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1. Introduction
After the RAN#86 meeting, the physical layer designs of NR SL that were developed in the work item 5G_V2X_NRSL and summarized in [2] were initially specified in the Release-16 3GPP specifications [3-6]. There are still some remaining issues to be addressed which are listed in [1] and shown below for the part of physical layer structure. In this contribution, we make further discussions on the remaining issues and propose the corresponding text proposals. 
	Category
	Remaining issue in RAN1
	RAN2 impact

	RRC Parameter List
	Resolve “TBD” in the RRC parameter list
	Yes

	PHY
Layer
Structure
	A1
	TBS determination
	Depends on the outcome of RAN1 discussion

	
	A2
	Initialization of the scrambling sequence generators for 2nd stage SCI and data transmitted on PSSCH, 1st stage SCI transmitted on PSCCH, and sidelink master information transmitted on PSBCH
	No

	
	A3
	PSSCH DMRS pattern in frequency domain (whether to support either or both Type 1 and Type 2, details on multiplexing of different ports for PSSCH DMRS)
	Depends on the outcome of RAN1 discussion

	
	A4
	Cyclic shift determination for PSFCH sequence
	No

	
	A5
	Details on 2nd stage SCI format(s)
	No

	
	A6
	Frequency domain OCC design for PSCCH DMRS
	No

	
	A7
	Remaining details of time and frequency resource indication in 1st SCI
	No

	
	A8
	Details of ECP
	Depends on the outcome of RAN1 discussion



2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Discussions on the remaining issues
TBS determination
TBS determination calculates the transport block size as per the resource allocation information and relevant parameter configurations. The following aspects shall be considered in the TBS determination for NR SL
· Same TBS value shall be calculated across the multiple (re)transmissions of a single TB, but the different (re)transmissions may occur in sidelink slots with or without PSFCH (i.e. number of symbols for PSSCH may vary for the multiple transmissions). To this end, the number of symbols that is used to calculate TBS can be (pre)configured in the resource pool signaling. 
· Different from DMRS time pattern in NR Uu, in NR SL the PSSCH DMRS may be frequency multiplexed with the associated control channel in the symbol which means the number of DMRS REs per PRB depends on whether there is PSCCH in this PRB. In this regard, the number of DMRS REs per PRB for the PRBs that have no PSCCH can be used in the TBS calculation, if the PSSCH bandwidth is larger than the PSCCH bandwidth. 
· Regarding overhead estimation for PSCCH (SCI-1), SCI-2, CSI-RS and PT-RS, since the overhead of SCI-1/2 is generally much larger than that for the potential CSI-RS and PT-RS, we need only consider the overhead of SCI-1 and SCI-2 in the TBS determination. For SCI-1, it is known that number of REs for SCI-1 is indicated in the resource pool configuration (i.e. size of PSCCH). However for SCI-2, the number of REs depends on several factors including SCI-2 format size, Beta_offset and MCS. From the definition of SCI formats (i.e. format 0_1 for SCI-1 and format 0_2 for SCI-2), it is observed that generally the SCI-2 has similar or slightly larger sizes than SCI-1. Thus the total number of REs for PSCCH and 2nd stage SCI can be estimated as twice of PSCCH configuration. In this way, the RE number for overhead per PRB can be assumed as: , where  is number of subcarriers per PRB;  denotes the number of OFDM symbols for PSCCH (i.e. 2 or 3 in Rel-16 SL);  denotes number of PRBs occupied by PSCCH and  represents number of PRBs for the PSSCH. Note that it is assumed that  is the same for the multiple (re)transmissions of a TB. 
Based on the above considerations, it is proposed to make the TBS determination for NR SL as follows

Proposal 1: Apply the text proposal on TBS determination for NR SL. 
-----------------------Text Proposal for 38.214 Section 8.1.3.2--------------------
The UE shall first determine the number of REs (NRE) within the slot.
· A UE first determines the number of REs allocated for PSSCH within a PRB () by , where   denotes the number of subcarriers per PRB;  denotes the number of symbols of the PSSCH transmission that is (pre)configured in the resource pool configuration,  denotes the number of DMRS REs per PRB for the PRBs that have no PSCCH, and  is the overhead calculated by . Here  denotes the OFDM symbol number for PSCCH,  denotes the PRB number occupied by PSCCH and  represents the PRB number for the PSSCH. 
· A UE determines the total number of REs allocated for PSSCH () by , where nPRB is the total number of allocated PRBs for the UE. 
Then, proceed with steps 2-4 as defined in Clause 5.1.3.2.
-------------------------------------------------------------------------------------------------------

Initialization of scrambling sequences
For the scrambling sequence for PSCCH, the scrambling sequence generator could be initialized with a fixed value at the start of every PSCCH slot (as done in LTE V2X), or the scrambling sequence generator could be initialized with a parameter that is (pre)configured in the resource pool configuration in similar manner to NR Uu PDCCH. 
For the scrambling sequence for PSBCH, the scrambling sequence generator can be initialized with the associated physical layer identity . 
For the scrambling sequences for SCI-2 and the data part over PSSCH, both the scrambling sequence generator could be initialized with the decimal representation of CRC on the PSCCH associated with the PSSCH. 
Proposal 2: The initialization of scrambling sequences for PSSCH, PSCCH and PSBCH can be performed as follows.
 -----------------------Text Proposal for 38.211 Section 8.3.1.1--------------------
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 the quantity  equals the decimal representation of CRC on the PSCCH associated with the PSSCH according to  with  and  given by clause 7.3.2 in [TS 38.212].

-----------------------Text Proposal for 38.211 Section 8.3.2.1--------------------
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 [XXX].

-----------------------Text Proposal for 38.211 Section 8.3.3.1--------------------
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 generator shall be initialized at the start of every PSBCH slot with .
-------------------------------------------------------------------------------------------------------
PSSCH DMRS in frequency domain
The type-1 and type-2 DMRS configurations have respective pros and cons. For type-1 DMRS, the DMRS density in frequency per antenna port group (i.e. CDM group) is larger than that of type-2, thus the type-1 DMRS has better capability to combat severe channel frequency selectivity and improve the channel estimation performance. In comparison with type-1 DMRS, type-2 DMRS configurations have lower DMRS RE density which leaves more REs for loading of data or SCI-2 information. Due to the relatively large spacing in frequency, the type-2 DMRS configuration is more suitable to be used together with relatively small SCSs e.g. 15kHz or 30kHz. 
Based on above considerations, both types of DMRS configurations shall be supported for NR SL. The supported DMRS type could be (pre)configured per resource pool.
Proposal 3: Support both type-1 and type-2 DMRS configurations. The used DMRS type is (pre)configured per resource pool.
-----------------------Text Proposal for 38.211 Section 8.4.1.1.2--------------------
The sequence  shall be mapped to the intermediate quantity  according to 

The UE shall assume the PSSCH DM-RS being mapped to physical resources according to configuration type 1 or configuration type 2 as given by the higher-layer parameter [dmrs-Type].

The UE shall assume the sequence  shall be mapped to the intermediate quantity   according to







where , , and  are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 for the antenna port(s)  depending on PSSCH DM-RS port number indicated in the associated PSCCH. 
-------------------------------------------------------------------------------------------------------
Cyclic shift for PSFCH
In previous RAN1 meeting, it was agreed that within the set of PRBs (pre-)configured for the actual PSFCH resources, the first Z PRBs are associated with the first sub-channel in the first slot associated with the PSFCH slot, the second Z PRBs are associated with the first sub-channel in the second slot associated with the PSFCH slot, and so on. In each of the Z PRBs, multiple cyclic shift pairs (denoted by Y) can be (pre)configured per resource pool among {1, 2, 3, 4, 6}. The total available Z*Y PSFCH resources are indexed first in frequency, and then in CS and the used PSFCH resource is derived from ((K+M) mod (Z*Y)), where K is the L1 source ID of the associated PSCCH/PSSCH and M is 0 for unicast and groupcast feedback option 1 and M is the member ID of the RX UE for groupcast feedback option 2.
Thus, the Y cyclic shifts values shall be defined and indexed, and the cyclic shift value will be used to derive the PSFCH sequence as defined in [3] (where CS is denoted by  in section 8.3.4.2.1). 
Proposal 4: The cyclic shift values for PSFCH shown in the following table is applied.
-----------------------Text Proposal for 38.213 Section 16.3--------------------
A UE determines a  value, for computing a value of cyclic shift  [4, TS 38.211], from a cyclic shift pair of a PSFCH resource as in Table 16.6-1. 
Table 16.6-1: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of a sequence for a PSFCH transmission
	Number of cyclic shift pairs
	First cyclic shift (for NACK)
	Second cyclic shift (for ACK)

	
	0
	6

	
	0
	6

	
	3
	9

	
	0
	6

	
	2
	8

	
	4
	10

	
	0
	6

	
	2
	8

	
	4
	10

	
	1
	7

	
	0
	6

	
	3
	9

	
	1
	7

	
	4
	10

	
	5
	11



---------------------------------------------------------------
OCC for PSCCH DMRS
In the email discussion [99-NR-07], the following was agreed. Agreement: 
· 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



Regarding the number of OCC among 2, 3 or 4, considering that there are 3 PSCCH DMRS REs per PRB, the choice of 3 OCCs is preferred. The text proposals for PSCCH DMRS are provided as follows
Proposal 5: Apply the following text proposal for PSCCH DMRS. 
-----------------------Text Proposal for 38.211 Section 8.4.1.3--------------------
[bookmark: _Toc29230467]8.4.1.3.1	Sequence generation
The sequence  shall be generated according to

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with


where  is the OFDM symbol number within the slot,  is the slot number within a frame, and
-	 is given by the higher-layer parameter pscch-DMRS-ScramblingID. 
[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 given by Table 8.4.1.3.2-1 and the following conditions are fulfilled
-	  is randomly selected by the UE among {0,1,2}.
· 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.
Table 8.4.1.3.2-1: The parameter 
	
	

	
	
	
	

	0
	1
	1
	1

	1
	1
	
	

	2
	1
	
	



--------------------------------------------------------------

3. Conclusions
In this contribution we made further discussions on the remaining issues about NR V2X sidelink physical layer structure and proposed the corresponding text proposals for the relevant Rel-16 specifications. 
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