pool, and one UE reserves resource from subframe#10200 with reservation interval 100, which means that the UE will reserve resource in subframe#60 of the next SFN cycle. In this case, if the resource pool is configured by a bitmap of length 100, and the first and 60th bit of the bitmap are 1 and 0 respectively, then the resource reservation would be interrupted in the next SFN cycle.
In NR V2X, in a resource pool where reservation of a sidelink resource for an initial transmission of a TB by an SCI associated with a different TB can be enabled or disabled. If enabled, UE is allowed to reserve resources periodically, which is same as LTE V2X, in this case, the mechanism of LTE V2X can be reused to determine slot pool. If disabled, UE can only reserve resources for re-transmissions of the same TB and periodic resource reservation is not allowed, in this case, there is no need to preclude reserved slots to ensure that the number of slot within logical slots sets are multiple of the bitmap, in this way resource efficiency can be improved.
Proposal 2: For a resource pool where reservation of a sidelink resource for an initial transmission of a TB by an SCI associated with a different TB is disabled, reserved slot is not precluded.
Proposal 3: Adopt the Text Proposal 1 for resource pool configuration in NR-V2X.

============================Text Proposal 1 (38.214)===============================
8 Physical sidelink shared channel related procedures
A UE can be configured by higher layers with one or more sidelink resource pools. A sidelink resource pool can be for transmission of PSSCH, as described in Clause 8.1, or for reception of PSSCH, as described in Clause 8.3 and can be associated with either sidelink resource allocation mode 1 or sidelink resource allocation mode 2.
In the frequency domain, a sidelink resource pool consists of numSub-channel contiguous sub-channels. A sub-channel consists of sub-channelsize contiguous PRBs, where numSub-channel and sub-channelsize are higher layer parameters.
The set of slots that may belong to a sidelink resource pool is denoted by  where
-	,
-	the slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell or DFN 0,
-	the set includes all the slots except the following slot, 
-	 slots in which S-SSB resource is configured,
-	 slots in which a symbol with index i is configured as downlink symbol or flexible symbol, as defined in clause 11.1 [6,38.213], where , startSLsymbols and lengthSLsymbols are provided by higher layer;
-  if higher parameter reserveResourceDifferentTB is configured, reserved slots which are determined by the following steps:
1)	the remaining slots excluding  and  slots from the set of all the slots are denoted by  arranged in increasing order of slot index.
2)	a slot  belongs to the reserved slots if  where  and . Here,  the length of the bitmap is configured by higher layers.
-	the slots are arranged in increasing order of slot index.
The UE determines the set of slot assigned to a sidelink resource pool as follows:
-	A bitmap  associated with the resource pool is used.
-	A slot   belongs to the slot pool if  where .

==========================End of Text proposal 1 (38.214) ============================
1.2 TBS determination
Following agreements were made in the last e-meeting:

	Agreements:
For 2nd SCI overhead in the TBS determination, the actual number of REs occupied by the 2nd SCI is used.

Agreements:
· For PSFCH overhead in the TBS determination, use the number of PSFCH symbols indicated by SCI.  
· For PSSCH DMRS overhead in the TBS determination, the reference number of REs occupied by PSSCH DMRS is used, where the reference number of REs is the average number of DMRS REs among (pre-)configured patterns.
· For CSI-RS and PT-RS overheads in the TBS determination, a new higher layer parameter, e.g., sl-xOverhead, is introduced per resource pool.



For the number of PSFCH symbols indicated by SCI, it could be determined by Tx UE according to the resources selected for the TB, e.g. if all resources for the TB are in slot with/without PSFCH, the reference number should be 3/0, in case of UE has resources in both kinds of slot, the reference number can be set to a value close to the average number of PSFCH symbols within the resources such as to avoid too much difference between actual code rate and target code rate. To this end, we suggest to add 2 bits in SCI 0-2 to indicate one of {0, 1, 2, 3} PSFCH symbols.

PSSCH reuses DMRS configuration type 1 defined for NR Uu and both PSSCH antenna ports are defined to be CDM group 0, therefore in the DMRS symbol half REs are used for DMRS. The reference number of PSSCH DMRS REs for TBS determination can be calculated by , where  is average number of DMRS symbols among the  (pre-)configured patterns.

Additionally, as some PRBs of up to 3 PSSCH symbols are used for associated PSCCH, the number of symbols for PSSCH and reference signal overhead on PRBs overlapping with associated PSCCH are different from other PRBs, hence the total number of PSSCH REs should be calculated directly (rather than based on number of REs within one PRB as NR Uu). In view of above, we have following proposal. 

Proposal 4:
· Reference number of symbols for PSFCH are indicated in SCI 0-2 with 2 bits.
·  Reference number of REs occupied by PSSCH DMRS is calculated by , where  is average number of DMRS symbols among the  (pre-)configured patterns.
Proposal 5: Adopt Text Proposal 2 for TBS determination.

===========================Text Proposal 2 (38.214)============================
8.1.3.2	Transport block size determination
The UE shall first determine the number of REs (NRE) within the slot.
-	,where is the number of subcarriers in the frequency domain in a physical resource block,  ,  is the reference number of PSFCH symbols indicated in SCI 0-2, and   is the number of PRBs allocated for the PSSCH,   is the number of REs for the associated PSCCH except REs on AGC symbol, , where  is average number of DMRS symbols among the  (pre-)configured patterns,  is number of REs for SCI0-2, and  is the overhead per PRB configured by higher layer parameter sl-xOverhead. 
-	Next, proceed with steps 2-4 as defined in Clause 5.1.3.2

========================== End of Text proposal 2 (38.214)============================
1.3 Initialization of the scrambling sequence generators 
In [99-NR-07] it was agreed that a value (pre-)configured per resource pool is used to initialize the sequence of PSCCH DMRS, this value should be used to initialize the scrambling sequence generator.  
For 2nd stage SCI and data transmitted on PSSCH, the scrambling sequence generator should be initialized with decimal representation of CRC of the associated PSCCH.
Scrambling sequence generator for sidelink master information transmitted on PSBCH should be initialized with SLSS ID.
In general, we have following proposal and text proposals for 38.211 on initialization of the scrambling sequence generators.

Proposal 6: Scrambling sequence generators for PSCCH, 2nd stage SCI and data, PSBCH are initialized by pscch-DMRS-ScramblingID, decimal representation of CRC of the associated PSCCH, and SLSS ID respectively.
Proposal 7: Adopt Text Proposal 3 for PSCCH, 2nd stage SCI and PSBCH scrambling.

========================= Text Proposal 3 (38.211) ========================
8.3	Physical channels
[bookmark: _Toc29230438]8.3.1		Physical sidelink shared channel
[bookmark: _Toc11324540][bookmark: _Toc29230439]8.3.1.1	Scrambling
For the single codeword , the block of bits , where  is the number of bits in codeword  transmitted on the physical channel as defined in [4, TS 38.212], shall be scrambled prior to modulation.
Scrambling shall be done according to the following pseudo code
set 
while 
if 	// SCI placeholder bits
 
else
	 
end if 
i = i + 1
end while
where the scrambling sequence  is given by clause 5.2.1 and
-	for 
-	
-	The scrambling sequence generator shall be initialized with

-	for 
-	
-	The scrambling sequence generator shall be initialized with



where  and  are defined in clause 5.2.1 in [4, TS 38.212] equal to the decimal representation of CRC of the associated PSCCH.
	
<Not related omitted>

[bookmark: _Toc454818125][bookmark: _Toc29230445]8.3.2	Physical sidelink control channel
[bookmark: _Toc11324549][bookmark: _Toc29230446]8.3.2.1	Scrambling
The block of bits , where  is the number of bits transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to

where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with 

where  is given by the higher-layer parameter pscch-DMRS-ScramblingID .

[bookmark: _Toc11324552][bookmark: _Toc29230449]<Not related omitted>
8.3.3	Physical sidelink broadcast channel
[bookmark: _Toc11324553][bookmark: _Toc29230450]8.3.3.1	Scrambling
The block of bits, where  is the number of bits transmitted on the physical sidelink broadcast channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to

where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with 

========================= End of Text Proposal 3 (38.211) ===========================
1.4 Frequency domain OCC for PSCCH DMRS
In [99-NR-07] the following agreement was made. As in one PRB there are 3 DMRS REs, 3 frequency domain OCCs should be used to avoid across PRBs OCC.

	· NR PDCCH DMRS sequence is the baseline for PSCCH DMRS sequence at least with the following modification. 
· n_ID is determined by a (pre-)configured value per resource pool 
· Frequency-domain OCC is applied, one of the [2 or 3 or 4] OCCs is randomly selected by the Tx UE. 
· Note: there is no (pre-)configuration on the number of OCCs.



Proposal 8: 3 OCCs are used for PSCCH DMRS.
Proposal 9: Adopt Text proposal 4 for PSCCH DMRS.

=============================Text Proposal 4 (38.211) ========================

[bookmark: _Toc29230468]8.4.1.3.2	Mapping to physical resources
The sequence  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  in a slot on antenna port  according to

where  is selected randomly by UE among {0,1,2}.
where the following conditions are fulfilled
-	they are within the resource elements constituting the PSCCH
The reference point for  is subcarrier 0 in common resource block 0.
The quantity  is the OFDM symbol number within the slot.
========================End of Text Proposal 4===============================

1.5 PSSCH DMRS pattern for 2/3/4 PSSCH OS
In RAN1#99 it was agreed that the minimum number of symbols that can be used for sidelink within a slot is 7, considering the overhead of AGC, Gap, and PSFCH, the minimum number of symbols for PSSCH within a slot are 2. However, for now, the DMRS pattern for PSSCH with less than 5 symbols (not including the first symbol for AGC) are not decided yet, which implies that in case of less than 10 symbols are configured for sidelink on a BWP, then PSFCH resources cannot be configured, and transmissions with HARQ enabled could not be performed on the BWP consequently. To guarantee the reliability of NR V2X and completeness of specification, we have following proposal and text proposal for 38.211.

Proposal 10: Time domain DMRS pattern for PSSCH with 2 to 4 symbols should be defined.
Proposal 11: Adopt Text Proposal 5 for PSSCH DMRS.

===========================Text Proposal 5 (38.211) ===============================
8.4.1.1.2	Mapping to physical resources
<Not related omitted>
The position(s) of the DM-RS symbols is given by  according to Table 8.4.1.2.2-1 where  is the duration of the scheduled resources for transmission of PSSCH and the associated PSCCH, including the OFDM symbol duplicated as described in clauses 8.3.1.5 and 8.3.2.3.
Table 8.4.1.2.2-1: PSSCH DM-RS time-domain location.
	  in symbols
	DM-RS position 

	
	PSCCH duration 2 symbols
	PSCCH duration 3 symbols

	
	Number of PSSCH DM-RS
	Number of PSSCH DM-RS

	
	2
	3
	4
	2
	3
	4

	3
	1,2
	
	
	1,2
	
	

	4
	1,3
	
	
	1,3
	
	

	5
	1,4
	
	
	1,4
	
	

	6
	1, 5
	
	
	1, 5
	
	

	7
	1, 5
	
	
	1, 5
	
	

	8
	1, 5
	
	
	1, 5
	
	

	9
	3, 8
	1, 4, 7
	
	4, 8
	1, 4, 7
	

	10
	3, 8
	1, 4, 7
	
	4, 8
	1, 4, 7
	

	11
	3, 10
	1, 5, 9
	1, 4, 7, 10
	4, 10
	1, 5, 9
	1, 4, 7, 10

	12
	3, 10
	1, 5, 9
	1, 4, 7, 10
	4, 10
	1, 5, 9
	1, 4, 7, 10

	13
	3, 10
	1, 6, 11
	1, 4, 7, 10
	4, 10
	1, 6, 11
	1, 4, 7, 10



==============================End of Text Proposal 5=======================


Conclusion
In this contribution, we discussed remaining critical details on physical layer structures, we have following proposals:
Proposal 1:
· The periodicity for resource pool configuration in NR V2X is 10240ms;
· Bitmap length 10,11, …, 160 are used in NR V2X.
· Confirm the working assumption that slots not having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in a slot semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon are precluded;
Proposal 2: For a resource pool where reservation of a sidelink resource for an initial transmission of a TB by an SCI associated with a different TB is disabled, reserved slot is not precluded.
Proposal 3: Adopt the Text Proposal 1 for resource pool configuration in NR-V2X.
Proposal 4:
· Reference number of symbols for PSFCH are indicated in SCI 0-2 with 2 bits.
·  Reference number of REs occupied by PSSCH DMRS is calculated by , where  is average number of DMRS symbols among the  (pre-)configured patterns.
Proposal 5: Adopt Text Proposal 2 for TBS determination.
Proposal 6: Scrambling sequence generators for PSCCH, 2nd stage SCI and data, PSBCH are initialized by pscch-DMRS-ScramblingID, decimal representation of CRC of the associated PSCCH, and SLSS ID respectively.
Proposal 7: Adopt Text Proposal 3 for PSCCH, 2nd stage SCI and PSBCH scrambling.
Proposal 8: 3 OCCs are used for PSCCH DMRS.
Proposal 9: Adopt Text proposal 4 for PSCCH DMRS.
Proposal 10: Time domain DMRS pattern for PSSCH with 2 to 4 symbols should be defined.
Proposal 11: Adopt Text Proposal 5 for PSSCH DMRS.
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